
WORKING GROUP EXERCISES 

Introduction ..3n LL Y/-/y -or 0Ckr(=r I 
The workshop participants will be asked to study two problems during the 

course of the week involving the design, costing, and economic analysis of small 
hydropower projects at an actual site in Swaziland. The purpose of these exercises 
will be to allow the participants an opportunity to gain practical experience in 
conducting preliminary feasibility assessments of small hydro projects under two 
entirely different sets of circumstances. In each exercise, the participants will 
be charged with undertaking the preliminary design of a project with the objective
of providing a more cost-effective source of electrical energy than presently 
exists. 

The first scheme, on the order of several megawatts, wiid be interconnected 
with the grid to displace thermally generated electricity. The second scheme, 
a micro-hydro plant, will be designed to replace an existing diesel generator set 
which serves the energy needs of a rural community located far from the national 
grid. 

The basic technical characteristics of the site will be given. The responsibility
of the participan, will be to examine different oesign approaches in search of 
the most cost-effective means of addressing the energy needs of each case. 

The participants will be assigned to one of four groups, each of which will 
elect a leader who may also serve as the group spokesman. Each group will be 
assisted by several resource people, and will be responsible for developing what 
is believed to be the most cost-effective design for each of the two schemes. 
This will be done by first developing a design at a location which looks promising,
after analyzing an aerial photograph of the site with superimposed contours. 
After that design has been costed and a cost/kW obtained, the participants should 
attempt to identify those costs which could be reduced by making modifications 
in the design. This could involve the development of a number of different config
urations. The groups are encouraged to explore as many cost-cutting possibilities
in this manner as possible within the allotted time for working group discussions. 

The same assumptions will be used by each group to facilitate the comparison
of results. Once the design having the lowest investment cost per kW is found, 
economic analysis is performed to assess the cost-effectiveness of the projects
in comparison to the existing thermal energy source and the net return on invest
ment. On the last day of the workshop, each group leader will present his group's
findings so that comparisons of their designs may be made and conclusions reached. 

The cost figures used in these exercises do not necessarily represent costs found 
in Swaziland or any other specific country. In planning for, and designing, a 
hydropower scheme for a specific country, these cost figures would be subject 
to changes to reflect actual cost conditions in the country in question. Also,
it should be noted that the unit costs and procedures used are in simplified form 
to permit this exercise to be completed within the allotted time. For example,
assumptions regarding hydrology are presented in a very general and condensed 
manner. A more complete study would require such factors to be considered 
in greater detail. All figures are in U.S. dollars. 



Case A. Grid-Connected Scheme 

A 66 kV transmission line providing power from large power plants 
in the south to regions in the north, traverses the site area as shown in Map 1. 
The existing power system is supplied mostly by thermal stations, supplemented 
by hydro. The average fuel cost for the thermal-generated energy is $0.05/kWh.
This cost is expected to increase in real terms by 2% a year due to the heavy 
reliance on imported petroleum. It would be economically desirable, therefore, 
to constuct a hydropower plant that could feed less costly energy into the grid. 

An initial attempt to design such a 
scheme is presented below. In implementing k'J hne 
this 3.7 MW plant, a capital cost of $1,500/kW 
would be incurred. The first exercise is to 
assess whether a small hydrooower plant could 
be developed at the site to supply energy to 
the grid at a lower cost than this plant. The 
following assumptions are to be made: 

" Q = average flow = 10 m 3 /s
 
" e = total conversion efficiency = 80%
 
" single turbo-generating unit to be used
 
" f = plant factor = 90%
 
" useful plant life = 30 years
 
" construction period is 3 yea's
 
" annual O&M cost is 1.5% of capital
 

cost
 
" the discount rate is 10% for purposes
 

of economic analysis.
 

Other information to be used in completing 
this exercise is found in Appendix I. Map 1 

2. 



Case B. Isolated Scheme 

In an area many miles from the nearest 
power grid, an agriculture cooperative (shown 
in Map 2) is presently using a 50 kW diesel 
generator to provide electricity for irrigation 
pumps, agricultural processing machines, and 
some nighttime lighting. Due to the high cost 
of fuel ($0.15/kwh), the diesel is used sparingly, 
usually on!y a few hours each day. co-or 

The following table presents a summary of 

the existing energy demand. 

Load kW kWh 

1. Irrigation pumps 45 33,OOC 	 ____ 

2. 	 Processing machines 10 5,000 

3. 	Cold storage plant 20 50,000 

4. 	 Clinic 5 10,000 

5. 	 Lighting 15 27,000 Map 2 

6. 	 Cottage industries 5 5,000 

Total annual energy required 130,000 

The diesel engine is beginning to break down with increasing frequency and 
Will soon need replacing. Moreover, the cooperative's electricity demand has 
increased. A clinic is to be established, requiring refrigeration of medicines 
among other electrical needs. There are plans to install a cold storage plant 
for preservation of fruits and other produce. Land is being cleared to allow more 
area to be cultivated, which will require additional electrical energy for irrigation 
and processing. Finally, the villagers in the area have asked for electrical service 
for lighting and to operate small appliances and m-achinery used in cottage industries. 

Demand growth in future years is expected to average 3 % a year, mostly 
in new household demand due to population growth and the addition ofnew cottage 
industries. This will not affect peak load, since the increased energy requirements 
can be accomodated during off-peak periods. The total conincident peak load 
would not exceed 70 kW during the life of the plant. 

The task is to determine whether a 7u kW hydropower plant can be designed 
to harness a portion of the waterpower potential available at the site at an energy 
cost lower than that of a similarly sized diesel generator. 

For this exercise, the following assumptions are made: 

* 	 e = total plant conversion efficiency = 60% 
* 	 useful life = 30 years 
* 	 construction could be completed in one year 
* 	 new diesel plant would have a capital cost of $700/kW installed 

and would need to be replaced every 10 years. Operation and main
tenance costs would be 4.5% of the capital cost. Fuel cost would 

3 



be 	$0.15/kWh, subject to an escalation factor of 1.02. 
* 	 annual O&M cost for the hydro plant is 2.5% of capital cost 

the discount rate is 10%. 

Other information to be used in completing this exercise is found in 
Appendix I. 



SUMMARY SHEET 1
 

Scheme number:
 

average power* P = kW 

head H = m 

flow Q = m3/s 

plant factor f = 

annual'energy' E = kWh 

Costs x 1,o00 

weir engineering (5%) 

intake site supervision (10%) 

canal contingency (10%) 

tunnel 
.TUTAL 

forebay 

penstock construcLion period Anterest (15%) 

powerhouse 
TOTAL CONSTRUCTION COST_ 

turbine 

generator _____ 

COST/kW = _____ 

switchgear 

access road 

distribution 

transmission 

substation 

SUB-TOTAL 



COST-EFFECTIVENESS ANALYSIS 
CASE A 

Discount 
rate: 10 % Options: hydro vs. grid 

Year 
Capital 

i 

Hydro 
o&M Total 

Grid 

Toal I 
PW 

Factor 
1 000 

I 

Total PW Costs 

Hviro r id 

2 .909 

3 A26 
4 

5 
.75_ 

.68_ 
6 .621 

7 .564 
8 _513 

9 

10 
11 _386 

.467 

.424 

12 

13 
.350 
.319 

14 _ 

15 
.263 

16 .239 

17 
.218 

18 .198 
19 

20 

21 

22 

23 

24 _112 

.180 

.164 

.149 

.13 

.123 

25 _102 

26 _092 

27 

28 
.084 

.076 
29 _06 

30 

31 

32 

33 

.06 

.052 

.047 

_05 

Total 



COST-EFFECTIVENESS ANALYSIS
 

Discount Option: 70 kW hydro CASE B 
rate: lO % 

Year Capital O&M Total PWFactor Total PWTtl£ Costsot 

1 1.000 

2 
.909 

3 
.826 

4 
.751 

5 .603 

6 .621 

7 .564 

8 .513 
9 .467 

10 .424 

11 .386 
12 .350 

13 .319 

14 .290 

15 .263 
16 

.239 

17 .218 

18 .198 

19 .180 

20 .164 

21 
.149 

22 .135 
23 

.123 

24 
.112 

25 
.102 

26 
.092 

27 .084 

28 .076 
29 

.069 

30 
.063 

31 .057 

Total
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COST-EFFECTIVENESS ANALYSIS
 

CASE B
Discount Option: 70 kW diesel 


rate: 10%
 

Year PW 

Capital O&H Energy Total Factor Total PW Costs 

1 1.000 

2 .909 

3 .826 

4 .751 

.683 

6 .621 

7 .564 

8 .513 

9 .467 

.424 

11 .386 

12 .350 

13 .319 
14 .290 

.263 

•.16 .239 
17 _ .218 

18 .198 

19 .180 

.164 

21 .149 

22 .135 

23 .123 

24 .112 

.102 

26 .092 

27 .084 

28 .076 

29 .069 

.063 

31 .057 

Total
 

7 
.1 



_ _ 

DIESEL ENERGY COST CALCULATION
 

Energy Energy Cost Unit
 
Yr. Demand Growth Rate 
 Demand Escalator Energy Total Energy CostCost TotalEnergyCost
 

12
 

3
 

4
 

5
 

6
 
S7
 

'8 

9
 

10
 

11
 

12
 

13
 

14
 

.16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 
29
 

30 _ _ _ __ _ _ _ _ _ _ _
 293 _ _ _ _ 
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ECONOMIC ANALYSIS
 

Discount
 
rate: 10 %
 

f PW I Project Costs Project Benefits 1 Net Cash Flow 
Factor Nominal Discounted Nominal Discounted Nominal Discounted 

1 1.000 

2 .909 

3 .826 
4 .751 

.683 
6 .621 

7 .564 

8 .513 

9 .467 

.424 

11 .386 

12 .350 

13 .319 

14 .290 

.263 

16 .239 

_ .218 

18 .198 

19 .180 

.164 

21. .149 

22 .135 

23 .123 

24 .112 

.102 

26 .092 

27 .084 

28 .076 

29 .069 

.063 

31 .057 

32 .052 

.047 

i'OTALS 

Benefit/cost ratio: 

Internal rate of return: 



SUMMARY SHEET 1
 

Scheme number: Aw PLE' -/ll 

average power P 3700 kW 

S-

CantIhead 

flow 

plant factor 

annual'energy 

H = 50 

Q = /0 

f = 80;,0 

E =26 xi/0 

m ~ 
m3/s 

kWh 

6~rcT 

Costs (x ooa ) 

weir 250 engineering (500') 19,0
 

intake 50 site supervision (10,0%) 
 aeo 

canal - contingency (10,0) 350
 

tunnel. 750
 
TUTAL /'70X


forebay 

pen, tock 5#0o construction period interest (15%) -0o
 

powerhouse /so
 

TOTAL CONSTRUCTION COST _-Y/O0, o
turbine IO 

generator 370 
COST/kM = /1760 

switchgear 2qc0 

access road
 

distribution
 

transmission
 

substation _ 0 

SUB-TOTAL 70
 

I0.\\
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APPENDIX I: REFERENCE INFORMATION 

1. Weir costs "7 

Assumes a concrete overflow weir and a cost 
 T
 
of installed reinforced concrete @ S150/m3.
 
For low weir heights, costs of excavation,
 
rock bolting, and foundation dominate.
 
Therefore costs level to about $200/m.
 

(Coo 

'oo
 

4

- I Io600
 

200
 

0 

I S S 

2. Intake costs
 

Lump sum costc include trashrack, sluice gate, settling basin, etc.
 

$50,000 for schemes greater than 1,000 MW
 

$4,000 for schemes less than 100 kW
 

3. Excavation costs
 

unclassified 37/m'
 

surface rock $15/m 3
 

tunneling $500/m (for tunnels of low head schemes
 
in the low megawatt range)
 

IL'
 



4. Canal costs
 

Unlined earth canals wil be used and their cost is approximately.
 
that of excavation. A maximum flow velocity in the canal of 0.3 m/s
 
is assumed and the cross-sectional area excavated equals the cross
 
sectional area of the water in the canal.
 

5. Forebay costs
 

Costs include concrete, sluice gate, stop-lngs, etc.
 

$25,000 for schemes greater than 1 MW
 

$2,000 for schemes less than 100 kW
 

6. Penstock losses
 

Losses for steel penstock are given below:
 

-.= .O0 _ where &A= frictional head loss 
L 

L penstock length 

b penstock diameter 

V = flow velocity 

H head 

Q flow 

Losses should be kept to within 5%. Therefore .o
 

Since Q-V then the required penstock diameter For a 5% head
 
loss can be derived. This becomes:
 

_ 
'4 



7. Penstock costs 

Costs ure based on minimum 
handling thickness, includes 
steel penstock, supports, 
site clearing, and 
excavation. 

3oOO 

10 

S1000 

8. Power equation 

P = lOeQH, where 

- I 

1 2. 3 

d 

e = efficiency = 60% (for P4 100 kW) 

= 80% (for P>100 kN) 

Q= flow (m3/s) 

= net head (m) 

TA) 

I 

A 

9. Powerhouse costs 

600 

200 t 5IW 

0 
to 2o o o o 

For the 70 kW unit, a lump sum powerhouse cost of $7,000 
is assumed. 



10. Turbine, generator, and switchgear costs 

For turbines greater than about 1,000 kW: 

Boo 

Coo 

00 

10103( 

to 20o .30 

A 

4o 5 

-Generator $10u/kW 

Switchgear 165/kW 

For a 70 kW turbo-generating unit: 

1000.SkACet, 

'~70 NQ uv~T 

NXWE -P 

soo 

I.SO 

IO 20 30 40 %0 

'7 



11. Distribution line voltage
 

5cro 

3o 

4o 

3-0 

i 2 

I 

3 

IA-

4 

~" 

o 

• 

Z.o 

• 

3o 4o 

i ,I 

100 

12. Distribution costs 

66 kV, 3 phase 

11 kV, 3 phase 

400 V, 3 phase 

sub-station costs 

13. Sub-station costs 

14f,OOO/km 

t1O,00/km 

$2,000/km 

25/kW 



14. Access road costs
 

Cost id for a gravel road on gently sloping terrain.
 

13,O000km
 



SMALL HYDROELECTRIC PROJECTS COMPLEMENT
 

IRRIGATION AND WATER DISTRIBUTION SYSTEMS
 

by David C. Willer- 1
 

INTRODUCTION
 

In recent years, irrigation and municipal water systems have been exten
sively investigated as potential sources of low-cost electrical energy. The
 
possibility of generating power exists at every drop in the hydiaulic gradient
 
of a water supply system; however, the capital costs associated with low-head
 
plants are commonly very hiqh, and some drops may not be suitable for pro
ducing power economically. This paper addresses the retrofitting of existing
 
water supply systems to include small hydroelectric projects, the inclusion of
 
small hydroelectric projects in new systems, and several case studies.
 
Although this paper deals primarily with projects developed on irrigation
 
systems, the ideas presented here are also applicable to domestic water supply
 

and other water systems.
 

GENERAL
 

Provisions for drops in the hydraulic gradients of water 
supply systems
 
are required when the terrain falls more rapidly than the hydraulic gradient
 
of the flowing water. The change in the gradient of the terrain can occur
 
abruptly or very gradually. If it is a gradual change on a canal, the
 
designer normally provides a series of check structures with sudden drops.
 
The upstream water surface elevation is maintained by a gate in the canal, and
 
the water falls into a basin at the downstream water surface elevation. lhe
 
basin may be only a pool of water controlled by a sill. This type of struc
ture, called a drop structure, is common in irrigation systems for drops of up
 
to about 20 feet (6 meters) of fall.
 

For locations where the drop exceeds 20 feet (6 meters), the flow is
 
normally conveyed to the lower level by a chute, with an energy dissipator at
 
the bottom of the chute. The energy dissipator reduces the high velocity
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chute flo; to the low velocity canal flow. There are many examples of these
 

structures in irrigation systems.
 

Other potential locations for power developments may be at the diversion
 

dam 	on the river which supplies the water, at the outlet works for terminal
 

reservoirs, at wasteways on the canal (for water wasted and not used in the
 
system), and at the outlet works from main supply reservoirs. Each of the
 

above named facilities, and in particular the diversion dam on the river, are
 

prime locations for possible power generation.
 

TYPES OF PROJECTS
 

A typical project developed on an existing system will generally fall
 

into the low-head ranqe, that is, a drop of 60 feet (18 meters) or less, and
 

propeller-type and crossflow turbines 
would be most commonly utilized,
 

although Francis-type turbines may have some limited applications.
 

There are many confiqurations of low head turbines, and no one can be
 

cited as typical. Figure 1 is included to illustrate several possibilities
 

that can exist at any particular location. This Figure illustrates a number
 

of alternative installations which were studied 
at a canal drop near Boise,
 

Idaho, U.S.A. This fairly typical example illustrates that while the detailed
 

configurations of the possible alternatives may vary considerably a number of
 

features are common to most low-head retrofits. These common features are:
 

1. 	 An intake structure or connection to an existing structure.
 

2. 	 A short penstock or open channel conveyance facility.
 

3. 	 A powerhouse.
 

4. 	 Hydroelectric generation and control equipment in the powerhouse.
 

5. 	 A by-pass facility to pass the flows around the power plant in the
 

event of sudden power outage and when the plant is shut down for
 

maintenance.
 

For the alternatives shown in Figure 1, the installed capacity of each of
 

the plants was 1900 kW with a desiqn flow of 700 cubic feet per second. The
 

results of a cost comparison for the various power plant layouts and turbine
 

configurations are shown on 
Table 1. The costs shown do not include costs
 
which would be common to all alternative installations, such as transmission
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lines and indirect costs. The results of the cost comparison showed that the
 
vertical shaft propeller with concrete ppnstock and scroll 
case had the lowest
 
overall cost. However, the open flume vertical shaft propeller turbine and
 
the tube turbine configuration were both very close (1.2 and 1.3 percent
 

higher respectively).
 

It should be noted at this point that one unknown factor in this example
 
is the amount of rock excavation associated with the open flume configura

tion. In this case, outcroppings of basalt rock exist in the general vicinity
 

of the project, and if basalt rock is encountered during excavation, the
 
estimated cost would be consid2rably increased because of the larger excava

tion associated with this configuration.
 

It was therefore judged that the vertical shaft propeller turbine and the
 
tube turbine were effectually equal and it would not be known which configura

tion was actually lower in cost until 
actual firm bids were received.
 

DESIGN CONSIDERATIONS FOR PROJECTS AT EXISTING DEVELOPMENTS
 

Power Generation. The potential power generation for a given site is
 
totally dependent upon the timing and magnitude of 
flows in the conveyance
 

system. If the irrigation season lasts only six to eight months a year, then
 

power can be generated only durinq that 
period of time. For this reason,
 
plants on conveyance systems usually need to be tied into 
a grid system and
 

are not suitable for isclated systems. In our studies, we 
have found areas
 
where, even though the water is not needed for irrigation, there is ample
 
supply of water in the river that could be diverted into the system, run
 
through a power plant to into
generate power, and then wasted a drainage way
 

that eventually finds its way back the river.
to Under these circumstances,
 

power may be firm and can be used for isolated systems.
 

Although plants usually need to tied into
be a grid system, each situa
tion needs to be examined carefully. In an isolated system the electric
 

loads, which might originate from irrigation pumping, may coincide with the
 
generation of power from the irrigation project, thus making the power project
 

feasible.
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Where power is fed into a power grid, the energy has the value of the
 

energy that it is replacing in the system. If the generation is dependable
 

and occurs at the same time as the system peak, capacity credit can be pro

vided in addition Co an energy credit.
 

Bypass Flow Consideration. When the power plant is located on the con

veyance system, provisions are required to bypass the flow around the power
 

project when there is a sudden load rejection in the unit or when the unit is
 

being repaired or maintained. These bypass facilities can take various forms,
 

such as weirs or automatic gates that open and pass the exact amount of water
 

previously flowing through the turbines. The system used for bypassing water
 

needs to be reliable. For that reason, where there is sufficient room to
 

accommodate the structure, the bypass is most commonly a weir.
 

If the power plant rejects the flow of water by closing the wicket gates,
 

a water hammer condition exists that will cause surge pressures and must be
 

considered in the design of the penstock. The faster the closure time, the
 

greater the increase in the pressure. Additionally, the water in the canal
 

behind the powerplant will rise, encroaching upon the freeboard of the
 

canal. The length of the weir structure needs to be sufficiently long to
 

minimize the increase in water surface.
 

Where the power is proposed to be developed at the end of an aqueduct
 

system, the bypass system normally considered is a synchronous pressure relief
 

valve that opens up when the turbine wicket gates close. The linkage between
 

the valve and the turbine can be mechanical, hydraulic, or electrical, with
 

mechanical being preferred. Other designs which have been considered include
 

permitting the turbine to increase its speed to run away speed, and providing
 

a turbine runner that will limit the flow of water. A bypass gate that can be
 

opened manually when the operator can reach the plant would also be included
 

for this type of design. Where no pressure rise can be tolerated in an aque

duct system, an impulse turbine with jet deflectors can be used.
 

Constructability. One of the more inportant aspects of desiqn of power
 

plants at existing structures is constructability. Generally, the existing
 

demand for water must be met without fail. The only time construction can
 

take place in the waterway area is when no water is flowing on the system.
 

This generally requires that a construction schedule be established and
 

rigidly adhered to. Cofferdams of earth and/or concrete may be needed to
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protect the work area. The materials for the construction that would enable
 
the construction of the facility to provide for the passing of water should be
 
present before any work is started.
 

Geology and Soils Considerations. The structures involved in retrofit
ting existing drop structures for hydro generation facilities are larger and
 
heavier than those used for the new sites and geologic and soil conditiGns are
 
therefore of more concern. It will generally be found, however, that the unit
 
bearing pressures are still quite low and are considerably less than for the
 
more massive structures used for medium and large hydroelectric installations.
 

The existing structure being utilized for the hydroelectric installation
 
will often be found to have equal or higher unit bearing pressures than the
 
new installation and the site will therefore in all likelihood present 
no geo
logic problems for the new construction. Inmany cases it will be found that
 
the site was originally chosen because adequate foundation conditions existed
 

for the existing structure.
 

Rather than being concerned with allowable bearing pressures, a common
 
problem encountered at low-head installations where the turbine setting is low
 
with respect to the tailwater is the existence of 
net uplift pressures. In
 
this case additional weight must often be added to the power plant in the form
 
of thicker walls and foundations.
 

DESIGN CONSIDERATIONS FOR NEW DEVELOPMENTS
 

In planning new irrigation developments, consideration should be qiven to
 
the possible inclusion of small hydroelectric power plants. It should be
 
noted, however, that not can
every new development being planned accommodate
 
hydroelectric power. Wh2ther power can be or
developed economically not
 
depends primarily upon the change in elevation between the proposed diversion
 
and the elevation of the area to be served.
 

In the design of new systems, the most obvious location for power genera
tion is at the storage dam for water and at the diversion dam that diverts
 
water into the canal system. Usually the diverion dam diverts only a small
 
portion of the water in the river, having a large flow in the river which may 
be used to develop power. Diversion dams are usually located as close as 
possible to the area to be irrigated to reduce the cost of the conveyance 
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system. Where there is a potential of developing power along the canal, this
 

criteria need not necessarily be followed. The diversion dam can be located
 

at the most geographically suitable location.
 

In general, the design and layout of the conveyance system for a joint
 

irrigation/hydroelectric development is different than an irrigation only sup

ply system. The alignment and grade of an irrigation supply canal is normally
 

as direct a route as possible, balancing cuts and fills, and where the terrain
 

falls more rapidly than the hydraulic gradient of the canal, minimum depth 

check structures are installed to slow the flow of water. The systems are
 
primarily layed out to minimize the check structures. For hydropower, the
 

canal needs to be as flat a grade as possible to minimize hEad loss until an 
appropriate ground feature permits the water to fall in a penstock and maxi

mize the fall. Figure 2 shows an example of a typical layout for an irriga
tion system which requires water to be carried from point A to B, and a 

revision of the layout to maximize the hydro power potential.
 

One of the first calculations that should be made in the desiqn of such a
 

system is to determine the minimum drop in elevation for a spPcific canal 

design flow needed to develop power economically. As an example, a chart as 

shown on Figure 3 could be prepared for a typical power plant layout. The 

chart appears in several publications. This chart is based on a penstock 
slope of I to 5 between the intake and power plant. As noted on the chart,
 

the value of power for the area is estimated to be 65 mills per kilowatt 

hour. Therefore, if the design flow for power is 500 cubic feet per second,
 

the minimum drop for economical power projects is 14 feet. For a design flow
 

of 400 cubic feet per second, the minimum drop is 20 feet. Generally, the
 

design flow for power in an irrigation system should be a flow which is at 

about the 25 percent exceedance point cn a flow duration curve.
 

Another calculation which should be made is to determine the value of one
 

foot of head in annual power generation. By knowing the value, then at each
 

proposed drop, an economic study can be made to determine if the tail water 

can be lowered by lowering the canal invert by a like amount or head water 
raised by increasing the berms on each side of the canal.
 

Other areas which should be investigated in the early stages of project 

development are whether water could be diverted all year around into the
 

system so power could be generated throughout the year. Water that is not
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needed during the off season would be wasted back into the river system.
 
Also, if there is sufficient flow it may be possible to make the supply canal
 
to the power plant 
larger and generate power in a wasteway, as it flows into
 

the river.
 

CASE HISTORIES
 

In order to further illustrate the preceding, the following projects are 

presented:
 

I. 	TURLOCK IRRIGATION DISTRICT, DROP 1 AND DROP 9
 
Turlock Irrigation District conveys water from a diversion dam on 
the
 

Tuolumne River to their district service area in a long supply canal. There
 

the canal, Drop 1 and Drop 9, where it
are two drops on was deemed feasible to
 
install power plants. The plants were constructed and have been operating
 

since 1980.
 

Significant information about these power plants is as 
follows:
 

Drop 1 Plant Drop 9 Plant
 
Peak Flow 	 2000 cubic feet per 1500 cubic feet per
 

second second
 
Hydraulic Drop 29 feet 17 feet
 

Installed Capacity 
 3 - 1000 kW units 2 - 550 kW units
 

Average Annual
 

Generation 11,200 000 kWh 
 4,700,000 kWh
 

Capital Cost $2,400,000 $1,400,000
 

Estimated O.M.&A. Cost $33,000 $19,000
 

Annual Cost $208,000 $118,000
 
Cost per kWh (1979 cost level) 18.6 mills/kWh 25.2 mills/kWh
 

Many design features commonly found in larger plants are not necessary on
 
small hydroelectric projects, which result in subsequent cost savings to the
 

owner. On these two projects, for example:
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1. 	 No station power is provided when the transmission line is disen

gaged from the power plant high voltage line. Also, no brakinq
 

machinery was provided on the turbine-generator for shutdown. Upon
 

load rejection and loss of station power, a 12-volt battery con

nected to the governor closes the wicket gates and another 12-volt
 

battery continues to pump and circulate bearing cooling water as
 

long 	as the unit spins.
 

2. 	 The generators are air-cooled. The air drawn into the power plant
 

is filtered and vented out the top of the power plant.
 

3. 	 Generator bearing cooling water is provided by a closed pipe system
 

with a heat exchanger in the forebay which only needs to overcome
 

friction losses in the pipe and heat exchanges. This alleviates the
 

need for duplex strainers, sump pumps, etc.
 

4. 	 Wooden (Lignum vitae) bearings cooled and lubricated by water are
 

provided on the turbine, alleviating the need for turbine oil bear

ing, heat exchange, pump, strainer, etc.
 

5. 	 No comfort facilities were planned for personnel because the plants
 

are unmanned. Drinking water and toilets are brought to the plant
 

when needed. No heating or air conditioning are provided.
 

In regards to the economic feasibility of this project, the Turlock
 

Irrigation District is one of several irrigation districts in California which
 

furnishes electrical power to the citizens within their boundaries. Their
 

resources consist of hydroelectric generation and purchase of power from the
 

City of San Francisco and Pacific Gas and Electric Company. The power
 

generated is being substituted for more expensive power previously purchased.
 

II. 	THE GARLAND CANAL PROJECT
 

This project, which is owned by Shohone Irrigation District, Wyoming,
 

consists of a power plant with an installed capacity of 2,000 kilowatts
 

(kW). Flows are conveyed to the plant by a new concrete penstock located
 

parallel to the existing Ralston Chute. Concrete pipe, manufactured at the
 
site by the irrigation district, was used for the penstock. The existing
 

Ralston Chute is being left in place to serve as a bypass for the penstock in
 

case of a plant failure and to convey Garland Canal flows in excess of the
 

plant capacity.
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The power plant is located at the downstream end of the concrete pen
stock. The tailrace discharges into the same stilling basin as the existing
 
chute, approximately one hundred feet downstream of the current discharge
 
point. Average monthly flows vary from 450 cfs 
to 800 cfs and the flows drop
 
fifty feet in a distance of approximately one-half mile. Average annual
 
generation is 10,000,000 kwh. Estimated capital cost is $3,500,000 and annual
 
expenses are about $60,000 with energy production cost of 38 mills/kWh (1982
 

cost level).
 

In assessing the number and size of units, and the use of adjustable or
 
fixed runners for the Garland Canal 
Power Project, the results indicated that
 
the optimal installation for the site would be one tube turbine with 
fixed
 

blades.
 

During the normal operating mode of the facilities, all Garland Canal
 
flows, up to a maximum of 600 cfs and down to a minimum of 200 cfs, will pass
 
through the power plant. If conditions occur, such as an extremely low water
 
year, the plant would be shut down and the flow would be diverted through the
 
existing Ralston Chute. Since the maximum plant capacity will be 600 cfs, all
 
Garland 
Canal flows in excess of this value will pass down the existing
 

Ralston Chute.
 

If an instantaneous plant outage occurred, this would be an "emergency"
 
condition where the generator output would be rejected by the system grid and
 
the butterfly valve located immediately upstream of the turbine would auto
matically close. The excess water would spill over the concrete weir and down
 
the Ralston Chute and the flow would thus completely bypass the power plant.
 
While this condition is possible and must therefore be anticipated, it would
 

be of very short duration and would occur very infrequently.
 

In case of repairs, the plant would normally be shut down. The flow
 
would be down the Ralston Chute and the plant would be bypassed as in the
 
emergency condition described above. This condition also is expected to occur
 
only very infrequently. All normal maintenance would be performed in the off
irrigation season (early November to mid-April) when all facilities are shut
 
down. It is anticipated that preventive maintenance procedures will make
 
unanticipated breakdowns unlikely.
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This project is under construction, and is expected to generate power
 

this summer (1983).
 

III. THE CENTRAL OREGON SIPHON POWER PROJECT
 
*
This project, owned by the Central Oregon Irrigation Distric , Oregon,
 

uses an existing irrigation facility which includes an intake, headworks, an
 

inverted siphon pipeline, and an unlined canal. Figure 4 shows the general
 

arrangement of the project. From the headworks, the pipeline generally paral

lels the river for approximately 6000 feet to where it conveys water into an
 

existing canal. From the existing canal, the water will be diverted into two
 

new 84-inch penstocks to a new powerhouse located on the river approximately
 

150 feet lower than the headworks. Other facilities required are a new diver

sion weir in the river, a diversion check structure in the canal, a switch

yard, and lining for approximately 1100 feet of canal between siphon discharge
 

and penstock intake.
 

The flow available for power production at the Central Oregon Siphon
 

Power Project site is the difference between the amount of flow that can be
 

diverted through the siphon and the flow required for irrigation deliveries
 

from the canal downstream from the proposed powerhouse site. The flow used
 

for power production will be returned to the river immediately below the
 

proposed power plant.
 

The installed capacity is 6,5000 kW consistinq of two 3,250 kW horizontal
 

shaft Francis turbine/generator units, each rated at 130 cfs. Average annual
 

generation is estimated at 35,260,000 kWh. Estimated capital costs are
 

$13,000,000 (1983 cost levels). Cost per kWh is 47.0 mills. Normal operation
 

of the power plant will be completely automatic, with remote control and
 

supervision of the turbines via telemetering. The turbines will normally be
 

brought on-line and shut down by remote control. Any required wicket gate
 

adjustments will normally be made automatically by the governor in response to
 

fluctuating water surface elevations at the penstock intake. The plant will
 

be equipped with sensing devices to automatically shut down the turbine if
 

required due to mechanical or electrical malfunction. An operator would then
 

be required to go to the powerhouse to investigate the malfunction and to
 

bring the unit back on-line locally.
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When the plant has to shut down quickly, water will be diverted from the
 

runner throuqh the Howell-Bunger bypass valve connected to the scroll case.
 

Operation of the valve will be controlled by the hydraulic governor and will
 
be synchronous with the operation of the wicket gates. If the cause of the
 
shutdown is temporary, i.e., temporary loss of power grid load, the turbine
 

will remain in a no-load, near-speed condition until load is restored and then
 

come back on line automatically. If the cause of the shut-down is a serious
 

malfunction of the equipment, the wicket gates will close, and flow will be
 
bypassed entirely through the valve. At the discretion of the operating
 

personnel, the headvorks gates on the river will 
 ther, be opened and the
 

diverted flows would be restricted to those needed for irrigation purposes.
 

IV. THE TALAVERA RIVER IRRIGATION SYSTEM (TRIS)
 

This project is located in Central Luznn, Philippines. The main canal is
 

composed of a series of drops and mildly sloping sections. The hydrosite is
 

located on an existing 15-meter, drop-chute structure on the TRIS main canal.
 

As shown on Figure 5, the proposed development at the site would consist
 

of the installation of an Allis-Chalmers standardized hydroelectric generating
 
unit including a 1000 mm diameter standard tube turbine and 
an 807-kilowatt
 

generator.
 

The existing drop chute at the site consists of an inlet structure, an 
inclined rectangular chute about 80 meters in length with a vertical drop of
 

15.45 meters, and a stillinq basin at the base of the chute. The lower canal
 

then proceeds downstream at almost right angles to the drop. At the beginning
 

of the drop the upper canal is aligned in a westerly direction and the lower
 

canal in a south easterly direction. The canal alignment thus has almost a U

shaped configuration through the drop.
 

The proposed development would start with an inlet structure located just
 

above the drop inlet. A rectangular concrete perstock about 95 meters in
 

length would then convey the flows to the powerplant which would he located on
 

the lower canal just downstream of the existing stilling basin.
 

Steel gates would be added to the existing inlet structure to direct the
 
canal flows into the penstock. The preliminary layout of the proposed facili

ties is shown on drawing PT1-S300.
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The installed capacity at the site would be 807 kilowatts and the net
 
hydraulic head is 15.45 meters less hydraulic losses. The average annual
 
energy production for TRIS No. 1 would be 4,220,000 kWh and the peak power
 

production would be 807 kW.
 

The 4,220,000 kWh of annual electrical energy generation is equivalent to
 

the energy that would be produced in a new dies.-A generator using about
 

1,100,000 liters of fuel annually. No economic data is available on the cost
 

of power for this site.
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BIOGRAPHICAL SKETCH
 

David C. Willer is a civil engineering graduate of the University of Iowa
 
and University of Southern California and is a registered engineer in five
 
states. He has practiced engineering related to power generation and power
 
economics for 30 years. He has been employed by Dravo Corporation, Southern
 
California Edison Company, 
 Bechtel Corporation and Tudor Engineering
 
Company. In the last 17 years at Tudor, he rose from Project Engineer to his
 
present position, Vice President and officer in charge of hydroelectric
 
engineering, with responsibility for Corporate Marketing and Business
 
Development. Tudor's hydroelectric projects range in geography from Malaysia
 
to Alaska to Northern Carolina. Their projects vary in size from as small as
 
300 kW in Alaska to 284,000 kW at Granite Creek Hydroelectric Project in
 
California, which has a static head of 3,550 feet. In regard to Tudor's
 
involvement with power generation at irrigation projects, Tudor has completed
 
in the last eight years design on four small hydroelectric projects now in
 
operation (totalling 26.5 MW), one plant in "start-up" mode (13 MW), four
 
plants now under construction (totalling 16.5 MW), and four pla'ts now out for
 
construction bids (totalling 25 MW). At present, Tudor has three plants in
 
final design (totalling 25 MW). In addition, Tudor is involved in the
 
planning and licensing activity of an additional 23 hydroelectric project
 
involving irrigation projects in the Western United States.
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ECONOMIC ISSUES IN SMALL HYDROPOWER DEVELOPMENT 

L Introduction 

Economic analysis of small hydropower projects is essentially a comparative analysis 

of the costs of supplying energy from alternative generating sources within the context 

of specific site conditions. The basis for comparison depends on alternative energy 

supply means which are available to the energy planner. Most often the choices ar,. .Lrge 

thermal or hydro-electric generating stations linked to a national or regional 

transmission grid, or small diesel generators in the case of isolated areas. Other ,enorgy 
biogas systems, solar thermal or photovn!I.':technologies may also be considered: 


systems, geothermal energy systems, or wind energy systems. The determining factors in
 

assessing which energy option offers the most cost-effective investment option are
 

derived from site studies, aimed at answering questions such as:
 

* 	 What are the costs of extending the grid to the site? 

* 	 What is the delivered cost of diesel fuel? 

are the unit installed costs of alternative energy gene,1:rtion systems,o 	 What 

and how often must plant be replaced?
 

" 	 What constraints exist on the availability of fuel, wind, water, sunlight, and 

biomass feedstock for energy generation at the site? 

In addition to these questions are energy demand considerations which may aff:ct the 

energy supply choice: 

" 	 Will energy demand be sufficient to warrant a large capital investment, such 

as an extension of the grid or construction of a hydropower scheme? 

* 	 Do energy demand patterns correspond with energy supply patterns, in the 

case of renewable energy technologies, which may offer only part-year or 
part-day generation? 

Finally, in the case of projects which supply energy to small, isolated communit ies, 

issues relating to the ease of operation and maintenance, and the social acceptability of 

the energy system must be taken into account. The ultimate objective of economic 

analysis is to determine the net consequences of investing in small hydropower projects: 

do net benefits justify the investmetnt? The first step is to establish the most t.ost

effective means of providing energy. The second step, if the small hydro option is 

competitive, is to determine the net return on investment. 

IL 	 Cost considerations 

General statements on comparative costs of energy generation are not possible, since 

costs will depend on a wide range of conditions which may vary from case to case, both 

between countries and between regions within the same country. 

Capital costs for alternative generating options in the developing countries as 

estimated by the World Bank in 1980 are shown in Table 1. 



Table 1. Comparative capital costs of diffetent generation optiun, 
in oil-importing developing countries (1) 

Generator Type Investment Cuot 1980 
US Dollars per kW h:,cileda 

Hydropower - Large, High Head 
- Low Head, Mini-Hydro 

1100 
3500 

Diesel - Large, Heavy Oil Fuel, Coastal Location 1000 

- Small, Light Oil Fuel, Inland Location 800 

Steam - Large, C is-Fired 800 

- Large, C jal-Fired 1000 

- Large, C .1Fired (Imported) 
Small, H ;avy Oil-Fired, Inland Location 

800 
1400 

Small, Wood-Fired 1500 

Geothermal - Dry Steam Field 1400 
- Wet Steam/Hot Water Field 2800 

Nuclear - Large Multiple Units ibU0 

- Single Small Unit 2200 

20,000-30,0 
o b

Solar Photovoltaic 

5,000-15,00JWind Generator 

a Investment cost includes costs of transmission and distribution. 

b Both solar energy and wind power are intermittent energy sources Vhich require 

storage to make energy available on demand at all times. Investmer t costs given above 

are system costs with storage included. 

The figure shown for low-head mini-hydrupower is not unreasonab e, but experience has 

shown that the cost/kW installed of small hydropower projects in h' . developing 

countries is widely variable, depending on factors specific to each site. Some of the 
principal factors which influence capital costs include: 

* 	 Head availability. Higher heads tend to reduce unit c, -,ti incc .nrgy can be 

senerated with less water than low-head sites, meaning equipment :an be 

smaller and generally less complex. 

" 	 Water supply. Under ideal conditions, water should be plentiful, clean, and in 

supply year-round. Intermittunt flows, which are not uncommoni on many 

small rivers and streams, means that impoundment dams may be needed to 

store water during low-flow periods, increasing civil costs. Wathr which 

carries large amounts of rock and sediment may increase maintenance and 

the addition of settlement structures tilreplacement costs and necessitate 

remove rocks and sediment from the water before entering the penstock. 
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.	 Access difficulty. Difficult terrain surrounding the site may redo:.,;, 

considerable expend it tres for access iiiads. 

Another factor often cited as .i major determinant .... it co:it is the size of the 

plant. There is considerable debate on this argument, v. ;, holds thai imit co.,
 

increase as plant capacity declin,'s. Some say that ther. are u avoidihle "fix, U" costs in
 

small hydropower plants of any :dae, inicluding site inspection, vingineering, managemeut,
 

and maintenance costs. Civil strt,'tures, iticluding ,ms, poIwerhouses, and p instocks,
 
and the turbo-generating equipmint may cost less in ab.;,olute te:rn:, for a very s.nall
 

plant, but the se costs do not decrease proportimIally wit. pacity. InI general, it is this
 

view that economies-of-scale lndl to mak: smaller hydri -. oer 1r,,j,.cts unattractiv as
 

investment option,;.
 

While the economies-of-scale argunu t is difficult to dispute, gi, i i.,, experience of 

hydropower deselopment in the iuilustrial .nations, the e.per ien(O t, tlate in th'.. 

developing countries suggests that econL, mies-of-scale mayopertt, :i roverse to some 

degree. Table 2 giv-:; capital cost data for eightee, miI hydropower proj, :ts built in 

the developing countries ... - 1971. A qum,' glance at this dtata shows that the average 

unit cost installed for pht.m:, under 100 kW in this group isa proxi..t,.y half that of the 

plants above 100 1,.W. The explanato n for this phenomenon rests iii the fact that 

TABLE 2. Capital Costs for Small aydro Plants in Devcluping Countries i/) 

ea~ 1uipo enaCopnit i( t 

cauntry tkW) 1l"d (m) 1-r k .w of co1 GowulInt 

Thailand 800 A 15% Concree c,, t,r civil ,or,41) ,50 	 i.;ructioti 

Ecuaddo 400 40 ,-0U 361'. Luoi- c..inal; i..;''. lcd ,llpl~l.l 

canal; dtectintwkej I, .tedEcuador 400 19 .7o0 30% Ltn 'l 
elq-'hoot
 

b 
Nepal 00 .A ' 1;(.Aartly lined cnarat; LIdul-cknd i o n 

qtal 1.0 4 900 .11% NaI-,y-ln.. . 

Indonesia 12.0 1 i 1,311.) 5Pi No heAdra, .-.; I C., :,o t ;' 

Thailwn, 10 79 40 -21% C a ire c ot.., n or civil wwnk, 

V'o,lipplnes 
b 

5o}7 76 3V1. L. al coaltrUcti,:i asi.eri.i, ah,1 tiorbine 

lndnnd ,i. '0 19 i,0c0 546 Concrete-iined , .,4-e 

Nepal d0 16 1,051) 23% i,i I Iriill ndma t N,. 

Nepal s0 34 1,3S0 11% Local nar-Ial. -J tkilb,,n. 

Nepal .15 06 Exitilng irrigattin 'morksn.i 2' 

iidonl, ab is n)OO 30' No h.adrace or :ovenor, used alternator 

Thailand IS 1() Z,350 41 Earth damn aid hd.,drnc. 

10 I.09' 	 i,-,.I turbincThaa.nd - 4 -'7% L.d c-al; 

b 
10 C 271 61M 1ocaI ateriab and e.,-uilirnitpi stan 

N,9.5 	 9 0O 46% Local maiat-erwd -,li ., t., except 
penstock
 

b 

lilkisaii .5 C . a,'' 
 .uilnLical 	 nAitrlnl. .- d -, a* 

b IrojrteInMpleij..:t1d and IliAilaged 1ocaIllV.
 

c Preco, lead, unknown, Ice gen-rally betwen 5-10 o,.
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standard, conventional approaches to the design and construction of very small plants 
may not be necessary. Case studies have been made of small hydropower programs in 
several countries where inicro-hydro plats have been built on the basis of local initiative 
at very low cost. The major attributes of this unconventional approach are: 

" 	 the avoidance of conventional engineering concepts which require sC.Lling 
dow.i standard civil and mechanical components used on large hydr ,'J'wer 
plants to smaller sizes; 

* 	 the adoption of site study approaches based on "minimum needs" ralh.r than 
maximum potential, reducing the need for exacting hydrologic d.i.i; 

* 	 the recognition of opportunities to improvise civil components, t,, full 
advantage of locally available construction materials and labor; and 

" 	 the use of locally-fabricated turbines and accessories bahed on uncomplicated 
designs and simple construction tchniques which are adequate to serve: 
modest energy requirements. 

To be sure, the economics of:-. .le rule holds true, given the .,o:oa to 
development. Fig. 1 compares the- ,:apital cost curve for conventionally engi,t -,:red 
projects with two altern.,tive approaches to ,mall hydropower development which have 
been documented in the ttveloping countries. Each approach, represented in three 

6000 	 60(10 

5000 	 5000 

I 	 U 
0000-	 1,000 

1000 	 1(0 

lJ.. (uTDO.I 
1 ' 


a ll'111-. 1.I I LL.L I- I I I .LL 0 I I 1 II t
 

50 I10O 500 l000 

InSI. 1,1 1A1.11111.1W) i *l o Al:llylk N) 
10I 0 100 S01 lo0 ll 5 10 

Fig. 2. Cost curves for diffet ent Fig. 2. Cost curve of smaull 
approaches to small hydro hydro plants listed in Table 2. 
development. 

different curves ranging from the vei y simple (Pakistan) to the more co.nplex 
(conventionally built small hydropower plants in the U.S.), has its own economi,;,-of-scale 
character. But taken together, the dita shows that costs tend to increase with plant 
size, as confirmed by Fig. Z. The urn erlying thesis is that with very small projects, 
innovations are possible that are not now possible with larger plants. An alternative 
approach which helps to bridge the cost gap between unconventional (smaller) and 
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conventional (larger) plants would be to standardize certain components using off-the 
shelf designs and equipment, as reflected in the pump-turbinue curve shown in Fig. 1 (3). 

;,,t the fullWhile the inconventional approach may result in plants that du captur, 
energy potential of sites, energy requirements--and the means to pay for enter" '--re 
likely to be modest in many remote rural communities. And although dhese ,.t.ISmay 
be less effici nt and more prone to more frequent maintenance and earlier repla(ijent, 

they are also more easily maintained and replaced then conventionally engineered plai.I 
built in such i.reas. Moreo:,er, as energy requirements increase, plaint, I .iilt along simple 
lines initially may be up-graded at a later time to capture more encr -:y, potential more 

efficiently. 

I3L 	 Use considerations 

The benefits ar:;ingfrom small hydropower projects are derived from its tiLe,, I both 

quantitative and qualitative torm Benefits 1cjare realized in different forms. ijts 
from the producer's point of view :y include: 

" 	 cost-savings in providiol; energy more cheaply than
 
existirw, onergy sources; and
 

* re,.enues from ,aergy service to new load:,. 

Benefits from the .conulmel .point of view may include: 

* cot-savings from reduced energy expenditures;
 

* 
 adlitional cash income resulting from increased productivity and extended 
w( rking hours; 

* 	 leiiure income; and 

• snrial beneifits (comfort, convenience, seCturity, prv.:l ige, etc.). 

Benefits from the national point ); .itjw may include: 

* 	 gri ater relialiity of energy suplply; 

* po .entially fewer negative environmental impacts;
 

* 
 po eziially greatcr positive environmental impacts (erosion, de:fore.-station, 
ficod, and sedimentaion control); and 

• 	 foi eign exchange: savings. 

Before mem ing to a discussion of how these benefits are considered in the economic 
analysis, some comments on th, iiantitative and qualitative nature of energy use from 

small hydropo',er plants are in :: ,r. 



Capacity utilization 

Capital costs are meaningless in t etermining the ultimate deliver:d cost of enery,, 

which the plant is used, economicallywithout first taking into account the degree to 

Thus, unit energy c osts wi,l depend on two factors: capital costs and capacIt/speaking. 
utilization. 

water supply conditionsCapacity utilization of sti all hydropower plants is affected by 

in tropical areas frequently sufferand by demand conditions. S nail riv rs and streams 


from intermittent flows, due to the ( oncentration of ar.nual rainfall during :,easons.
wt 

excess flow during tht se peric ds can be stored behirat dams, operation of the plantUnless 

during dry periods may be linited.
 

Even during periods when the plai.t may operate at full capacity, Lltilization may be 

constrained by irregularities in demajid for energy. Load factors, whiTh give the ratio of 

of demand c,ii,traints for a givenpeak load to average load, ar ! indicaors of the nature 


plant. Low load factors indi ate the plant utilization is high only for very hi1 ;h periods,
 

with much lower plant utiliz; tion during the majority of the time the plant i:i operated.
 

the economic viability of smallLow load factors alone can h wve disa ;trous effects on 
for five 200 kW plants installedhydropower stations. Table gives average load factors 

in northern India during the 1970's. A.ssuming capital recovery over six years, the kwh 

costs for each plant vary con 	iderabl.', even with a relatively small difference in load 

factor.
 

Table 3. Effect of load 	factors on generating cost (4) 

Averzge load Average kWh 

Project factors % cost (cents) 

Guptkashi Z3.6 7.0 

Genti-Cherra 20.3 8.3 

Tilwar., Z2.3 10.1 

Koti 10.7 27.5 

Deopra yag 4.1 62.5 

a Assume: full depreciation over 6 years. 

From this example it is e iident t 	iat small hydropower plants may not be economical 

emain low and highly variable. Other energyin situations where utilizatioa rates 

solutions may be sought for ! uch cas, s, such as the installation of diesel-driven 
onditions under which diesel generators offer a 

generators. Figure 3 illustrates the. 
ebna similarly s'70d smn:i hydropowermore cost-effective energy I,'.irati, a , 

the hy ro option increases as utilization rates increase,
plant. Cost-effectiveness f r 

to the low operating cost of
whereas the reverse is true I 	 r the d sel option. This is due 

fuel co t is involved. Fuel accounts for the majority of
hydropower systems since n( 

her han 1, meaning that the diesel 	opt i.,n is competitive only
diesel energy costs, on 	the o 

low, I elow Z0 l in this analysis.if utilization rates are 
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per kOV; diesel cpitaplant). Assumptions: hydro capital cost is $3,000 


cost is $150 per kW; ao,o(u r) & M cost is 1.5% of capital cost for hydro,
 

18 cents per kwh; useful life is 304.5% for diesel; fuel cost for diesel is 


years for hydro. 20 years for diesel; discount rate is 12%.
 

Supply and demand management 

With all small hydropower projects, but particularly with small isolated plants, it is 
tho

important to attempt to a.hieve a dynamic equilibrium between energy swuply and 

are underutilized result in hig'
demand for energy. It has been seen how plants which 

Two methods mit,, he employed to minimize plant underutilization, om
energy costs. 

and one dealing with load (demand) mana.gemcnt.
dealing with capacity (upply) planning, 

In the latter method, load leveling techniques are used to build up .. lrgy d,mand 
require,one0ts a1during off-peak periods, and reduce demand during times when energy 


normally high, such as evening hours and during mealtimes. Energy pricing policie. _;."
 

be used to penalize energy use durini periods of normally high demand, and reward usr:, 

of energy during times of low demand. Alternatively, more direct measures can be tl., 

to level out loads on the plant. One measure is to develop moans of storing energy sihw 
can be used in the case 4

off-peak periods for use during peak times. Battery storage 
,:uchas cooking, electrical

low-level electrical applications. For uses requiring heat, 


energy can be converted into heat by means of resistance c,ils, and then stored ;.. 
 -
Another measure is to proluot:

appropriate medium, such as insulated metal or stones. 
"productive" uses of energy during off-peak periods. Examples of productive ,,II ls's 

commercial appliau,., indfoodstuff processing machinery, 
in light rural industries. It has been NRECA's cxp.: ionc, 

include irrigation pumps, 
low-horsepower motors used 

that promotion of productive uses such as these can have a considerable imp,t, 1i tho 

economic viability of rural electrification projects by raising energy dkemand and incino 

growth in a community. 

is more difficult to approach a dynaiic-In the case of an isolated project, it 

fromi a supply point of view, but not impossible. The
supply/demand equilibrium 
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objective on the supply side is to avoi. investing prematurely in capacity which is hot 

needed. In a ZO-year or 30-year planning period, energ,' dem,ind will most likely change 

dramatically over time. A c imnmnity requiring 10 kW of cit,,icity iiiitially may need 

However the investin ,, in a larg:r hydropowerseveral hundred kW twenty years 1bter. 
mako the average cost of ene.krgyplant than is required for the first ten years tor so coulI 

over the life of the project prohihitively high. One mithoof permitting incremn1tal 
tocapacity growth is to build the plant in stagesi. For exampl., plants may be designed 

operate with several turbines, which can he addd over a ,riod of several years. 

Alternatively, a very simple design can be used for the iniLil period which could be 

upgraded with more elaborate structures and equipmeut at a later date. Another 
aincremiettal .ppcua,;,k would involve the installation of a sinall diesel generator, having 

much lower capital cost, to serve the comnunity during the initial load-building years, 

which could then lt, replaced by tile hydro plant when energy demand warrants the 

greater capital investment. 

IV. Methodology for Pre feasibilityAnal sis 

The meth, tology used for conducting economic prefeasibilityvnalysis depends on the 

purpose of the energy project. Small hydropower projects can ser, e two ol, ctives, from 

a supply point of view: 

(1) to displace a more costly means of energy production; and
 

() to provide a new source of powe:.
 

In the first case, total project costs are compared with the cort of the alternative 

where benefits are 

the provision of small hydropower to displace more costly vnergy. In the second case, 

total project costs are compared with benefits arising from the addition of new 

from tile sill,: Projects may 

energy prodLuctiion means, mthe equal to tie cost -savingLs resulting from 

as revenues of e(,Orgy. 

both ohject ives by reducing existing energy costs and providing additional capacity
generating capa-ity, usually shown 

serve 

to serve greater energy demand.
 

An analysis ou:st first be porforrued to assess whether the small hydropower 

investment offers a cost-effective means of supplying energy to se.rve a given amount of 

energy demand, stated as energy (.Wh) production. 

Cost-effectiveness 

This level ol malysis is a useful tool in screening projects as part of a regional or 

national survey of potential small hydropower sites. It is also an essential ",tep in 
-,to displaceassessing the net benefits of small hydro projects whose primary purpose. 

the higher cost of delivering energy by other, existing means. The most commnonly used 

find the present worth value of total life-cyclemethod to make this comparison is to 
Costs, including capital costs and recurring cost,, are enteredcosts for each alternative. 


in the years they occtii . Total annual costs are then discounted to take into account the
 

time-value of money.
 

of capital. since theThe discounting7 process is neded to reflect tile opportunity cost 

real value of an uxpenditure made iin the future is less the real value of an equtl 

rnado today. This is important in comparing tile life-cycle costs of producingexpenditure 
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energy from hydro and diesel plants, since the majority of costs for the hydro project are 
made initially, while the costs of the diesel alternative are spread more evenly 
throughout the life of the projrt. 

Recurring costs i:-clud opcr ti'u : mainLenance (O& c osts and energy costs 
(with or without a real escalation factor). Inflation and the cot of money are already 
reflected in the discount rate, and thus .. not n,-ded, provided the discount rate 
selected approximates market interest rates. Eqt..Ition (1) is the basic formula used in 
finding the total life-cycle cost in present worth terms. 

Total Cost CC + L O&Mn + (Enx Pn ) 

Z (1 + r)n 
n= 

where: 

CC = capital cost 

L = life of project 

O&Mn = operation and maintenance cost in year n 

En = unit energy cost (S/kWh) in year n 

Pn = kWh production in year n 

r = discount rate 

Equation (1). Present worth cost calculation. 

Capital cost in the case of the grid extension option includes the cost of extending 
transmission lines to the area to be served, and necessary transformer and protection 
equipment. Capital costs for the dliesel alternative should be the average unit installed 
cost of diesel generators times the number of kW which the small hydropower plant 
would supply. It should be noted that diesel generators have a shorter lifespan than 
hydropower plants. Capital replaceme i for the diesel should therefore be shown every 
5-15 years, depending on the average useful life period of such plants in the area. 

Unit energy cost in the case of a diesel plant is the cost of diesel fuel to produce one 
kWh of energy. In the case of a grid extension option, it is the cost of producing (or 
purchasing) a kWh of energy on the grid.* This cost should be the long-term marginal 
cost of producing an additional unit of energy. Extension of the grid does no iccess.kuily 
eliminate the need to invest in additional capacity, particularly in view of fuare load 
growth. The long-terin marginal cost should therefore be based on demand studies which 
take into account additions to capacity that will be neceed to serve the additional load 
over the duration of the period being studied. In the small hydro case, energy cost is 
zero, since there is no fuel cost. Escalation factors may be applied to the energy cost of 
both the diesel and grid options, to reflect real cost increases for fuiol. A 2% escalatioll 

*In cases where the power is purchased from sources outside the country, this cost should 
be shown as the wholesale purchase price of electricity. 

9 



rate is generally used. To find the full annual energy cost for either option, the avL;'age 

kWh energy cost is multiplied by the annual kWh production assumed for the :;il! 

hydropower plant. 

O&M costs for the small hydro option ,re generally considered to be 1.50,% of capital 

case of very small plants, where a more precie calculation should becost, except in the 
made to reflect actual costs of an operator's salary, and minor maintnance and 

for the diesel option, requiring greator maintenancreplacement costs.* O&M 	costs 
O&M cost for the grid opti,) isexpenditures, is generally shown as 4.5% of capital cost. 

iarginal cost of energy.zero, since these costs are already reflected in the long-term 

The study period over which total costs are calculated should be the expected useful 

life of the small hydro project. This period is frequently given as 30 years, althutigh 

long, if properly maintained. For purroses of prefoasibilitymany plants operate twice as 

analysis, depreciation costs can be left out of the calculation.
 

total annual discomt ,I costs 1-, eachLife-cycle costs are found by adding the 

option. The option giving the lowest total cost is th, pire-ferred i;ivestment stratey. If 

the small hydro option fails this preliminary test, it should be rejected. If the sm l 

hydro option offers a lower cost option than the diesel or grid options, th,.n further 

analysis of the small hydro project may proceed. 

Return on investment 

The purpose of the cost-effectiveness analysis is to enable plannern to achiev, 

efficient resource allocation. In developing countries, political decisions are often1 made 

rural areas regardless of the net economic consequencesto provide electrical service to 

of such a decision. The results of the cost-effectiveness analysis may therefore provide 

a basis for making investment decisions. This is not advisable, however, since benefit 

not yet been taken into account and may show that investments inconsiderations have 
alternative projects, aich as transportation, would be more worthwhile. Needed, then, is 

a basis on which inter-sectoral resource allocation choices can be determined. Moreover, 

lending institutions generally require that further analysis be provided which examines 

the return on investment. 

are two economic indices used in determing the return on investment:There 

" benefit/cost ratio 

" internal rate of return. 

In each case, annual net cash flows are calculated by subtracting costs from benefits. 

Cost, benefit and net cash flows should be shown in both nominal and discounted terms, 

for each year in the study period. 

areBenefit/cost ratio. 	 This is a commonly used index to assess whether projects 

The discounting process used in the cost-effectiveness analysis iseconomically feasible. 

also used here, only benefit flows are calculated as well. The comparison of total
 

* 	For a 50 kW plant costing $2,000/kW installed, for example, total capital costs wotl!d 

costs would likely exceed 1.5% of this cost ($1,500).be $100,000. Annual O&M 
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present worth costs and benefits provides a ratio which. indicates the economic 

attractiveness of a project. Equation (2) gives the economic formula used to derive 

benefit/cost ratios. 

L Bn
 

nl (1 +r0)
 
L 
 Cn
 

n Q +r)" 

where: 
= Benefits in year nBn 

Cn = Costs in year n 

L = Life of project 

r = discount rate 

Equation (W). Benefit/cost calculation in present worth terms. 

Projects with a benefit/cost ratio of less than 1 are considered unfeasible. Projects with 

a ratio of I or greater merit additional study to assess what rate of return is possible. 

This calculation is reviewed next. 

To refine the assessment of net economic return on 
-In the precceding 

Internal rate of return. 
investment, the internal rate of retura is calculated for the project. 

cashflow analysis, a discount rate is selected which represents the opportunity cost of 

The purpose of this analysis is to find at what discount (interest) rate total costscapital. 
and benefits are equal. Thus the undiscounted cashflows are used in this calculation. 

can beThis interest rate, which represents the internal rate of return for the project, 
to the cashflows untildetermined by trial and error in applying different discount rates 

Projects stiould have a internal rate of return exceeding thethe correct value is found. 
rate of return possible with other con peting projects to be worth undertaking, strictly 

However if the project yields an internal rate of return approximating longspeaking. 

term market interest rates, the project is generally considered feasible.
 

It should be noted that the feasibility of projects as determined by the rate of return 
sources maywill depend considerably on the source of financing. Financing from private 

more than Z0% for small hydropower projects, due torequire an internal rate of return of 
the high degree of financial risk that may be perceived with such projects. At the other 

extreme, where local communities may be able to raise their own resources to , ,tstruct 
toprojects (possibly with government support) the rate of return may not be as important 

the investment decision as non-financial considerations relating to the overall sucio

economic development goals of the area. International development banks generally look 

internal rate of return of about 10%, although again, decisions to finance may alsofor an 
rely on how well the small hydropower, project complements other development projects 

and goals in the area. 
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Calculating project benefits 

be used to justify an 1 vestment onAlthough many direct and indirect benefits Inay 

small hydropower, for purposes of prufeasibility analysis only bnefits which can be 

reprtsonting more of -- financiL.l
represented in monotory terms ac'egenerally inc luded, 

social and economic benefits such as 
than an economic analysis. Thus, certain long-term 

or health improlvemen ti, and the socio-political bene fits resulting from the 
education 

rural areas; and short-tt:rin benefits, such as incre tsed 
provision of electricity 	to new 

t(,compute in monetary termis and are getnerallyare difficult 
These benefits may

productivity and security, 

not included as specific 	benefits for prefeasibility ana lysi proSe. 

terms, and could make a project with en lv a marginally
be stated in qualitative 

rate of returt appear more worthwhile. Be,efits wliit It,:an be quantifiedattractive 
more easily in monetary terms incluoe cost-savinls frtoin the tiisplac nenet of other 

energy sources and revenues fron the sale of energy. 

As mentioned at the beginning of this section, small hydro projects may serve the 

providing a source of energy to :,trve new
fumction of reducing existing energy costs or 

A second distinction is also needed in defining the basis for 
and additional energy needs. 

a demand point of view; a distinction between plants
calculating economic benefits, from 


which are interconnected with ittransmission grid and those serving an iklated load.
 

for purposes of prfasibilityWith grid-connected projects, benefit calculations 
Annual benefits for hydropowo r projtects in the lower

analysis are relatively simple. 

capacity range are generally equal to total cash savings from the displacement of other
 

more expensive energy producti,,n serving the grid. For thesc projects, assuming the
 

transmission network covers a sufficiently large demand aria, the basis for calculating
 
More detailed


these benefits is the annual kWh proiduction capability of the plant. 
the grid system at the full feasibilityanalysis of daily and annual load characteristics on 

stage may show that demand fhictu,tti0ns prevent full absorptio.i of the plant's 
may begenerating capability, particularly during off-peak periods when the base load 

serve ! by cheaper mneats (e. large hydropower). 

demand analysis becomesIn conducting prefeasibility analysis of isolated projects, 
revenues are based not on 

more important. Benefits in the forni of cash savings and the 

estim-ited output, but on estimated dehmnand.* Since loads are likeoly to be variable, and 

possibly quite low, assumptions for sale of power and energy displacement must be fairly 

of energy demand for specific categories of
carefully defined by estimating the nature 

consumers, or specific end uses. 

Small isolated projects serving nerw loads may also present special problems in 

revenues - representing to some degree thequantifying benefits, since in soine cases 

- are either not collected or are based on tariff schedules
econmic value of the energy 

the economic value of the energy provided. To allow a moresubstantially below 

a measure of the willhlrgness of users to pay
complete assessment of economic benefits, 


for the energy provided may be surveyed by estimating the user's existing energy cs!ts,
 
tile higher quality of life which is attributable
the resulting increase in productivity, and 


to the energy (5).
 

& Lawrence, "Electrical
* A general review of demand analysis is provided in Jackson 


Distribution and End Uses 
for Isolated Systems." 
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ABSTRACT 

This paper is a discussion of various types of energy used by different 

societies, a program for balanced and comprehensive village development, 

various end uses for energy in a village, a radical approach to planning and
 

design for ener'y resources, integration of energy sources with end uses, and 

specific applicatiton of these principles to micro-hydrpower.
 

1. PRESENT ENERGY SOURCES
 

At the present time there are societies and cultures in the world which
 

illustrate the different types c" energy systems utilized by people to carry
 

out their living activities. These include the human-powered society, the
 

animal-powered society, the imported energy society, and the society using an
 

array of renewable energy resources. 

1.1. The Human-Powered Society
 

Energy in rural areas of the 3rd and 4th worlds (as defined by Barbara
 

Ward) is usually provided by people -- both men and women. An enormous amount
 

of human energy is responsible for most of the production of the necessities
 

of life -- including food, water, clothing and shelter. This is a cycle that
 

is a never-ending process. It continues day after day and year after year.
 

Added to this human energy is the burning of local organic matter (such as
 

wood, shrubs, and cow dung) as fuel for very simple cooking and heating. This
 

natural resource is usually being depleted at a very rapid rate.
 

Because there is a limit to the amount of human energy available from one
 

person or one family, this limitation becomes a constraint on the total amount
 

of goods and services that can be produced by human power alone. This limita

tion forces such a family into a bare subsistence level of living. In fact,
 

nost of 
the people of the world who depend upon human power alone are living
 

rmuch below a bare subsistence level. This is the "poorest of the poor" -- the
 

"Fourth World" of which Barbara Ward speaks.
 

,*A paper presented at the Conference/Workshop on Renewable Energy Sources,
 

Lahore, Pakistan, 18-22 March 1983.
 



Finally, with this type of energy system. more than 907 of the population
 

is required simply to produce the food for the region.
 

1.2. The Animal-Powered Society
 

When animal power (such as oxen, horses, mules, donkeys, buffalob, oi
 

camels) is added to supplement human power, then the amount of production
 

greatly increases, but the level of living seldom exceeds bare subsistence by
 

very much. This is the situation for much of the Third World. Here the propor

tion of the population involved in production of food and fiber is still more
 

than 80%.
 

1.3. The Imported Energy Society
 

This society, consisting of the more-developed nations, is mining and
 

using the non-renewable energy resources of the entire earth. Using mechanized
 

equipment and artificial fertilizers, this society replaces most of the human
 

power, and all of the animal power, with machinery. Consequently, only 5% of
 

the 	population is required to produce their food and fiber.
 

2. 	USING AN ARRAY OF RENEEWABLE ENERGY RESOURCES 

Although there are various cDbinations and blends of these types of 

societies existing today, the for,-going situation must be changed dramatically
 

for two reasons:
 

1. 	The Imported Energy Society will soon consume nearly all of the
 

earth's non-renewable energy resources.
 

2. 	The other societies have a right to a better life and a higher
 

standard of living than the drudgery and deprivation which is their
 

lot today.
 

It follows, then, that for a family or a community in the third and fourth
 

worlds to rise significantly above a bare subsistence level of living, it is
 

necessary to bring in supplemental energy beyond the human, animal, and local
 

organic matter sources. In order to avoid moving more in the direction of the
 

Imported Energy Society, however, this supplemental energy can be provided
 

from one or more of the following renewable sources of energy:
 

1. 	Bio mass (e.g., biogas, producer gas, methanol, wood, and charcoal)
 

2. 	Solar energy (both thermal and photovoltaic)
 

3. 	Hydropower (both electrical and direct mechanical). Also wave power
 

in certain limited areas.
 

4. 	Windpower (both electrical and direct mechanical)
 

With this type of el, -gy system available to a family or a coimnunity, a
 

much smaller percentage oi the population is required to produce the necessary
 

food and fiber - which frees other people for other activities which can
 

greatly improve the standard of living for all.
 



3. A PROGR-A , FOR BALANCED AND COMPREHENSIVE DEVELOPMENT 

Having renewable energy available to a community does not guarantee that 

this will result in a higher standard of living, or that the peoi.le in the 
comrrunity will even move significantly away from the poverty, hunger, disease, 
illiteracy, and drudgery that now exists. To accomplish this a complete 

(balanced and comprehenive) program of development is required. This process 
of development can be described graphically by the Development VJheel, see 
Albertson 1972 and 1983, and Albertson S Cliaudhry 1972, see Fig. ]. 

The Development Mheel indicates that for development to occur it is 

necessary to organize and utilize all resources available in the community and 
outside the communitv. E>:xisting indigenous Mantower resources must initiate 
action by utilizing infermation resources from all available sources which will
 
give guidance on which policies, procedures and jrinciles and which institu
tional rescurces are needed to utilize the existing natural resources, the 

existing infrastructure resources, and the existing financial resources -
within the constraints of the existing socio-cultural resources -- to produce 

AND ATTI-UDE 

Fig. 1. The Development Wheel, Illustrating the Development Process.
 
(Adapted from Albertson 1972.)
 



more goods, services and information resources for the benefit of the manpower 
resources. The additional information re-ources obtained from this process 
provide the basis for 
new and better policies, procedures and principles and
 
improved institutiona'i resources to better utilize the natural resources to
 
build additional infrastructure to create still 
more goods, services and infor
mation for the benefit of the people. This cyclic pheniomenon is the process of
 
development, but there must be initial motivation for a comnunity to actively
 
and aggressively inisiate and 
pursue these steps. It is the values and atti
tudes held by the people in the community that result in motivation and action
 
to give speed and direction to the development wheel process.
 

For this reason, it is important to have an "entry point" into a village
 
or community or 
a "rally point" which will excite and motivate the leaders and
 
most of :The people to initiate and aggressively pursue this process. Success
ful models existing at present indicate that either health or energy can 
serve
 
as an entry or rally point, see Arole 1980 and 1982 and Abdullah 19&2. Along

with this entry point, however, must be a total plan for balanced and compre
hensive development. The steps required for 
such a plan include the following:
 

I. The entry or rally point will stimulate and activate the leaders and
 
people of the community (the manpower resouice) to seek out the information
 
resources required for a development program. These information resources 
are
 
to be found both within the community and outside the community. Assembling
 
and analyzing these informAtion resources usually requires outside help from
 
people trained to obtain information from inside and 
outside the village, to
 
analyze the information, and to 
advise the village on the steps to be taken to
 
activate the development process described in the development wheel.
 

2. On the basis of the information resources, policies, principles, and
 
procedures must be established as fundamentals which can be used as a framework
 
for a balanced development program. These include:
 

a. 	The principles of self-reliance and persistence.
 
b. 	The policy of recognizing the value of, and a willingness to learn
 

from, the illiterate poor and deprived masses.
 
c. 
The basic concept that village people are intelligent and willing and
 

able to acquire new skills to improve their own lot and that of their
 
coomuni ty.
 

d. 	 The policy cf maximum delegation of responsibility and commensurate
 
autLority to workers at all levels, see Arole and Arole 1982, page 13.
 

e. 	The basic concept of "Make do" with local resources (both material and
 
human resources)
 

f. 	Decisions having an effect on the community must be made by a demo
cratic process following discussions in which all persons affected 
are
 
involved as 
equals and not just the village leaders discussing with
 
technical or specialized personnel (perhaps from outside the village).
 

g. 	There must be a basic theme throughout, that everyone ha.: a very
 
important role to play, and that 
the total success of each community
 
effort depends upon each person fulfilling his responsibjr.ities.
 

h. Another basic theme is that the contribution of each person is to be
 
of service and benefit to others as well as personal gain or benefit
 
for himself (I.e., there must be a combination of both the service
 
motive and the profit motive).
 

i. 	An egalitarian society must exist 
in which any caste system, aparthied,
 
or elitism is eliminated.
 

J. 	 The entire program must be a "grass-roots" approach, see Brown 1982.
 
k. 	 Government n-. not 
interfere with these policies, principles and
 

procedures, but must permit and encourage entirely free development by
 



the villagers -- and government at all levels must encourage and help 

the villagers with filing applications and quickly obtaining approvals 

be useful to the villagerson any governmental programs which will 


(e.g., family planning, leprosy control, bio-gas installations,
 
Arole and Arole 1982, p. 4).
improved housing, sa:e drinking water, see 


The entry point should be a health program, or a combination of a
1. 

health program and an energy program (in most cases), in order to give
 

to rally and to organize
the village a topic or project around which 


and agree to certain pre-conditions.
 
to:
m. 	 The pre-condJtions should be that the entire village will agree 


(1) Designate a VHW (preferably a woman) who will receive regular
 

training at a central training center.
 

(2) Designate an (Social Worker) who will receive special training
 

and work in his/her village.
 

(3) Designate an ATW (Agricultural and Technical Worker) who will
 

receive special training and work in his/her village.
 

(4) Provide volunteers to work on special projects in their village
 

and at the District Center and Regional Center.
 

n. 	 There must be an evaluation component which will first obtain baseline
 

data and information, data at 
various stages of the project, and data
 

the project in order to assess the progress (of each
at the end of 


part of the project) that is being made from year to year and in order
 

to learn continuously how to improve this and other projects in other
 

regions or countries.
 

3. 	An institutional structure must be established which will provide
 

be used as vehicles to carry out the foregoing policies,
organizations that can 


procedures, and basic principles. These institutions should include:
 

A Village Council which is truly representative of all segments of
 

the community and is democratically selected to be used as a framework
 

for discussions and decision-making about community-wide issues and
 

problems (e.g., an unpolluted water supply, sanitary waste disposal,
 

vaccination programs, a central energy system).
 

a. 


b. 	 A Women's Group, see Arole and Arole 1982.
 

c. 	A Men's Group, see Arole and Arole 1982.
 
to be established 	to provide:
d. 	District Centers and Regional Centers need 


(1) Mobile health units, clinics and hospitals for the 3-tier health
 

1982, give an excellent description of
 program. Arole and Arole 


the way this ccmponent should operate.
 

(2) 	Training cenL ±rs for VHW's, ATW's, volunteer workers, and
 

others, 	see Arole 1982, p. 14.
 
techniques, energy
(3) Demonstrations for farming practices and 


systems, etc.
 

(4) 	Supplies, equipment, materials, and purchasing expertise.
 

(5) 	Business and industry advice and counsel.
 

(6) 	Marketing help and expertise for village products.
 

e. 	The creation of self-evaluation (Struggle) groups for changing atti

tudes 	and prejudices, and for personal decision-making (this might be
 

in the Men's & Women's Groups - although they are primarily
handled 

or it might be done in
for community decision-making and action --


religious groups if they are available and interested).
 

f. 	Educational institutions and programs must be created and activated
 

which will include both formal education (usually for the children)
 

and non-formal education for adults and school drop-outs, see Arole
 

and Arole 1982. The non-formal education programs must be highly
 

practical and aimed specifically at making each person more pro

ductive.
 



g. Businesses and industries need to be created to utilize and conserve
 

the natural resources available to the community and to produce
 

products (goods) and services which can be consumeJ or utilized both
 

within the community and (especially) exported to obtain employment
 

and income !or the people of the community.
 

4. Once the information resources and institutional resources are avail

able for use, the community is ir, a position to develop, utilize dnd conserve
 

the natural resources to yield products which can be consumed within the
 

co-mmunity or can be exported to outside markets to bring income into the
 

community. The industries created (as institutions) to produce these products
 

will provide employment for people in the community. Examples of natural
 

resources available for development include:
 

a. Agricultural land
 
b. Water resources
 
c. Minerals such as a rock quarry
 

d. Soil for making clay products
 
e. Sun for heat, cooking, and electricity
 
f. Wind for electricity or mechanical power
 

g. Trees and forests
 

h. Air and water for nitrogen, hydrogen, and oxygen
 

These natural resources serve not only as raw materials to be refined but also
 

as sources of energy for living and for industry. Careful study must be made
 

of how to develop and integrate the energy and industry in a balanced manner,
 

and to project a time schedule setting out all the steps to be taken and when.
 

This usually requires expert help from outside.
 

5. As the natural resources are utilized more and more, products result
 

which improve the standard of living and income is produced which can be used
 

to improve and expand the infrastructure as well as the goods and services to
 

benefit the people (manpower resource). It will also provide new information
 
-- all of which forms a basis for the cycle to be repeated over and over and
 

for village development to take place at a rapid rate.
 

6. This entire program and process must be accomplished within the
 
constraints of the financial, legal, cultural, and political resources avail

able to the community. If the policies, principles, and procedures described
 

in 2. are established, however, these constraints will be minimal. For the
 
most part, the financial resources required are already available in the
 

community just waiting to be mobilized and utilized to implement a well

planned design fcr exploitation of the natural resources.
 

The foregoing development model has been derived from a combination of
 

concepts, including the process of development (see Albertson 1972, Albertson
 

& Chiudhry 1972). The China Model (see Albertson & Nickum 1975), the Arole
 

Mode' (see Arole 1980 and 1982) and the Abdullah Model (see Abdullah 1982, and
 

Inversin 1981 and 1982).
 

A very important first step toward this balanced program of development
 

can be the introduction of an array of renewable energy resources together with
 

the development of end uses of the energy which will help to accomplish the
 

complete program described in the foregoing paragraphs, see Fig. 2 and Boyle
 

1982, and Thapar and Dubow 1982.
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Fig. 2. 	 Flow Chart for an Energy System Integrated
 
with End Uses
 

(from Thapar and Dubow, 1982).
 

,4. END USES OF ENERGY 

When considering energy developments for a community, it is necessary also
 

to study and consider the end uses for the energy, see Thapar and Dubow 1982;
 

and Boyle 1982. There are three main categories of end uses for the energy
 
that is brought in to supplement energy from human, animal, or local organic
 
matter sources. They are:
 

1. 	Conveniences for living, such as electric lights, refrigerators,
 
electric stoves, radios and TVs, street lights and washing machines.
 



2. 	The production of raw materials, such as farm produce and natural
 

resources like timber.
 

3. 	The refinement, processing, preserving, or storini of these (or
 

imported) raw materials, such as the milling of flour, the drying of
 

grain, the refrigeration or canning of fruits and vegetables, the
 

production of clay products, or the spinning and weaving of cotton or
 

wool cloth. This includes the creation of entirely new products such
 

as crafts.
 

The utilization of the renewable energy resources for these end uses can

not be accomplished on a permanent and successful basis without the initiative
 

and hea.-y involvement of the community as a whole and many of its individual
 

members throughout the entire process. In fact, the coMmunity must take the
 

initiative or the project is very likely not to succeed. The types of end uses
 

which should be considered are given in Tables I and 2 from Boyle 1982.
 

5. 	USING A BLEND OF ENERGY RESOURCES
 

It is difficult for the Imported Energy Society, which is so accustomed to
 

the excisive use of electricity and petroleum products to meet its energy
 

needs, to realize that the array of renewable energy resources which are avail

able, see 2., can all be used to create a blend of energy for a community which
 

will optimize the benefits and minimize the costs. There are many industrial
 

processes which require heat that can be provided in part, if not entirely, by
 

Motor Power
 

Process or Rating Output Consumption
 

Operation Equipment (HP) (Lbs/hr) (kWH/100 ibs)
 

Oil 	Pressing Hydraulic Press
 

& Extraction 	 Large 22 1,500 1.3
 

Medium 16 1,000 1.5
 

Small 8 130 4.5
 

E,.rew Expeller
 

Large 20 2,000 1.0
 

Medium 15 1,000 1.5
 

Small 5 100 5.0
 

Rice Hulling Disc Shellr
 

(German) 25 2,400 0.8-1.0
 

Japanese Rubber
 
Roller Sheller 3 300 2.0-2.5
 

Cereal Milling 	 Large 20 800 1.5-2.0
 

Small 5 180 2.0-3.0
 

Cotton Ginning 	 Large 20
 

Small 5 
 78 2.75-3.2
 

.25-1.0
Fodder Chopping Rotary Cutter 2-10 


Sugar Cane Crusher
 

Processing Refining Pan 3-15 
 .50-3.0
 

Table 1. 	 Characteristics of End-Use Equipment in
 

India as of 1963
 

(from Boyle 1982)
 



Type of Agro-Industry Ranee of Pnwer Requirents 

kWO 

.Saw mill 30 - 60 

Carpentry shop 3 - 15 

Sugar mill 10 - 20 

Grain mill 3 - 20 

Loom 0.5 - 6 

Coffee processing 5  30 

Quarry 6 - 30 

Ice factory 6  60 

Prep;,ration of fish 5 - 10 

Cold storage plant 6 - 60 

Roofing tile plant 2 - 12 

Pumping station 2  100 

Table 2. 	 Power Requirements for Rural Industries
 
in Colombia
 
(from Boyle
 

solar thermal and/or biomass processes. Likewise, there are industries which
 

require mechanical energy which can be provided by a direct hook-up to wind
 

power or hydropower. Where electrical energy is necessary, this can be provided
 

by a combinatiou of windpower, hydropower, and solar photovoltaic. It can also
 

least assisted, by thermal processes through steam generation.
be provided, or at 

Examples and characteristics of these end uses are given by Thapar and Dubow
 

1981, and Boyle 1982, see Tables 1 and 2, and Fig. 1.
 

Selecting the proper blend of energy resources requires careful fitting
 

and matching of the industries and other end uses for the energy, both for the
 

present and for the foreseeable future. This integration process is described
 

in the following sections.
 

6. A RADICAL NEW APPROACH REQUIPED
 

In order to accomplish the new balanced program of energy and "end use"
 

development described in this paper, in an economically feasible manner, a
 

radically different approach is required from traditional methods planning and
 

design. These traditional methods usually establish an electric or gas utility
 

for a community in a highly sophisticated manner which would be so expensive
 
impossible. This degree of
that a benefit/cost ratio greater than one would be 


sophistication and complexity, however, is neither possible nor desirable for
 

of the third and fourth worlds.
nearly all 	of the rural areas 


is composed of a series
The radically different approach proposed herein 


of components that are described in part by Nasaruddin & Alias 1981, Langhome
 

1977, and Inversin 1981 and 1982. These components consist of the following:
 

Encourage a modern but simplified and inexpensive design for the power
1. 

generation equipment and facilities instead of the costly design that most
 

utilities feel is necessary (which would cost $2-3000/kW of installed capacity
 



and would have to be bilt by people outside the community that is to benefit),
 
see Abdullah 1982, and lnversin 1981 and 1982.
 

2. The same statement as 1. above for the power transmission and distri
bution system.
 

3. Encourage planning and loans for the small business and industry, which
 
result from the new energy source, at a very small beginning with expansion
 
built in as the new owners and managers gain experience and demonstrate a
 
market for their products.
 

4. Help the people of the community to plan and design all aspects of the
 
new development in such a way that they can build, operate, service and main
tain all components by themselves with little or no outside help.
 

If this new approach is utilized, the cost of electrical power may be as
 

low as $2-300/kW of installed capacity (10% of the tradit.onal cost), see
 
Abdullah 1982, and Inversin 1981 and 1982, and the benefit/cost ratio will be
 

significantly greater than 1.0 for the entire development plan. Furthermore,
 
there will be a solid economic and experience base to build upon for future
 
expansion.
 

7. PROCEDURE AND STEPS
 

The process of integrating renewable energy with end uses involves a serie
of steps which are necessary to insure success, see Albertson 1972 and Arole
 
1980 and 1982. These include the following:
 

1. A reconnaissance survey must be conducted to determine the basic
 

interest of the community and the general feasibility of a project.
 

2. The community must take the initiative to demonstrate clearly their
 
strong interest ond their willingness to put in great effort on planning,
 
designing, building, operating, and maintaining all aspects and features of the
 

project.
 

3. There must be one or more clearly identified leader(s) in the community
 
who are willing to put in enor.ous amounts of time on the project, and it must
 

be clear that other members of the community are willing and anxious to work
 

with this leader(s).
 

4. The collection and analysis of data from the community and the region
 
which will be adequate for decision-making regarding the technical, economic,
 

and social aspects of the p'oject, must be obtained.
 

5. The community must be willing to initiate and operate other components
 
which are necessary for balanced and comprehensive development, see item 3.
 

6. There should be an evaluation component to the project which determines
 

basic characteristics of the community before the project begins and at various
 

stages of growth and development of the project as it progresses. This is
 
essential to be able to assess accurately the true costs and benefits of the
 
project, and to learn from the project in order to help other projects. The
 

technique for doing ths is given by &MARU IV Cooperative, 1982.
 

kA 



8. HYDROPOWER AS AN ENERGY SOURCE
 

Mini and micro hydropower is one of the best sources possible for a rural
 

and isolated community. This assumes, of course, that both water and head are
 

available. Much has already been written on this subject, 
see Albertson 1982
 

and Goodman 1981. Costs for hydropower, however, can vary from as low as $200
 

to SI0,000/kW of installed capacity, and it has been found that in order to
 

achieve economic justification the cost usually must be less than $1000/kW.
 

One of the most difficult prolblems to overcome with the generation of mini
 

and micro hydropower has been the control of voltage and frequency. New and
 

simple electronic devices, however, have been developed which deserve careful
 

consideration, see Woodward and Boys 1980, Thapar and Dubow 1981 and 1982, and
 

Langhome 1977.
 

Another problem has been the tLrbine, but the crossflow turbine has been
 

clearly demonstrated as the most appropriate for local construction, see
 

Abdullah 1982 and Langhome 1977. For a high head and very small discharge, a
 

Pelton wheel has been developed and is manufactured by Armstrong-Evans of
 

England. Because of the greatly reduced cost resulting from mass production,
 

the use of centrifugal pumps run backward as turbines is a very attractive
 

alternative.
 

The primary problems of the technology of mini and micro hydropower have
 

now been solved. Likewise, the technical problems of other renewable energy
 

sources are well on the way to solution. This now leaves the real challenge
 

for the development of a community in the socio-cultural-political arena as
 

described in sections 3. and 7. of this paper.
 

An example of what was accomplished in the Northwest Frontier Province of
 

Pakistan is given in Table 3 which lists some of the end uses for several
 

mini-hydropower stations with a range of installed capacity from 5 kW to 20 kW.
 

Abdullah 1982 reports that these developments resulted in the following socio

cultural-economic changes in the communities served:
 

1. A sense of participation in development schemes
 

2. A sense of pride
 

3. Increased awareness of need for development
 

4. Increased hours of study and work
 

5. Smokeless lighting, leading to healthy environment
 

6. Reduction in tree cutting
 

7. Introduction of small-scale industrial activity
 

8. Employment generation and increased income.
 

9. OTHER ENERGY SOURCES
 

There are other important sources of renewable energy which have been
 

demonstrated to be economically feasible under the right circumstances in rural
 

(and in some cases urban) areas. These are already being used in many different
 

locations worldwide:
 



1. 	 Biogas generators using both animal and human wastes
 

2. 	Solar cookers both with and without concentration reflectors (e.g.,
 

350 chapatis per day are being cooked at the Arole hospital on a
 

solar cooker designed and built by P.K. Kulkarni of Pune, India)
 

3. 	Solar water pumps using photovoltaic cells
 

4. 	 Solar water heaters for both personal and industrial use
 

5. 	Windmills for pumping water or milling grain by direct mechanical
 

hook-up, or for generating electric power.
 

10. SU%21ARY STATDIENT
 

The technology now exists for an impressive and very useful array of
 

alternative renewable energy resources to help the people of the 3rd and 4th
 

worlds to move from the human-powered and animal-powered societies into a much
 

more desirable way of life without entering the parasitic imported energy
 

society. The main problem today is finding ways to overcome the socio

cultural-political constraints which prevent these developments. Perhaps the
 

program of balanced and comprehensive development described in this paper,
 

including an integration of renewable energy resources with productive end uses,
 

will be a step in the right direction.
 

Di- Installed Houses
 

charge Head Capacity, Elec- Street Industrial
 

Site Location Cusec ft. kW trified Lights Act 4 vity
 

1. 	 Lilloni 10 18 12 60 7 flour mill, rice
 
huller, oil expeller,
 

cotton gin, band saw,
 
wood lathe, tool
 

grinder
 

2. Alpuri 15 20 12 190 31
 

3. 	 Shang 6 40 10 44 15 flour mill, band saw,
 
cotton gin
 

4. 	 Melvegai 3 80 10 43 20 flour mill, rice
 

huller, cotton gin,
 
wood lathe, tool
 

grinder
 

5. Barkalay 3 30 5 35 8
 

6. 	 Barkana 10 20 10 40 8 cotton gin, wheat
 

thresher
 

7. 	 Paras 8 105 20 under
 

construction
 

Table 3. 	 Data on Mini Hydropower Plants
 

in NWFP, Pakistan
 
(from Abdullah 1982)
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ENERGY PLANNING:
 
Understanding and Dealing with Possibilities and Constraints
 

Several years ago I gave a talk at another USAID

sponsored conference entitled "Mission Impossible? National
 

Energy Planning in the Developing Wo-ld." At that time,
 

I was field manager of a USAID-funded national energy policy
 

and planning project with the Sudanese Ministry of Energ-y
 

and Mines. I argued at that time that "energy planners"
 

cannot fulfill their objectives by ignoring the political,
 

cultural and economic realities of a society and that
 

planners must address the concerns of the politicians,
 

leaders and decision makers of the country s/he is working
 

in if s/he has any bpe of proposing solutions which are
 

-ot only arceptable but also workable. That is to say,
 

k the people planners work for respond to real issues
 

that they consider most pressing. These are the prime im

peratives of their jobs. Simply put, the old adage that
 

"the squeaky wheel gets the oil" is most appropriate
 

for understanding the process of affecting change or main

taining the status quo. Any planner who loses sight of this
 

is sure to be frustrated in his or her position. At
 

this time I would further add that concentration on the
 

ends(for example, projects) to the virtual exclusion of
 

the means(that is, the development Trocess) leads to failure
 

on the part of the planner. The process of energy planning
 

(within the overall context of development planning) is
 

of paramount importance.
 

I would like to focus this address on some of the
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Aenerpy planning process as I perceive it because it is both
 

something with which I am somewhat familiar and because
 

it is the topic I was asked to address. In the course of
 

doing so I would like to offer some of my own views as to
 

why planning so often seems to be an exercise in -utility 

and mere paperwork and how I believe it can be improved.
 

7irst of all, most of us here at this conference are
 

specialists, trained in and inclined towards fields we
 

know best. Moreover, most of you are from Africa and your
 

concerns are focused on African development issues, some
 

of which are generalizable to other develsping countries
 

and some of which are particular to this continent and to
 

your own countries. Most of the topics whichAbe addressed
 

during the next week will focus on many of the issues that
 

concern the development of small-scale hydropower. I
 

would like to take the opportunity kindly offered me at
 

this conference to attempt to set before you some proposi

tions which are intended to be stimulating and provocative
 

rather than authoritative.
 

One of the statements about Africa that one so often
 

hears concerns the tremendous potential of this continent.
 

Various statistics are cited which show how much of the
 

the world's arable land, how much of the world's mineral
 

resources and how much of the world's hydro-potential are
 

found in Africa. Then, one generally hears about all of
 

the failed projects in Africa, of all the plans discarded
 

because things just do not seem to work out as they are
 

supposed to. When projects fail or fail to live up to
 

planners and politicians' expectations consultants and
 

evaluators are generally brcught outty determine what w.,,
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went wrong. In more cases than not, the oost mortem
 

of a particula:r project or plan centers on fairly consistent
 

issues: This project or that scheme just did not take into
 

enough consideration the locale's, the country's or the
 

region's scarce resources; or the project or plan did not
 
fully evaluate the particular constraints that could have
 

been and should have been forseen at the outset, or it
 

did not Place the peonle's cr the country's priorities in
 

proper perspective. 

The irony of this all is that one always hears in
 

speeches, such as mine, the need for integrated planning,
 

for taking into consideration local realities, for gauging 

the priorities, bottlenecks and resource constraints when
 

planning or funding a project. As a consultant to a major
 

donor agency and one who has worked within an African
 

ministry I can asssre you that there is no dearth of reports,
 

pre-feasibility and feasibility studies, and the like in
 

any government agency in most African countries. The key
 

questions we should all asK are that with all these studies,
 

with the supposed awareness of the constraints and realities
 

of project implementation in the developing world(and the
 

developed world, I miFht add) "What goes wrong? Why, don't 

things work out riFht?" 

I would argue that our emphasis on project imple

mentation rather than the process of development planning
 

is the primary cause for things not working out as planners
 

and technicians would like. 
It is more expedient in the
 

short run and less of a task to desin a project in isolation,
 

without considering the many issues involved in the develop
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ment process, than is take all theit to factors of devel

opment into consideration. That is, "top-down"(or "trickle
 

down") development is easier, requires less time, and involves
 

fewer complex and unpleasant issues for the planner to 
con

sider than trying to determine just exactly what we are
 

trying to accomplish as enerpT planners and technicians.
 

Few of us present at this seminar need to bo told of
 

the improtance of energy in our modern world. It may be 

less obvious to many of us that comDrehensive energy planning 

is a must for national, and regional development today.
 

Most of us are concerned primarily with one particular
 

field or interest that often seems 
to preclude our attending
 

to the "big picture." And, if our own 
special interests
 

do not preclude our attending to the macro-issues, then
 

almost invariably the demands of our jobs, on our limited
 

time and personnel resources seem to preclude such attention
 

to the overall picture. Nonetheless, an understanding
 

of the big or macro picture is important from many different
 

standpoints. 
I believe one of the most important reasons
 

why overall, integrated energy planning is imDerative is
 

that few countries can afford to 
wast scarce economic or
 

human resources. National, regional and local energy planning
 

is intended primarily to provide the framewcrk for the most
 

rational and least expensive means by which a country, region
 

or locale can satisfy its present and future energy needs.
 

And those needs are the needs of people, not the needs of
 

some indefinable entity. Without the framework, the con

straints and barriers to Growth and development are exacer

bated.
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The first step in energy planning is an energy assess

ment. I(quite arbitrarily) divide an assessment into two
 

components; 
one technical, the other essentially socio

political. 
The former(the technical) is considerably easier
 

to accomplish(particularly within 
a short period of time)
 

than the latter(the socio-political). However, when
 

presented or viewed in isolation, the technical is quite
 

misleading and ultimately, I would argue, detrimental 

to the development process. Nonetheless, the technical is
 

more often than hot the major focus of consultants' proposals,
 

reports and national energy assessments. Technically

oriented assessments are assumed somehow to be "unbiasecd" 

and value-free and therefore of great use to 
the politician
 

or leader for implementing recomendations or plans. This
 

common emphasis on the technical, to the exclusion of the
 

socio-political, leads to so much emphasis on project
 

development and implementation. I would argue that this,
 

in turn, leads to the failure of so many plans and projects,
 

failure to address the very needs we as )lanners and tech

nicians have set out to address.
 

However, I would like to discuss in 
some detail the
 

technical side of an assessment for it is an essential( but
 

not the essential) component of ener.7 planners' ability 

to see the "big picture" and to recommend solutions to 

energy problems. The purpose of a technical assessment 

is to provide the planner, technician or leader with as 

clear a picture as possible of what are present and, if 

possible, past patterns of energy production, supply and
 

utilization. 
An assessment is like the economist's black
 

A
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box, providing inputs and outputs but opened to reveal, to
 

the greatest extent possible, the means, the channels by which
 

energy gets from the initial supply or Production point
 

to the point of end use. 
I can assure you that very few
 

world leaders, whether in the developing world or the
 

developed world, have a very clear idea of the process and
 
means by which energy is produced, supplied and consumed,
 

yet we base so much of our analysis, so many of our plans
 

and policies on a very poor picture of this process. 
 To
 

cite but one example, we hear so much about the woodfuels
 

crisis in the Third World yet in very few countries do we
 

have a clear idea of who produces, harvests and transports
 

woodfuels much less how much is produced, transported and
 

consumed. Nonetheless, we see project after project pro

posed and implemented to improve production, to improve the
 

efficiency of consumption and so 
on. I am not faulting
 

the attempts to 
improve production and consumptionI an
 

only pointing out that oftentimes we are recommending actions
 

on the basis of very limitid and imprecisa information.
 

An assessmnt should also be designed to provide some idea
 
of the potential, or possible, 
 sources of supply and utili

zation. AFain, this should be based on as clear and pre
cise sources of information as possible. 
As energy planners
 

we break this into several components.
 

First, we examine the current sources of enerpy and
 

their uses. We attempt, based on 
economic and sociological
 

data, to project(all things being equal, that is given
 

current and past trends) what future consumption might be.
 

Simultaneously, we examine any surveys or 
studies that have
 

been made on 
the country's or region's potential for de-


I\ 
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velopment or utilization of alternative, whether indigenous
 

or imported, sources of energy supplies. By "alternative"
 

I mean only other sources of energy whether they be conven

tional or otherwise. If no 
studies have been conducted on
 

the country's or region's po'ential for development of
 

other enerFy resources and we, as planners, see even the
 

slightest possibility for development of such resources, 

we call upon specialists to examine those possibilities.
 

The National Rural Electric Cooperatives Association(NRECA)
 

has conducted many such studies on hydropower potential in 

in numerous countries. 
Other agencies have conducted similar
 

studces on various renewable resources such as woodfuels,
 

bagasse(sugar cane waste), solar energy and so on.
 

When we examine the potential for a particular source of
 

energy, whether or we mustconventional renewable, always 

attempt to view it in comparison with the potential for 

development and utilization of other sources of energy.
 

Again, this comparison cannot be based solely on economic
 

or technical criteria(although both important) mustare but 

be placed within an overall framework of benefits and costs. 

One must also examine the cssibilities of utilizinr a 

potential source of enerpy for other uses.. example,For 

water resources can be used for both irrigation or hydro

power and in some cases for both. 
 However, the develpment
 

priority or technical feasibility may preclude hydropower
 

development in favor of utilization for irrigation. In
 

addition to exploring untapped, or poorly utilized indigenous
 

energy resources the planner should assess the potential for
 

other "alternative" sources of energy whether from foreign
 

suppliers(particularly if the costs of supply are less),
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of upgrading or improving existing distribution networks
 

or of improving the efficiency of current energy use.
 

These then are the major components of a technical
 

energy assessment. They must, however, be placed within
 

a framework of the country's, region's or locale's economy
 

(as well as the international economy) and the various
 

political and sociolopical factors relevant to that country, 

region or locale. The planner then attempts to offer a 

series of projections, or scenarios, by which the country's 

leaders can base their decisions on how to plan for the
 

country's energy future. These scenarios are devised by
 

varying the assumptions of our energy, assessment model.
 

For example, we may wish to learn how energy consumption 

might chanfe if we vary our estimates about the economy's
 

growth rate, or vary the prices of the country's energy 

supplies, or chanfe our assumptions about the country's
 

population frowth rate. Any changes in these and many other
 

assumptions alter the overall "macro" picture. 
This exer

cise is intended to provide the leaders, the decision makers, 

be they ;ministers or technicians, with as broad a view as 

possible for determining how they miFht alter the country's 

energy Frowth path. 

One can easily see, then, that these essentially 

biased assumptions are key to the utilization of the tech

nical assessment we have conducted. If those assumptions
 

are not stated explicitly, the planning instrument loses
 

its real effectiveness, its potential for prdviding leaders
 

with the tools for affecting changes or offering viable
 

solutions to problems.
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What I have given up to this point sounds very theo

retical; it is a kind of recipe. The theory of 
national 

or regional energy planning is relatively simple. What
 

makes energy planning-and, I would argue, any national
 
or regional planning so difficult is that energy does not
 

exist within a vacuum. The enerpy planner is not merely
 

a technician trying to analyze an 
inert black box. Rither
 

sAhe is an individual with biases working with dozens,
 

perhaps hundreds of other individuals with their own 
set 

of biases, assumptions and priorities. Moreover, the planner 

is planning or projecting the supply, production and use of 

energy by many, many people. And, the planner is almost
 

always working with a verZ imperfect picture. If s/he
 

loses sight of this, the exercise remains theoretical and
 

academic and bears little resemblance to reality.
 

On the one hand, the technical data(by which I mean
 

"facts" and figures) available to the planner are more often
 

than not incomplete, dated or so 
fraught with unstated/
 

unspecified biases that their usefulness is severely limited.
 

On the other hand, the planner operates within an environment 

of constraints. 
That is why I call energy planning the art 

of understanding and dealinF w-.th both constraints and oos

sibilities. For example, a small-scale hydropower project
 

may be infinately feasible from an on-site technical pers

pective, from a sociolorical and from a political perspective.
 

But, there may be no infrastructure by which to support the
 

construction of the facility, or no 
foreign exchanpe by
 

which to 
sustain purchase of spare parts, or little technical
 

expertise or will on the part of local people to continue
 

the operation of the facility. I overstate the obvious only
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because too often we see projects that seem to make good
 

sense when one sits in Nairobi or ',Iashington or London,
 

but which make virtually no sense when one 
sits in KiFali
 

or Juba. And many of these projects are funded and com

plebed and never work or cease operation once the foreign
 

technicians depart or when the foreigTn exchange runs low
 

due to 
a poor cotton, tea or coffee harvest. This is why
 

I emphasize that the planner must have some feel for the
 

local potential for a project, that s/he must have some
 

idea of the country's, region's or locale's ability and
 

will to implement the plan or project and to 
sustain it
 

after completion before s/he attempts to sell the idea to
 

others.
 

In ueviewing materials for this conference I had the
 

opportunity to 
study the NRECA's reports on sma;ll-scale
 

hydropower in Pakistan and Nepal. 
What impressed me most
 

was that most of the success of developing local hydropower
 

resources centered on the involvement and partici- on of
.

local people in the desiEn and construction of those hydro

facilities. 
That is, planners, technicians and local
 

people were involved topether in the 
nrocess of developin 

those hydro-resources. While it was important that locally
 

available materials were utilized in developinp those faci

lities, the key, in my mind, was the cooperation and involve

ment of local people in determininF their own needs and
 

futures. 
 This should be most revealinF to us. It demon

strates that the planner, whether at 
a local or national
 

level, must first and foremost be a listener, an observor
 

with eyes focused on and ears attentive to the needs and
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desires and capabilities of the people. The planner must

realize that s/he cannot dictate the best solutions but
 

must be an arbiter, a mediator and a facilitator who has
 

special tools to add to and assist the development process.
 

Before we can bring those tools to bear, we must first
 

understand the priorities and the realities of society.
 

I say this because I can point to many energy problems,
 

such as deforestation, and I can show that they are very
 

real local, regional or national problems. But, how can
 

I hope to affect change or stop the problem if the people
 

involved do not perceive them to be important problems?
 

I cannot impose a solution to the problems or propose that
 

national leaders impose solutions by,say, planting thousands
 

of trees if local people, national or regional leaders are
 

not aware of the problems or not involved in addressing them.
 

The most I can do in that situation is attempt to educate
 

people about the problems, or better yet, attempt to design
 

means by which the problems can be dealt with among other prob

lems of more importance to the people involved. To use the
 

deforestation txainble again, perhaps deforestation is part
 

of a Freater problem of Door agricultural production, en

vironmental degradation and so on. Then, it is incumbent
 

upon me as a planner to put the deforestation problem within
 

the overall context of the rural dwellers' problems as a
 

whole. Without doing so, I cannot 
really hope for success.
 

If we look at another example, charcoal production,
 

we can cite many reasons in Africa why production should
 

be improved. From a technical point of view we can 
see
 

that charcoal production in most African countries is
 

terribly inefficient. In some cases charcoal production
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yields less that 10% of the caloric value of the wood used
 

for production. There is also much wastage from the point
 

of production to the point of end use. We can also show
 

that production efficiency can be tripled or quadrupled
 

through construction and use of improved kilns(for example,
 

improved earthen kilns, metal or brick kilns, and so on).
 

But first we must determine who Droduces the charcoal(which
 

we do riot really know in many countries). Because improved
 

kilns are often more expensive and capital-intensive
 

than traditional production modes we may be displacing
 

labor and concentrating production in the hands of relative.y
 

better off individuals(producers) if we propose improved
 

kilns without providing means of alternative employment or
 

financing improved-production by small producers. Small
 

producers can hardly be expected to welcome improved "develop

ment" of production if they do not benefit from it o.:,
are
 

displaced by it. 
 This is all to say that from a technical
 

point of view, solutions may make a lot of sense, but from
 

a socio-political point of view they may be extremely dis

ruptive and produce undesired side effects. Hence, projects 

that do not gaure these potential effects may, and often do, 

fail.
 

In this case we need to ask whether improved efficiency
 

of production is our or a particular society's primary 

objective. Or, is improved charcoal producti-n(and better
 

wood resource utilization) one of many objectives such as
 

improved agricultural production, or more equitable distri

bution of national waalt? Can we integrate improved char

coal production(or, say, small-scale hydropower generation)
 

with other development objectives? These are tought questions
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that require considerable thought and study. But, they
 

are the type of questions that we so 
often avoid because it
 

is more expedient and requires less study to propose a
 

particular project than it is to view a problem or issue
 

within the context of development as a whole.
 

During the course 
of this talk I have expressed many
 

reservations about energy and development planning. 
 That
 

must; seem ironic cominf, from an "energ.y planner." I do 
not wish to leave the impression that I believe energy planning:
 

to be a futile or worthless exercise. On the contrary,
 

I am an ardent proponent of planning. 
 But what I wish to
 

put across is that we must ask ourselves what we really wish
 

to accomplish and how we define "successful" development.
 

These are also the very questions we must ask those leaders
 
or individuals who seek 
our assistance. We must define our
 

priorities and our limitations and we must ask of others
 

that they do the same. We must place energy development
 

within the context of overall development and explicitly
 

state and list the priorities we see in our work. 
We must
 

view any particular type of energ.y 
source or resource, whether
 

we are speaking of hydropower or woodfuels, as one among
 

many other possible resources. 
We must realize that technical
 

solutions work well in the laboratory or classroom but are
 

often of little value when working with people in real life. 

Those people have their own priorities, needs and views of
 

the way life ought to be. Thus, befco:e we can speak of
 

"local involvement" we need to unders.and the whole, the "bif"
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picture. In the end, I would argue that there are no 

quick and easy solutions for the mere task of defing the 

possibilities and constraints is a process that should take 

considerable time. To do justice to the Process of development
 

and achieve meaninpful results there must be a strong will
 

to expend the time and effort on the part of the donors and
 

the recipients, the planners and the local beneficiaries.
 

I happen to believe that meaninF'ful chanCe and improvement
 

in people's lives are possible and I believe that pou will
 

hear about many such possibilities and successes over the
 

next few days.
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INTRODUCTION
 

We are concerned with determining the feasibility of extracting
 

energy from a river and using it to turn a shaft. This "shaft
 

power" can be used to perform useful work such as electrical
 

generation, the grinding of grain, and so forth. The amount of
 

power that can be extracted is calculated from the kinetic energy
 

of the water that flows through the turbine. 

E = 1/2 MV2 
(1) 

Power is the rate of energy conversion or the number of energy 

units converted in unit time. 

P =E 
 (2)
F 
where E = energy, M = mass, V = velocity, P = Power and t = time.
 

In waterpower engineering the mass is a function of 
the cubic
 

meters of water involved and velocity is a function of net head
 

(H n ). The relationship is commonly written as
 

kW = 9.81 Q Hn e (3)
 

where kW = the potential installed capacity (power) in kilowatts,
 

Q = flow through the turbine in cubic meters per second, Hnis net
 

head in meters, and e = efficiency.
 



The 	hydrologic feasibility study of a potential hydro-electric
 

site is 
primarily concerned with measuring or calculating
 

I) Net head available for power generation at the site;
 

II) 	Magnitude, frequency and distribution of flows available
 

for powet generation at the site; and
 

III) Magnitude and frequency flood
of waters that must be
 

passed through the site without damage 
to the installation.
 

This paper will deal with each of 
these major topics in turn.
 

I. 	 NET HEAD
 

The 	first step is to determine the net head available for 
power
 

generation at the site.
 

This requires that the gross head be measured directly at 
the site
 

using one of the 
standard and proven differential levelin.
 

techniques. Measurements of head should 
be carefully performed
 

and all calculations should be 
checked and verified. Use of
 

measurements of head 
from miscellaneous sources 
or from persons
 

unknown to the hydrologic investigator is not recommended.
 



Emphasis must be placed on the importance of this measurement.
 

Because it is a relatively straightforward operation it is often
 

left to or assigned to inexperienced people to obtain. It is
 

strongly advised that measurement of gross head be performed under
 

the direct supervision of the principal investigator using the
 

best available survey techniques.
 

The net or usable head is the gross head reduced by the head loss
 

due to friction and tailwater affects;
 

H n = H - H f (4) 

where H g = gross head, and H f = head loss.
 

In most small hydro sites head loss is small but not negligible.
 

It is calculated by well known and proven methods such as the
 

Darcy Weisbach equation, which is
 

2
H f = f x L x V (5)
 
D 2g
 

In which f is a friction factor, L is a length, D is a width or
 

diameter, V is a ve. -ity, and g is acceleration due to gravity.
 

In practice head loss is calculated for the entire length of the
 

flow route through the hydroelectric station including intake,
 

gates, penstock or canal, bifurcations, turbine, and so forth. It
 



is important that these calculations be done with care. A 10%
 

error in the net head calculaltion can be disastrous to the
 

economic feasibility of a site.
 

It is just as important to understand how changes in tailwater
 

elevati.i can affect net head, and how these affects are measured.
 

As we all know, a hydro site generally consists of a dam,
 

penstock, powerhouse and tailrace. During hugh flows the water
 

over the dam is relatively broad and shallow and the depth of
 

water flowing over the dam increases slowly. On the other hand,
 

the flow of the water in the undisturbed channel at the tailrace
 

tends to be relatively narrow and deep. This means that depth
 

increases slowly at the dam and rapidly at the tailrace during
 

high flows. Since net head is largely dependent on the difference
 

in elevation between water levels at the dam and at the tailrace,
 

it is obvious that net head can be decreased significantly during
 

high flows in the river. 

This head loss due to tailwater elevation can be calculated or
 

measured in two ways. Headwater, or depth of flow over the da ,
 

can best be calculated using one of the weir formulas in Table 1.
 

The relationship between amount of flow in the river and depth of
 

flow at the tailrace is expressed as a curve or table expressing
 

the deptn versus flow relationship. Three methods for
 

constructing this relationship are briefly outlined here.
 



IYPi. OF IMI1LT SI A l: -)ISVIIARGLI IIt)N.III*IHtI.A 

Rectangular. sharp-crested weir without 
contractions Q = 3.33LII IS 

Rectangular, sharp-crested weir with 
contractions Q = 3.34111.47 

Trapezoidal. bharp-crcstid (Cipotltti) 
weir with sides sloping at 4:1 Q = 3.37/.111.5 

Trianetl:,r. sharp-crested weir 

120' V-notch Q 
' 
0 V-notch ( - ' 

30' V-notch .. 7 

Rt,cclai il.tr. hroad-crested weir 271.1/I ' . t/ hut with anv 
\ariations depending uponithe ltirnt 
olf the crest 

Natural stream, small channel below Q 14.3/1I-4. but with many 
lake in Labrador variations depending upon thc form 

of the channel 

*Q = Outflow let's) 

I/ = luterdeh:aion above bottom 0) outlet tit)
 
L = vidlh of revlanular outlet Ift)
 

TABLE I . Stage-discharge relationships for typical reservoir outlets. 

From Dunne and Leopold (I).
 

http:3.34111.47


The most accurate method is to construct the relationship by using
 

field measurements, using current meters or some other proven
 

method for measuring the river flow accurately, and an accurate
 

staff gauge for measuring depth at the tailrace location. Usually
 

four or five such measurements, if properly distributed over the
 

range of flows expected, will suffice.
 

The second method is to use the slope-area method. In this method
 

an open channel flow equation, such as the well known Mannings
 

equation, is used. In the Mannings equation
 

V = 1.49 x R 2/3X S1/2 (6)
 
n
 

In which V = mean velocity in the downstream direction, n is a
 

relative roughness coefficient, R = hydraulic radius = 	 A 
P 

A = cross sectional area of flow in the downstream direction, P = 

the wetted perimeter of this flow, and S = the hydraulic gradianc. 

Table 2 provides some values of n, the relatively roughness 

coefficient in the :anning equation. 



TABLE 2
 

Values of n for the Kutter and Manning Formulas
 

DESCRIPTION OF CHANNEL RANGE OF n
 

Glazed brick .......................................O .C1I -O.015
 
Brick in mortar .................................... 0.012-0.017
 
Neat cement ........................................ 0.010-0.013
 
Concrete pipe ...................................... 0.012-0.016
 
Plank flumes ....................................... 0.010-0.016
 
Concrete-lined channels ............................ 0.012-0.018
 
Cement rubble .......................................0.017-0.030
 
Dry rubble ......................................... 0.025-0.035
 
Dressed stonework .................. ............... 0.013-0.017
 
Smooth metal flumes ................................ 0.011-0.015
 
Corrugated metal flumes ............................ 0.022-0.030
 
Earth canal, straight and uniform .................. 0.017-0.025
 
Rock canal, trimmed smooth and uniform............. 0.025-0.035
 
Rock canal, rough .................................. 0.035-0.045
 
Sluggish, winding channels ......................... 0.022-0.030
 
Canals, stony bed, weeds along bank ................ 0.025-0.040
 
Earth bottom, rubble sides ......................... 0.028-0.035
 

NATURAL CHANNELS:
 

(I) Clean, straight, full stage, no pools ......... 0.025-0.033
 
(2) As above with weeds and stones ................ 0.030-0.040
 
(3) Winding, pools, shallows,but clean ............ 0.033-0.045
 
(4) As above at low stages ........................ 0.040-0.055
 
(5) As (3) with weeds and stones .................. 0.035-0.050
 
(6) As (4) with large stones ...................... 0.045-0.060
 
(7) Sluggish, weedy, or with deep pools ........... 0.050-0.080
 
(8) Very weedy and sluggish ....................... 0.075-0.150
 

From Linsley, Kohler and Paulhus ( 2
 



To apply this technique the investigator first plots the curves
 

that illustrate the relationship between depth, cross sectional
 

area and wetted perimeter at the channel cross section that
 

controls the depth of flow at the tailrace. These measurements
 

are taken directly in the field using standard surveying
 

techniques. The investigator then selects roughness coefficients
 

with the awareness that the roughness coefficient is relative and
 

may change as depth of flow increases. The investigator then
 

selects four or five depths that bracket the actuai depth of flow
 

to be expected, and, by substitution in the Manning equation,
 

calculates the flow in the river that corresponds to each depth.
 

Depth and flow are then plotted and the relationship between the
 

two variables is obtained.
 

The results of a great many such measurements in natural channels
 

show that depth increases as the 0.35 power of flow
 

(7)
 

0 3 5
 
D = cQ 

in which D = mean depth of flow, c is a constant for the
 

section and usually has a value between 0.10 and 0.25, and Q is
 

the flow.
 

The third method is to use a dirminsionless rating curve such as 

the one shown in Figure 1. 
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FIG I Dimensionless rating curves for two different physiographic 
regions. From Dunne and Leopold ( I 



To use the figure the investigator calculates the flow and
 

measures the depth for the bankfull condition. Once this is done
 

the figure can be used to quickly develop the relationship needed.
 

Like most quick and easy solutions, it is less accurate than the
 

others outlined here. Figures 2 and 3 illustrate the change in
 

head as flow increases for a small hydro site in Vermont.
 

The spillway rating curve (Figure 2) shows how depth of flow
 

over the dam is related to the amount of flow going down the
 

river.
 

The tailwater rating curve (Figure 3) shows how depth at that
 

point changes with flow.
 

To illustrate the tailwater affect assume a low flow of 500 cubic
 

feet per second. Water surface at the spillway is 440 feet m.s.l.
 

and water surface at the tailwater is 389.5 feet m.s.l. Gross
 

head is the difference in elevation, 440 - 389.5 = 50.5 feet. Now
 

assume a flow of 2000 cubic feet per second. The spillway
 

elevation is 441.0 and the tailwater elevation is 392.0. The
 

gross head is now 49.0 feet, a decrease of 1.5 feet from the
 

previous situation. These curves can be combined with each other
 

and with a flow duration curve to produce a head-duration curve.
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FIG 2 . Brockway Mills Spillway Rating Curve. From Hansen and Associates (3).
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We can briefly summarize the measurement 
of head by stating that a
 

gross head 
should be carefully measured 
by competent and
 

supervised people and all calculations should be carefully
 

checked. 
 Head loss through the hydroelectric station should be
 

carefully calculated usin 
 standard methods. The change in
 

tailwater elevation i-- very frequently the greatest source of head
 

loss and should be measured or calculated using 
one of the three
 

methods outlined.
 

II. FLOWS AVAILABLE FOR POWER GENERATION
 

Returning to Formula 
(3) for a moment, it is obvious that the
 

great unknown is Q, the rate of flow that can for
be harnessed 


hydro development. Exact and 
complete information on flow is
 

obviously critical to a feasibility study. 
 It is just as obvious
 

that excellent long term records rarely exist for 
a particular
 

site and the investigator is 
usually faced with using whatever
 

data is available, if any.
 

For the purpose of determining how much 
power and energy can be
 

feasibly extracted from the 
stream the investigator must 
produce a
 

flow duration curve. 
 The flow duration curve must be 
based upon
 

as many years of record as is available, must be based upon daily
 

flows if at all possible, and should indicate in 
some form the
 

magnitude and frequency wettest and
of driest years. Flow
 



duration curves for each month of the year are highly desirable
 

but a good annual flow duration curve based upon daily flow and a
 

long term period of record is perfectly adequate. The flow
 

duration curve is a cummulative frequency curve that shows the
 

percent of time during which specified flows are equalled or
 

exceeded in a given period. Figure 4 shows the average annual
 

flow duration curve for the Moretown #8 hydroelectric project in
 

.Vermont.
 

This figure is based upon 51 years of continuous daily records from
 

a stream gaging station that is located 2.3 miles upstream from
 

the site. The mean daily flow in the stream is 256 cubic feet per
 

second (7.25 cubic meters per second), and the drainage area above
 

the site is 143 square miles (370 square kilometers). This is
 

perhaps an ideal situation but an appropriate one to use for the
 

introduction to flow duration curves.
 

To construct a flow duration curve for such a situation is
 

relatively simple but somewhat tedious. First, records are
 

obtained from the gaging station. In this case the gaging
 

stationed monitored a 139 square mile drainage area and the hydro
 

station was downstream and at a point that has a 143 square mile
 

drainage area. In this instance it was decided that all daily
 

flows for the entire period of record could he adjusted by
 

multiplying by the ratio of the areas (daily flow at gage x 143) 
139 

in order to obtain the mean daily flow at the hydro station. In 
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other sites it is common to transfer such data from several gaging
 

stations using an area weighting technique similar 
to the one used
 

here. Once the basic daily flow data is prepared, it is tabulated
 

for the duration curve. This is done using a tabulation similar
 

to the one shown in Figure 5.
 

To use the tabulation the investigator first selects class limits
 

and enters them under the discharge columns. The investigator
 

then goes through the daily flows for each day of the year and
 

counts the number of flows that are between each class limit, and
 

entars that number in the appropriate box. All the days add up 
to
 

365 in both the horizontal and vertical directions. By this
 

simple check the investigator can be certain that no days were
 

omitted. Figure 6 shows how the data for each year are combined
 

for all of the years of record.
 

This tabulation is very similar to the former one, and results in
 

a percent of time column that is then plotted against the
 

discharge column 
to produce the average year flow duration curve
 

determined from daily mean discharge. It is important to use
 

daily mean data because weekly, monthly or annual data will give
 

you quite different results. This is illustrated in Figure 7.
 

In summary, if good flow records are available nearby, and if the
 

tabulation is correct, an accurate flow duration curve can be
 

constructed quickly and easily.
 

(N 
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FIG 5 • Sample work sheet for calculating the duration curve of mean
 

daily discharge for one year of record. From USGS (4).
 



7.14 U TroITED Of 
M

STAIKI 0PARTMENT C IINTERIOE 
fO4o.OIcAL, LUAVIV F 

'* .0.. ~. I . . - h .	 ....... 


-	 . )~ /7 lf J6f) /00 
.0. o oI 4 4 ,a 7F .

S5, CZ' 6/r4.V z t ji". '17?0z5"1*
1 47 147 7f4.8 1I SiJ 416 70; 81 11 , Il/ tO,-Z 

" _ ILL:.'1-1.4LI.-JJLL.0 - -. H W_'__.fj. 
I ' 1 ;07r 'J, .-I 4 7,7 $4 $ .3 /706 fo.) 

i " ' .t ' Z6!613t Izo/7 /4,'1 '/ efO !- 	14 I-1 / J1i:7 24 Z/ J1 z' .,1o1 *$ol37 :.L.41 
.o " !$ Ii / / }0 Z/. lyI /I /Z/ //Is jl, 

o0 I/ I It 12 ZO' t 1iO 14z, . Z4.'z .. /0 1 I 1 . 11 1 o 15I 70ZI71 10/ t t(/,; tO.'J 

7 i1.J . . _ 0 L -... J/ --7 - _Vi J . .§ 

' . 4- ' q 71 Z#8 . 7. 0 . , ,:oo,3 $ ', ' ] I ',Z iO 4 3T ISo 4.'13 
. 5 3. 4 ' 3 . 7 . 40' 1/ . 6 

1t, , Z Z . / 3 /I 3 " " 

:,,* S '' i / L, 'z / ' Z 1 1 7 3 ,00 ,i37/ 

.. j.. .'..K I C. t 4172055 

:. .. , i 	 , / 1 .01? 

i~'~ .Y .3:f . , z3:_33 ,,)i , 	 5yl 

.44$ 545 76.-y i j-J0 j 53CS Jaf 3(.4 syi-- , 

FIG 6 Sample work sheet for calculating the average year 
flow
 
duration curve from ter. years of record, based 
on mean daily
 
discharge. From USGS (4).
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The more frequent case is the s-te where records are not available
 

or where records must be transferred from some distance. The
 

following paragraphs vwill deal with this problem and will describe
 

methods for constructing the estimated flow duration curve for
 

such sites.
 

In the usual flow duration curve, discharge is expressed in cubic
 

meters per second because most daily discharges are published in
 

those uniLs. The discharge data could be converted to any other
 

desired units for plotting the flow duration curve. For example,
 

the ordinate could be cubic meters per second, millions of liters
 

per day, kilowatts corresponding to the net head and plant
 

efficiency, and so forth.
 

If the duration curve is to be used for comparing flow
 

characteristics among streams, which is the problem we are now
 

addressing, flow should be expressed in cubic meters per second
 

per square kilometer or as a ratio to mean daily flow. Expressing
 

discharge in either cubic meters per second per square kilometer
 

or in ratio to mean daily flow eliminates the effect of size of
 

drainage area; but to express discharge as a ratio of mean annual
 

flow also eliminates the effect of differences in mean annual
 

runoff per square kilometer. However, for many streams,
 

comparisons based on cubic meters per second per square kilometer
 

are almost identical with comparisons based on ratio to mean daily
 

flow.
 



Among stream 
basins in which precipation differs greatly, flow
 

duration curves based 
on a ratio to mean 
flow are much closer
 

together than 
those based on 
cubic meters per second per 
square
 

kilometer. 
 The investigator should 
plot all available data 
that
 

might be used 
using both ratios in order to see 
which technique
 

will provide the best results. Figure 8 shows data 
from three
 

gaging 3tations 
in the same climatic zone. The the
upper part of 

figure shows 
a curve in which discharge is plotted 
as a rate per
 

unit area; the lower curve 
shows discharge plotted 
as a ratio to
 

mean annual flow. 
 These techniques 
are useful conversions 
for
 

hydroiogic comparisons, but 
care should be 
taken to avoid the 

assumption that the stream with the highest yield per unit area is 
the best source of supply, or that the flow varies uniformly over 

the drainage basin.
 

A dimensionless 
flow duration curve 
for the mountainous regions of
 

Lesotho is shown in 
Figure 9.
 

Such dimensionless methods 
can often be used Co 
construct flow
 

duration 
curves providing the 
investigator selects 
the basic data
 

with extreme 
care. Attention must 
be paid to physiography and
 

climatology. 
 Records selected 
for use must be examined for
 

accuracy and 
checked for homogeneity. 
 A double mass curve
 

technique may be 
used to do this, as shown in 
Figure 10.
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Copy reference from Lesotho.
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It is better to use accurate long term records, even if they are
 

farther from the site to be investigated, rather than short term
 

or inaccurate records close to the site.
 

Very seldom do all the gaging station records in a given area
 

cover concurrent periods. If records are to be compared with each
 

other, they must tepresent, or be adjusted to, concurrent periods
 

in order that the differences between records will be due to
 

differences in climatic or drainage basin characteristics and not
 

to the fact that the records cover different periods of time.
 

Furthermore, flow duration curves bascd on short records are
 

unreliable for predicting the future pattern of flow, but they can
 

under some circumstances be adjusted to represent longer periods.
 

Let us assume that we wish to extend a short term record so that
 

we may use a short term station to estimate a flow duration curve.
 

First we select a long term index station in the same
 

physiographic and climatic situation as the short term station. A
 

relation is established between the two stations for the short
 

period of concurrent record by plotting a graph of the discharges
 

for given duration points at one station against the corresponding
 

data for the other station. The graph for this correlation is
 

assumed to represent the relation between the stations for a long
 

period. The flow available 50 percent of the time at the long
 

term station can be used to enter the curve of the relationship in
 

(



order to obtain the adjusted long term flow available 50 percent
 

of the time at the short time station. Adjusted flows for other
 

frequencies at the short term station can be obtained in the same
 

mannLk. By this technique even a one or two year record can be
 

extended, but of course at some risk.
 

To demonstrate the method, records from two stream gaging stations
 

in Illinois are used. The Iroquois River near Chebanse is used as
 

the short term station with a record covering four years. The
 

record for the long term index station on the Kankakee River at
 

Momence is used to adjust the short term station. The data are
 

shown in Table 3.
 

Figure 11 is plotued from the data in the second and third columns
 

of Table 3. The discharges for variov, percent-duration points
 

at the long term station are used to construct the relationship
 

between the two stations as shown in Figure 11. We are now ready
 

to adjust the discharge at the short term station. For example,
 

the discharge of the Kankakee River (long record) at the 50
 

percent duration point is 1,370 cubic feet per second. Entering
 

1,370 on Figure 11 we find that the discharge of the Iroquois
 

River should be 580 cubic feet per second when adjusted to the
 

long period instead of the 750 cubic feet per second found in the
 

short term record. In this case, then, adjustment of the Iroquois
 

River short term record to a long term record decreases the flow
 

values.
 

V 



Dilcharu, In cubic feet per seoaod 

Kankakee Iroquo River KIankakee Iquos Rive 
Percent duration River nt neer Chebane River at neer Chebams,

Momenoe 146-60 Nomence dJut.-d to 
194-50 1924-0 924 -60
 

99.6 .................................... A'42 48 432 23
 
99 ..................................... 5M 49 453 x.a
 
8 .. 53 5% 37.r 

. di8 7 54
518 78 

o .. 700 102 8 80
 

822. i8 82 10
 
70.... 0 ....... 1,00 334 970 240
 
OD ........... . 1.20 828 1.130 385
 

............ 1,580 750 1.370 0
 
40...................................... 1 O00 1.150 1,8 880
 
30 ..................................... 2.00 1,900 2,100 1.330
 
30 ...................................... 3,440 5.220 2.770 2,130

I0 ...................................... 4.640 5.300 3.940 4.000
 

. ,200 7,160 4,80 5.780
 
2. 8280 9 700 5,7 7.S0
 
.. 7,180 12,N0 %00 tO, 3O 
0.8................................... 14,6W 12.100
8.00 7,210 

TABLE 3 • Discharge of equal percent duration on two rivers in Illinois.
 
From USGS (4).
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The discharge for other percent-duration points is obtained in the
 

same way, and the adjusted values are 
plotted to define the
 

adjusted curve. (Figure 12).
 

This is a 
good example because the site actually does have a long
 

term record and 
this method of estimating can therefore be
 

compared with the 
actual record to demonstrate the accuracy of the
 

method.
 

Frequently there 
is need for flow duration data on streams 
for
 

which there are no gaging station records whatsoever. In such
 

cases, which are 
all too frequent, the investigator can 
use
 

several techniques which are outlined below, and which do 
give
 

estimates quite satisfactory for feasibility studies providing
 

they are properly used.
 

a map 


The first technique is to use, or prepare, the mean specific 

discharge map for the region or country in which the investigator 

is working. Figure 13 shows such for Lesotho. 

This map was prepared by taking all 
stream gaging stations in the
 

country, adjusting them for 
the same period of record, and
 

plotting lines of 
equal yield or discharge on the map.
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Lesotho
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FIG 13 Mean specific discharge, in millimeters, for Lesotho. 
From De Bauliey C 7 



Specific discharge is the mean annual runoff that can be expected
 

from an area in an average year and is given in units of depth. A
 

specific discharge of 100 millimeters means that in a 12 month
 

period a drainage area with such a discharge will yield a volume
 

of water equal to the specific discharge multiplied by the
 

drainage area. The average rate of discharge for the 12 month
 

period is the mean annual flow, which is the volume of water
 

discharged divided by Lime. For a 37.5 square kilometer drainage
 

area with a specific discharge of 100 nillimeters a year the
 

yearly volume of runoff is:
 

Annual Volume = 0.1 x 1000 x 1000 x 37.5 = 3,750,000 m3 (8)
 

Mean annual flow = 3,750,000 m = 0119 m3 /sec. (9) 

31,536,000 sec. in a year 

Using this method the investigator may obtain an estimate of the
 

mean annual flow for any drainage area. The investigator then
 

applies the mean annual flow to a dimensionless flow duration
 

curve that has been carefully prepared for the region or sub
 

region, and thus constructs a flow duration curve for the point in
 

question. This technique can be used to rapidly estimate the
 

hydrologic feasibility of hydro sites. It must be used with care.
 

In applying this method to three long term records in Lesotho, 
as
 

a method of checking accuracy, errors ranged from +5.3% to +23.0%,
 

as shown in Table 4.
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Site TLOKOENG MOTETE QACHA'S NEK 

a, km 85Z 261 750 

Specific discharge; 
mm from De Baulny Zoo 400 zoo
 
Mean annual flow, m3 /s
by Sopreah 5.06 Z.648 4.52 

Mean annual flow m3/s

by this report 
 5.40 3.31 4.76
 
Error in percent +6.7 +5.0 
 +5.3 

TABLE 4. Accuracy check of mean annual flow and dimensionless hydrograph

method, Lesotho. Values in percent. 
 From (8).
 



The third and last method for constructing an estimated flow
 

duration curve can be used at a site where absolutely no
 

hydrologic data exists or to check the methods used %nd described
 

immediately above. In this method the investigator uses
 

relationships that exist between the geomorphology of stream
 

channels and flow. Obviously, the channel shape and size has
 

integrated in some complex way the rainfall-runoff relationship as
 

well as the geology and land use of the basin, and other factors.
 

It has been found by numerous investigators, including this
 

author, that a relationship exists between drainage area and
 

bankfull discharge. Bankfull discharge is the flow in the channel
 

when the flow has reached the very top of the bank but before
 

water flows out of the channel over the flood plain. Flows can be
 

calculated for the bankfull condition using the slope-area method
 

already described. Figure 14 shows bankfull discharge as a
 

function of drainage area for several different regions in the
 

United States.
 

Many investigators have also found a relationship between mean
 

annual flow and bankfull flow. Table 5 shows these data for a
 

number of stations in the Green River Basin of Wyoming.
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From Dunne & Leopold ( I
physiographic regions. 




RAMl) PER(ULNf (it 

DRAINA(Cit ARIA, Qiik( IIANNIA.DIEPI I 
(iQkI,1) .... ,ttt. Q,,,.
- BY 

LaBarge Creek near LaBarge Ranger Station 6.3 8.3 44
 
New Fork below Mc% Fork Lake 36.2 6.7 50
 
Fall Creek near Pinedale 37.2 M.0 54
 
Silver Creek near Big Sandy 45.0 9.1 29
 
Pole Creek below Little Hall' Moon 87 8.1 39
 
Green River at Warren Bridge 468 5.3 53
 
New Fork near Boulder 552 4.8 38
 
New Fork near Big Piney 123t0 6.4 39
 

Average 7.1 43
 

TABLE 5 . Ratio of bankfull flow to mean annual flow for Wyoming streams.
 
From Dunne and Leopold (1).
 



Table 5 indicates that the 
mean annual flow is about one-seventh
 

of the bankfull flow. Mean annual flow can then be used as the
 

point of entry into a dimensionless flow duration curve, and thus
 

a flow duration curve for the hydro site of interest can be
 

estimated. The sequence is to go from drainage area to bankfull
 

discharge to mean annual flow to flow duration. All of the
 

relationships should be prepared for the investigators' o:n
 

physiographic region. Results are often very good, 
but depend
 

largely upon the skill and care of the investigator.
 

The flow duration curve is actually applied as follows. For the
 

Moretown #8 site, whose flow duration curve is shown in Figure
 

4, the mean annual flow is 256 cubic feet per second, the net
 

head is 45 feet and the efficiency of the turbine was assumed to
 

be 0.82. By converting these numbers to the metric system and
 

substituting them in equation (3) an installed capacity of 800.5
 

kilowatts was determined to be a reasonable first trial for the
 

site. For this example we will assume that the installed capacity
 

is 800 kilowatts. A cross flow type turbine was selected as 
being
 

the most efficient for this run-of-the-river site, and the turbine
 

has a maximum hydraulic capacity of 280 cubic feet per second and
 

can operate down to 
a flow of 40 cubic feet per second.
 



When the flow is less than 40 cubic feet per second the station
 

must be shut down for lack of water. When the flow is above 280
 

cubic feet per second the station will pass the excess water over
 

the dam spillway. All flows between 40 and 280 cubic feet per
 

second will pass through the turbine.
 

The amount of usable area under the flow duration curve is shown
 

as the cross hatch portion of Figure 15. This area can then be
 

measured and the annual output in kilowatt hours can be
 

calculated. If an overall efficiency of 0.73 is assumed, 
the
 

annual output is 3,760,000 kilowatt hours. In this way a flow
 

duration curve is applied to accurately calculate annual energy
 

output from the average year flow duration curve.
 

III. MAGNITUDE AND FREQUENCY OF FLOODS
 

The third major concern of the hydrologist investigating potential
 

hydro sites has to do with the matter of flooding. To be
 

feasible, every hydro site must obviously be capable of passing 

the flood without being destroyed. It is usually assumed that the
 

100 year flood, which is the flood that occurs on the average of
 

once each 100 years, is the best basis for design for small hydro
 

sites.
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FIG 15 . Application of a flow duration curve to the calculation of annual 
energy output'. The cross-hatched area is the usable portion of the average 
annual flow. There are 7.71 square inches of usable area. There are 100 
small squares per square inch. Each small square is 2% of the year "wide" 
and 10 cubic feet per second "high". If the net head is 45 feet and the6 0 0
 efficiency is 0.73, 
the output is
 

(7.71 x 100) (0.02 x 365 x 24) (45) (0.73)
 

11.8
 

-3,760,000 
 kwh per year.
 

5 The formula used is equation (3) converted to English units.
 
o From The Johnson Corn anqy files. 
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To construct a flood frcquency curve for a drainage area with a
 

long term gaging record is a simple process. First, ail years of
 

record are obtained and the peak flood for each year is listed.
 

These peak floods are then ranked in order from highest to lowest.
 

The recurrence interval is calculated using the formula:
 

T = n+l 	 (10) 

in which T = the recurrence interval in years, n = the total 

number of years of record, and m = the ranking of the year. For
 

example, if a record is 31 years in length, and an annual peak
 

storm of 100 cubic meters per second ranks 8th highest in that
 

term of record, the recurrence interval for that particular storm
 

is 4.0.
 

T = n 	 + 1 = 31 + 1 = 4.0 (11)
 
m 8
 

The recurrence intervals thus calculated are then plotted against
 

the annual peak discharges and a flood frequency curve is thus
 

obtained. The following three figures (Figures 16, 17 and 18)
 

show flood frequency curves for the Tana River in Kenya. The
 

purpose of repeating these curves three times is to show the three
 

most commonly used types of graph paper. The results are the same
 

in each case.
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FIG 16 . Flood-frequency curve plotted on logarithmic probability paper, Tana 

River at Garissa, Kenya, 1934-1970. The scale at the top is the probability that 
The bottom scale, recurthe discharge is equaled or exceeded in any given year. 


rence interval, is the average numoer of years in which the annual peak equals the
 

(Data from the Ministry of Water Development,
discharge given on the ordiante. 

Nairobi.) From Dunne and Leopold (1).
 



Exc"dence probhailil) 

.67 .3 2 .10 .02 .01
 .
 

2
 

2 3 5 I _,1 i 02 ll1 	 , 

140 

< 	 1.01 1.1 1.2 1.5 2 3 5 in 20 50 100 

Rccutrcce inicrval lycursl 

FIG 17 Flood-frequency curve plotted on logarithmic Gumbel Type III graph
 

paper, Tana River at Garissa, Kenya, 1934-1970. (Data from the Ministry of Water
 

Development, Nairobi.) From Dunne and Leopold (1).
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FIG 18 Flood-frequency curve plotted on arithmetic Gumbel Type I graph paper,

Tana River at Garissa, Kenya, 1934-1970. (Data from the Ministry of Water
 
Development, Nairobi.) From Dunne and Leopold (1).
 



Frequently long term records are not available and the
 

investigator must again estimate the 100 year flood for a
 

particular hydro site. A method of relating the 100 year flood to
 

the mean annual flood can be developed for a physiographic region.
 

Table 6 shows data for a number of very carefully measured
 

experimental watersheds in the Northestern United States.
 

The T year flood is the flood of whatever return period is desired
 

by the investigator. The data indicate that the 25 year flood is
 

2.5 times as large as the mean annual flood. These data can be
 

plotted as sho,,n in Figure 19
 

The curve in Figure 19 could be extended to reach any recurrence
 

interval desired. It is statistically invalid to use less than
 

100 years of record to establish a 100 year flood frequency;
 

however everyone does extrapolate because the need for an answer
 

outweighs the mathematical considerations.
 

Another variation of this approach is to correlate mean annual
 

flood, drainage area and site altitude. This is shown in Figure
 

20 for an area in the Northwestern United States.
 

Another slight variation of this method is to develop, from long
 

term records within the same physiographic region, ratios of the
 

100 year flood to the iean annual flow. This is shown in Figure
 

21 for an area near Washington, D.C.
 

I, 



DRAINAGE BASIN W-1 W-3 W-4 W-5 W-7 W-8 

Area {sq mi) 16.58 3.23 16.80 42.91 8.35 6.04 

Mean annual flood 455 105 465 1000 290 157 

1.1-year flooa 240 67 234 770 155 93 

1,5-year flood 370 86 340 80 230 122 

2-year flood 430 99 420 940 270 144 

3-year flood 5(0) 117 540 1100) 330 175 

5-vear flood 600 140 710 1400 400 215 

0-\ear flood 720 173 3000 2000 520 280 

15-year flood 780 198 1210 2500 600 330 

25-€ar flood 860 230 1550 3050 720 400 

(b) 

DRAINAGE ASIN W-I W-3 W-4 V-5 W-7 W-8 MEDIAN 

.1-year flood 0.53 0.64 0.50 0.77 0.54 0.60 0.57 

I.5-.ear flood 0.82 0.82 0.74 0.88 0.79 0.78 0.81 

2-year flood 0.95 0.94 0.91 0.94 0.93 0.92 0.94 

3-vear flood 1.10 1.31 1.17 1.10 1.14 1.12 1.12 

5- ear flood 1.32 1.34 1.53 1.40 1.39 1.38 1.38 

10-scar flood 1.5s 1.65 2.1. 2.00 1.80 1.80 3.80 

15-year flood 1.71 3.89 2.(Q 2.50 2.07 2.30 2.0 

25-. car flood 1.90 2.20 3.35 3.05 2.48 2.5b 2.52 

the T-year flood for various basins taken from
 
TABLE 6 (a) Tabulation of 


The floods are expressed in cubic feet per second.
 
flood-frequency curves. 


for 6 basins in the Sleepers River Experimental Watershed,
 The data are 

mean annual flood for the basins.
 (b) Ratio of T-year flood to the
Vermont. 


From Dunne and Leopold (1).
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FIG 19. Flood-frequency curves from Table 6 with the discharge expressed as a ratio
 

:o the mean annual flood. (a) Individual or station curves for the six catchments.
 
:b) Regional curve for northeastern Vermont, constructed from the median values of
 

:urves in (a) above. From Dunne and Leopold (I).
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FIG 21 . Regional flood-frequency curves for catchments with various percentages 

of impervious area near Washington, D.C.. From Dunne and Leopold ( 



As a rule of thumb some investigators assume that the bankfull
 

flow is the flow with a recurrence interval of 1.5 years, which is
 

about 80% of the mean annual flood. 
 They next assume that the 100
 

year flood is six times the mean annual. By this method a quick
 

estimate can be made of the potential 100 year flood for a site.
 

Frequently the people who live in the vicinity 
of the proposed
 

hydro station are your best source of information, and should
 

always be interviewed. The oldest resident is 
not necessarily the
 

most knowledgeable. Most people are very much aware of what is
 

happening in the world around them, and 
a major flood or a major
 

drought is a big event in their lives. A great deal of
 

information of value to the investigator can thus be obtained from
 

reliable and first hand sources.
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TVA AND A UNIQUE SMALL HYDRO PLANT - OCOEE NO. 2
 
G. L. Buchanan
 

History and Development
 

The Tennessee Valley Authority is a corporate agency of the United
 
States Government established by an Act of Congress in 1933. It
 
was born in the depth of the Great Depression and in the midst of
 
the controversy over the disposition of the World W.c I built and
 
Federally owned Wilson Dam at Muscle Shoals, Alabami., and two
 
nearby nitrate plants. In requesting Congress tu r:..s legislation
 
creating TVA, President Roosevelt asked for "A corporation clothed
 
with the power of government but possessed with the flexibility and
 
initiative of private enterprise."
 

Further expressing his concept of TVA's responsibility, President
 
Roosevelt said:
 

"It is clear the Huzcle Sho~la .velopulent is but a small part of
 
the potential public usefulness of the entire Tennessee River.
 
Such use, if envisioned in its entirety, transcends mere power
 
development; it enters the wide fields of flood control, soil
 
erosion, reforestation, elimination from agricultural use of
 
marginal lands, and distribution and diversification of industry.

In short, this power development of war dpys leads logically to
 
national planning for a complete river watershed involving many
 
states and the future lives and welfare of millions. It touches
 
and gives life to all forms of human concern." This remains TVA's
 
guiding objective and philosophy.
 

Orianization
 

All powers of the corporation are vested in its 3-member Board of
 
Directors, which reports to the President of the United States.
 
The President, with the consent of the Senate, appoints the members
 
of the Board to serve in 9-year overlapping terms of office. He
 
designates one oember as Chairman.
 

The TVA Act provided the agency with administrative freedom to meet
 
the special requirements of its program and to adopt the methods of
 
administration of successful private as well as public enterprise,
 
and authorized the Board "to provide a system of organization of
 
fix responsibility and promote efficiency."
 

TVA's first Board made far-reaching decisions which have guided the
 
agency ever since. These included:
 

TVA would design, construct, and operate its facilities.
 

The agency would work with and through the land-grant
 
colleges and the Extension Service in carrying out the
 
fertilizer and agricultural programs.
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TVA would build and operate the generation and transmission
 
facilities of the power system. The retailing of
 
electricity to the ultimate consumers would be handled by
 
municipally-owned and rural electric cooperative systems.
 
Contractual provisions would make these systems partners
 
with TVA in assuring compliance with the Act's provisions
 
that the benefits of low-cost electricity be passed on to
 
the people of the region.
 

Unified Resource Development
 

In 1933 the Tennessee River Valley and the surrounding area was
 
particularly depressed. It suffered from frequent floods on its
 
unregulated rivers. Its agriculture was carried out in traditional
 
ways that caused erosion, wasted the land, and silted the rivers.
 
Access to markets was restricted by a poor transportation system.
 
The population suffered from malaria and parasitic diseases and
 
was poorly educated for life in a modern industrial society.
 
Electric power was extremely expensive and available only in the
 
cities.
 

TVA was given a broad mandate to attack these problems through
 
coordinated and integrated development of the river and improvement
 
in agricultural and forestry methods. With regard to river
 
development, navigation and flood control were given priority over
 
power generation.
 

The major physical showpiece of TVA is the system of dams and
 
reservoirs on the Tennessee River and its tributaries (figure I).


6
This system controls floods, maintains a 50-mile (1047 km)
 
navigation channel, and generates the maximum amount of electricity
 
consistent with the other primary functions. This was the first
 
large-scale demonstration of the feasibility of multiple-purpose
 
dams, a pioneer engineering effort. Within three months after
 
passage of the Act, work began on Norris Dam. By 1945, 16 of the
 
Valley's network of dams had been co-istructed.
 

The agency's efforts were not limited to the huge construction
 
program which harnessed the river. Before 1933 ended, chemical
 
engineers and agriculturalists had fertilizer products, land
 
reclamation, and reforestation programs underway which led to the
 
reclamation of the Valley's land and forests.
 

The flow of electricity to the Valley's farms and homes, however,
 
started at a slower pace. Time was required to build the
 
generating facilities and transmission lines. Tupelo, Mississippi,
 
became TVA's fiist customer for clecticity from Wilson Dam. Later
 
in 1934 the first rural electric cooperative, in Alcorn County,
 
Mississippi, also began receiving TVA power.
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Power System
 

The Act of 1933, authorizing the sale of electricity for the
 
benefit of the region's people, gave TVA custody of two government
owned electric power plants: 
 Wilson Dam with a capacity of 184,000

kW and Wilson Steam Plant with a capacity of 63,000 kW. From this
 
beginning, TVA has developed its power program to provide the
 
Tennessee Valley region with an ample supply of electric power at
 
low cost.
 

Today the TVA electric power system consists of nuclear, fossil,
 
and hydroelectric generating plants. Their locations are shown on
 
figure 1.
 

The system, the nation's largest with a capacity of 32,000 MW, now
 
serves an 80,000-square-mile (207,00U square km) area 
in parts of
 
3even states with an estimated population of 6.9 million. The
 
system is interconnected with a grid of 17,000 miles (27,400 km) of
 
high-voltage transmission lines.
 

Hydroelectric System
 

TVA has developed the Tennessee River system into one of 
the most
 
completely harnessed of any of the world's major river systems.

Today the TVA integrated water control system, illustrated on
 
figure 1, is comprised of 32 major dams--9 on the main river
 
and 23 on tributarties. Eight of the main river dams were
 
constructed by TVA. 
Of the 23 major tributary dams, 14 are TVA
built, 3 were brought, and 6 on the Little Tennessee River are
 
owned by 
the Aluminum Company of America. In addition to the 32
 
major dams, there are also a number of minor dams in the Valley
 
water control system. 
The rated capacity of the hydroelectric
 
system is about 3300 MW.
 

Ocoee No. 2 Hydro Project
 

One of these tributary plants, Ocoee No. 2, is of special interest.
 
The total plant capacity of Ocoee No. 2 exceeds 
the upper limit of
 
that which is generally defined as small hydro. However, its two
 
units, each rated at 10,500 kW at 250-foot (76 m) head, fall into
 
this category. This plant is of particular interest in several
 
aspects, 
some having historical significance and the incorporation
 
of unique features. Many of Lhese features are well suited for
 
consideration in scaling down to site-specific needs appropriate
 
for a small hydro installation.
 

This project was constructed in 1912-1913 by the Eastern Tennessee
 
Power Company for the generation of electric power. Th's
 
represented a significant step in the development of hydroelectric
 
technology. Ocoee No. 
2, combined with the companion downstream
project Ocoee No. 1, produced the first electric service for
 
Chattanooga, Tennessee. In 1939, it 
was acquired by the Tennessee
 
Valley Authority and operated almost continuously until September
 
1976.
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Figure 2 shows the general arrangement of the project. The project

consists of a 450-fcot-long (137 m) rockfilled timber crib dam with
 
a maxiuum height of 30 feet (9.1 m); an 11-foot-high (3.4 m) by 14
foot-wide (4.3 m), 4.6-mile-long (7.4 km) wooden flume; a forebay

siphon spillway section; an extension flume section; penstock

intake; two 492-foot-long (150 m), 8.0-foot-diameter (2.4 m) steel
 
penstocks, and power plant. 
 The power plant housej two horizontal
 
Francis double-runner turbines. The almost 5-mile-long (8 km)
 
wooden flume is the largest such structure known to exist in this
 
country, and one of the oldest.
 

The facility was designed by William P. Creager of the J. G. White
 
Engineering Corporation. The creation of a minimum reservoir,
 
high-head operation and the construction of a siphon spillway were
 
both nationally significant advancements in technology. It is
 
believed that the siphon spillway at Ocoee No. 2 was the first
 
constructed in America. This siphon spillway performed in a very

satisfactory manner in its role of regulating the water level in
 
the forebay and flume extension during 4udden interruptions of
 
flow through the penstocks and units. By its nature,automatic and
 
dependable, it avoided the problem of flume overflow with no need
 
for installation and maintenance of mechanical regulating

equipment. The eight siphon spillway units were extensively
 
tested soon after the plant went into operation, and the results
 
were written up in the May 16, 1914, issue of Engineerink Record.
 
Included in an editorial in this same issue is the statement,
 
"Considering that the design of siphonic spillways is still in its
 
infancy in this country, the efficiency obtained is gratifying."
 

Water is diverted by the dam to the flume intake (figure 3).

The flume intake is a 16-foot-high (4.9 m), 30-foot-wide (9.1 m)

reinforceed concrete structure located on 
the right end of the
 
diversion dan. The top is I foot 3 inches (38 cm) below the crest
 
of the crib dam and the opening is urovided with iron racks to
 
prevent floating trash from entering the flume. The water admitted
 
to the flume is controlled by a steel taintor gate that is 14 feet
 
1/2-inch wide (4.3 m) and 10 feet 9-3/4 inches high (3.3 m). 
 This
 
gate was operated solely by means of a handwheel until 1956 when
 
it was motorized by TVA to permit remote operation from the Ocoee
 
No. 2 powerhouse. Operation of the gate by the handwheel is still
 
possible.
 

The flume itself is a partially covered wooden trough designed for
 
a waterway 14 feet 2 inches wide(4.3 m) and 9 feet 9 inches deep
 
(3.0 m) when carrying the maximum required capacity of 1200 cubic
 
feet per second (34.0 cubic meters per second). The average slope

is 0.064, but this slope is increased on the curves and reduced on
 
the tangents. The drop in the flume for its entire length is 17
 
feet 6 inches (5.3 m).
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The flume box was originally constructed of horizontal planking

with vertical posts. 
 Each post, or "bent," consisted of one 8-inch (20 cm)

by 12-inch (30 cm) column on either side of the box, joined by two
 
3-inch (7.5 cm) by 10-inch (26 cm) collar beams across the top and
 
two 4-inch (10 cm) by 10-inch (26 cm) sills across the bottom.
 
Galvanized steel yokes were added in 1927 to replace the original

timber columns and sill beams. The interior of the flume is lined
 
with 3-inch (30 cm) long leaf yellow pine timber. Between 1934 and
 
1944, the entire exterior of the flume was reinforced with vertical
 
planking and horizontal struts with a layer of burlap between the
 
two.
 

The flume was originally supported by 42 timber trestles 
as it
 
crossed the various small ravines. The wooden trestles were
 
replaced with concrete structures around 1927. Five of the
 
ravines, however, were too large for this kind of support and steel
 
trestles were used. The steel trestles vary in height from 70 to
 
150 feet (21.3 to 45.7 m) and in length from 132 to 288 feet (40.2

to 87.8 m), the largest having a height above the valley floor of
 
150 feet (45.7 m) and in length of 288 feet (87.8 m).
 

The original power equipment consisted of two 10,000 horsepower

(7460 kW) turbines running at 360 revolutions per minute, built in
 
1912 and furnished by the I. P. Morris Company of Philadelphia,

Pennsylvania. The turbines were guaranteed to deliver 10,000
 
horsepower (7460 kW) at 94 percent efficiency. The turbines are
 
inward flow, double discharge, reaction type, commonly known as
 
"high head Francis." The turbine shafts are horizontal. In 1924,
 
new draft tubes were installed on unit 2, improving the efficiency

of the flow of water and increasing the horsepower rating to 15,000

(11,190 kW). 
 Unit 1 was never altered and remains at its original
 
rating of 10,000 horsepower (7460 kW).
 

Each turbine is directly connected to one of the two main
 
generating units. 
 Eact, of these units consisted of a 9375
kilovoltamperes (kVA), 6600-volt, 3-phase, 60-cycle alternator,
 
running at 360 rpm. (At a later date, the generator ratings were
 
increased by the manufacturers to 11,750 kVA, and in May 1953 unit
 
1 was rewound to this higher rating.) A 120-kilowatt direct current
 
exciter is connected to each generator shaft. A 9000-kVA, 3
phase, 60-cycle transformer accompanies each generator. These
 
transformers originally raised the potential from 6600 volts to
 
either 66,000 or 120,000 volts. All power is now conducted at
 
69,000 volts. A third 8500 kVA transformer was added and all three

connected in parallel to operate from the two generating units.
 
All three transformers are used in normal operation, but the system

is capable of running on only two if 
one is removed for servicing.

In 1951, the three transformer units were modified for outdoor use
 
and moved to the switchyard adjacent to the powerhouse.
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Difficulties have been experienced at 
Ocoee No. 2 with short wheel
 
life, the result of high acid and silt content in the water.
 
Although much of this area is 
now heavily wooded, in 1912 there
 
were 28 square miles (72.5 square kilometers) of denuded land
 
caused by fumes from copper smelting plants in that vicinity,
 
causing heavy erosion. Apparently, these problems were anticipated
 
by the designer of the plant because the original water wheels were
 
made of bronze. The bronze water wheels had to be 
replaced in less
 
than 2-1/2 years, however, and since that time various other metals
 
such as cast iron, white iron, welded steel, chrome nickel, and
 
rewelded steel have been used, with no better results. Recently
 
improved water conditions and the use of stainless steel have
 
greatly extended the life of the wheels.
 

For many years following the 1939 acquisition by TVA, this project
 
was a reliable source of low-cost energy. However, with the
 
passage of time it became apparent that deterioration of the steel
 
and concrete trestles which support portions of the flume was
 
progressing to 
a point where major repairs would be mandatory. The
 
downstream face of the rockfilled timber crib dam had also
 
deteriorated.
 

Maintenance of 
the wood flume itself required a full-time carpenter
 
crew. For access to areas requiring repair, the flume maintenance
 
crew utilized a rail-mounted car which traveled along the top of
 
the flume. Primarily because of concern over safety hazards 
to the
 
repair crew posed by the worsening condition of the trestles, power
 
generation was suspended in 1976.
 

To determine future usefulness of the plant, feasibility studies
 
were made which ranged from plant retirement to replacement. The
 
worsening energy situation and attractiveness of a renewable energy
 
source made rehabilitation an economical alternative.
 

Originally TVA planned only 
to replace five badly deteriorated
 
steel trestles and one concrete trestle, their concrete piers, and
 
approximately 1800 feet 
(549 m) of the wooden flume over the
 
replaced trestles (see figure 4) and strengthen the wood crib dam
 
(see figure 3). However, when the operation of the project was
 
suspended, the wooden flume deteriorated rapidly and additional
 
study resulted in the decision to replace the entire 4.6-mile (7.4
 
km) flume.
 

A number of different alternatives for replacing the wooden flume
 
were studied. Cost estimates were made for steel, concrete, and
 
fiberglass flumes and for tunneling through the mountain. 
All
 
of these were significantly more costly than replacement of 
the
 
flume with wood. Therefore, considering the historical
 
significance of this project, 
the decision was made to construct a
 
new flume similar to the old one. The original flume had been
 
constructed primarily of wood. 
The wood main framing bents had
 
been replaced with galvanized steel in 
the 1920s. It was estimated
 
that about 60 percent of the steel would be reusable with cleaning
 
and regalvanizing. Bidders on the construction contract were given
 
the option of salvaging the reusable steel or furnishing all new
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galvanized steel. The successful bidder chose to 
use all new
 
steel. The new wooden flume, a typical section of which is shown
 
in figure 5, will be constructed of lumber and treated with the
 
wood preservative chromated copper arsenate (CCA). The flume is
 
support~d on concrete grade beams. 
 More than 4 million board feet
 
(9440 m ) of lumber will be required in rebuilding the flume. The
 
maintenance rail car, which operates on top of the flume and is one
 
of the unique features of the Ocoee No. 2 project, will remain an
 
integral part of the flume.
 

As mentioned earlier, the downstream face of the rockfilled timber
 
crib dam shown in figure 3 was badly deteriorated, and the dam
 
needed to be strengthened or replaced. The dam was strengthened by

placing rockfill against the downstream face covered with an
 
approximate 8-foot (2.4 m) layer of r-ller-compacted concrete.
 
Drainpipes were installed, extending from the rockfill 
to the
 
downstream face of the roller compacted concrete, providing
 
internal drainage. Strengthening of the dam was not a part of the
 
contract and was constructed by TVA forces.
 

As noted earlier, corrosion is a problem; thus, both penstocks were
 
severely pitted at the time the rehabilitation decision was maae.
 
Corrosion had eaten entizely through the steel lining at a number
 
of localized spots. During the course of the rehabilitation
 
program, extensive segments of these penstocks were relined with
 
steel plates by TVA forces.
 

Upon completion of rehabilitation later this year, Ocoee No. 2 is
 
expected to resume its role in providing the TVA system a reliable
 
source of clean, low-cost electrical energy. To TVA's knowledge,

there is no operating plant like Ocoee No. 2 in any power system.
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OPPORTUNITIES AND ISSUES IN SMALL HYDROPOWER DEVELOPMENT:
 
AN OVERVIEW
 

Small hydropower is a technology with many and varied characteristics, definitions,
and issues offering a wide range of energy opportunities and solutions. A smallhydropower plant can generate the equivalent of 50 or fewer watts of power, or it can
provide up to 50 million watts of power, by some definitions. It can be used to provide
mechanical or electrical power. It can draw its energy from the force of water moving
in a river with no perceptible drop, or it can come from water falling hundreds ofmeters. Small hydropower may be generated from water stored behind dams or it can be 
taken from streams or rivers without the use of dams. It can provide power for a largetransmission network or it can operate as a stand-alone plant serving an isolated demand 
center.
 

Similarly, a wide range of construction techniques and uses of small hydropower are
poi ible, ranging from wooden waterwheels for simple mechanical applications to large
hydroelectric systems feeding power to modern homes and industries. In between are
 
many different types and sizes of hydropower installations, each with its own special

characteristics.
 

In short, few generalities can be made on the subject of small hydropower, other thanto say that technical specifications, costs, and applications of small hydropower tend to 
be very case-specific. A second genera) statement, which is of particular importance inthe context of small hydropower in the developing countries, is that technical aspects of
site development--the design, the choice of construction materials and equipment, and
the scale of development-cannot be divorced from the human and economic environment 
in which the site exists. Issues concerning the prevailing quantitative and qualitative
energy needs, the ability of the users to purchase energy, the costs of alternative energy
systems, the competing requirements for water, and the means available to finance and 
manage projects are fundamentally related to the technical approach to development
that should be used. 

Indeed, one of the greatest advantages of small hydropower as an energy source isthat a broad range of choices are available to the user of this technology in approaching
the development of most sites. Depending on the nature of the energy requirements, asite can be developed to provide a limited source of energy for a small village, or it can
be developed to its full energy potential to serve a larger power network. Moreover, asite can be developed in stages, to meet changing energy requirements. Depending on
the needs for water at the site, it can also be developed in conjunction with irrigation
and water supply systems, flood and sediment control, water recreation facilities,
navigation systems, or fish-breeding. 

History of Small Hydropower Development and Use 

Small hydropower has been used to do man's work for thousands of years. Water
wheels used for grinding grain and for raising water to irrigate fields and provide water
for livestock and homes first appeared in Egypt, the Levant, India, and China several
centuries before the birth of Christ. Around ZOO A.D. the Romans developed vertical
overshot waterwheels with gears, which permitted a variation of speeds to perform
different tasks. These and later improvements to waterwheels over the centuries gave 
man a more efficient means to saw lumber, to operate spinning wheels and looms in the 
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textile industry, to cut stone, to drive trip hammers, and to make wine, among otherdaily chores. By the fourteenth century, there were tens of thousands of waterwheels 
throughout Europe. 

It was during the nineteenth century, however, that small hydropower became not
only a scurce of mechanical power, but also a source of electrical power. With theinvention of the turbine in 18Z0 by the French engineer Bezoit Fourneyron, followed by
the development of the reaction turbine in 1847 by Francis in Massachusetts, and the
impulse turbine in 1880 by Pelton in California, the stage was set for the linkage ofturbines with generators to produce electricity in Wisconsin, in 1882. The final major
step was the development of alternating current by Westinghouse at Niagara Falls in 1901. 

Technology of Small Hydropower 

Hydropower is created by the force of falling water on a turbine. The turbine usesthe kinetic and potential energy in water to cause its rotation and thereby to create
mechanical energy. The power produced by a turbine is directly proportional to theproduct of the head and the discharge-that is, P (power) is directly proportional to H
(head) x Q (flow). Tnis means that a high head and low discharge can produce the same 
power as a low head and high discharge. 

Site assessment. An analysis must first be performed to determine whether the water
supply and head characteristics of the site are r-dequate to generate power. Hydrologicanalysis is used to assess rainfall, groundwater, and streamflow. Topographic
information is collected to determine the available head and to establish possible designparameters for the scheme. From this information, the power potential of the site can 
be calculated. A great deal of time and effort, requiring highly specialized expertise,may be necessary to collect and analyze this information. This is especially difficult to 
do in developing nations, where streamflow and topographical data is often scarce.Project costs can rise rapidly when expensive consultancy services are employed to 
collect and analyze data on many small, scattered sites. However, methods exist to 
perform site assessment at minimum cost, as we shall learn on Tuesday. 

Decisions on plant size and the type of equipment to be used may not be made until 
an assessment of the energy requirements is made. The objective of this exercise is toascertain what level of development is warranted in view of the demand characteristics.
A knowledge of how the energy is to be used is a critical part of the planning process.
End uses must be identified to ensure the plant has a sound economic basis, and a
distribution planmust be developed to serve these needs. We will hear more on this topicon Tuesday, but one must not overlook the importance of load analysis and planning in
determining the size and type of project to build. If the plant can be readily connected 
to a larger power network and the demand served by that network justifies fulldevelopment, then the project should be designed to capture all of the available 
waterpower at the site. If the site is in an isolated setting, then other issues, involving
local participation in design and construction, the local users' ability to pay for the 
energy and possibly to manage the plant, and present and future demand circumstancesat the site - including the possible extension of the grid to the area in the future - must
be taken into account. You will hear about a case study later today where local
participation was the key to successful planning and implementation of such projects.
Let it suffice to say that the size and type of the plant depends not only on the technical 
characteristics of the site, but non-technical characteristics as well. 

Civil design. In a typical large hydropower station, water is fed to the turbine
through a penstock from a dam, which holds back the water to both control it and to 
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Figure l. Typical large hydropowerscheme (1). 

store it for future use. The head on the turbine is the difference in elevation between
the surfaces of the headwater and the tailwater (see Fig. 1). 

The simplest arrangement for a small hydropower station is a "run-of-river" plant,
which has no storage dam. The water is removed from a river or stream by a small
diversion structure and delivered to a turbine downstream, where it rejoins the natural 
flow of water. The water may be delivered to the turbine by various means. In the
scheme shown in Fig. 2, the water enters a canal constructed above the river and is
carried along the hillside at a very gradual gradient to a point directly above theturbine. The water is then fed to the turbine through a penstock. Over more difficult
terrain, where canals are not posaible, a low-pressure pipe or flume may be used.
Alternatively, if the river flows down a steep gradient, the water may be diverted 
directly into the penstock. In any case, the objective is to concentrate the head over the
shortest possible distance to reduce the length, hence the cost, of the penstock. 

The plant may also have a forebay and a draft tube, each of which serves an
important function to increase the efficiency of the plant. The forebay helps to counterminor fluctuations in the amount of water available to the turbine by acting as a short
term water storage device. More importantly, it acts as a settling tank to remove rocks
and sediment from the water before entering the penstock. The draft tube helps to 
convert the kinetic energy remaining in the water after it leaves the turbine into useful 
energy. This reduces the pressure on the downstream side of the turbine runner.Although the forebay and draft tube are desirable and increase the plant's efficiency,
they also increase the cost and are not absolutely essential for plant operation. 

3 



DAM 1 CANALINTAKE FLUME 

-. FOREBAY 

STREAM 
SETTLING 4POWER INTAKE
PON VE" SPILLWAY
 

RIVER 
 P EN STOCB
 

THRUST 
BLOCK '"TRANSMISSIONLINE 

AFTERBAY 

Figure2. TyPicalrun-cf-r=versmallhydropower scheme (2). 

Civil design may be quite different for micro-hydropower plants then for plants at the
larger end of the small hydropower scale. Later this week we will learn from two 
perspectives what these differences involve. Certain standards must be followed withlarger plants to ensure that structures are adequate to capture sufficient flow and head 
and to withstand the higher pressures of potentially large volumes of water fallinggreater distances. With micro-hydro schemes, cost considerations dictate that simple
structures be used. However, the opportunities to improvise are greater with microhydro plants than with larger plants. We shall look forward to hearing what these 
opportunities are. 

Turbo-geuerating equipment. In general, a turbine, a generator, and a governor are
required to produce electrical energy from water. If requirements for power may be met
by means of mechanical energy, then neither the generator nor the governor are 
necessary. The turbine can drive machinery directly, or belts may be used to operate
several machines off an,intermediate shaft. A generator can be added to provide AC or
DC electrical energy. For very small plants, these can be simple automobile or airplane
alternators. For larger plants, a wide range of standard generator sizes are available 
virtually anywhere in the world. 

Governors, used to regulate the turbine speed, are also generally required for
electrical applications in order to maintain a constant frequency in the electricity
produced. Frequency control is not always needed, however. For very small plants
where lighting may be the only electrical use, fluctuations in the energy output would not
be of any serious consequence, other than to dim or brighten light bulbs. With DC power,
frequency is not a concern. Even where frequency regulation is necessary - as with most
AC electrical motors and appliances - an electronic load controller can be used instead
of a governor to regulate energy levels feeding various end-use machinery. These 
devices are considerably less costly than governors. 

The most important component, of course, is the turbine. Turbines are generally
divided into two types: impulse turbines and reaction turbines. 
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Impulse turbines use the velocity of the water to drive the turbine runner; they areopen to atmospheric pressure and generally operate best with high heads. A good

example of an impulse turbine is the Pelton turbine.
 

Reaction turbines are generally selected to serve lower-head sites and thus require alarge volume of water to operate. Reaction turbines operate on the principle of pressure
rather than velocity, and turn from the force of water flowing through the blades rather
than from the water striking the blades. A good example of a reaction turbine is the
 
Francis turbine.
 

A great deal more can be said about the different types of turbines and theircapabilities, and fortunately we will ha.ve the opportunity to hear more about them andother equipment used in converting wa.e:.power to mechanical and electrical energy onTuesday. It is essential that the proper equipment is selected, and we will learn what
specifications are necessary to ensure that the equipment procured meets the site
conditions. We will also learn more about experience with local fabrication of turbo
generating equipment for micro-hydro plants and what is involved there. Fig. 3 provides,
at a glance, the major types of turbines and their typical operating ranges. 
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Figure3. Typical operatingrangesfor various turbines (3). 

Economics and Financing of Small Hydropower Projects 

The economic and financial consequences of small hydropower development are found
by assessing the net value of costs and benefits arising from the investment in projects.
Costs are generally shown to include: 

" capitalcosts, including planning and design, materials, labor, equipment,
construction period interest, and contingencies.

" recurring costs, including operation and maintenance costs, plant replacement,
and financing costs. 



* 	 indirect costs, including environmental costs, and the cost of resettling
displaced populations if a reservoir is required. 

Benefits arising from hydropower projects may vary according to the purposes of the 
project and the level of analysis. In assessing the economic consequences, they are 
frequently Lhown as cost savings to the producer or the consumer from the displacement
of energy from other sources, such as kerosene and diesel fuel. If projects provide
additional capacity to serve new loads, revenues from the sale of power may be counted 
as benefits to the producer. Indirect benefits may arise when projects serve either 
purpose. The cheaper energy, in the former case, may result in energy demand growth,
leading to expanded economic activity. Additions to capacity may yield income in the 
form of cash, goods, or leisure to consumers whose productivity and well-being are 
improved from the use of a more efficient energy source. In conducting financial 
analysis of projects, benefits are shown as revenues from the sale of electricity or 
mechanical power. 

Costs and benefits vary widely from case to case. Experience in developing nations 
with small hydropower has shown that for two sites of similar capacity, capital costs per
installed kW may vary by a factor of five or more, depending on the circumstances. 
Similarly, costs (per kWh), which reflect the total benefits of the project, are dependent 
on how well the plant functions to meet energy demand. These issues will be examined in 
greater detail on Thursday. 

Financial resources available for small hydropower development may also depend on
the purpose of the plant, and the results of feasibility analyses. In the United States, 
financing is usually raised from private sources. In the developing countries, financing is 
most often sought from national or international financial institutions. Government 
institutions play an important role in attracting financial resources to support
hydropower development, although local and private financing may also play an 
important role in the development of smaller projects. On Friday we will hear from
representatives of financial institutions who will discuss the criteria which projects must 
meet in order to receive support. 

Management of Small Hydropower Projects 

Although a national government may play an important role in helping to provide the
financial means of developing projects, the responsibility for implementation and 
management may rest more with regional, local, or private resources. Small hydropower
development can be undertaken with both centralized and decentralized approaches to 
management. Larger projects to feed power into a power network are primarily the 
responsibility of centralized agencies, although regional and local participation in many
of the tasks and responsibilities is possible and desirable. This was the case in the 
Philippines, where electric cooperatives have successfully implemented a number of 
projects under the guidance of a nationally-based program. 

As plant capacity becomes smaller and projects become more remote from 
government centers, administrative cost burdens of implementing many small and 
scattered projects makes centralized management less tenable. Here local participation
is required to reduce costs and ensure the projects will be designed and implemented to 
serve local needs and conditions, not some irrelevant industrial standard. China 
demonstrated clearly that tens of thousands of small hydropower plants could be built by
local initative alone. Stimulated by leadership to be self-reliant, local populations
developed various types of turbines and generating equipment throughout China. Recent 
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developments in Pakistan and Nepal have also shown that local initiative, with some 
outside assistance, can provide the necessary equipment, labor and materials required for 
hydropower development. 

As local people build the required equipment and facilities, they also gain the skills 
necessary to service and maintain the equipment. Such an accomplishment leads local 
people to believe that they are able to solve other problems through local initiative and 
local resources. 

During the week we will be learning more about the achievements of Nepal and 
Pakistan, and on Thursday we will take a closer look at how local, regional, and national 
resources may be applied to the management of small hydropower projects. 

Different Options, with Different Problems and Issues 

The foregoing discussion of the technology, economics, and management of small 
hydropower familiarizes the reader with the essential characteristics of small 
hydropower development. It has also left the reader with the impression that each 
aspect-resource assessment, civil design, turbo-generating equipment, economic and 
financial planning, and management-may be approached differently, depending on the 
purpose of the project and the site circumstances. 

There is a basic trade-off in system performance on one hand and system cost on the 
other. But conditions do not always justify the maimization of energy potential of sites,
particularly for small projects serving isolated loads. For example, mechanical power 
may be sufficient to serve the needs of a community, permitting costs for the generator, 
control equipment, and distribution system to be foregone. Similarly, water 
impoundment structures may be unnecessary where energy needs are modest. Locally
fabricated turbines may replace imported custom-made turbines, which could result in 
lower system efficiency, but also lower costs. As described earlier, earth canals may be 
dug to reduce penstock costs. Water losses may result, but higher penstock costs may 
make the life-cycle cost of the plant unaf fordable to a small rural community. Plant 
designs may be based on minimum flows instead of more exacting flow characteristics, 
since exhaustive hydrologic studies to match plant specifications with precisely measured 
flow parameters take time and expertise, which may not be worth the cost. 

In each case, the project may be designed in such a way that incremental investment 
in plant can be undertaken at a future time to increase efficiency and raise output, if 
demand circumstances change during the life of the project, which is likely. Simple 
diversion weirs may b-. replaced by impoundment dams to capture more water. Earth 
canals may be lined vith concrete or masonry rip-rap to eliminate water seepage.
Additional turbines may be added to receive the increased supply of water. Generators 
and distribution or transmission facilities may be added to provide electrical power.
While it may be the responsibility of local communities to develop and manage small 
hydropower projects initially, it should be the responsibility of centralized agencies to 
forecast future energy requirements-for example, when the power grid is extended to 
the region-and to develop plans for upgrading project designs accordingly. 
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Conclusion 

Small hydropower can be developed to serve two fundamental policy objectives: 

" national or regional energy supply development; or 
* rural development of remote, isolated communities. 

Intermediate objectives may also be served by the utilization of small hydropower to 
achieve these two basic objectives, including: 

" rural electrification; and 
" fuel cost and foreign exchange savings. 

Each objective implies a different technological and institutional approach, in which a 
wide range of technical standards may be applied to achieve different results. Problems 
tend to arise when the same standards are applied.to both project types. 

The underlying objective of any energy development program should be to provide the 
proper form of energy at the time it is required. Among the criteria used to determine 
whether the energy source is appropriate is its cost. A beautifully engineered project
looses its lustre if consumers are unable to pay for the cost of energy it produces.
Undoubtedly, the cost constraints associated with small hydropower projects in isolated 
rural settings will be greater than those confronting a project serving a large power
network. In such cases, experience has shown that small local communities can be verysuccessful in adapting modern small hydropower technology to meet their needs. With 
some initial guidance and assistance, local populations have proven extremely resourceful
in providing their own energy means through waterpower development. Not only are 
these systems affordable and manageable, but an enormous sense of pride and
sattsfaction accompanies this development, and leads local people to believe that they 
are able lo solve other problems with local initiative as well. 
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PRELIMINARY LAYOtT AND DESIGN OF CIVIL WORKS 

LNTRODUCTION 

The first step in developing the hydropower potential 
of an area is locating a site where sufficient flow and 
head are available. The next step in the preliminary 
design of a hydropower scheme is laying out the civil 
works, the structures which are necessary in order to 
convey the wat r from a stream to the turbine in 
sufficient quantity to generate the power required and 
to accomplish this within the constraints set by the 
physical conditions at the site and the financial 
resources, manpower, skills, and expertise available for 
this task. 

The first portion of this paper will provide the 

necessary information so that a designer of a small 

hydropower scheme can decide which components a'e 

necessary for the most efficient design of a specific 

project under consideration. In order to attain this 

objective, this section will: 


o describe briefly each component; 
o 	 explain the function(s) it serves, how it serves these, 

and its possible interrelationship with other 
components;efforts 

o 	 identify those factors which determine under whatcircumstances that component should be included as 
part of an overall scheme, 

The second portion will, through case studies, 

present illustrative examples of the layout of several 

small hydropower schemes. These are plants in the 

lower portion of the small hydrnpower range. Other
 
papers will present examples of layouts for larger-

hydropower schemes. 

OVERVIEW 

Once a site has been found where sufficient head and 
flow are available for the generation of power, the 
principal task is to cc'-.vey this water to the turbine with 
minimum loss of energy. The obvious solution is to use 

a pipL between the source of the water and the turbine
 
(Fig. I). Though possible, the layout of a hydro scheme 

is rarely as straightforward as this. More frequently, 

the drop of water is not concentrated at a single
 
waterfall but is found over a significant distance
 
(Fig. Z). Since a lengthy and costly pipe would be
 
required, there is a need to look into alternative 

approaches to convey water over relatively long
 
distances. 


In addition to a pipe or other conveyance structures, 
other components must be considered. For example, the 
source of water is usually not a pond but, more often, a 
stream whose discharge may vary significantly. There 
is therefore a need for a diversion structure to ensure 
adequate flow for power generation during the dry 
season on the one hand but which can withstand flood 
flows on the other. In addition, suspended bed load and 
debris could adve:'sely affect the operation of a plant
land, therefore, a properly desi'ned ir take structure is 

necessary to remove as much of this as necessary.
Fig. 3 shows how the more typical site shown in the 

preceding figure might be developed. Included in this 
figure are all the major components which might be 
incorporated in a hydropower scheme-whether micro, 
mini, small, or large. Each of these fulfills a specific 
purpose. At some sites, it is possible that all these 
components might be incorporated, whereas at others, 
some of these may not be necessary. Though designs of 
individual components might be standardized, there is 
no single standard design to suit all sites. If more 
components are included than are absolutely required, 
costs are unnecessarily increased and new problems
might be introduced. If fewer components than 
necessary are included, the problems which have been 
left unaddressed by omitting these components, as well 
as the accompanying inefficiencies, might again lead to 
increased cost of implementation, operation, and 
maintenance. 

The major arguments agnt the appropriateness of
 
small hydropower schemes are often the high costssmallihydropowereschemesareaoftenhthewhighocost
associated with such schemes, the relatively large 

required intheir implementation, and the
 
eotsrui ration, and thcontinuing operational and maintenance problems which 
have to be met on a regular basis. If these argumentsare to be countered so that small hydropower will be 
mire widely accepted as an appropriate technology, the 
proper choice of which components to be incorporated 
at specific aites is crucial. 
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where
 

P = power (kW) 
:
 

Q flow (m3 /s) 
H = head (m) 

Fig. 1. Basic power equation to predict the power
potential of a site (assuming 50% overall efficiency). 



I// 

Fig. 2. A typical countryside where a small hydropower plant might be installed. 
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Fig. 3. A hydropower site developed at the site shown in Fig. 2. All major components which might be 
included are shown here. 



BASIC COMPONENTS 

Dam or weir 

It is generally accepted that a dam is an intrinsic 
part zf any hydropower scheme. This is indeed 
frequently the case with large hydroelectric projects 
around the world. But a dam, as with any component of 
a hydropower scheme, serves specific functions and it is 
necessary to first become familiar with these !unctions 
to determine if a dam should actually be included at 
all. Appropriate technical expertise is required in the 
design and construction of a dam. Including such a 
structure when it is not essential not only requires 
access to this expertise but also results in increased 
cost of the project, a longer period before the system is 
operational, and possibly increased problems with its 
maintenance. On the other hand, not including a dam 
under circumstances when it would le advisable may 
mean inadequate potential for generating the required 
power when needed. 

The generation of hydropower requires adequate
head and flow. In cases when either of these quantities 
is not always available when needed, a dam might be 
incorporated in the design. In cases when these are 
adequate, only a low dam or weir might then be used. 
This would then serve simply to divert a portion of the 
flow into the intake. 

Let us first review how a dam might fulfill each of 
these three functions, 

The first potential function of a dam is to increase 
the head available for the generation of power. With 
larger streamflows, where a low-head site is adequate, a 
dam might be incorporated since even a low dam could 
significantly increase the head, and therefore power
potential, at that site. With higher head sites, an 
obvious approach to developing these sites is to utilize a 
penstock pipe to convey the water the entire distance, 
However, where the terrain is relatively flat, it might
not be economically viable to exploit the potential 
power in a stream because the length and diameter of 
the penstock necessary to obtain the required head and 
power would be too great (Fig. 4a). This may even be 
true in fairly hilly terrain but where the gradient or 
slope of the stream itself is small. However, especially 
in this latter case, the topography of the area might 
lend itself to the construction of a dam (Fig. 4b). In this 
case, all the head would then be concentrated in the 
vicinity of the dam and pow rhouse and the dimensions 
and cost of the penstockn cae wouldher bethmarkedly reduced.Howeerexcpt damis lsouse to

However, except in cases where the dam is also used to 
store water (see below), a dam is rarely constructed to 
develop the necessary head at a higher head small hydro
site since it can involve significant cost and require 
considerable additional effort to construct. When 
storage is not required, a more common solution to 
increasing head is to construct a power conduit 
(Fig. 4c). If the terrain is suitable, this will often be a 
more cost-effective means of increasing head than by 
either constructing a dam or utilizing a long penstockand will be described later. 

laer.a e 
A second function of dams is to provide for storage 

of water. It is more frequently the case at small hydro 

and ill decribd 

rites that adequate head is available but that the flow isinsufficient to meet the needs when required. In these 

cases, a dam might be included in a scheme to store 
excess water in times of high flow and/or low power
demand to make it available at times of low flow and/or
increased demand. Though a dam similar to that shown 
in Fig. 4b can serve that purpose and provide additional 
head as well as storage, most dams associated with 
small hydro schemes are low and serve the sole purpose
of storing water. They do not significantly increase the 
available head. 

The third function of a dam is to divert flow for 
power generation. The case which is most prevalent 
among small hydro schemes is that where both adequate 
head Eu.A flow are available. Since no impoundment is 
then necessary, these are referred to as "run-of-river" 
schemes. In this case, the flow in the stream remains 
unaffected except that a portion of it is diverted toward 
the powerhouse before it rejoins the original stream. To 
accomplish this, a low diversion structure, commonly 
called a weir, is oftun constructed across either a 
portion, or the entire width, of the stream. This 
structure is not designed to store water but rather 
serves to divert the required water into the intake 
(Fig. 5). It might either actively channel the flow 
toward the intake or else simply provide the required 
depth of water at the intake for flow to enter of its own 
accord. In cases where the stream bed is susceptible to 
erosion, it serves the additional purpose of maintaining 
the level of the streambed constant in the vicinity of 
the intake. If no weir were constructed in the latter 
case, over a period of time the bed of the stream might
erode to such a point tha the level of the stream is no 
longer sufficient for water to enter the intake. These 
structures are straightforward to construct and can be 
of either temporary or permanent construction. 
However, it must be kept in mind that a weir or dam is 
not always required at a site. On occasion, a pool or 
other natural feature might serve essentially the same 
function. 

Having briefly discussed the three basic functions 
that a dam might serve, namely, increasing available 
head, providing for storage, and diverting flow, let us 
review under what conditions a dam should be 
incorporated in a small hydro scheme. 

For a specific project, a dam might be included for a 
proposed site if it is necessary to: 
(1) increase head-Incorporating a dam to increase 

available head is only a viable option for a stream 
with a very low gradient where the topography in the 
area lends itself to the construction of a dam. This 
would probably mean a stream passing through an 

area with relatively steep banks. Such a dam would 
only be of use at a very low head site. With sites 
having higher heads, the increase in the head and 
power due to the height of water behind the dam 
would be insignificant. 

en wt a ver lo atein a ler 
penstock or a power canal to attain the desired head 
ig an T reta trstill betwonsideed
(Fig. 4a,c). There is a trade-off between the cost of
dam with a very short penstock and that of a longaedamockthrapvery shorlpenstock and.thataof long 

penstock or power canal with no dam. Because low
head turbines are usually more costly than those forhigh heads, this is an additional incentive to locate a 
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Fig. 4. Three approachesto developing a hydropower 
site. 

Fig. 6. No permanent diversion structure is 
incorporated at this 100 kW hydropower scheme in 
Duber, Pakistan. 

Fig. 5. A sill of concrete serves as the diversion weir at Irelya,
Papua New Guinea. The left side of the weir is lower so that dry 
season flows are directed toward the intake. 



site with a higher head if there seems to be any 
prospect for such in the area. 

(Z) provide storage-lncorporating a dam to store water()dprovide strage-Incorpratines awhent watere 
and make it available at times when water demand 
for power generation outstrips the flow in the 
stream requires careful forethought. There are at 
least two occasions when such an approach would beconsidered. 

First is the case where power is only required by
the consumer for a portion of the day but where the 
streamfow is foenerally inadequate to meet this 

stremflw isFenraly met hisallindeqateto
demand. This might be, for example, for lightingdeand.o igdinght e orex forsithis case,
and cooking during early evening hours. Inti ae 
the streamflow should be adequate to provide excess 
water for storage during off-peak times and thecapacity of the impoundment behind the dam should 

capaityof he th shuldmpondmnt bhin da
be sufficient to store this excess to meet these peak 
power demands. Based on the projected power and 
energy demands and streamflow, the required 
volume of storage and the associated dam height canbe determined. In this manner, it is possible todetermine whethr the construction of a dam would 
actually fulfill the need. 

The second occasion when a dam for storage 
might be envisioned is in areas with distinct dry 
seasons. In tiis case, the volume of the 
impoundment must be adequate to cover not only 
several hours a day as in the previous case but for 
weeks or possibly months. A much larger stored 
volume would generally imply a dam of greater 
dimensions. This volume can be predicted based on 
projected power and energy demands and 
streamflow. However, because of the probably large 
size and cost of such a dam, it might be better in 
this case to try to locate another site with larger 
head so that more power can be extracted from the 
same volume of water. If such a site is not 
available, one might have to either reconsider the 
load pattern to make more efficient use of the 
power which can be generated wit%out an 
inordinately large dam or else co to the 
conclusion that hydropower is not a viable option 
under the prevailing condition~s. 

In considering the construction of a J'm for 
storage, four factors must be kept in mind. F-7: is 
that, since the power which can be generated is 
proportional to the product of net head and flow, the 
higher the available head, the lower the flow 
required to generate a given amount of power. And 
because lower flows are required, the storage 
volume behind a dam can be smaller. Consequently, 
the higher the head, the more effective is a given 
storage volume. In addition, the smaller storage 
volume required for higher-head scheme implies 
potentially fewer adverse environmental impacts. 

Secondly, a dam fulfills its function of storing 
water only insofar as the volume behind the dam is 
filled with water. However, in many areas 
particularly in the tropics, rivers and streams 
contain a large silt and bed load which settles as the 
stream slows down upon entering the reservoir. It is 
not unlikely that in a relatively short time, the 
volume behind the dam might become full of silt, 

stone, and other debris and be rendered largely 
ineffective. Even though a dam might include a gate 
for scouring out this area, this will only remove the 
sediment in the immediate vicinity of the gatewhere sufficiently high velocities exist. Therefore, 

cnsara wn sam s carrmcdbi 
constructing a dam for storage should be carefullyconsidered.
 

A third factor to be kept in mind when
 
considering a dam are 
the adverse social, economic, 
and environmental impacts it might introduce. Ofthe components in a hydro scheme, a dam is thealtecmoet nahdoshmadmi h 
one with the largest potentially beneficial, as well as
adverse, impacts on the surrounding area. Though by
nature generally small, a dam supplying a small 
hydro gemean still cndbt singianslyllhydro scheme can still contribute significantly to 
increased incidenre of certain diseases by providingbreeding grounds for disease-carrying organisms 
breed in ethe topisalarri orian ss 
particularly in the tropics. Malaria, river blindness, 
and schistosomiasis carried by the anophelinemosquirespectively 	 arethree such debilitating diseases. A dam might also 
affect the fish life in a stream, fish which might be 

a source of both food and income for a riverine 
population. This might be due to decreased 
streamflow, reduced levels of dissolved oxygen, a 
changed water temperature, or numerous otherfactors. 

And finally a fourth factor to keep in mind is 
A, icostut facdar to be a mjor 

that, if construction of a da is to be a major 
component of a small hydropower scheme, it would 
be well not to jump to conclusions about the 
advisability of including a dam without calculations 
based on fairly realistic streamflow information. If 
streamflow information is not available but there 
seems to be at least sufficient flow for a good part 
of the year, It might be best to initially design the 
scheme to incorporate a simple weir across the 
stream so that the powerplant can be on-line with 
the minimum delay. Then after more data is 
obtained, a decision can be made on the advisability 
of replacing the weir with a dam. 

(3) divert flow-A low dam or weir is the structure most 
commonly used at the intake to a small hydropower 
scheme. As is noted in the section on intakes below, 
the intake to a hydropower scheme should be 
situated so as to prevent the river, especially during 
heavy rains, and riverborne debris from being 
funneled into the intake. But there is at the same 
time a need to divert an adequate flow of water 
toward the intake for power generation probably on 
a year-round basis. This is the function of a weir. 

At some locations, the layout of the land and the 
nature of the stream may permit sufficient water to 
be admitted into the intake without the need for any 
weir (Fig. 6). This is often the case where the level 
of the streambed and its course have remained 
unchanged over the years, where the depth of the 
stream is sufficient year-round, and where the flow 
does not vary enormously from season to season. A 
dam or weir may also not be necessary where a pool 
or 	other natural formation fulfills the same function. 

At locations where the bed of the stream is likely 
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considered, the resulting design may well be a source of
intake to continuing and frustrating maintenance and repair 

powerproblems, not only with the intake but with virtually allI owrcanal prbesnoonywtthinaeutwtvrulyalthe other major components of a scheme. The long-

S......... 


;,. 
* 

weir 

intake 

Fig. 7. A simple diversion structure presenting 

minimum resistance to f!ood flows and streambome 

debris, 


to erode, a weir can be included as shown in Fig. 7 so 
that the level of the streambed in the vicinity of the 
intake remains unchanged. If the streambed is of 
bedrock or streamflows are not so large as to erode 
the bea, a weir for this purpose may not be 
necessary. 

A weir is also useful in streams where flows 
normally fill only a portion of a wide streambed at 
least during the drier seasons. In this case, the low 
flows may never reach the intake. A weir should be 
designed to deflect low flows toward the intake yet 
permit high flows and waterborne debris to proceed 
downstream unhindered. Consequently, silt, bed 
load, or other debris do not have the adverse impact 
on the life of a weir as they do on the usable life of 
a reservoir formed by a dam and therefore are not a 
major problem. 

Intake 

This structure permits a controlled flow of water 
from a river or stream to be fed into a conduit which 

eventually brings the water on to the turbine for the 
generation of power. It is a component of virtuallygeneatint io powr.a cmpoentof vrtullyotherwise 
every hydropower scheme. Since the intake serves as a 

transition between a stream which can, at times,
becomraagina ragingg torrentstandand a flowowofwhichaIn r which mustbecome toen a flow water mt 

be controlled in both quality and quantity, its design 

requires careful consideration. If all factors which 
might impact on its operation are not properly 

term success of a hydropower scheme is largely 
dependent on the proper design of the intake. 

The task of selecting a design is somewhat 
complicated by the fact that there is a range of 
configurations which might be used. These range from 
simple, excavated canals opening directly onto the 
steam to large reinforced concrete structures (Fig. 8). 
They can be separated from, or be an integral part of, a 
weir or dam. The actual design appropriate for a 
specific site depends on a number of factors, among 
these, the quality and quantity of water rEquired, the 
extremes of the stage or level of the stream, the 
topography and soil conditions of the site, ti~e nature of 
the catchiment area, whether a dam or weir is to be 
constructed at that site, the financial capital which is 
available for its construction, and the relative capital 
vs. labor resources available for construction, operation, 
and maintenance of the structure. 

One of the major functions of the intake is to 
minimize the amount of debris and sediment carried by 
the incoming water. For this purpose, trashracks are 
often placed at the entrance to the intake to prevent 
floating debris and larger stones from entering. 
Depending on the water quality, a settling area might 
also be incorporated to remove some of the potentially 
more troublesome waterborne sediment. Without these 
features, the sediment and debris could settle along the 
power canal, eventually obstructing the flow, or else 
these could pass through the turbine, damaging it or 
reducing its effective life. 

Another function of the intake is to control the flow 
of water which is admitted under all flow conditions. 
Any of several types of gates can be used to control this 
flow. Spillways are also often incorporated in the 
intake structure to serve as a backup to the gates and 
permit any excess water which has entered the intake 
gate to overflow back into the stream. If the flow of 
water is not controlled at the intake, excess water may 
cause the power canal or lorebay to overflow 
unexpectedly and lead to serious erosion. This erosion 
can then undermine the canal, forebay, penstock, or 
powerhouse. Though the canal and forebay should be 
designed to prevent damage from larger flows than 
expected, it is still best to minimize the possibility of 
this occurrence by incorporating spillways in the intake 
structure. 

Though proper design of the intake is essential for 
trouble-free operation of the civil works, it should be 
kept in mind that properly locating the intake along the 

stream reduces the burden placed on the intake itself. 
Adequate planning in the initial stages is necessary in
order to place the intake in such a location that it is 

protected from excess water and debris which might be funneled into it during flood stage of the 
otrem. 

stream. 
locating the intake, the following factors shouldbe considered: 

o nature of the streambed, 
o bends along the stream, 
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o natural features along the stream, and 

o other uses for water in the stream. 


Nature of the streambed 

The elevation of the intake to a hydropower scheme 
is determined at the time of construction. If, because 
of erosion, the streambed lowers relatively quickly over 
time, it is p. jsible that, before too long, the streambed 
might have lowered to such an extent that the level of 
the stream falls below the intake. To avoid this 
problem, the intake should be situated at a point along 
the stream where the level of its bed seems relatively 
permanent. This might be the case where a stream 
having a relatively constant flow, a ztream, for 
example, originating in a spring with little additional 
catchment area so that heavy rains have little impact 
on the flow. It might be a point where the stream flows 
over bedrock. Or it might be along a portion of a river 
with a small gradient. If erosion of the streambed is a 
possibility, construction of a weir or dam could also 
resolve that problem. 

Bends along the stream 
One of the more common problems affecting smallhydronscmeof sthe cm g opbeminafkepotin s lhydro schemes is the damage to the intake portion of 

the scheme due to flood waters. This often occurs at 
sites where the intake is placed at the outside of a bend 
in the stream and then also oriented upstream (as if to 
make sure that water will go inl).mk suriize thatw aterwlgof ths pand

To minimize the chance of this problem occurring, a 

site should be selected so that the intake structure is 
located along orelatively straight section of the 
stream. Water, like any object, prefers traveling along 

straight lines. This is especially noticeable at bends 
along a river, where th.- river has a tendency to go 
straight and does so unless forcibly constrained by its
banks (Fig. 9). The area on the ouside of the bend (a) isbankefoesu(ig. e Tearaion, ansthoesnd ofther 
waterborne debris can impair the operation of any
wntakster urebsan iamaier ost yatint of
intake structure and damage or destroy it in times of 

flood flows. It is therefore preferable to avoid placing 
the intake at such a location if at all possible. It might 
possibly be placed on the inside of the bends of some 
rivers (b). This provides the added advantage that any 
headrace conveying the water toward the penstock is 
protected from the river. However, on some streams 
with suspended sand and silt, this location might not be 
advisable since this sand will tend to accumulated on 
the inside of the bend and might block the intake. 

Natural features along the stream 

It is sometimes possible to select a site so that the 
intake is protected from flood waters by the natural 
features found along a stream. For example, where 
large boulders can be found along the stream, it might 
be possible to locate the intake at the edge of the 
stream but under or behind these boulders. By so doing, 
the water which might enter during times of high water 
levels is limited and large debris which might otherwise 
damage the intake is prevented from entering. The 
boulders might also provide some protection to the 
power canal conveying water from the intake toward 

the penstock. One must be alert to other similar uses of 
the natural features along a stream. 

Other uses for water in the stream 

In prospecting for suitable locations for an intake to 
a hydropower scheme, as well as for the entire scheme, 
other existing or envisioned uses for the water in the 
stream must be considered, especially if these uses 
require a sizable portion of the available water. In a 
number of countries, water is, for example, commonly 
used for irrigation. This generally represents a use of 
primary importance and power generation must then 
take a position subordinate to irrigation. If the flow of 
water that would be required for power generation 
represents a major portion of a stream and would 
potentially have an adverse impact on irrigation, there 
are several ways that both irrigation and power 
generation might be accommodated. 

If irrigation and the proposed hydropower plant 
would each require a major portion of the flow, it might 
be possible to generate power during times when water 
is not used for irrigation or during the seasons when the 
flow is more than adequate. In either case, periods set 
aside for power generation would have to be carefully
planned and integrated in with the needs of irrigation.Tog hrn ae mn eea ssi osbe 

Though sharing water among several uses is possible, 
this approach should only be used if no better options 
are available. Because of the importance of irrigation
in most areas where it is practiced, misunderstandingsconflicts can easily arise from such an approach.

Anwaeinxcstohtuedorrigincod 

Any water in excess to that used for irrigation could 
be stored so that it would be available for power 
generation when it is required. flows ofviable option for high head sites Thoughwhere smallerthis is more of a 
wate are req id constt ahtre ara of 
water are required, constructing a storage area of the 
necessary volume, either behind a dam or as a separate
basin, would generally be costly and problematical.

A more suitable alternative which may be possible in 
some circumstances is to avoid having to interfere at all 
with the irrigation canals in the area. This could bedone by situating a hydropower scheme between two 

con e irati ng a rie In ti 
consecutive irrigation intakes along a river. In this 
fanner water for the hydropower plant would be taken 
irrigation intake and this water would be returned to the 

stream below the powerhouse where the same water 
would be available for diversion into the next irrigation 

thase 
Though irrigation is the specific end use being

considered above, the same arguments hold for other 

potential uses of the water in the area being surveyed. 
Other such uses may be for fisheries development and 
potable water supplies. 

Power Conduit 
This is a conduit which is used to convey water a 

relatively long distance with minimum loss of head and 
at minium cost. Because of cost, this conduit is most 
frequently in the form of a canal excavated in soil. It is 
sometimes lined with concrete or other impervious 
material to reduce seepage of water which might 
eventually undermine the canal or to permit increased 
velocity and flow through a canal of given size. Or it 
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may be built of concrete or stone-concrete .aasonry. 
Canals of half-round concrete sections, wood, and 
sheet-metal supported above the ground have also been 
used. Depending on the topography of the area, portions 
of this conduit may be supported above the ground, as 
when crossing ravines, or placed underground in a pipe. 

It 	 is also possible to use a larger diameter pipe to 
serve as a low-pressure conduit to convey water at low 
velocity from the intake to the beginning of the 
penstock. This has the advantage over the use of a 
canal in that components, such as spillways, drop 
structures, and drainage which are usually incorporated 
in the design of power canals, need not be considered 
wher. a pipe is used. However, cost of large diameter 
pipe is generally greater than the cost for a canal, 
especially one excavated in earth. 

With larger schemes, power tunnels are also used. 
These have the advantages that a roore direct route is 
possible; that over rocky terrain, few other alternatives 
may exist; that the conduit is protected from landslides, 
heavy run-off, and debris which might otherwise be 
introduced along its route; and that it does not interfere 
with surface features (roads, gardens, houses), 
However, tunnels must usually be large enough to 
accommodate men and equipment necessary for the 
tunneling operations and may be too lw.ge for flows 
encountered with most schemes at the lower end of the 
small hydro range. 

Unlike most of the othet components described, the 
power conduit is not an essential part of every 
hydropower scheme. It is used as a means of reducing 
cost of the civil works in cases where there is a 
significant horizonal distance between the intake and 
the powerhouse. Then, rather than using a costly 
penstock pipe for the entire distance, a nearly level 
power conduit is used to convey the water from the 
intake to a point to as close to above the powerhouse as 
possible. The objective is to lay out the scheme so that 
the penstock can be as steep as possible. If this layout 
can be achieved, a penstock pipe of reduced diameter, 
length, and, therefore, cost would be required. Clearly, 
the cost of the conduit itself must then be added, but 
the conduit can frequently be constructed at a fraction 
of the cost of a penstock, using local materials rather 
than steel, concrete, or plastic pipe imported from 
outside the area. 

To illustrate this point, consider the example where 
the entire scheme extends approximately one kilometer, 
a distance not unusual for a small hydropower scheme 
(Fig. 10). Let us assume that this site, with a .- oss head 
of 30 meters, requires about 300 liters/second to 
generate 50 kW. 

Clearly, one option for developing this site is to 
convey the water through a penstock from the intake to 
the turbine. This would require 1000 meter of 600 mm 
diameter pipe. On the other hand, if there is a rapid 
drop in the vicinity of the powerhouse which would 
require only 100 meters of pipe to get nearly the same 
head, another option would be to convey the water one 
kilometer from the stream to the intake of the penstock 
with minimum head loss. This is where a power conduit 
in the form of, for example, a canal can play a role. 
With only a drop of 1 meter over its one kilometer 
length from the intake on the stream to the penstock, it 

is possible to convey the required flow with a canal 
cross section of about 0.2 m . Then, only a 100 meter 
length of 400 mm penstock pipe would be required to 
convey this flow from the end of the canal on to the 
turbine. In summary, the first option requires 1000 
meters of 600 mm penstock whereas the second option 
requires 100 meters of 400 mm penstock and the 
excavation of 1000 meters of canal. 

To obtain a clearer impression of what this implies 
in terms of cost, let us assume 400 mm steel pipe costs 
$60/meter and 600 mm pipe costs $140/meter. The 
costs for each option would be as follows: 

o first option
$140,000 for the penstock + excavation for
 
1000 meters of p.nstock as required
 

o 	 second option
1000 meter canal and 100 meters of penstock as
 
100umers
 
required. 
Assuming an equipment cost of $1,000/kW for the 

50 kW site under consideration, it is clear that, 
compared with the resultant cost of $50,000 for the 
turbo-generating equipment, the long penstock proposed 
in the first option would add $140,000. This would be, 
without question, the major cost component of the 
project. On the other hand, the price of the penstock 
proposed in the second option would contribute only 
marginally to the cost of the project. Of cour.e, the 
cost of the canal itself must be considered. If the 
construction of the canal is undertaken as a self-help 
project, then the only material costs which would be 
incurred would be that for any lining which may be 
necessary or for a section of the canal which requires 
special attention (a supported section, for example). If 
contract labor and heavy equipment is required for the 
construction of a canal or if the terrair. is difficult, 
larger costs could be incurred and the first option might 
prove the most appropriate. 

While this example illustrates a major advantage of 
incorporating a power canal when the topography is 
suitable, it should also be noted that a power canal may 
not be without its drawbacks. The principal 
disadvantage is that, unlike the penstock, a canal is 
usually open, is more exposed to the elements and, 
therefore, requires more upkeep. Falling trees or 
landslides may obstruct the flow, sections might wash 
away due to excessive runoff uphill of the canal, or 
excessive sediment in the slow-moving incoming water 
might settle out along the length of the canal. Though a 
properly designed scheme can prevent many of these 
problems, a penstock pipe is less susceptible to these 
problems. Of course, as mentioned previously, a low
pressure pipe could serve as a power conduit instead of 
a canal but this would probably prove costlier for the 
same reason a penstock pipe would be costlier. 

Therefore, while significant cost savings can result 
from using a power canal, the existence of a significant 
horizontal distance between an intake on the stream and 
the powerhouse is not a sufficient condition for 
including a power canal or other form of power conduit 
in the overall design of a scheme. It is always necessary 
to compare the costs of each of the two basic options, a 
long penstock versus a canal and short penstock, as well 
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Fig. 10. Two options for developing a small hydropower site, one using only a penstock, the other relying primarily 
on a power canal. 

Fig. 11. A semicircularsheet-metal flume within an angle-iron 
frame conveys water around a cliff face (Rugli, Papua New 
Guinea). 



as to consider the nature of the terrain to be traversed 
and the construction and maintenance problems which 
might be encountered if either option were to be 
adopted. 

Depending on the length, slope, and dimensions of 
the power canal, spillways might be incorporated at 
appropriate intervals, with the necessary provisions to 
ensure that any overflow does not undermine the canal 
or other components. These are necessary if there is 
any chance that the canal might overflow either due to 
excess water entering the canal (though proper design of 
the intake should minimize this possibility) or due to an 
obstruction along the canal. Depending on the terrain, 
dirt from a landslide or other debris can res'rict the 

iflow and cause water to back up until the can,,. 
overflows. 

If a canal is built on a hillside where considerable 
run-off could enter the canal, bringing with it debris and 
sediment, provision may have to be made for proper 
drainage around the canal. 

When the power canal must cross an obstruction such 
as a ravine, streambed, or road, any one of several 
approaches might be adopted. The slope of the canal 
can be maintained and the canal supported above this 
obstruction in a flume constructed of wood, steel, or 
concrete (Fig. 11). Or it can be placed on or slightly 
below the original streambed or road, with a structure 
to reroute that road or stream oi.er the canal which 
would then flow in a culvert. Or an inverted siphon 
might be used to lead the flow under the obstruction 
(Fig 12). This latter is a closed conduit which permits 
the flow in the canal to drop in elevation until it passes 
the obstruction and then rise again on the other side. 
Under certain circumstances, this might be the only 
viable option, but care must be taken in its design since 
any debris can accumulate in the siphon and eventually 
obstruct the flow. Adequate provision should be made 
at 	the design stage so that this debris can be removed, 

Though a power canal is usually designed to 
minimize any head loss along its length, occasionally the 
terrain might make it necessary for drops to occur at 
points along the canal. The energy then gained by the 
falling water must be dissipated in a controlled manner; 
otherwise, it might erode part of the canal. Properly 
designed drop structures are used for this purpose 
(Fig. 19). 

Forehay 

This is a basin located at the end of a power canal 
which furnishes water to the penstock. Possible designs 
range from simply an excavated area or pond to astructure of reinforced cncrete. Its size may vary 
depending of renforcdof the water and whether it 

to serve for storage. In some cases, it is virtually non-
existent. In order to be most cost-effective, it is 
necessary not to overdimension the forebay but to 
construct it of adequate size so that it fulfills its 
function. 

The forebay might serve several purposes. It serves 
as a final settling area where any waterborne debris 
which either passed through the intake or was swept 
into the canal can be removed before the water passes 
on to the turbine. In this case, the size of the forebay 

must be adequate to sufficiently reduce flow velocities 
within the fcrebay for settling to occur. 

The forebay may also serve as storage. It might 
have sufficient active storage to supply a turbine for 
several hours. However, it usually provides only a small 
storage sufficient to make up for sudden increases in 
penstock flow when load on the turbine is suddenly 
increased. Where sufficient flow exists, it might be 
more appropriate to permit maximum flow into the 
forebay and to allow any flow not required by the 
turbine at times of below peak load to leave by the 
spillway. In cases where a load controlling device is 
used with the turbine, there is no need for storage to 
make up for transient flow variations since penstock 
flow remains constant. 

Several important components must be included in 
the design and construction of the forebay. These 
include a spillways scouring gate, gate(s) to penstock, 
trashrack, and possibly a vent (Fig 13). 

It is possible that, on occasion, flow entering the 
forebay may exceed the flow leaving by way of the 
penstock. This might, for example, occur during times 
of heavy rains, when a gate at the intake has been 
improperly set, or when the valve to the turbine has 
been closed. For this reason it is advisable to include a 
spillway in one wall of the forebay. In addition, it is 
necessary that water over the spillway is properly 
diverted away to prevent any erosion which might 
undermine the forebay, penstock or powerhouse. 

Depending on the size of the forebay, at least a 
portion of the sediment transported by the incoming 
water will settle out. Provision for a means of draining 
out of the forebay so that any sediment can be removed 
should be included. A scouring gate is incorporated for 
this purpose. 

In addition to sediment, incoming water can carry 
sizable quantities of floating debris. A trashrack is 
often included just before the water enters the 
penstock. If sufficient excess water exists, it is possible 
to design the spillway so that most of the floating debris 
is automatically removed. 

On occasions when it is necessary to empty the 
penstock in order to undertake repairs on the penstock 
or valve at the base of the penstock, the forebay might 
be emptied. However, to ensure that water which might 
unexpectedly enter the forebay does not cause erosion 
along the penstock under repair or flood the 
powerhouse, a gate is often placed just before the 

intake to the penstock. Usually a stop-log is used since 
this gate is infrequently ued and this form of gate is 
less costly to construct.As is discussed below, a vent pipe is often included 
as a safety measure against collapse of the penstock 

pipe. One design option would be to include this pipe in 

Penstock 

This is a pipe conveying water, under pressure, to 
the turbine. Except for some very low head designs 
(e.g. open flume Francis (Fig. Z6) and propeller turbines 
and traditional water wheels, it is an essential part of 
any 	small hydro plant. 

Though steel is the most frequently used penstock 
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Fig. 12. Inverted siphons are used along power canals to go beneath obstacles. 
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Fig. 13. A forebay design incorporatingthe basic features. 
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weight of the water and penstock pipe, thermalkepteowrusforsreofae. 

* 

* 

*supplied 
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i 
Fig. 14. Oil-drum penstock frequently used 
Fith t4. lThewith the low-head 5-10 kW schemes in 

Pakistan. The turbine is belt-driven by a 


turbine located below floor level. 


are also used. Formaterial, various types of concrete 

amall schemes, the low cost, low weight, and ease of 
that an increasinglyinstallation of plastic pipe has made

popuaratial. F veryey hsmaselthat small self-help schemes,plastio sceasiypopular material. For 

as oil drums and timber planks have also 

beenIf 
Along the length of a 

materials such 

penstock, anchors, thrustblock 

and supports are generally used to prevent movement of 
theendsupors de generarcesusedstogprerenttmovementnd

the penstock due to forces arising from the combined 

concentric portions. These joints also provide the pipe 
some protection against earth tremors. 

Because of a pile-up of trash or by the closure of a 
valve at the penstock inlet, flow into the penstock may 
be restricted. Decreasing pressure within the penstock 
as it empties of water might cause the pipe to collapse, 
requiring a major replacement job. To prevent this 
possibility, a vent is located at the upper end of the 
penstock, possibly in the forebay wall itself, to admit 

air into the penstock as the water is withdrawn when its 
inlet is closed, accidentally or otherwise. One way of 
minimizing the chance of this occurrence is not to 
include any valve at the inlet. If one is included, there 
may be a tendency to stop the flow in the penstock by 
closing this valve and , without a vent, this may well 
lead to the collapse of the pipe. 

At the bottom of the penstock, a shut-off valve is 
often incluaed. This can be used to turn on or off the 
turbine but is generally not used to regulate the flow. 
This regulation, if required, is usually done by a valve 
supplied as part of the turbine. Even though the valve 

with the turbine can also be used to turn the 

turbine on or off, a shut-off valve is often included to 
shut-off the flow if the turbine or flow regulating valve 

has to be repaired. A lower cost, though possibly less 
convenient, alternative (expecially with high-head units) 
is to avoid this shut-off valve and simply close the gate 
at the intake to the penstock. Or else, the scouring 
gate in the forebay can be opened to drain the forebay 
and prevent further water from entering the penstock. 

water remaining in the penstock can be drained 

through the turbine before repairs are undertaken. 

Powerhouse 

This is the structure which houses the turbo

generating equipment. In size, it can range from a 

simple cover over the turbine, generator, and control 
equipment to protect them against the elements to astructure which includes an office and workshop. 

the eqipe is to oce a building, 

the equipment isto be located ina building,
 
to permitsufficient space should be allowed on all sides 

easy access during operation, maintenance, and repair. 
The foundation should be sufficiently strong to support
the equipment. Proper drainage must be included to 

expansion f the pipe, and the reaction forces due to 
expangsin fthedieanction at
oftheflowofoater 
changes in the direction of the flow of water at each 
bend. If the penstock is buried and depending on the 
magnitude of the forces involved, some of these may 
not be necessary.If the penstock is Tbove ground, it is subject to 

greater temperature variations than if buried. This 
greaertemperature variations ane bouied Ths 
temperature variation is even more pronounced when 
the turbine is not continually on. In this case, the 
moderating effect of the flowing water whose 
temperature is fairly constant would not be felt. 
Variations in temperature result in stresses in the pipe 

due to thermal expansion. If the possibility exists that 
these can be large, either the pipe must have sufficient 

or elsestructural rigidity with the help of anchors 

expansion joints are incorporated. These latter are two 

concentric portions of the penstock which permit 
A gland isrelative motion with respect to each other.tesenaturerevnt lakigincoportedto btwenincorporated to prevent leaking between these 

keep the powerhouse floors free of water. 
Possibly most important than properly designing the 

powerhouse itself is the need to properly locate it. For 
structural reasons, as well as for reasons of safety and 

the need for accessibility of the equipment for proper 
operation and maintenance, the floor of the powerhouse
must be kept above water level at all times. The 
ms ekp bv ae ee taltms h 
maximum flood stage, the highest river level which is 
expected to occur over the operating life of the plant, 
therefore sets the lowest preferred location for the 
powerhouse. Lack of recorded data might make it 
difficult to determine precisely the flood stage of the 
river. However, this can be determined by piecing 
together informations gathered by interviewing those 
who have lived near the river or by seeking high-water 

marks on the riverbanks. Maximum expected flood 

stage may also be predicted using the rainfall 
thecharacteristics of the region and information on 

are abo tin bu thinatr of the en
of the catchment area above the intake but this 
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may be more difficult to do properly. One must, 
however, be sure the information gathered is reliable as 
the ravages of floods, due to both the flood waters and 
waterborne debris, can wreak havoc along the river, 
especially in areas of tropical rain ane even more so in 
regions with barren slopes caused by ine removal of 
trees and other vegetation for firewood and gardening. 

Tailrace 

This canal leads the spent water from the 
powerhouse back into a stream (which may or may not 
be the same as the stream from which the water 
originated). As with the power canal, it may be lined or 
unlined. 

The outlet of the tailrace into the stream should be 
protected from potential flood waters. To accomplish 
this, it is advisable to direct the tailrace downstream to 
prevent any water in the stream from being funneled 
into the tailrace during times of high streamflows. 

CASE STUDIES 

The following brief case studies illustrate how the 
major civil .orks components discussed above have been 
integrated in the layout of hydropower schemes where 
designs must cater to different site conditions. 

The 90 kW sites at Amlapura (Indonesia) and Yaibos 
(Papua New Guinea) illustrate cases where all the 
components described above are included in their 
design. The former is a fairly expensive design while 
with the latter, costs of the civil works have been 
significantly reduced. The site at Musongati (Burundi) is 
a case where the streamflow regime made it essential 
to include a dam for the storage of water whereas the 
site at Yandohun (Liberia) illustrates a case where a 
dam was to be included when the need for it had no yet 
been established. The site at Buhiga (Burundi) 
illustrates a more typical small hydropower site where a 
power canal is used to reduced penstock costs. And 

finally, the last scheme illustrates a case where some 
components are merged into one, since several functions 
can be fulfilled by the same structure or omitted, since 
the function they fulfill is not required. 

Amlapura (Indonesia) 
This 90 kW scheme, which is integrated into an 

irrigation system, is one which incorporates each of the 
major components. The dam serves merely to maintain 
the level of water at the intake and not for the storagc 
of water (Fig. 15). An intake at right angles to the 
stream conveys water into a settling area and then into 
a power conduit. The first par, of this conduit is a 
tunnel since the steep banks of the river do not permit 
adequate space for an open canal. The second part is a 
masonry lined canal which leads to both the irrigated 
area and the forebay. A short penstock leads the water 
down to the powerhouse and back into the original 
stream (Fig. 16). 

Fig. 15. The dam and intake of a 
irrigation/hydropower scheme at Amlapura on 
the island of Ball, Indonesia. 

Fig. 16. Powerhouse at Amlapura, with the spillway situated to 
the left of the penstock. 



Yaibos (Papua New Guinea) into an earthern power canal (Fig. 19) and on to the 
This is another 90 kW 3cheme but one much less forebay. 

costly to implement. The weir is simply a series of Though much less costly than the previously 
gabions (rock-filled wire baskets) covered with a layer described sited, it must be kept in mind that the 
of concrete to form a sill (Fig. 17). The intake, at right primary purpose of the scheme at Amlapura it for the 
angles to the stream, is well protected, and a simple supply of irrigation water. A major portion of the cost 
sluice gate (Fig. 18) controls the flow of water of this scheme is therefore borne by this function. 

Power generation is, essentially, a side benefit. 

Fig. 17. Gabions covered with a layer of concrete form a weir to 
stabilize the portion of the riverbed near the intake (Yaibos. 
Papua New Guinea). 

Fig. 19. The only stone-concrete masonry 
work along this earthernpower canal is 
fcund at two canal drops (Yaibos, Papua 

, . , • ." . .. . N ew Guinea). 

" '. - .*. -', -- . . a 

Fig. 18. Two gates control flow into the power canal. Stones have 
been placed cross the stream to divert flow into the intake during 
the dry season. The intake is well shielded from flood flows. 
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Musongati (Burundi) 

At this site, the minimum flow in a little rivulet 
amounts to on the order of 3 liters/second and the 
available head at the top of a gorge was about 
40 meters (Fig. 20). With the need for electricity for 
lighting and a few electric applicances, it was necessary 
to have a few kilowatts for several hours each evening.
The power equation indicates that several times that 
flow would be required. At this site, it is clear that 
without storage, insufficient power would have been 
available. A dam was therefore incorporated for the 
purpose of storing water. Since the intake was at th' 
top of a steep drop, a penstock is used to convey the 
water the entire distance to the powerhouse.

After the plant had been operational for some time, 
it was decided that more power would be required. This 
was accomplished by extending the penstock further 
down the gorge! to gain an additional 20 meters of head, 
increasing the power potential by about 50%. At this 
site, the additional power which could be gained by 
extending the pentock even further downstream would 
have been offset by the increasing cost of the penstock. 

penstock Yandohun (Liberia) 

A micro-hydro project with a capacity ox 3C kW 
under a head of 60 meters is being implemented nLar 
the village of Yandohun in the fairly remote norther: 
corner of Liberia. Based on occasional observations of 

powerhouse 
the stream to be used and comments of the villagers, 
was felt that the streamflow was above the 

it 

'80 liters/second required to generate full power for all 
but two months of the year. The only stream flow data 
which existed was gathered during one week at the end 
of the dry season when the low flow was measured at 
7 liters/second. Initial plans were therefore to build a 

Fig. 20. The Musongati micro-hydro site (Burundi). 
sizable concrete and stone gravity dam 40 meters across 
the stream and about 2-3 meters high. This was to 
retain a sufficient volume of water to run the plant at 
half power for a 12-hour period for several days at the 
minimum observed flow. 

When the plant was visited, work on the dam had 
been in progress for some time but there seemed little 
to show for it (Fig. Zl). The construction was time-

Fig. 21. Composite view of the dam site near Yandohun. 
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consuming. Not only was the volume of the dam large 
but the stone was obtained by cracking sheets of 
bedrock by building a fire on it. Aggregate was 
obtained by then breaking the stone with hammers. 

It was recommended that, rather than completing 
the dam, it be built up only high enough for it to serve 
as a weir. The weir could be built up at leisure at some 
later date should it then prove desirable. This 
recommendation had the following advantages: 

o It would be possible to get the plant operational with 
the minimum of delay. The project was ambitious 
enough even without the fairly massive dam and it 
seemed necessary that the villagers see the fruits of 
their labor as soon as possible. 

o 	 Based on the observations of flow, it was apparent 

that without a dam, sufficient flow was available 

85% of the time (10 months) to generate full powerthe
and that for another 5%-10% of the time the flow 

would probably be sufficient to operate at half 

canal 

dam 

power all day. Construction of the dam would 
permit half power to be generated for part of the 
day for at least part of the remaining 5%-10% of the 
year. Since storage capacity would be small, it 
would not be possible to guarantee sufficient water 
for power generation at all times in any case. 
Utilizing a low weir rather than a dam therefore 
would still permit nearly full use of the plant. After 
putting the plant on-line, more flow data during the 
dry season could be gathered. At the same time, the 
villagers could decide whether having tlectricity at 
least for a part of the day for the remaining part of 
the year would be worth the additional time required 
for completing a dam. 

A delay inbuilding the dam to fullheight would
 
permit the operators of the plant to determine 
stream and caught behind the weir would present 

problems in the future. Should the weir be 
converted to a dam at some future date, it would 

proposed
 
penstock
 
routing 

* 

Fig. 22. A composite view of the Buhiga site. 

/ /N power lines 

> 	spillw ay " penstock 

.,/ 	 " /powerhouse 

Fig. 23. Contour map (2 m contours)showing the layout of the major components at the Buhiga site 
(Burundi). 
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also permit time during which a better feel for the 
magnitude and duration of low streamflows could ba 
obtained. This information would be necessary for 
proper dam design. 

This case illustrates a situation where a component
a dam-was to be included in the overall layout of a 
power scheme when, on the one hand, the need for one 
had not yet been established, and, on the other, its 
construction would have placed a heavy demand on 
material, manpower, and time. 

Buhiga (Burundi) 

At this 220 kW site, a drop of 27 meters is found 
along a section of stream connecting two flat marshy 
areas (Fig. Z2). This is a fairly typical small hydropower 
site where the head can be developed over a relatively
long distance. At Buhiga, it was found that if a 
powerhouse were located near the lower end of this 
section, a much steeper incline with essentially the 
same drop could be found in the immediate vicinity of 
the powerhouse. To reduce costs and the difficulties of 
obtaining penstock pipe in a remote part of this land
locked country, the pipe length was reduced by 85% 
through the use of a canal which closely followed the 
contour of the land from 'he intake to a point above the 
pcworhouse (Fig. Z3). Since cement was expensive,
imported, and i:,short supply, costs were further 
reduced by building the dam and canal of stone and 
concrete masonry rather than reinforced concrete (Fig. 
Z4). Skilled masons were also easily found locally. 

Wonodadi (Indonesia) 

Incertain cases, especially with low-head sites, it ispossible to omit or merge several components. At this 
230 kW site constructed along an irrigation canal, the 
power at an irrigation drop is harnessed (Fig. Z5). In 
this case, there is no need for an additional diversion 
structure since the irrigation drop structure serves that 
purpose. Because of the compactness of the scheme, 

I--

,.
 

0 

" -  s-

Fig. 24. Stone-masonry canal being constructed at the 
Buhiga site. 

Fig. 25. With the minimum of civil works, a 
230 kW plant was constructed to harness 
power otherwise lost at an irrigationdrop at 
Wonodadi, Indonesia. 
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the function usually served by the intake, power canal, 
and forebay are essentially all served by a single 
structure. The pentock is almost non-existent. 

At some sites (Fig. 26), water from the forebay can 
directly enter the turbine and, in that case, no penstock 
is required. 

CONCLUSION 

The dam or weir, intake, power conduit, forebay, and 
penstock are the principal components which can be 
used to convey water from a stream to the turbine for 
the purpose of generating power. It is essential to 
understand the function of each of these if a site is to 
be developed most cost-effectively. At the same time,

of the design and alternative H
it is necessary to be aware 
materials which can be used. Then, only those 
components which contribute toward this purpose will 
be included and these will be designed and built in a 
fashion that meets the constraints imposed on those 
responsible for the task. An incomplete awareness of 
these factors will likely contribute to inappropriately 
designed schemes and frustrate efforts to exploit the 
small hydropower resources of a country. 

Fig. 26. An open flume hydropower 
plant requires no penstock. 
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DESIGN OF CIVIL WORKS
 
FOR
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by
 
Bennett D. Reischauer
 

Str'nley Consultants, Inc.
 

Mr. Reischauer is 
currently head of the Water Resources Department at
 
Stanley Consultants where he has been employed for the past 11 
years.

His education includes a B.S. degree in Civil Engineering from Iowa State
 
University and an M.S. degree in Civil and 
Environmental Engineering from
 
the University of Iowa. Professional experience includes studies, 
re
ports, and detailed design of civil works associated with hydroelectric

facilities including dams, diversion works, penstocks, and power houses.
 
Recent experience includes supervision and review of the final design of
 
the civil works portion of the recently completed Malaysian small hydro
 
program. During that 
effort, designs were prepared for 41 sites with
 
capacities ranging from 50 kW to just 1,000 kW with broad spectrum
over 

of hydraulic heads from 2 to over 400 meters.
 

Introduction
 

The civil works required for development of a small hydro facility
 
normally make up a significant portion of the construction cost of the
 
project. In order to minimize these costs, careful consideration must be
 
given to 
project layout, design criteria used to size facilities, and
 
materials of construction. Maintenance costs 
must also be considered
 
since hydropower facilities are normally designed with a service 
life of
 
40 to 50 years and are generally operated for much longer times.
 

This paper is based primarily upon development of small hydro facilities 
in the country of Malaysia. The Government of Malaysia hais embarked on a 
small hydro development plan with the objectives of acceleration and ex
pansion of their ongoing rural electrification program and to reduce
 
dependence on expensive diesel fuel 
for power generation. Previous rural
 
electrification in Malaysia has been accomplished by extensions of 
major
 
grid systems into the rural areas and installation of isolated diesel
 
generators in remote villages. While the isolated diesel gener;tors
provide an important function, they have some significant limitations. 
Typicilly, the diesel plants are operated to provide elt ctLicity only 12 
hours per day (6 p.m. to 6 a.m.), thus restricting development of full 
economic and social benefits. Difficulties with fuel delivery in addi
tion to ever-rising cost and scarcity of fuel provided stimulus for
 
developing alternative energy sources.
 

Small hydropower offers distinct potential for supplementing rural elec
trification in .Lalaysia. The hydro plants small andare adaptable to 
steep mountainous streams which are typically found in the remote areas.
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Minimal transmission line lengths are required to serve nearby villages
 
and fuel delivery problems become nonexistent. Because of limited nat
ural resources, small hydropower does not provide the total answer to
 
rural electrification or elimination of fuel oil dependency. However, it
 
does contribute significantly to the solution.
 

Stanley Consultants was contracted by the Government of Malaysia to
 
identify potential sites for small hydro development, conduct initial
 
screening of these sites, prepare feasibility studies, develop interna
tional tender documents for 41 selected small hydro projects, prepare de
tailed cost estimates, and develop an implementation program for the 41
 
projects. Stanley Consultants was assisted in this work by Tudor Engi
neering Company of the USA and Sepakat Setia Perunding and SCM Perunding,
 
both of Kuala Lumpur, Malaysia.
 

Overview
 

Small hydro for this program was defined as water power developments
 
ranging from 50 to 500 kW installed capacity, with consideration also
 
given to a few plants ranging up to 1,000 kW. Most of the 41 installa
tions fall within the 200 to 400 kW ranges as shown below:
 

50-100 kW 2 Sites 
100-200 kW 4 Sites 
200-300 kW ii Sites 
300-400 kW 11 Sites 
400-500 kW 4 Sites 
500-750 kW 6 Sites 
750-1,070 kW 3 Sites 

The small hydro projects were designed for eventual interconnection with
 
a regional or national grid. Sixteen of the plants will operate isolated
 
for five to ten years before the grid tie. All grid tie sites will tend
 
to support the grid at remote locations where low voltage problems have
 
often been encountered.
 

In Malaysia, most streams have a fairly high base flow throughout the 
year and emphasis was therefore given to "run-of-river" installations. 
Most power house sites were positioned near the base of a waterfall or a 
steep series of rapids, with the diversion point located near the top of 
these features. A broad range of hydraulic heads was encountered as
 
follows:
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Gross Head 
 Number of Sites
 
Meters
 

2-10 
 3
 
10-15 
 2
 
15-30 
 4
 
30-50 
 5
 
50-60 
 9
 
60-80 
 6
 
80-100 
 7
 

100-130 
 4
 
425 
 1
 

Typical small hydro installations in Malaysia 
include a low diversion
 
weir, intake 
chamber with trash rack, settling basin, penstock, power

house, and tailrace. Penstock sizes range from 300 to 
1,800 mm diameter;

lengths range from 0.1 
to 1.8 km with an average length of 0.8 km. Three
 
types oi turbines were recommended, depending upon the head and 
flow con
ditions: tubular for heads 
up to 20 m, crossflow for heads between 20 m
 
and 30 m, and impulse for heads above 30 m. Necessary controls are pro
vided 
for automatic operation of each plant following manual start-up.
 

Economic studies were performed to meet review standards of 
the World
 
Bank. 
 Small hydropower represents the least expensive means of providing

24-hour electricity to 38 of the 41 approved sites. The other three
 
sites could theoretically be served 4
more cost effectively by a 2 -hour
 
rural diesel station or direct connection to the grid.
 

Site Identification
 

A large portion of 
the small hydro study effort was expended in the
 
identification and evaluation of 
potential sites. This effort 
was broken
 
down into two phases. During the first 
phase, potential locations for
 
small hydro development were identified. 
 These sites were evaluated in

the office, then a brief site visit 
was made to verify the overall suit
ability of each 
proposed project. Unsuitable sites were eliminated from
 
further study. During the 
second phase, detailed investigations were
 
made of each site recommended for develGpment. This included field
 
visits to select locations for principal project features, conduct 
field
 
surveys of 
the site, and assess the power market.
 

During the site identification process, suitable sites 
were selected for
 
small hydro development based upon their physical characteristics. These
 
characteristics included sufficient hydraulic head and 
stream flow and
 
adequate 
stream slope and other acceptable physical site characteristics.
 
The sites had to be located within reasonable proximity of a potential
 
power market and 
in an area where access to the site could be obtained.
 

3
 



Available topographic maps and geological survey maps were used to iden

tify sites with suitable physical characteristics. For each potentially
 

attractive site located, estimates of the gross head and stream slope
 

were measured on the topographic maps. Topography, tributary stream in

tersection, and length of the penstock route were assessed. The surface
 

area, dimensions, topographic character, and land use patterns of the
 

drainage basin upstream of the proposed diversion point were also deter
mined. Existing access roads and nearby villages were noted. For many
 

of the proposed sites, several alternative development schemes were
 

identified for comparative evaluation.
 

An attractive medium- or high-head site required a stream with at least
 
30 meters of fall and an average gradient greater than five to ten per
cent. Other desirable features included an existing access road at or
 

near the site; a power market located within five to ten km from the
 

site; and topographic features suitable for constructing a small diver

sion weir, a penstock, and a power house. The stream had to have a
 
catchment area upstream from the diversion site greater than 10 km2 , and
 

the 	catchment could not be a highly developed area. Low-head sites were
 
judged similarly except that a lower head and larger catchment area were
 
required, and an abrupt falls or existing dam was desirable.
 

Initial map studies and office screening identified 163 possible small
 

hydro sites which were visited during the initial field reconnaissance.
 
Each site was investigated to determine or confirm the following:
 

" 	 Accessibility and type of access
 

* 	 Possible locations for diversion weir and power house
 

* 	 Approximate hydraulic head available between diversion weir and
 
power house
 

* 	 Estimated stream flow
 

" 	 Topographic, geologic, and soil conditions examined for
 

engineering feasibility and constructibility
 

* 	 Information on site clearing and other characteristics that
 

would facilitate site reconnaissance and survey efforts
 

" 	 Proximity of the proposed market and any existing power plants 

or transmission lines 

* 	 Approximate number of households within the market communities
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A revised estimate of the average plant output for each site was made
 
following these field visits. The sites 
were then ranked according to
 
desirability for 
future small hydro development. Each site was placed
 
into one of the following catagories:
 

1. All site characteristics including accessibility, power
 
potential, market, proximity, and geology indicate good
 
likelihood for 
feasible small hydro development.
 

2. 	One or more of the site characteristics are marginal, but
 
feasibility seems probable.
 

3. 	One or more of the site characteristics are in doubt 
for
 
feasibility. However, the 
site is still attractive enough that
 
further assessment is recommended.
 

4. 
One 	or more of the site characteristics preclude feasibility.
 

Of the 163 sites visited, 113 were found to lie generally within category

4, four sites were within catagory 3, and the remaining 46 were included
 
in catagories I or 2. Sites 
included in catagory 4 were eliminated from
 
further study; those in catagory 3 were examined further and then
 
eliminated. The 46 sites 
in catagories I and 2 were retained for
 
detailed site investigations.
 

Site Investigation
 

A detailed investigation was made 
for each of the 46 selected sites.
 
This included development of detailed site hydrology, completion of site
 
specific power market surveys, 
preliminary office optimization, field
 
engineering investigations, and topographic surveys.
 

The 	preliminary office optimization consisted of assessing the optimum

installed capacity of 
each small hydro site. This analysis used ap
proximate hydraulic head, a computed flow duration curve, and market
 
study interim results for each site. 
 A brief optimization was then made
 
to evaluate al~ernative project capacities and 
layouts. Alternative lo
cations for the diversion works and power houses were evaluated 
to deter
mine which configuration would yield 
the desired hydraulics with the
 
shortest penstock length.
 

During the detailed field investigations, field teams visited each site
 
for several days to 
select locations and prepare preliminary layouts for 
the principal project features. They also evaluated potential problems
for project development and. flagged the area for subsequent surveying.

An important aspect of the field investigations was selecting the best
 
available sites for 
the diversion weir and power house. In the case of
 
sites at waterfalls, the diversion weir was 
normally located just up
stream of the falls and the power house 
just below the falls. In most
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instances, however, the sites were located along a series of rapids which
 
extended for several kilometers. In this situation, the facilities were
 
normally located along the steepest portion of the rapids, and where
 
practical, downstream of any major stream confluences. For sites serving
 
isolated power markets, the hydraulic head of the proposed project was
 
limited to that required to give a potential power production equal to 
the maximum demand of the market area. In most instances, however, the
 
hydraulic head available was limited by physical constrj nts including
 
obstructions along the penstock route making a longer penstock infeasi
ble, a lack of good diversion weir or power house sites beyond the loca
tion selected, a gradual flattening of the stream slope beyond the
 
selected project limits such that an extension of the project would be
 
uneconomical, or a major stream confluence along the rapids requiring
 
that the diversion weir be located below this confluence.
 

Field soil conditions were examined by observation of stream banks, can
yon side slopes, stream channel upstream and downstream of the project
 
features, existing excavations, and road and timber track cuts in the
 
vicinity. These observations provided valuable information for judging
 
stability of soils and assessing feasible construccion methods for the
 
penstock, access road, and other project features.
 

Detailed instrument surveys of each site were then made to develop topo
graphic coverage at the locations of the diversion weir and the power
 
house. Instrument surveys were also made of the stream and proposed pen
stock route between the diversion weir and the power house sites. This
 
survey information was then used for developing final construction
 
drawings.
 

Project Design
 

Following completion of the detailed site investigations, designs were
 
prepared for each small hydro project. The location, orientation, over
all dimensions, and critical elevations for the diversion weir, intake
 
structure, settling basin, and power house were developed. The size,
 
alignment, and grade of the penstock were established at this time.
 
Turbite and generato ype, installed capacity, and average annual energy
 
production were also .stablished. The alignment, size, and type of
 
transmission line, substation, and access roads were developed. In some
 
cases, economic comparisons of several design alternatives were made to
 
determine the least costly layout. The end product of the design phase
 
consisted of several sets of construction drawings, specifications and
 
bidding documents for the 4L sites.
 

Standard Design
 

When several similar projects are being implemented simultaneously there
 
are advantages associated with the development and use of standard de
signs. One of the main advantages is that the number of manhours and the 
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length of time required 
to develop bidding documents can be minimized.
 
This helps hold down engineering costs and also gets the projects 
into
 
the construction phase in as short a time as 
possible. Early construc
tion will tend to reduce inflation-related costs and will also get 
the
 
facilities into 
use at an early date. 
 Another advantage of standardiza
tion includes minimizing the number of spare 
parts required for any

mechanical equipment. Standardization will also simplify the training of
 
operation and maintenance personnel. Well developed standard designs can
 
also serve as a good basis for the development of future projects.
 

Care must be taken when developing standard designs to avoid grouping
project features in such a way that some facilities are oversized and/or
overdesigned. For example, all settling basins 
should nor be constructed
 
the same size based on tile 
flow rate of the largest facility. Also,

foundation designs for the various project 
features will differ depending

upon whether the facilities are located on soil or rock. The layout and 
orientation of civil features associated with small hydro facilities are 
heavily dependent upon topography and other 
site specific characteris
tics. Standard designs 
for civil works must be developed with enough

flexibility that they can 
be adapted to the unique features which exist
 
at each site.
 

During tile final design stage of the Malaysian project, standard designs 
were developed and adapted to each 
site. A total of 65 standard drawings
 
were developed covering items 
ranging from diversion weirs and settling

basins' to penstock saddles, anchors, and thrust blocks. These standard
 
designs were developed for this 
project based upon conditions which
 
generally exist in the project area and would need 
 to be modified if
applied in other areas. The standard designs were developed to provide
dependable facilities and to minimize design and construction effort on 
the project.
 

Site 
specific drawings were developed for each of the 41 project sites
 
showing location, orientation, elevations, and 
similar information for
 
principal project features. Appropriate standard drawings were then
 
selected to supplement the 
site specific drawings and form a complete
 
bidding package. 

Photos showing the diversion weir site and power house site for a typical
project are shown on Figure 1. Figures 2 through 6 present site specific
drawings for the p-incipal project features for this project. Figures 7 
through 11 show some of tile standard drawings which were used. Design
criteria and features of the civil works portion of the project are 
discussed in the following sections. 

Diversion Weir
 

The diversion works include the diversion weir or dam, an intake struc
ture, and a settling basin. In a few instances where large ponding areas 
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were created behind the weir, no settling basin was provided. Layout and
 
sections of 	the diversion works at a typical site are shown on Figures 2
 
and 	3. Diversion weirs were designed as concrete gravity structures with
 
varying cross-sections depending upon the type of foundation available.
 
The 	height of the diversion wLir was designed to be the minimum required
 
for 	proper functioning of the intake structure, settling b-sin, and pen
stock. Adequate head was provided for the following:
 

" 	 Hydraulic head losses through the trash racks and bar screens at
 
the 	penstock inlet
 

* 	 Velocity head in the penstock at maximum discharge
 

* 	 Sufficient submergence of the penstock intake to prevent vortex
 
formation
 

An empirical formula for the minimum submergence Li prevent vortex
 
formation at the penstock entrance is as follows:
 

S = C V D
0 5
 

S = 
Where: 	 required submergence from the water surface to the top
 
of the penstock inlet, in meters.
 

C = 	coefficient ranging from 0.5 for intakes with sym
metrical flow to 0.7 for intakes with lateral approach
 
flow.
 

V = water velocity at the penstock entrance, in meters per
 
second.
 

D = 	penstock inside diameter, in meters.
 

The 	diversion weir 
was 	designed with a normal overflow section across the
 
stream and a raised section at the intake structure. The height of the
 
raised section was selected to prevent overflow in this area until flows
 
exceed the average annual peak flood discharge. Abutments subject to
 
erosion were protected with rip rap. For rock abutments, no special
 
treatment was provided. The only mechanical equipment provided at the
 
diversion weir was a sluice gate 
to allow flushing of sediment that ac
cumulates behind a weir. The sluice gate was located close to the intake
 
structure to remove as much sediment as possible from the intake area.
 

Special emphasis was placed on location of the weir to minimize its
 
height and relaLed construction cot. In most cases, the weirs were
 
sited on bedrock or connected to large boulders of adequate size to make
 
movement during maximum flood flows unlikely. The diversion weir design
 
depended upon the type of foundation in the stream channel. If the weir
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was to be constructed on a bedrock foundation, it was designed as a con
crete gravity section and anchored into the bedrock. 
The gravity weir
 
was In inlightly reinforced on the upstream and downstream faces. 

stances where the diversion weir was located on sand or gravel founda
tions, a larger concrete gravity section was 
used. Upstream and dowM
stream aprons with shallow cutoff walls were also provided to minimize
the foundation pressure and increase the flowpath beneath the weir. 
 This
 
was important 
to decrease seepage and minimize potential for piping of
 
water under the weir. 
The cutoff walls were designed for either concrete
 
or steel construction. 
A standard drawing for a diversion weir located
 
on soil is shown on Figure 7.
 

Intake Structure
 

The intake structure includes a trash rack and a concrete intake chamber

constructed integrally with the diversion weir 
structure. A steel pipe

was used 
to connect the intake structure to the downstream settling

basin. The trash rack is designed and located 
on the side of the struc
ture so that it is parallel to the stream flow. 
 This arrangement permits

a side inlet into the trash rack to minimize plugging with floating

debris during high flow conditions. A standard drawing for an intake
 
chamber is shown on Figure 8.
 

The design approach velocity for the 
trash rack is 0.5 m/s through the

total gross opening located below minimum water surface. This low veloc
ity allowed for some 
trash coverage of the rack between cleanings.

Actual water velocity under partially plugged conditions could reach as

high as 1 m/s without significant head loss through the racks. 
 Orientation of the steel bars is in 
a vertical plane to facilitate cleaning with
 
a hand rake. On this project the trash racks were mounted in a steel
frame and slid 
into place in vertical channels. Another desirable arrangement would be to place 
the trash racks in an inclined position.

This would be more costly to construct but the racks would be easier to

clean. 
The trash racks can be removed and replaced by stop logs when

closure is desired for maintenance or 
repairs of downstream structures.
 
A cleaning platform was provided and located slightly above the average
 
annual flood level.
 

Settling Basin
 

The settling basins were located downstream from the diversion weirs as
 
near to the weirs as topography would permit. 
 The shape and layout of

the settling basins were arranged to best fit the site conditions and

still function effectively. The reinforced concrete basins include an
 
entrance chamber, settling chamber, exit chamber, and bypass channel.
The function of the entrance chamber is to direct the flow either through
the settling chamber during normal operation or through the bypass chan
nel while the settling chamber is being flushed 
or cleaned out. Simple
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stop logs in alternate positions are used to direct water into the de
sired course. An overflow weir was provided on the stream side wall of
 
the entrance chamber to control any water overspillage. A standard draw
ing for a settling basin is shown on Figure 9.
 

The settling velocity in the basin depends primarily upon the surface
 
area and consequently on the surface loading or overflow rate of the
 
basin. A larger surface area will result in a slower settling velocity
 
and smallc.r particles will be removed. The settling basins were sized to
 
allow sand particles larger than about 0.5 mm in diameter to be removed.
 
In some cases, where streams carried a heavy sediment loading, chambers
 
were sized larger to settle out particles smaller than 0.5 mm in
 
diameter.
 

The settling velocity of a settling basin is given by the following
 
formula:
 

Vs = 60 Q 

As
 

Where: Vs = basin settling velocity, meter per minute.
 

Q = flow rate through basin, cubic meters per second 

v surface area of basin, square meters
As 


Any particle with a settling velocity greater than the basin settling
 
velocity will theoretically be removed. The settling velocity of a par
tial depends primarily on its size and material. The settling velocity
 
of quartz particles in water ranges from approximately 1.0 meter per
 
minute for a 0.15 mm particle to approximately'5.0 meter pcr minute for a
 
0.85 mm particle. A 0.5 mm particle has a settling velocity of about 3.0
 
meters per minute.
 

A gated sluiceway one meter square was located in the side wall of the
 
settling basin. This gate is normally closed but can be opened to flush
 
out sediment and aid in cleaning out the structure. A bar screen was
 
provided at the settling basin outlet to remove any small floating debris
 
which may have passed through the primary trash racks. Also branches or
 
twigs falling into the settling basin will be removed prior to entrance
 
into the penstock.
 

The settling basins are typically located in areas subject to inundation
 
during imijor floods. The structures have been designed to withstand up
lift pressures during flood conditions. At sites where the basins were
 
located on sand or gravel, care was taken to avoid high velocity zones in
 
the floodplain where underscouring could be a problem.
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Penstock 

Several materials were 
considered for penstock construction. Prestressed
 
concrete pipe was 
rejected because of the excess weight and difficult
 
handling in the rugged terrain. Different types of plastic and fiber
glass reinforced materials had possible application because of their
 
light weight and ease of handling. These materials were 
not readily

available in Malaysia and they did 
not have a proven history for penstock

applications. 
 Ductile iron pipe was considered an acceptable material
 
for buried applications. However, due to 
cost and lack of availability.
 
it was not used on this project. Steel was considered to be the best
 
penstock material to meet the 
rugged and varying small hydro applications

in Malaysia and was selected for use on all of 
the projects.
 

The exterior of the steel penstock is coated 
for above and below ground

protection, and the Interior is lined 
to prevent corrosion and to main
tain low friction losses. 
 The penstock is normally constructed above
ground 
in rock areas and buried where s)il conditions permit. Low
 
concrete 
piers are used for most aboveground supports. For sections
 
crossing ravines, the penstock is supported with steel supports where
 
concrete piers are not practical. Sections located near 
the diversion
 
weir which might be endangered by flood debris or 
rocks are encased in
 
concrete for added protection and to resist flotation if the penstock is
 
dewatered during a flood. Flexible joints are 
specified for exposed
 
penstock where required 
to allow expansion and contraction capability
 
between anchor points.
 

Air release and 
vacuum valves are provided at intermediate high points

along the line to prevent air binding due to 
trapped air and to release
 
air during penstock filling. They are also required to prevent possible
 
collapse of 
the penstock during draining operations. Drain valves are
 
provided at intermediate low points 
to allow the penstock to be drained
 
and flush any trapped sediment from the pipe. Where possible, the pen
stocks have been placed to avoid intermediate low and high points, 
thus
 
minimizing the need 
for the air release and vacuum valves and drain
 
valves. Anchor blocks and 
thrust blocks have been located at changes in
 
direction and 
on steep slopes to hold the pipe in place. Penstock plan

and profile drawings for a typical 
site are shown on Figures 5 and 6. A
 
standard drawing for horizontal thrust blocks located on rock is shown on
 
Figure 10. 

The optimum penstock diameter was selected based on a series of calcula
tions comparing energy production with penstock costs. 
 The nearest com
mercial size to the optimum diameter was used as the penstock size. 
 A
 
detailed analysis of 
pipe wall thickness was made to determine class of
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pipe required to accommodate anticipated stresses. The following empir

ical formula which was developed for this project can be used to deter
mine the optimum penstock diameter for steel penstocks:
 

5 0 2 5 5 3
 
D = 1.33 (Q /Hg )
 

Where: D = optimum penstock diameter, in meters.
 

Q - design flow rate, in cubic meters per second. 

Hg - gross head, in meters.
 

Power House and Yard
 

The power houses were sized to contain the turbine, generator, governor,
 
turbine shutoff valve, oil pressure set, fly wheel when required, control
 

cubicle, and speed increaser. The equipment is designed for indoor in

stallation. A stepup transformer and transmission line takeoff structure
 
were located outside the power house. The top of the power house floor
 

slab was set with a minimum of 0.5 meters freeboard above the 50-year
 

flood level. The power house foundation consists of reinforced concrete
 

footings with a concrete slab on grade placed on level soil or rock. A
 

separate equipment foundation is provided for the turbine-generator unit.
 
A terminal penstock anchor/thrust block was provided in conjunction with
 

the power house fnundation. Floor trenches were provided for main power
 

and control cables in the power house to minimize overhead obstructions.
 

Other wiring was routed in galvanized conduit.
 

The power house superstructure was designed with adequate height and
 

access to accommodate the anticipated equipment. Provisions are included
 
to permit dismantling of equipment within the building by means of a
 

movable hoist mounted on a portable jib. Where size and arrangement
 

permit, the turbine and generator are proposed for skid mounting.
 

Buildings are constructed of readily available material normally used in
 

the area. Steel roof trusses carry the roof which slopes in two direc

tions. Corrugated coated steel roofing was used. The roof trusses are
 

supported on reinforced concrete columns firmly tied by ground beams and
 

roof bean: The panels between columns are filled with masonry. Louvers
 

are providcd for natural cross ventilation of the power house. Sanitary
 

facilities are not provided because the power house does not require.
 
regular operator attention. A standard drawing for a power house is
 

shown on Figure 11.
 

The power house yard was designed with adequate space for turning and
 

parking vehicles. The area will be surfaced with a layer of crushed rock
 

and a fence will be constructed around the power house and yard. A sta

tion grounding system is provided in the power house yard around the
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power house and switchyard and along the fence for equipment protection

and personal safety. A power house and yard layout for a typical site is
 
shown on Figure 4.
 

Access Roads
 

Many of the projects are located in remote areas. 
Access to the project
 
site is required for construction, equipment delivery, operation, and
 
maintenance. A properly designed permanent access road will be con
structed from the nearest adequate public or private road. An easement
 
of approximately 10 m is required, suitably widened in hilly terrain
 
where cut and fill sections occur. Whenever possible, existing logging
 
tracks or other nearby access roads will be upgraded and used for the
 
permanent site access.
 

The permanent access roads are designed to be approximately three meters
 
wide and cross sloped for proper drainage. Road surfacing includes a
 
100 mm layer of gravel to minimize maintenance. The roads are designed
 
for very low speed traffic with grades as high as 15 percent. Curves
 
have a Lenterline radius of not less than 15 
m and rock cuts are avoided
 
where possible. Ditches and culverts are placed as needed, and all the
 
stripped areas are seeded for stabilization. In some areas, small
 
bridges are required. These are designed for simple timber construction.
 
For some of the wider streams, low water crossings are used. In such
 
cases, vehicle access is possible only during low flow conditions when
 
the stream can be forded. In these instances, small suspension bridges
 
or cableways are provided for foot traffic to 
the site during high flow
 
periods.
 

Construction Cost Estimates
 

Care must be exercised when preparing cost estimates since the future of
 
a proposed project is at stake. If the estimates are too high, the proj
ect may appear tc be infeasible and development will not occur even
 
though a more accurate estimate might have shown the project to be feas
ible. Conversely, if the cost estimates are sub~tantially below the low
 
construction bid, sufficient money may not be available for project con
struction and the project future may be in doubt.
 

Construction cost estimates for civil works are normally developed by

estimating quantities of various work items and then applying unit costs
 
to each item. Typical civil work items include site clearing, earth ex
cavation, rock excavation, concrete, reinforcing steel, backfill, rip
 
rap, penstock pipe, stop logs, 
trash racks, etc. Unit costs are usually
 
based upon recent bids for similar work in the project area. The con
struction cost estimates normally include allowances for mobilization and
 
contingencies.
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Summary and conclusions 

Hydro in general and small hydro in particular are becoming increasingly important as 

sources of generation for central station electric power systems and for isolated 
subsystems. The prime reason for this situation is that hydro is a renewable energy 
resource whereas fuel resources ar. limited and increasingly costly. 

While considerable attention is given to the characteristics of the generation plants, 

the distribution plant and its function in electrical energy end use development is not 

always adequately emphasized. This paper analyzes those aspects of a 400 kW 

hydropower project in northern Zaire based upon the design, construction, operation and 

economic criteria contained in a feasibility study under which the project was financed. 
Pertinent features of the project include: 

o 	 a religious mission with defined electrical loads consisting of their hospital, 
church, residences, machine shop, and schools, 

o 	 a nearby river which has been observed for many years and the minimum flow of 
record has established accordingly, 

o much of the time, the minimum flow during a year exceeds the minimum flow of 
record,
 

o 	 a sufficient pool for 24-hour regulation of the minimum flow of record is to be 
formed with a small dam and spillway, 

o 	 this pool enables conformance of the, generation with the hourly load variations, 
o 	 flows above the minimum could provide energy for secondary loads on a seasonal 

basis, 
o 	 generation and distribution capability has been established to make use of 

secondary energy potential, 
o 	 alternative distribution system designs should be considered including open line on 

wood, steel or concrete poles and buried cable, 
o 	 the loads for this project justified application of normal criteria of voltage drop 

and losses in line voltage, conductor size and line configuration. 
o 	 secondary load possibilities include two villages, one of which has some 

commercial potential such as a cold storage plant and stores plus street lighting, 
the U.S. standard of 7.2/1Z.5 kV three-phase plus neutral using single-phase taps is 
appropriate for this system and sufficient capability has been included in the 
system design to properly serve secondary loads in the area. 
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1. Introduction 

Small hydroelectric plants can be used to supply power to a large electric power grid, 
or used to serve a smaller, isolated local load. For grid-connected systems, the sites are 
usually developed for the optimal energy output which is used by the grid to either 
displace higher cost energy sources or supply load growth. In this case, the sinal! 
hydropower plant is treated as another alternative f , supplying the grid and the 
technical issues, economics, and evaluations are done in comparison to conventional 
power supplies. 

Planning for isolated systems, however, requires analyzing not only the power supply, 
but the entire system operations. Rather than simply adopting the national or regional 
standards for load growth, rates, ownership, operations, maintenance, and line 
extensions, such issues should be addressed for each isolated system. Isolated small 
hydro systems are usually expensive in torms of per kW or kWh cost. Therefore, to 
obtain the necessary financing, the planners must maximize the benefits and minimize 
the costs. Such planning criteria will impact the electrical distribution planning probably 
more than the civil and mechanical aspects. 

In planning the electrical distribution system, the engineer is faced with several 
conflicting objectives. lie must: 

o minimize the initial capital cost, 
o minimize the life cycle cost, 
o maximize load and plant factors, 
o maximize the social benefits of electrification, and 
o maximize the political objectives of electrification. 

The final distribution plan is often a halance among these objectives. One indication of a 
proper balance is when all the parties in the electrification project are a bit unhappy (the 
sociologist tL.inks that the plan is insensitive, the bankers feel that the rate of return 
should be increased, tile economist recommends deleting some unproductive loads, and 
the politicans want more consumers connected). 

This paper looks at the major steps in planning distribution systems for isolated areast 
especially the relationships of the end-uses and the a-,ailablity of the power. A small 
hydropower scheme in Karawa, Zaire is used throughout as a case study to illustrate 
these steps. The Karawa hydropower site is located in north central Zaire on small 
tributary of the Libala River which flows eastward towards its confluence with the Zaire 
(formally the Congo) River. The site has up to 400 kW of potential and is a'lout 11 km 
from Karawa, where there exists a Protestant Christian mission hospital, shops, and 
residences. The hydropower system is about 80 percent completed. 



IL End Uses and Load Characteristics 

Project Framework 

Since most international development banks have adopted the "logical framework" 
method for project analysis, it is used in this paper to illustrate the distribution-planning 
process for small hydropower projects. In the logical framework, the highest objective is 
the "project goal." For electrification schemes, project goals are usually stated in terms 
of either improving the quality of life for a particular target group, or for improving 
their economic productivity. Projects may have more than one goal, but how 
successfully the project meets its goal(s) can be measured by either quality of life 
indicators (health facilities, iigher levels of education, increased longevity) or by 
econom.c indicators (higher per capita income, exports, decreased imports). 

Next in the relative level, of objectives is the "project purpose" which is a statement 
of conditions required to acc mplish the goals. For small hydropower projects, common 
purposes are to produce low- 'ost hydropower for either supplying power in areas without 
existing power supplies, disp! Lcing existing higher-cost power supplies, or supplying an 
additional power source for r !w loads. Hydro is selected when it it is identified as the 
lowest cost alternative powe supply. Generally, successful projects have only one 
project purpose. Measureabl . indicators of successfully meeting the project purpose are 
the amount of kWh used or tl e amount of higher-cost fuel saved. 

The third level of objecti, es is the project output which is the direct product of the 

financial assistance. For a s, iall hydropower project, it is generally the physical 
installation and operation of he electric system. Measureable indicators of project 
output include the number ot consumers connected, the operational capacity and 
production of the unit, or inc ea.ed system capacity. 

The Karawa small hydro oject was designed to provide the mission with low-cost 
hydropower to displace the u - of diesel fuel and to provide additional capacity for new 
hospital loads. Btilding the small hydro plant permits the mission to decrease its 
dependance on fuel supplies, lower its operating costs, and provide improved medical 
services. Over a period of years, it will increasingly serve the toal 'f irnpro;ini; the 
quality of life for the rural population surrounding the Karawa Mission. 

Primary Uses 

The first step in planning a distribution system is to identify the target loads or the 
consumer loads, that meet the purpose of the electrification project. If the project 
purpose is to provide human services and thereby increase the quality of life, then loads 
such as lighting, hospitals, community centers, schools are the primary loads. If the 
purpose is to increase the economic activity and productivity of an area, then consumers 
such as cottage industries, commercial enterprises, and farms would be the primary 
loads. 

The primary loads are summed to determine the load characteristics of a minimum 
system. These characteristics can then be compared to the energy available and the 
amount of excess energy needed to serve secondary loads. 

At Karawa, the primary loads are those that are now served by existing diesels plus 
the capacity needed to serve additional hospital equipment. The mission's entire 
electrical energy requirements were supplied by several small diesel units. Mission loads 
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include 20 kW for lights, small appliances, and about 10 horsepower of shop tools 
including saws, drills, a lathe, and a plai.er. These tools draw large starting currents 
which cause voltage drop problems. A reliable electric power supply will permit better 
lighting, improved sanitation, storage of refrigerated supplies, X-rays, and a blood bank. 

Lighting in the hospital's operating and maternity rooms, laboratories, and patient 
wards will be upgraded and in many cases replaced with more efficient and longer lasting 
fluorescent lamps which require a steady source of power. Hospital operations require 
autoclaves and boilers for sterilizing instruments and supplies. This was being done by a 
very old kersone-fired unit. Electric sterilizers are more reliable, safer, and less costly 
to operate. 

The Mission doctor believes that air conditioning will greatly reduce the surgical 
infection rate and improve the accuracy of laboratory analyses. Therefore, air 
conditioning is planned for operating rjoins and laboratories to control humidity and limit 
the amount of outside air entering sterile areas. 

An electric load estimate was made to compare the Karawa Mission requirements Zo 
the hydropower site potential to determine the appropriate generating capacity of the 
turbo-generating equipment. This estimate is given in Table 1. All connected loads are 
not taking power at the same time which is accounted for by applying diversity factors 
which represents the composite probabliity of various loads being; on during the peak load 
period. A large diversity factor was applied to shop connected load of 15 kW since there 
are more machines than men to Lst them. 

Since the site is near the equator there were no seasonal variations of demand. 
Hospital routine is the same every (lay of the week which minimizes differences for 
weekends and holidays. Losses were calculated by assuming a 16, loss of capacity on 
peak demand and 10% loses of ne.-y (kWh). 

Table 1
 
Primary Mission Loads
 

Facility Coincident Energy (kWh) 
Demanld(kW) Per day Per year 

1. Hospital and related housing 40 433 158,000 
2. Mission staff housing o5 400 150,000 
3. School 2 16 6,000 
4. Shop 5 17 6,000 

Sub totals 112 866 320,000
 
Losses 18 88 3Z,000
 

Total 130 954 352,000 
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The load factor for the above requirememts is the ratio of the average annual usage to 
the peak coindcident demand or: 

35?.,U00 kwh
h35Z000 kLoad Factor 

= 0.31 

The hourly demands were derived and graphed as shown in Fig. 1. 
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Fig. 1. Karawa Daily Load Characteristics 

Energy Availablity 

After the primary loads have been identified, the power sources are investigated to 
determine the best alternative and if there is additional energy to supply secondary
loads. For isolated hydropower systems it is necessary to test the energy availablity
during dry season conditions and ensure that priority loads can be served. Then the 
energy available to serve secondary loads can be determined throughout the year. 

In the Karawa example, the power output for a flow of 1.08 m 3 /s, corresponding to 
approximately Q95, is 00 kW, which is shown on Fig. 1. Obviously the demand could not 
be served during the dry-season by run-of-river hydropower alone. However, the 
minimum output of 60 kW is capable of producing 60 x 24 hours or 1440 kWh over a Z4 
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hour period which exceeds the 954 kWh daily primary energy requirements. 

A site survey indicated that a 3.5 m high wier located directly above the fails would 
impound an active storage potential of 52,000 m 3 

, roughly equivalent to 800 kWh. With 
this amount of storage plus the minimum in-flows, the daily load demand variatiouns could 
be easily met. 

Secondary Loads 

In addition to meeting the project objectives, small hydropow 'r installations usually
 
must also meet certain finanical criteria in order to receive funding. Since the capital
 
costs of hydropower schemes are relatively high, meeting the financial criteria
 
generally requires maximizing the return, or energy usage, f unr installed.
the uit 
Standard methods used in the US and other central grid power limited) programs are to 
promote the development of productive uses and off-peak energy uses which increase the 
system load factor. However, at isolated small hydropower sites the system can often be 
energy limited with little potential for increasing the load factor. 

Productive uses of electricity will usually increase the overall productivity of the
 
target area thereby increasing the local per capita income anti the ability of the local
 
population to pay for electric service. Recent studies have indicated that in order for
 
rural electrification to he finanically viable, approximately 25% of the load should be
 
commercial uses.
 

Rural residential loads are characterized by low load facttors, often below Z0%. 
Increasing the load factor increases the amount of energy used w.th the same capital 
investment. Loads that can b managed to operate during off-peak hours will increase 
the daily load factors. Some loads to consider for off-peak applications are; irrigation 
pumping, cold storage, water heaters, fertilizer production, and calcium carbide pellet 
production. 

Load growth should bte encouraged if the initial demand is below the optimal power 
production potential of the hydropower site. It has been NRECA's experience that areas 
first receiving electric p wer will experience a large load growth rate during the first 
few years of operations usually, from commercial consumers. The growth then slows and 
becomes a function of tl e economy of the region. Typical growth rates are 10% per year 
for the first 5 years, and 6% through the pianning horizon- usually atleast 10 years. 
Generation and distribution facilities are then constructed to be easily up-graded to 
serve this forecasted load. It also is NRECA's experience that consumers need a source 
of credit in order to pur hase the electrical devices that will make the system viable. In 
several programs, consu aers must pay the cost of household wiring in iddtion to the 
devices they like would a prchase. The implementing agency must either be willing to 
finance such ventures, o. identify sources of financing for the overall project to be 
successful. The estimat -s for the secondary loads are added to the primary loads and 
again compared to the eiiergy availablity. 

At Karawa there were potential secondary loads identified in the mission complex and 
nearby villages. An electric liainm.rmill to be installed near Zulu Falls to grind corn and 
manioc to produce flour for the surrounding community was felt to be a useful additional 
load. 

Most homes at the mission hav kersosene fueled refrigerators which do not work 
effectively in the hot climate. lReplacing kersone units with electrical units will assure 
the the safety of costly and hard to obtain supplies in the hospital and avoid frequent 
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spoilage of food in the mission households. 

Additional demand may come from mission load growth or electrification of near-by 
villages. Tvo areas were considered as possible loads, the first ono a village located 
between the powerhouse site and the mission, and the other the village of Karawa 
located approximately 4 km to the south of tho mission Isee Fig. 4). 

The first village consists of approximately 35 houss and a school. There were other 
clusters of mud house in the area that appeared to be temporary structures. Potential 
loads were lighting the school and a village meeting center, a total tdabout 3 kW. 

The village of Karawa consi:sted u'f approximately 35 houses, a f,.. storcs and a 
school, all comprising a population ,f perhaps 200. A commercial shipping company 
operates a cold storage facility powered by a 50 kW diesel-electric generator which also 
supplies the otlice, employees residences, street lights, and few stores. These uses 
produce a peak load on the diesel unit of about 1,. kW which moans the unit is operated at 
inefficent partial loads. 

Due to the lack of a source for funds for the purpose, it was decided to not include
 
electric service to the two villages as part of the initial construction project.
 

The "secondary" mission loads then are added to the primary load yield the total
 
demand and energy requirements as shown in Table 2.
 

Table 2
 
Total Mission Loads
 

Facility Coincident Energy (kWh) 
Detnand(kW) Per day Per year 

1. Hospital and related housing 40 	 463 168,000 
2. Mission staff housing 100 	 680 2.47,000 
3. Schol 	 2 16 6,000 
4. Shop 	 5 19 6,000 
5. 	 Hammer mills 3 48 18,000 

Sub totals 150 1,226 415,000 
Losses Z4 120 44,000 

Total 	 174 1,346 489,000 

A rough analysis of the reservoir inflow/outflow/storage op,:rations was done to 
determine if the total load could be 3ervd with the potential storage. This was done by 
representing the daily volume of water flowing in and ,'ut of the reservoir in terms of the 
equivalent energy (kWh) the water could produce, and comparing this to the reservoir 
active storage capacity. This daily operation during the dry sason is graphed on the 
mass curve shown in Figure 2. 
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Figure Z. Mass curve for Karawa system 

The mass curve shows that the 800 kWh of storage is sufficent to meet the hourly 

eneyy variations during the. dry season days. However, since the flow will go as high as 
4 m /sat othez times, there is appreciable seasonal energy potential at the site. The 
mission believe- they can utilize this seasonal potential and have sized the generators 
based upon optimizing the river potential rather than the local projected demand. From 
the flow duration curve analysis they decided to install two units; a 150 kW propeller and 
a 250 kW crossflow turbine. 

Accordingly, the mission will investigate other load possibilities which can use 

seasonal energy. The cold storage facility is an example as it could run most of the year 
on hydropower and revert to the diesel capacity during the minimum flow periods. The 

hammermill could be considered a seasonal load as sufficent corn could be milled during 
periods of high flow to last the community through the dry season. 
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Fig. 3. Karawa dam sitc under contruction 1982. The 7 m falls is to the left andreservoir area theto the right of the (jam. 
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Fig. 4 Map of Karawa. 
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II. Distribution Design 

Since distribution costs can account for as much as 30 percerit of the total small
 
hydropower system cost, electrical facilities should be carefully planned. 
 A welidesigned distribution system minimizes the cumulative annual cost which includes
amortization of capital cost, the value of energy lo:,ses, operations, maintenance, and thifuture construction cost when building for system growth. There usually is more than one combination of voltage, conductor size and system configuration which will supplypower and meet the dsign criteria. However, when factors such as reliability, safety,
access to spare parts, and land use impacts are considered one choice usually stands outas the best. This section offers some guidelines for selecting the most appropriate

distribution system.
 

Design Voltage Selection 

Typical small hydropower projects have three voltage levels; the generator voltagethe powerhouse which can be stepped-up to a 
at 

higher primary distribution voltage andthen transformed back down to the secondary voltage for utilization by the consumers.In rare cases power from a small hydro sotuce can be distributed directly at generator
voltage to nearby loads without incurring voltage drops in excess 
of about 10 percent.For a micro-hydro plant within about a kilometer from its load, a higher generator
voltage such as 480 v could be sufficient to keep the voltage drop within limits and avoidtransforming up to a primary voltaget level. Generally, medium voltage systems (2.4-10kV) can distribute the power from a small hydro unit without excessive voltage drops.However, the medium voltage systtm has greater energy losses and requires larger
conductors to distribute the same amount of power than higher voltage lines. Mostcountries do not have national standards for medium voltage system and hence it will be more difficult to find spare parts or interconnect into large systems in the future. Insuch cases, the natimal standard high voltage should be used for the primary distribution 
voltaL". 

Secondary (consumer) voltages are usually either 120/240 v, three wire single phase or220/380 v three-phase systems as used widely in Africa. The choice depends largely upon
the voltage rating of available electrical devices such motors, lamps, etc.as 

Configuration 

Two configurations widey used for the distribution system are the three-phaseungrounded (delta) system, and th, three-phase/single-phase, multiple grounded neutralsystem. The advantage ot the latter is that single-phase taps can be run at primaryvoltage to small loads at lower cost than running all three phases or two fully insulatedphase wires for single ,' e. Also, single bushing transformers can be used, furtherreducing the system cost. NRECA recommends use of the three-phase/ single-phase
configuration which is increasingly being applied to rural electrification programs. 

At Karawa the distance between the powerhouse and load center is 11.2 km and henceit is necessary to step up the generation voltage to a distribution voltage level. In Zairethe national standard distribution voltage is 11 kV so a voltage in this class was
selected. The three-phase/sin ,le phase configuration was selected because: (1) singlephase taps could be rim at a lower cost; (2) the equipment was partically donated fromUS sources which use the multiple grounded system; and (3) the mission has many singlephase motors alreadiy in us, on the initial diesel electric system. A 7.2/12.5 kV mulitplegrounded system was chosen to distribute the power from the powerhouse to the mission 



load center. 

Conductor Selection 

Choices for conductor type include bare overhead conductors insulated suspended 

aerial cable, underground cable, or a combination of cable and bare conductors. 

The advantages of overhead conductors are that they are geonerally less expensive for 
primary voltages, are easily to splice and tap as new loads develop, and line faults can be 

readily located. Poles can be either wood, steel, or concrete. Where timber products 
suitable for manufacture of wood poles are available, a full pressue treated wood pole 
may be produced for 50 percent less than the equivalent concrete support structure. The 
average concrete pole of comparable size is generally twice the weight of a wood pole 
with one-third less tensile strength. In urban electrification where poles are spaced at 
intervals of less than 50 m, the strength is of little concern and the t:onomics of wood 
versus concrete are not too pronounced. However, in rural electrification, with spans of 

150 to ZOO m, the tensile strength is a major consideration. Also, breakage in 
transportation over country roads is minimal for wood poles, attachments are cheaper, 
and the foundations reouirements are simpler than for concrete poles. 

The advantage cf cables are that they do not require heavy poles and pole-top 
hardware, trenches can be dug with local labor, and buried cables are less susceptable to 

fire, storm, and lightning damage. Rights-of-way require only minimal maintenance. 

The primary conductor should be sized to limit the voltage drop during peak load 

conditions to under 50,o. The number of different conductor sizes should be held to a 
minimum to reduce w.rehouse stocks and maintenance procedures. The following is a 

system that has worked well for ov.rhead construction: 
o 	 for main three-phase primary feeders utilize 1/0 aluminum conductor with six 

strands of aluminum wire and one strand of steel (6/1 ACSR) along with #4 7/1 
ACSR as the neutral conductor. (Anything larger requires h~avy construction 
standards with related additional cost.) 

o 	 for all taps, except where loads necessitate a larger conductor, use #4 ACSR for 
both the primary and neutral conductors. 

o 	 for secondary lines, match 1/0 ACSR and #4 ACSR with the transformer
 
capacities.
 

o 	 for service drops, use ACSR duplex, triplex, and quadruplex in order not to mix 
material types (aluminum and copper). 

At Karawa, an underground cable was selected primarily because of the difficulty of 
importing poles and hardware to the site, iu:d the high incidence of lightning and brush 
fires along the line route. A three core, *Z aluminum, 15 kV cable with a neutral shield 
was selected which will yield a voltage drop of 1.43%o during the evening peak load 
period. This cable is oversized for the initial load but could handle the full 400 kW 
potential of the site if needed in the future. 

Route Selection 

The following criteria should be considered in selecting routes for distribution lines: 
o 	 the existence of all weather-roads for main three phase feeders, 
o 	 the existence of at least seasonal roads for single-phase taps, 
o 	 consumer density. 
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At Karawa the route for the primary cable extends along the road from the river to 
the mission. A map of the Mission is given in Fig. 5 and a preliminary layout of three
phase and single-phase circuits marked from which approximat,! lengths of primary and 
secondary lines were scaled. Most of the services are single-phase except for the shop 
where there are some three-phase motors. The hospital load is large enough ( 95 kW ) to 
warrant a three-phase feed although the loads are all single-phase. Line taps were 
selected in a manner to balance the loads on all three phases from the generator. 

Transformers 

The largest source of losses in a typical distribution system comes from transformers 
losses. Hence, -,election of proper transformer will include consideration of the value of 
the losses over the life of the transformer. The step-up transformer can be either one 
three-phase transformer, or three single phase transformers. The single-phase 
transformers are eariler to handle, transport, and adapt to changing conditions. A fourth 
single phase transformer car serve as a system spare. Step-down transformers are 
located close enough to loads to keep voltage drops on the secondary under 1 volt. This 
still leaves a choice of installing several small step-down transformers, or fewer larger 
transformers. A guide for making this determination is to: (1) install a single
ransformer bank for all priority loads such as a hospital; (2) do not install any 

.ransformers less than lkVA, and (3) do not employ transformers larger than what can 
be handled by local crews with basic tackle. 

At Karawa the transformers were donated. Accordingly no analysis was made of the 
energy losses. Five load sub-areas where identified to be served by step-down 
transformers: 

(1) 	 the hospital 95 kVA 
(Z) technical service 45 kVA 
(3) 	 girl's school 15 kVA 
(4) 	staff residences 150 kVA 
(5) church 50 kVA
 
Total 355 kVA
 

Protection 

The level of protection should be kept simple, yet adequate to avoid catastropic 
failure. A few suggestion are: 

o 	 use simple line fuses rather than automatic reclosers and sectionalizers in isolated,
 
inaccessable areas.
 

o 	 either purchase self-protected transformers or fuse all transformers. 
o 	 install surge (lightning) arresters along the main feeders. 

Meters 

Meters may be deleted on small hydropower systems if there is sufficent power to 
serve all loads and the cost can be recovered by a fixed monthly fee. On other systems, 
meters are recommended. 

REA Standards 

The United States Rural Electrification Administration (REA) has published numerous 
specifications, standards, and instructions for planning, designing, and operating rural 
electric power systems. Over one-third of the electric distribution lines in the US were 
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bt'ilt to these specifications. Operating instructions include a management model,
 
accounting systems, materials records management procedures and numerous
 
recommedations for safe line maintenance. Copies of theses documents are available for
 
a small fee from the Superintendent of Doucuments, US Government Printing Office,
 
Washington D.C. 2040Z.
 

Cost Estimates 

All distribution construction should be planned, bid, constructed, and paid for on the
 
basis of assembly units. An assembly unit is a collection of materials to serve a specific
 
function. For example Fig. 6 illustrates the VC-1 assembly unit for a three-phase
 
crossarm support. The number of assembly units required per kilometer of line can then
 
be estimated, and tile material and labor cost based upon the number of assemblies.
 

At Karawa the distribution cost were estimated as shown in Table 3.
 
Table 3
 

Karawa Electrical Distribution Cost Estimates 

($ us ) 

Item Unit Per Unit Cost Quantity Total Cost
 
Material Labor
 

15 kV cable -main m 5.76 2.68 11,200 94,528 
15 kV cable - 1/c m 1.96 0.38 1,ZOO 2,808 
15 kV cable - 3/c in 4.96 0.40 700 3,752 
Transformers- kVA 30.53 12.40 355 15,240 
Service cables m 0.83 0.37 5,000 6,000 
Secondary cables m 2.07 0.40 1,000 ",470 
Service entrance 
and meters each 111 5 90 11,340 

Pedestals each 153 91 4 976 
Misc. 1,700 

Sub- Total 138,814 
Shipping 20,000 
Contingencies 15,000 

Total 173,814 

For cost estimates $ 174,000 

Notes: 
1. Above material cost are 1978 US catalog prices and no not include ocean or inland 
freight, customs. 
2. Cost escalation varies with each material but increases since 1978 will generally be 
around 40%. 
3. Labor costs represent what imported labor by multi-skilled journeymen would cost. 
Permenent Mission staff would do much of this work and supervise local laborers. 
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PROTECTION AND AUTOMATIC CONTROL
 
FOR SMALL-SCALE HYDROELECTRIC PLANTS
 

I. INTRODUCTION
 

Energy development in the rural areas of developing
 
nations has, in the recent past, become a significant part
 
of energy planning for the nation as a whole. The social,
 
economic and technical complexities in pursuing a rural
 
electrification program are considerable. The technical
 
solutions range from extension of the existing electrical
 
grid to installation of isolated diesel generation units to
 
installation of small-scale hydroelectric units. Often no
 
single solution is satisfactory when the problem is project
ed into the future to account for load growth and system
 
expansion. A system capable of flexibility and expansion as
 
well as providing a means of data collection and resource
 
optimization should be considered when specifying a rural
 
electrification program involving small hydro.
 

Small-scale hydroelectric development refers to a wide
 
range of capacities from a few kilowatts to several mega
watts. It is important to recognize that the technical
 
approach to hydro development will vary widely within this
 
range particularly on the low end of the scale (less than
 
100 kW) where the degree of complexity and automation of the
 
system is drastically reduced. At the larger end of the
 
small hydro power spectrum, from 500 kW to 5 MW and up, a
 
greater degree of complexity is inherent in the electrical 
control design of the station. It is this end of the 
spectrum that will be the focus of the discussion. 

Regions that are suitable for small hydro development
 
are often remote from the electric grid system and from any
 
substantial load center. Furthermore, it is often found
 
that the geography and hydrologic characteristics of an area
 
will support more than one hydro plant, either on the same
 
river or stream or within the same drainage area. In these
 
cases in particular, automatic control is indicated as an
 
alternative to manned operation along with some form of
 
supervisory control.
 

Automatic and supervisory control are generally con
sidered to be only cost effective in large (5 MW or over)
 
generating stations, but reduced costs due to standardized
 
hardware and flexible software render them an economically
 
viable choice for incorporation in small-scale development.
 
This paper will address in general terms the application of
 
automatic and supervisory control to a small hydro station
 

'\
 



in the U.S., and discuss the benefits and potential cost
 
savings that may be applicable to a similar system incorpor
ated in hydro installations in developing nations.
 

II. THE SANDERS PLANT - A CASE STUDY
 

The Sanders Plant is an unmanned small scale hydro
electric plant located in northern rural Vermont approximate
ly seven miles from the Village it serves. The powerhouse
 
was built at the base of an existing dam that impounds water
 
from a drainage area of approximately 14 square miles thus
 
permitting it to be used as a "peaking" installation.
 
Control and monitoring of the plant is accomplished from a
 
manned hydro plant located in the Village itself. An oper
ator at this plant is able to stop, start and monitor the
 
plant, as well as change load levels and the power factor.
 

The powerhouse contains two identical 900 kW vertical
 
Francis turbines direct conne.ted to two synchronous genera
tors with brushless excitation. The turbines are regulated
 
by hydraulic speed governors manufactured by the Woodward
 
Company. The generator switchgear, one of the most criti
cal pieces of equipment in the powerhouse. encompasses all
 
the equipment necessary to connect the cutput of the gener
ator to the electric power system. Switchgear is a general
 
term covering switching and interrupting devices and their
 
combination with associated control, instrumentation, meter
ing, protective and regulating devices. For the purposes of
 
this discussion the switchgear will be divided into protec
tion equipment and control equipment both automatic and
 
supervisory.
 

Protection Equipment
 

A crucial part of any small hydro plant deals with
 
safety of personnel and machine protection. The devices
 
needed to accomplish this can be very extensive in scope or
 
relatively straight forward depending on the protection
 
scheme to be employed. It should be emphasized that more
 
than one solution is possible and the scheme described below
 
while suitable and sufficient for the plant in question may
 
vary considerably for another installation.
 

A one-line diagram for the protection scheme of the
 
Sanders Plant is given in Figure 1. A brief description of
 
various critical protective devices and their function is as
 
follows:
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Figure 1
 
One-line Diagram
 

Device #52 - Generator Circuit Breaker - This is the 
main switching device in the small hydro plant and must be
 
designed and built so it can open the line in case of a
 
fault without destroying itself. The continuous current rat
ing is based on the rated output of the generator while the
 
short time rating is based on the available fault current
 
from the utility network. For the Sanders Plant these rat
ings are 4.16 kV, 1200A continuous, 29000A short circuit
 
rating, 250 MVA. This is a standard 5 kV breaker. The gen
erator circuit breaker is tripped by the various protective
 
relays as the control scheme dictates.
 

Device #7 - Generator Differential Relay - Is used to
 
detect internal faults within the generator by comparing the
 
currents on each phase on both sides of the generator.
 
Differential relays, among others, are connected to Device
 
#86, the lockout relay, which always requires a manual hand
 
reset action. Also, the differential relay must disconnect
 
the excitation from the generator to prevent further gener
ator damage.
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Device #51V - Voltage Restrained Overcurrent Relay -

This senses the line current and line voltage and adjusts
 
the tripping time proportionally to the line voltage. Thus,
 
the tripping time becomes shorter as the l.ne voltage
 
droops. This relay is used in conjunction with Device
 
#46, the phase unbalance relay, to detect an overcurrent
 
situation on any phase.
 

Device #32 - Reverse Power Relay - It sen:.es power flow
 
into the generator from the system: A situation which would
 
occur with a governor failure, or immediately following syn
chronization before the turbine can respond to a signal to
 
pick up load.
 

RTD - Resistance Temperature Device - Used to detect an
 
abnormal rise in generator stator temperature or bearing tem
perature. This is usually linked to the lockout relay and
 
requires an operator inspection before restart is permitted.
 

Protective device operation initiates rapid shutdown of
 
the unit involved, independent of the programmable con
troller as follows:
 

(1) An emergency shutdown 'ith lockout is provided to
 
immediately trip the generator circuit breaker, and
 
bring the unit to a stop. The unit may not be restart
ed without a manual reset.
 

(2) A normal shutdown with lockout first unloads the
 
unit, then trips the generator circuit breaker, and
 
brings the unit to a stop.
 

(3) An emergency shutdown without lockout provides an
 
immediate trip of the generator circuit break-' and
 
brings the unit to a stop but allows the unic to be re
started again remotely if desired.
 

The above protective devices are recommended for a
 
small hydro installation particularly if operated remotely.
 
Again, the number and types of protective relays vary
 
between installations and the addition or deletion of partic
ular protection functions are dependent on the design
 
scheme.
 

Automatic Control
 

A typical small hydroelectric plant consists of the
 
following components:
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Hydraulic turbine equipped with a flow control device
 
such as wicket gates.
 

Generator of either the synchronous or asynchronous
 
(induction) type.
 

Speed governor or load ontrol device.
 

Circuit breaker.
 

Protective Relays.
 

Synchronizing equipment.
 

Electrical control equipment.
 

The proper interaction and sequencing of valves,
 
motors, pumps and protective devices associated with the
 
above listed components must be monitored and verified dur
ing a startup or shutdown procedure whether the plant is in
 
a automatic or manual control mode. Interlocking relays and
 
annunciator lights indicate to an operator if the various
 
systems are functioning properly and if the plant is ready
 
for startup.. As the number of auxiliary relays increases to
 
interlock systems and prevent operator error, the reliabil
ity decreases and maintenance costs increase. To remedy
 
this situation, a programmable controller can be used as an
 
effective substitute for auxiliary relays.
 

The programmable controller (PC), in its simpliest
 
sense, is a replacement for convential electromechanical
 
relays for electrical logic control. It is a microprocessor
 
based system that allows a relay logic program in ladder
 
diagram format to be entered into the constant memory. The
 
logic program is constantly executed and turns real world
 
outputs on and off according to the status of real world
 
inputs and the internal logic. In addition to digital
 
status signals, the PC is also consistant with analog
 
signals allowing the control scheme to include adjustable
 
setpoints.
 

The Sanders Plant employs two General Electric Series
 
Six programmable controllers to control each generating unit
 
individually. Although one PC could be used for both units,
 
the incremental cost for a duplicate system was readily
 
justified by the increased reliability and a low incremental
 
cost. The PC's monitor the status of all inputs, direct the
 
status of all outputs, and sequentially start-up or shutdown
 
the plant either locally or remotely. In addition to auto
matic operation, a manual mode is provided in which the PC
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is bypassed and all startup and shutdown procedures can be
 
affected by operation of control switches on the front panel
 
of the switchgear.
 

An automatic synchronizer and automatic voltage regul
ator are also necessary components of the automatic control
 
scheme. The automatic voltage regulator used in conjunction
 
with the brushless excitation system is equipped with a
 
motor operated control rheostat (MOC). The MOC will receive
 
pulses for raise or lower voltage commands and adjust the
 
voltage regulator accordingly. In the automatic mode the
 
pulses are of a predetermined duration and issued by the
 
automatic synchronizer prior to synchronization with the
 
line to bring the incoming voltage equal to the running bus
 
voltage. Once the unit is "on-line" the remote operator
 
will send raise or lower commands to the MOC to adjust the
 
power factor.
 

The automatic synchronizer is a solid state device that
 
will automatically sense speed, voltage and phase angle
 
differences between the running bus and the incoming unit
 
and adjust the latter. When the unit is ready to synchron
ize (speed and voltage matched) a close command is issued to
 
the generator circuit breaker in anticipation of zero phase
 
angle, taking into account the closing time of the breaker.
 
The ciose command is either permitted or blocked by the syn
chronizing relay (Device #25) as a double check before clos
ing the breaker.
 

Supervisory Control
 

Supervisory control generally implies remote operation
 
of a system where it is impractical to direct wire the con
trolled device. The supervisory equipment provides an oper
ator at a remote location with enough information to deter
mine the status of a generating facility and to cause
 
actions or operations to take place without being physically
 
present. A supervisory system can range in size from multi
ple master stations and multiple remote stations to a single
 
master with a single remote. The latter system is what will
 
be discussed here as remote control of a small hydro plant.
 

The programmable controller that is used for automatic
 
operation of the plant is used for the supervisory control
 
function as well. The remote operator can accomplish all
 
the functions in the automatically controlled plant that are
 
necessary for starting, stopping, and adjustment of load
 
level and power factor. In addition, the operator monitors
 
the water level of the impoundment, the status of the gener
ator circuit breaker and the status of the high voltage
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recloser located in the switchyard. The operator's console
 
is shown in Figure 2. The electronic totalizer shown on the
 
operators' console is independent of the programmable con
troller. It's function is to totalize the net system demand
 
thus providing the operator with information as to when to
 
run the remote plant. Because the plant is intended as a
 
peak following installation, it can be run at the most
 
economical times (i.e., when it is displacing the more expen
sive alternative) by using the system data. An annunciator
 
panel, similar to the panel at the plant, is provided for
 
the operator enabling him/her to monitor all protective

relays, all modes of shutdown, and the status of station
 
alarms, such as: fire, intrusion, and emergency power
 
system fi.el level. A photograph of the remote annunciator
 
panel is shown in Figure 3.
 

a - 'J ['r-_ 

Figure 2
 
Operator Console
 

The addition of supervisory control for remote opera
tion of the automatically controlled hydro plant was a very

small step both technically and economically. All the logic

functions necessary to arrange data are inherent in the PC.
 
To serialize data for communications through a modem, the
 
addition of one more output module (Remote I/O Driver) was
 
required. In the remote control location an I/O rack with a
 
Remote I/O Receiver and other modules, the operator's con
sole, and annunciator panel completed the system. A simpli
fied block diagram of the system is presented in Figure 4.
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Figure 3
 
Annunciator Panel
 

Future additions will include a small independent micro
processor with floppy disk drive and 
a hard copy device.
 
This will be used for two main functions. (1) It will
 
record all generation from local hydro plants record purchas
ed grid power from three remote delivery points, provide a
 
sequence of events record and store, correlate, and summar
ize the data for a monthly report format. (2) It will make
 
available a dynamic profile of the purchased power entitle
ments of the village and use this as the criterion for auto
matically operating the hydro unit as a peak following facil
ity. By entering daily or hourly updates on the various
 
components of their power mix, the village can further opton
ize thier hydro resource.
 

III. SUMMARY AND CONCLUSIONS
 

Switchgear is perhaps the most critical component of a
 
small hydro installation. It's first function is to protect

the major equipment from internal failure, external faults
 
and operator error. The protective devices included in the
 
switchgear scheme should be studied carefully and selected
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to be applicable to the individual plant. Some of the vari
ables to be considered are type of generator (synchronous or
 
induction), type of excitation and type of hydraulic turbine
 
control. Each of these variables will influence the number,
 
complexity and timE characteristics of the protection
 
scheme.
 

LOCAL MODULES 

i0 

I ANCITOR 

RE MOTE A 
REMOTE' /0 1
 

MODULE S 0 -<M 

Figure 4
 

Block Diagram
 
Programmable Controller Configuration
 

The second function of switchgear is to provide a con
trol scheme for the plant. The minimum control scheme must
 
dictate the startup and shutdown sequences whether in a
 
normal or emergency situation through the use of interposing
 
relay logic or, as suggested here, the use of a programmable
 
controller. Some of the advantages of incorporating a PC in
 
the control function of the switchgear are as follows:
 

*It eliminates the need to construct large relay panels
 
and to design extensive interconnection diagrams.
 

•It provides a flexible aspect to the control scheme
 
where cn-site changes to the program for operating or
 
protection procedures can be made in minutes.
 

*The PC includes basic logic functions that permit an
 
optimization routine to be part of the control para
meters. This is most valuable when multiple units are
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employed or planned, or alternate generation such as
 
diesel fired base load equipment is used.
 

eThe present state of the art in programmable control
lers provides a high degree of reliability. Discrete
 
plug-in printed circuit cards are arranged to facili
tate troubleshooting and repair by interchanging 
or
 
replacing the troubling card.
 

-System expansion or the inclusion of future isolated
 
installations in the area can be accounted for and
 
incorporated in the overall control scheme without
 
major changes or physical re-design.
 

-Remote supervisory control and data acquisition can
 
easily be incorporated into the system.
 

A coherent "systems" approach to rural electrification
 
in developing nations is 
an option that should be considered
 
in the earliest stages of planning. Modern technology has
 
simplified the programming, and operation and maintenance of
 
programmable controllers while increasing their flexibility

and reliability and decreasing the cost. In addition to the
 
advantages in control given above, the following benefits
 
that may be realized in a national rural electrification pro
gram are suggested:
 

-A centrally located supervisory control system for a
 
series of small plants in a region would decrease the
 
technical training requirement. A staff of profession
al operators would be trained for employment at the cen
tral control and part-time maintenance personnel would
 
be located at the remote sites.
 

-Generation data, maintenance records and inspection

schedules would be available in a central location in a
 
standard format. Maintenance would be co-ordinated on
 
a "preventive" basis and generation and load data
 
correlated to provide an overall view of electrifica
tion.
 

-In situations where cascaded plants are viable, the
 
time delay between facilities can be used in conjunc
tion with minimal impoundments to produce constant gen
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eration levels as well as peaking requirements for the
 
regional system.
 

-An economic benefit can be realized by standardizing
 
remote control operation of dissinfilar plants. While
 
the individual control scheme of remote plants will
 
vary, the man-machine interface will ie constant at the
 
control location.
 

.By providing a relatively "high tech" involvement in
 
small-hydro development, university trained nationals
 
may be induced to remain in the country.
 

The item to be stressed in the development of a rural
 
electrification program is that of permitting flexibility oZ
 
control and the capabiiity of incorporating future changes
 
into the present plan with a minimum of cost and re-design.
 
This system described here is a move toward that concept.
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AT ftICAMALLHYOPOW-. W01G ,'HOP INZIAJ sjK1 Ni: ~P2o JU0NE i9S 

NAJJ-ONAL___ A'VII. IN KENYA 

INThO0JUCT ION. 

Kenyas installed capacity in 1982 stood at 348.5 MW
 
This is excluding 3014W imported from Uganda. 
Kenya has a
 
total of 11 power stations, out of which 5 stations have an
 
installed capacity of 2MW or less and 2 stations have a

capacity of 0.4 VI' 
 or less. The total hydro generation in 198.
 
is 1589 GIh. Further Kenya just commissioned its second phase

of a geothermal power project. 
It now has a 30 MW geothermal
 
plant and a 98 MW thermal station. To'tal generation in 1982
 
was 1946 Gh,. 
Kenya expects to be self sufficient on - hydro 
and geothermal power by 1988 when some 2 on.-going hydro-power 
projects will have been commissioned. Kenyas go'.l of being tot 
totally depenaent on hdro anid geothermal power is aimed at 
ruducini,the oilJ!
i.port"bill. 

As lon6 as kenya can produce sufficient energy in thc

large hydro-stations implementation of small hydros will remain
 
unviable from an economic point of view. 
About 88 - 90% of
 
henyas population live on a narrow high potential belt which
 
spreads from the coast of Kenya to Lake Victoria. This area
 
also happens to be the best suited belt for small hydro develo
pmeit due to its favourable catchxnnts grounds. In this belt
 
th. grid is fairly well developed and it is therefore more
 
economical to extend the 6rid than implement small hydros. 
The
 
already existin, small hydros were developed ovur 20 years ago

by companies requiring power in isolated areas. 
 They were how
ever hznaed over to the National distribution agent and are
 
now connected to the main grid.
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kenya has a National iMaster Plan which also covers 
all aCtivitics in hdropower. 
 In addition there are sonic con
sultants report on inini-hydros for various parts the
of country. 
Soae of thu sites studied are very promising for small nnd 
,aird-liyd.u -imldeueltation had it not been for the neighbour'..

Ot the ,-i-in grid. Thcre. is on,. site however which lies on 
 the 
slopes ol Mt kil.ianj:ro arid which happens to be far from th,. 
min 6rid. lans are under way to construct a minihydro pow..v
plant heru to servL a hospital. still even for this one it 
would hLav, ueeln a lot cheep ;r and convinient for he loca.,l
 
people ii ,xoawas be
thL to connected to the 14ation-al 6grid.
itu idUetification, ine suring of water flow and precipitatlion
 

still curlLinu(es.
 

The oinistry of ,'nergy is the one charged with the dutly
 
of bn(igy Plannin, 
 K:.ya Power Conpany (KPC) mnd Tan. and 
Athi RivLr Development Ccinpany (TAIDC) plus Regional Developient
iiuchoiities execute the imiicen tation while East African 
rower and ,ighting (LAi-L) does the operation an mainten-o.nce ,l
the plants tcoeLher' ,ith power distribution. 

kenya has a moderate potentiail of hydro--electric poor.
,,fnen fully iLaplcei.ioted the capacity will meet the dev,-lnd up t,

t!yur OO. fican annual rainfall in Kenya r'ngcs frUm i::"
 
than 21Ota11 thein arid north and e-iscern re,'ion to jiorc than 
2000,,1 rie.i" tne hibh m.]untz.in r"nes. The c'untry is divided 
iAr 5 ;ain catcht.iunt areas .hichoi Tanin Rive" (The iargin{e U 
vivei in iKenya) are comprises the la.rgest potenti.-l for hvidr
poiur deveipmnc. The lake basin, part of the Rift Valley, 
Athi aiver area also have suitable areas fc.r hydropowvr deve
.lOp:ent • 

2ariff is similar for the whole country. It tends twa.s 
chew'er unit furprices hi!sher consumytion and also h's lvicr 
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rates for off-peak supply for water heating. Total consu
-iption of electricity in 1962 was 
 161 GT1. Out of this 28%
 
was in 
 the doi.iustic and siall ccmaiercial use, 6L .,for large
 
coalercial OLqd industrial, 
7, for of -peak and T6 for street
 
Lightin3. The r.iain cunsuniptit.n took place in the urban 
areas.
 
vur the rural areas the use Of electl'icity is very sparse due
 
to the fact th.t trcansi.,issijn and distribution 
net-wc-rk is n(t

well Qaveloped. The situation has however, 
 been changing_ fast
 
since a rural electrification prcgra.ime 
 was Launched in 19X3.
 
In total only 2u of henyas energy consuaptio-n comes fr'in ele
ctricity, more energy c.ntributi'n comes 
 from woodfuel with asharc of 7-%. All public supply excopt for 5 remote miner tr vms 
C-mos from the rw-ir grid. The quality and reliability of su
is th,.rofore high. Operatiun and 
ma;intenatce requirements ;,rc 
met by the power conpany's own staff (of engineers and technio 
Cians) which is locally trained. 

Capitol costs for small hydrcs in Kenya sh-.w a wide

variations from prcjectone site to another. Investimnnt costs 
1 'r abcut 17 investiLated sites in Western henya and Upper Tane. 
,aeas varies from 1400 to 8500 YSS$/kw (1982 prices). Of thisthe share of civil works and generatca' equipment c:nsists ,,1
abCvL 50/,. The recurrent cost of capital is usualy -based (n
J.'O
Years liie time and j11 interest rate, whil- perating enu 
I.aintenancc cst are estimated at abc-ut 211. of the capital ccsts. 

The large scale hydros are financed thr ugh soft loans

irm donors cr thrcugh the w.rld Bank and byals, loc:l c.-ntri-
Outin. N, small scale hydros have oeen implemented in the l'o'. 
)0 years. DosiLn work is done by locally trained engineers and
technicians. The Pcwer Company (EAPL) cGnsists mainly -:f I\enyeae. 
I",- pvWl t,-S fLror'jn)m:Y in.c 41r- teochnicians every year. 
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WALL HYDROPOER ACTIVITIES IN MAURITIUS 

.;rlri[liuis c.sail 5sl-nd of volcanic origin and it covers 

. ;-roc. of about 1064 km2 . It is not i.,mountainous as, say, a 

uerby isi:,ni', Reunion, but it cannot be classified a fliat country. 

The t.:,)ro!)r1i,e s.i s for hydro power development are found in the 

.arimu ncius .;oiu-:arn r):rts -if the island End most of Uio major sites 

io-vJe ;-,aun ;xplnitnd. The stotion with the highest head is at Tamarind 

Fr.lls, namcly, ?292-

Thu uajo fm'or :r" whleh has retarddcr hydro povr development is 

cxtcnt rnid i';ort.rce of irrigation in the sugar industry, this 

industry beinq th:: ,.ckoe.:oof the islands uconomy. There has been 

rcc,,nt 2!. sis on hi,'? ootimis.tion of our, lrrigition systcm which 

i:)Q7rmi t the. r3;o catrer for oc,.cr doveloomont.a< ,ore This policy 

11- rseuivcd a hofist I ti the introduction of water saving.. irrigation 

'.iL:;n)ds o.I tro irr{-,t on. 

Thu Lot:.]. it U.- ",er Production oF the country is around 2019 

Sr'.nji].y, thi.n rfep :cunbn a rnnu.n \I.alLuO of' ?0 GWh. (The Champagne 

. Lo baa oeulutud by tile beginning of next year,:It,r -'i 


1
 ...! . _inci":w. th~; ro,.iction ly about 32 G-);I). Statistics based on 

id by m'': W~ eS OJVE ARLP, SIG',!A - rOGREAH and EIEC 

.icihi' r: :7 ynO trltil of asout M Wh ainnually. IfnD! GC 

: ,., cn-n s cts w ru c.qrave suacessful to,.ne -- -r,,Dj say, 

i-.is .. nL.ilncrese of M',l in thu hrydro oroduction. 

r ::.rn. ; ii -' . .i for aI st and ,o,possible hydro schemes). 

3 

P. r ar'.ion ir the flonth of Fubruary 1983 were fnl.ows:F::a.>; as 

Avrmc: fot/Kih Energy Source 

0,3. Diucrl 

r,o? Hydro 

m Coal (Estimate) 

, ' ', how that suhstvnti.'I sa,/inns con be made not 

"7y vhc.. anrKd:'chjerir --f olectricity.(The Ce'ntrn] Electricity Boiard, 

1..t1-- .. !,.'taoL V sumar Ui(_;; t:l , of rne y depends on 

. i. to_, r o") :iradi u : zoiriare, .ith the total(Uiioa %Lrv 

-c'ut-ici It t sr, ha nr, mbored thl. tL ureful li.fu ofo:;. a
 

,yvdrn s11;1c ro, ,nger' LhWifn that of a thur'rali scheme.
 

2/...
 



A recent mission of 2 experts sponsored by UNDP visited 
, t last year (From the 12th of October to the 6th of November) 

_.:n '.der to cw-]uato the small hydro power potential of thu island. 

T:i, ntu, indicatc reportI fnfoin onn that the was still urder 
.... 2>a,.. Tnu e a,ovisitcd by the experts were in the Maec-Aux

V.'s/K~hc I.,37u ./T LIrine Falls area, tie Chemarel area and the 

?>x.-c'l.iJcr r.&. Thu possible annual production from these sites 

C.:i.f 3,6 GVh, G,J1W1 end 0,6 Gh rosoectively. All the proposed 

si'c ! cO']k2 not bu3.,vesticaoLd because of he limited time available. 

L3P :-,rjL;cts erthl iemtiunninj ore th :,DiamCMouve/Champagne Scheme 

--nc~, L,-Fore Scherm. The first scheme proposes a possible 

Jot.nhic.i of 21 GV.h, dhis would increase the oxoected production of 

Ii.) Vm ioiona !r:,jectby w;. In this region, a mean flowrato of 

1,3P oi/s -f thu r.tor awvlilable is being diwnrted northwards for 

on pU-i sU.. It is .vorth quoting from a report made by the 
'n..vy ;unins Engineering Corootion (SMEC). 

"It is sigrifiecntly mere economic to use the Grand River 
Ceu'Lh East .ater resources for hydro power kjcneration than to use 

•t,.:in thc Nor then Pielins Irrigotion Project". 

The L Fc.rme Po.':r Station, has seon its output reduced and 

fir ]. st,- )rI v.inq; to ai unrr'liable water suoPly frm the Rivicro 

du 8 ~rr* In ].6/., diversion of water from the higher grounds into 

La Fe, i r-craor co :udi&! by the C.E.O. The scheme was ot 

, ;f t-hat icausc.! of cast of civil works involvedeje, the 

S0.,it inq tota t,h of" diesel W.], however, the present situation 

~iovm :S t h attu;chcqgs hvC' tozen plEcee. A report from SIGMA

-i indi_-ota:- -n omt i.lability of over 20 1/s of water, this water, 

if livert r inFlow to the feederwoo al.:l the and enable the 

"--L , i..;rrne p ver station with an improved output of 

,:cic: 66 S, as cornrj:red with 3,6 G./h previously. P- must also be 

rer,- I r t-'rtudy of lieu economics of the allocation of 

.,icertoLirt :,cr inst the :llocatinn )f oater to energy would 
, 
idv. i- U'1 -us a substentia]. port of the flows of the two 

,;v'-n fc:-dcrs in thc. region are Loing used For irrigation. The 

'.'.es reject :c. ,3r-ralrmmcd as follows: 

St I 1983 5,0 G",h
 
L,-g- iI i182 ?,1 GVh
 

Stag III ]995 12,6 GC.'!Ih 
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Thu Bonquc Africaino do D(voloppomcnt has accepted to finance 

'-h complementary sLudios for the Guibius project in its 1983 programme. 

Thu Central 'later Authority (C,./A) now schedules the commissionning 

of thu first of LhruU stages of the project in 1987/08. 

Thu ]Ist ef hydra pover potuntial si :cs is by no means exhaubti' e 

-n.] the pruceeding comments hig-hlight the immediate possibilitios for 

i. Jc.eloment proclrznrio. Tie imminent prusence on site of specialists 

Lr t o study of proposed sites and eventual ones would undoubtedly 

fjrcsst thu cfforts of the CuntrL- WAlater Authority and the Central 
7-, ,tricity Board um- with tho support of the Ministry of Energy 

-nd Communi.:ations iro already devoted to the country's interest. 

V'eYwculd duuply welcome thu inf)-jw of very long term loans 

s,[ith lo,, rotes of interest from friendly overseas organisations, 

vhich tcke en 'unsi V'!sh interest in our %vll being. Those loans 

:nud cncbmc us to imolament immdiatel, our plmns in the development 

of our rcmaininu hydro reso rcs and clso in the optimisation of our 

'xio'ti. sitc:s. In VICticu]rwuld studies for the Eauwe wolcomo 

H8',. Rcsc'voir, w., losses by infiltration through adjacent flows 

.,v. a;a' . banks represent of 3 per year., " on its n ovcrcge 13,4 mm 

T',e-ae losses rr indeed significcnt whn thr.ey are compared with a 

LO'-.l yearly rvor.ge inFlov of 30,4 mm 3 . One must not forget that 

,,::;er costs us nothing 2nd the eerlicr a project is implemented the 

.Lcv.ar the cost usuEally is. 

SS/
 



ANNEXURE 1
 

SgJUiARY OF FURTHER HYDRD POTENTIAL IDENTIFIED 

'T TE 	 POTENTIAL GVH/YEAR 

1.. 	 Di ,mrn couvo-Chirnripcxgno: Additional 21
 
Potoritial
 

. Guibios Pro 	 12,6 

3. 	 Ch mrel 6,1
 

. Astr -,r: 4, ?
 

C. 	L:. Fcmu 4,6 

6. 	 ,11,ri Aux Veucons/M'ro Longuu/Tnmcrind Falls 3,6 

'". 	 Nioolih"!c Feeder CrlE,- (1,5 GW-h/ycor)
 
,'nly if ii,2fll (1) is not to be implcmented
 

C. 	 LE, 'i,, i trnt ,l.nt ? 

:?. Pii.'.'afoncls '.titc Rivir0 Pipeline 0,8 

1r,. B1,.ck Rivur ? 

11. 	 Grand Rivor South East, dovinstrecm of La ? 
Piric-

Notc 	 The figures given above are tentntivo end would nood
 
confirmation from fnonibility studius.
 

Thu numbers indicated correspond to the approximate 
situation of the sites in Annexure 1.1. 

S!3/ 
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EAST AFRICA SMAI, HYDROPOWER WORKSHOP 

20 - 24 JUNE 1983: MBABANE SWAZILAND 

Discussion Topics 

On
 

Small Hydropower Development ir Lesotho 

1. INTRODUCTION
 

The Leseotho Electricity Corporation (LEC) which was
 
established under the Electricity Act of 1969 is responsible 

for all matters related to the generat -n, trasmission. 
distribution and supply of electricity in the country; while 
all policy issues are under the juristiction of the Ministry 

of Water, Energy and Mining. 

The LEC imports all electrical power from the South 
African Electricity Supply Commission (ESCOM). Some small 
diesel generators serve as stand-by-units or provide
 

electricity to isolated small towns.
 

A number of Hydropower Schemes have been proposed and 
investigated more or less thoroughly since the early 1.950's; 
and the sad fact has always been that the cost pcr kwh 

power transmissioned to the Central Distribution Area is 
twice higher than the cost per kwh imported from the RSA. 

2. LESOTHO ELECTRICITY CORPORTION (LEC) 

The participant from this Corporation will give an 
overview of th,:. activities of the LEC. Topics to be covered 

sha l includ,.:: 

(i'rqlin m,'rma I- . ,t St ru'ture 

' , , i ti mmit.f 



- Capital and re.urrent costs 

- Load description and quality of power. 

- Tarifff structure 

- Operation and maintenance 

3. ALTERNATIVE SOU:CES FOR ELECTRICITY SUPPLY 

Besides importing electricity from ESCOM, the
 

Government has activelybeen Studying alternative sources 
for electricity supply. In 1177, a Hydropower study was
 
carried out. This study resulted in a register of possible
 
schemes with their main characteristics as regards hydro

power production.
 

At present, there are 
three active project proposals
 

on hand, namely:
 

a. The Lesotho Highlands Water Project which seeks to 
sell surplus water to the RSA and simultenously to 
utilize that diversion scherme to generate hydro

electric power for the country. The enery output is
 

estimated to be 450 GWh.
 

This participant is an engineer working in this project.
 

b. The Jordane Multi-power scheme The scheme is to provide 

hydropower. water supply for drinking and irrigation. A
 

pre-feasibility study has been done.
 

c. Three Small ]iyldropiower Projects - preliminary desiqns 

have been prepared and funds secured for detailed
 
design and impleaientation. 

.3/
 



4. 	 SMALL HYDROPOWER DEVELOPMENT ACTIVITIES
 

4.1 	 Definition
 

The question often posed is: What are 
the
 

characteristics of a small hydropower plant? Maybe
 

we are thinking of plant capacity of 500 - 1000 kw
 

Apparently there should be 
some consistency in
 

referring to small,mini, micro or big hydropower!
 

4.2. 	Constraints and problems associated with Small
 

Hydropower Develooment
 

In Lesotho, generally there have been three main
 

problems, namely that:
 

a. 	 The development of all hydropower has been the
 
responsibility of a single government agency
 

(LEC) and therefore, small hydropower is often
 

neglected.
 

b. 	 In the mountain areas, the rivers have generally
 
cut down into narrow valleys in the hard basalt
 
rock, resulting in 
an ample number of natural
 
possible dam sites; and also the slopes are steep.
 
But 	the catchment is small and the amount of
 
water available is relatively small.
 

In the Lowlands where the rivers have collected
 

more water, the slope is flat and the valley wide,
 
making a development of head more difficult.
 

c. 	We have dry winter seasons and therefore storage
 
must be provided for. Storage costs are high.
 
In the summer. we have flash floods which must
 
be catered for by building spillways. Again
 
spillways are expensive.
 

4.3 	 Evaluatin of czi:t inq sites 

.orhipsthv most part.ic~uimar char'acteristic is 

t 	 :no t,.'o pot,, i ,l si , are alik,..
 



The approach has been to select sites which 
require low investment and are able to cover immediate 
energy demand. Of course: one of the assumptions is 
that the project itself will lead to increased demand.
 

Experience in areas such as transportation projects
 
in developing countries demonstrates that this point
 

of view is not erroneous.
 

These considerations have led 
to the choice of:
 

a. 	 Installations with minimum water storage facilities.
 

b. 	 Secondary rivers with adequate flow conditions
 

and flood peaks which do not require large-scale
 

spillway arrangements.
 

C. 	 Easy-access sites, 
as near to the centres to be
 

supplied as possible.
 

4.4 	 Small Hydropower projects under implementation
 

A study (May 1.981) carried out by SOGREAH
 

Consulting Eingineers of France has 
indentified 9 sites
 

and indicated for each site:
 

- the proposed installed capacity,
 

- the potential production,
 

- the minimum guaranteed power output,
 

- the production time at minimum output,
 

- the estimate of investment cost, 

- the cost price per kwh potential production. 

The Gvernment has selected 3 of these 9 sites for 
further detailed study and subsequent implementation 
as priority schemes.
 

These sites are: 

I. 	 Motete on the Motete river , to supply the Kao minus. 

2. 	 Tlokoeng on -he Khube],i r 'iver to supply Mokhotlong 

town. 



3. Qachas' Nek on the Tsoelike river to supply
 

Qachas' Nek town. 

Using an average discount rate of 8% and assuming 

an average of 80% comsumption of the potential 

production, the following results are obtained:
 

Tlokoeng Motete 	 Qachas'Nek
 

Installed power (kw) 708 524 482
 

Investment Cost (M) 	 2.22 2.45 2.567
 
million million million
 

Cost of kwh (cents) 	 8.1 12.7 12.3 

1 M = U.S. ZO.92 

4.5 Project Financing 

Funds for studies on Small Hydropower development
 

have been made available by the German, Chinese, 

French, American and Norwegian Gcvernments. 

Th2 French Government has gone a step further
 

to provide funds for a detialed design and subsequent
 

implementation of the 	three priority projects.
 

4.6 Mzanagement oT the 	 Small Hydropo..'er Projects 

There is no organizational structure and
 

procedures tailored to handle Small-hydro development.
 

All previous studies have been conducted using the
 

services of one expatriate in the Headquarters of the 

Ministry in conjunction with the LEC management. 

This set-up has worked mainly due to good faith 

from both sides. 

It is now imoerative that an organizational 

st ructurte with spcci[ic terms of reference should be 

e;tabt i.nhe.I in ord ,r tu adminster the imp..leontation of 

1, oI "C t..;/ 
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Guidelines aze being prepared and we hope that
 

the workshop will shed some light on this subject.
 

5. PARTICIPANT:
 

Masupha E. Sole
 

Senior Enginner
 

Lesotho Highlands Water Project 

Ministry o! Water, Energy ard Mining 

P.O. Box 772
 

Maseru - 100
 

Lesotho
 

June, .1983
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EAST AFRICA SMALL HYDROPOWER WORKSHOP 20 - 24 JUNE 1983, 
MBABANE SWAZILAND 

HYDROPOWER ACTIVITIES IN LESOTHO
 

1. Introduction
 

Lesotho is dependant on the Republic of South Africa
 
(R.S.A.) for electric power. The Lesotho Electricity
 
Corporation (L.E.C.) which is responsible for the
 
generation, transmission, distributicn and supply of
 
electricity in the country receives supply from the
 
Electricity Supply Commission (R.S.A) at three points.
 

Water 	happens to be the important resources of Lesotho
 
which has been the subject of many reports since the early
 
1950's. Recently a number of projects have been identified
 
to develop Lesothdshydropower potential.
 

2. Identified Projects
 

(a) 	Lesotho Highland Water Project which seeks to divert
 
water from the Lesotho Highlands to the Vaal system
 
(R.S.A) and to include hydropower development in
 
Lesotho.
 

The scheme would ultimately give a continuous
 
3
delivery 35.1 m /s of water to the vaal, and produce
 

450 GWh of electrical energy each year. It is
 
proposed that work proceed in four phases designed
 
to suit the forecast R.S.A. demand for water.
 

(b) 	 Jordane Scheme The net annual energy production of 
the Jordane Scheme would be 155 GWh. Installed 
capacity if based on a load factor of 0,45 would
 
be 42 	MW in three units each of 14 MW.
 

Jordane is a multu purpose scheme offering benefits 
to Lesotho other than power. These are:

(i) 	a perennial flow in the Senqunyane which will.
 
allow irrigation,
 

(ii) 	 a perennial flow in the Senqunyane, or piped
 
from the power station, which would also
 
provide a reliable long term water supply for 
Maseru without a need for another resevior.
 

(iii) a reliable flow at the discharge of a power
 
station which would provide an opportunity 
unique in Lesotho for fis ,.Tarming. Unit cost 
of energy for the Jordane is shown in table 1.1 

(c) 	Mohlakenq Scheme is situated on the Senqu River 
upstream of the confluence with the Qomoqomong River. 

The size, capacity aid output of the Mohlakeng 
Scheme depends on the layout of the Highland Water 
Project to be chosen. 

2/...
 



2. 	(c) continued.
 

Three possibilities exist and are detailed in Table 1.1
 
which also shows the energy production, proposed

installed capacity, capital cost and loss of potential
 
output for each.
 
The unit 	cost from the Mohlakanenq schemes is given in
 
Table 1.2, als- shown is the unity electricity cost for

Mohlakaneng Phase 2, as originally conceived by SWECO,

with no diversions of water to the R.S.A. The Highland

Water Project reduces the total energy potential of
 
Mohlakaneng and thereby increases the unit cost of
 
electricity it generates. The increase depends on the
 
layout chosen.
 

(d) Mini-Hydroelectric projects. 
 There are proposals to
 
proceed with small hydroelectric projects of 500 KW or
 
1MW to 3MW. These are to be situated at Mohale's Hoek
 
and on the Senqu River near the border with Transkei.
 
These hydroelectric projects are intended to supply

isolated system and concern distribution voltage levels
 
only.
 
The hydroelectric stations should be located such that
 
power generated would be utilized with minimum 	 technical 
and economic constraints.
 
A participant from Ministry of Water, Energy and Mining

will give detailed information on small hydroelectric
 
project development in Lesotho.
 

3. Effects of the Lesotho Highland Water Project on the Lesotho's 
hydropower potential. Without the L.H.W.P, Lesotho Hydropower
potential would have been mainly concentrated in four projects
with the following approximate energy output:-

Tsoelike 300 GWh/yr
Mohlakaneng 550 GWh/yr 
Motebong 240 Gh/yr 
Jordane 	 1LO GWh/yr
 

Total 1250 GWh/yr 
With the 	Lesotho Highland Water Project, Lesotho's hydropower
potential would become:-


Mohlakaneng 210 GWh/yr
 
Jordane 	 160 GWh/yr
 
L. H. W. P. 450 GWh/yr
 

Total 820 GWh/yr
 
Figures are of gross energy, including transmission losses. 
Implementation of the L.H.W.P. will not relieve Lesotho of
its dependence on the R.S.A. for its power needs, this will 
help cheapen the power by "chopping off" the peak demand
which is pronounced during winter months. Table 1.3 shows
relationship between I.H.W.P. and L.E.C. demands. 

3/...
 



4. 	Tariff structure of Lesotho Electricity Corporation
 

L.E.C. has classified its consumers in the following
 
categories, namely:-


A. 	 Small domestic consumer 
"whose maximum current taken
 
at any one time is limited to 1 Amphere" The supply

is unmetered, controlled through loadlimeter and is
 
subject to 
a fixed charge of M5-00 per month. This
 
tariff is not available to new consumers.
 

B. Domestic consumer for purely residential purposes.
 

First 300 units per month at 0.066 M per unit. All
 
further units per month at 0.046 M per unit.
 

In addition a fixed monthly charge is payable
 
calculated as follows:-


For the first I or 2 living rooms M3.85 per month
 
For each addition living room M3.85 per month.
 

C. 	General purpose tariff for all consumers other than
 
private residences which have a demand of less than
 
50 KW for commercial purposes and less than 25 KW for
 
industrial purpose. This tariff applies to most
 
shops, offices, garages,workshops, schools and churches
 

The 	first 100 units per month at 0.13 M per unit
 
All 	further units per month at 0,0725 per unit.
 

In addition a fixed monthly charge applies. The
 
amount charged depends on total area of the installatio
 
supplied. Therc is a minimum charge of M5.50 and a
 
maximum of M78-00 per month.
 

D. 	 (1) Commercial Maximum Demand: applicable to
 
consumers other than industrial, "regularly having 
a Maximum Demand of 50 KW measured during a 30
 
minutes period in the course of the meter reading
 
period.
 

All units consumed are charged at 0,0483 M per unil 
A demand charge of M8.9 per %W for all 6 units ot 
Maximum Demand for each meter reading period with 
a minimum charge of M200 per month. 

(2) Bulk supply to non-industrial consumers at HI.T. 
Transformer and gear supplied and financed by 
consumer.
 

Demand charge is M7.8 per KW for all units of 
Maximum Demand for each meter reading period. 
The 	charge is 0,0483 M per unit for all units
 
consumed.
 

4/...
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4. E. (1) Applicable to large industrial consumers having
 
a maximum demand in excess of 25 KW, measured as
 
in case of tariff D (1).
 

A demand charge is M7.72 per KW for all units 
of Maximum Demand for each meter reading period 
with a minimum charge of M190-00 per month. 

All units consumed are charged at 0,0412 per unit.
 

(2) Applicable to large industrial consumers taking
 
supply at H.V. Transformer and gear supplied and 
financed by consumer. 

Demand charge is M6.72 per KW for all units of 
the maximum demand for each meter reading period. 

All units consumed are charged at 0,0412 M per 
unit. 

F. An off-peak tariff, available for not less than 8 hrs.
 

a day. The charge is 0,0336 M per unit, for all units. 

Cost 	of supply is composed of three parts namely:

(a) 	Demand related charge, its constituants are:
interest charges, depreciation charge on fixed
 
assets, salary and wages etc.
 

(b) 	 energy related charges, e.g. cost of fuel etc. 

(c) 	 consumer related charges e.g. cost of meter 
reading, billing, service charges etc. 

Current Escom tariff to L.E.C. is as follows:

(i) 	Maximum Demand - 7.00 Rands/KW 

(ii) Unit charge - 1,201 cent/KWh 

(iii) 	 A discount of 10% after deducting an amount of 
1500 Rand from the sum of maximum demand, energy 
and service charge. 

(iv) Service charge - 25 Rands 

(v) 	 Surcharge of 47,5% over the nett amount. It is 
not clear what this represent, since the escalations 
in cost of fuel is taken care of by increasing the 
energy 	charge.
 

Trainin.,
 

L.E.C. which is corporate with an autonomous status created by
the Government under the Electricity Act 1969 was assigned 
"to make such provii on as appear to it to be appropriate for 
advancing the skill of its employees by education, training 
and otherwise". 

There is a negati e attitude on the part of higher echelon 
within the I..E.C. to train. 

5/...
 



Training continued
 

Participant E.M. Bulane, 
Planning Engineer, 
Lesotho Electricity Corporation, 
P.O. Box 423, 
MASERU. 100 
LESO T H 0. 

References (1) Lesotho Highlands Water Project 

Preliminary feasibility Report May 1979. 

(2) Tariff structure of Lesotho 
Electricity Corporation BY A.S. SRIVASTAVA. 
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TABLE 1. 1
 

COST OF ENERGY IN CENTS/KWh FOR MOHLAKENG AND JORDANE SCHEMES 

DISCOUNT RATE
 
SCHEME 4% 6% 8% 1U% 12%
 

Mohlakaneng 	 A 2.45 3.33 4.37 5.56 6.87
 

B 2.20 2.98 3.92 4.98 6.15
 

C 2.11 2.85 3.74 4.75 5.87
 

ditto Phase 2
 
SWECO 1.39 1.90 2.49 3.16 3.89
 

Jordane 	 3.68 4.95 6.43 8.09 9.89
 

TABLE 1.3
 

RELATIONSHIP BETWEEN LHWP OUTPUTS AND L.E.C. DEMANDS
 

YEAR LHWP PROJECTED OUTPUTS LEC PROJECTED DEMANDS
 

MW GWh MW GWh
 

1994/5 68 195 129 521.5
 

1998/9 82.5 304 194 780
 

2002/3 	 122.5 506 284 1142
 

2006/7 	 202.5 450 416 1672
 



TABLE 1.2
 

ALTERNATIVE SCHEMES AT MOHLAKANENG
 

Mohlakaneng 
Scheme 

H. W. P. LAYOUT 
NUMBERS 

MAR 
available 
at 
Mohlakameng 
m 3 x 100 

Capital 
cost 

Rand x 106 

Net 
annual 
firm 
energy 
production 

Proposed SWECO net 
installecfirm energy 
capacity production 

Loss of 
net firm 
energy 

GWhr MW GWhr mWhr 

A 1,2,4,5,6,7,10, 

11,12,13,15,17, 

18,19 
1,425 85.6 193 52 518 325 

B 3, 9, 14 1,685 88.2 221 60 518 297 
C 8 1,815 89.5 235 64 518 283 
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WATERS OF LESOTHO
 

Most of Lesotho's rivers that have sustainable flows are on the
 
eastern and north-western region; the Senqu head waters and the
 

Caledon basin head waters with the f-s of Mokhotlong,
 

Thaba-Tseka and Quthing. The most populated western region along
 
the Caledon Basin has rivers with medium flows, becoming dry in
 

the dry season, however the flows are very A-4 during the wet
 
summer season. The rainy season covers the months of October to
 

April, the dry season is in the months of May to September.
 

Sediment loads are very high on the western region, the Caledon
 

lowlands, due to high activity which covers agricultural land use 
and dust roads. The Eastern highlands have very little sediment
 

loads due to the very scarce population, hence low activities.
 

The precipitation and evaporation distribution follow the west to
 
cast pattern. The eastern highlands have very high rainfall and the
 
distribution is more ur less uniform throughout the water year
 

with snow supplement in the winter monthsfrom June to August. The
 

evaporation is comparatively low due to low temperatures. The
 
Caledon lowlands have low rainfall with the southern part having
 
the lowest rainfall throughout the country. The evaporation
 

potential is very high in thi region due to the high temperatures.
 

To illustrate the above points, a tabulation of hydrological
 
parameters as experienced throughout the country &z given below.
 



SMIN. SEDIMENT CATCH1MNT PREC. 1EV.-.. iI:O 
sFANNUAL AVERAGEF~O FLOW I 8/ER ARFA P14 i"-iEi" jOP'sRBsF FLOw T MOW 8p/YEAR

STATION NAME REGION YEARS .- / M3 /S M3/S! 10 ._Km___ 

TEBE-TEBENG 2 14 
 0.66 112 0.00 - 172 1700-1200 2000 
HOLOLO 2 17 1.38 71 0.01 0.016 212 900-1300 2000
 
HLOTSE 
 2 12 6.68 540 0.06 0. 575 728 860-1300 2013 

NASIANOKENG 2 15 4.19 , 399 0.00 2.047 945 650-1150 2048
 
MOLIMO-NTHUSE 1 18 1.26 j 61 0.04 - 86 550-1 ;20 1800 
KOLONYAMA 2 10 6.69 J 272 0.06 0.881 905 700-1200 2000 
PARAY 1 15 26.19 845 0.54 0.205 3240 550-1320 1500
 
SEMONKONG 
 1 17 2.35 45 0.00 - 231 750-1100 1500 

REGION ONE IS THE EASTERN HIGHLANDS REGION, REGION TWO IS CALEDON LOWL'iNDS. 



ANDCadm=L 

JEO 	 SY RANO MALAGASY 

aWL jtynOPOWFR ACTIVITIES INM':A C 

i. aTe&RALrr~s 

1.1. 	 Geoaphical sjtuaticn
 

Madagascar 
 is a bir island ilr ated in the Irylian Ocean and sepr-a

ted f'roi th! Africa hy the M'ocambic Channel (390 Kin). 

Its area ii 5P7 04'1 square F. (1 500 kn from North to South and 

450 to 570 in fr'a Vast to Vcst). 

its South part.The Capricorn Tropic crosses the Isla d at 

lonv of 1 200 .4n (three times nearerA North-South dividirn rid-e 
of the Indian Ocean at the Cast than 'ocarbic Cranl at the West) 

diVides the Islswl into t'o zonus "
 

-zone with very iccidpntal reliaf on the !Ugh Plate.u 

and at the East. 

- 7zoncwith plat relief at the West. 

Rivers are
 

- ,hort and torrnntial at th Erant , Mangoro 30 rn.. 

Mantrare 270 kra,Panlngory 260 ka. 

- Longer and ore regular in the West : angol'-' 821 ,m. 

flopa 664 ft, Betsiboka 605 1h, Mania 525 1b, Sofia 3-e Ym. 

1.2. 	-limate and vegetation 

- In the outh-East, SAst and North, the climate is trovicl
0 

type, 

hkt awidwet (avcrage 1ay time tc.eracure var'yin fr 1Q,1 C to 

29,9 
0 C 11 000 to V 000 =nof rain a year). Vegetation is forned 

in iLr -gijor part of dense forests and secondary bush in the defo

rested zt. n 

F'i'h PLateau, the climat is continar'nl type, 
to 1 430 m of rain a year). - On 	the Central 

rmsh and dry (9,20C t: 23,8°C " 1 222 
Secondary bush constitues its vegetation. 

- In the North- 4st, "est aiy South-West, the climate ir tropical 

type with long and dry scasor, hot and dry (18 9
0
C to 33,90C ' . 

744 to 2 099 m of rain a year). Vcgetatioil is almost ccnstitied 
in some arvas of North-R'st andby the savanna vrithdnre forests 

the West. 

- In 	 the South, thc. clrmate subdesert type, hot aind very dry 

31;2r of rain a year). The vegetation Is(18,8°C to 29,9" 

of fleshy and thorny bush.ossentially corstitue' 

000 vivaso 

85%live in rural areas. 

The Malatsy econany is basically agricultural. 

Actually, the nopulation of !Ldsvrcar is about 8 500 
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PMrrR -O ATIMI, .V L'SIOV AID DL TRUTION 1 Y.tnAQASCAR2. UB='lIC 

system - tr..,TdiClon 
and istribution nOMadhiascar. 

2.1. Ormnizational o lectric Dower generation. 

The 'lational Crmrany JI9X!Al (JIRO SY RANG *.,W.ArASY or RALACi, Y 

FLFMTICrTY ANDWAT) have the onus .of public electric power '.ne

rat on, transmission an1 distribution for the wholc mrlaaas 
ten itory. 

Fow, ver, tho.n. is still more indutrial self-oroduc.trs, :ssentially 
in, xtracting, industrieq (mica of the South, aphit of the Fas'., 
-. w mite if th, r;:ntr '.nd the North, canent-factory of the ,.orth

es ), uriclta-l (Ho.-th NorthWest and Fast sugar-r firrrics, 
sis: 1 of th.' Ultt . big rice )Lutnut ccntres of the Cont'r :brth
k'v'' and SouthWsz), .n:',vni1 (Antsiranana naval works site) as 

air. cormon -tat: e(iet'tlo.s C in process of disappearing) 

For J3I!A: "adawascar s divided into two recions : 

. Interconnected Zone (Z.I) Wich includes npproxirately 

thf contra' part of thi country, wht.-r' th prid, lik its denanina
tic i, is intLrconnectd. 

- Lxterior Zones (M.E) ihich rc-aoup all the lonely exploi

tat ions outside the 7.1. 

2.2. Actual situation of the electric power production and ccnmurnption 

can be 
suruarized by the followirg board (Source JIRA 1982 fcr the 
public distribution and 1980 situation for self-producying which 
has not very much progress intil ner). 

Electric-power. production and consunption in !dagascar 

Public Distribution
 
Self-produaing TotalZI ZE
 

- Thermic 61 468 

Ftuiped power 
kvA 1 ,ydraulic 619 

Total 62 077 255 050 

TheMric 10 742 103 618 77 4130 191 790 

Production Iydrauiic 198 638 29 682 1 052 229 372 

Total 209 380 133 300 78 482 421 162 

rdustries 1193 
and Hih voltaw,77493 

Con=Muztion Low 
Whvoltage 

Tbtal 77 493 



-3-

In December, 31-1982, JMRAMA counts 56 diesel power plants 
(gas-oil and fuel-oil) and 10 hydropowr plants. 

At last, it shauld be observed that self-generation is 1sentlally
the-ynic whose advantar'! is to have reccurse to ateam-powr olants 
feeded by aaricultural waste (waste of sugar refineries) 

In 1980, situation waes caracterized by the following percntu-e 

Equipped power Generation 

Hydraulic 1% 1,31 
Thernic with stoa 37% 40,5% 
Other thermics 62% ______ 

1G0% 100 

2.3.Caracteristics of electric current 

- Stardardiz. d voltage in Madagascar 
. for transmission line : 139 !V, 63 IN and 35 kV 
* for m,diu voltage distribution lines : 20 kV ar 

5 kV 
. for low voltage distribution lines : 220/380 V 

Yet, we also find in sae. JIRAM!A exploitations, old distribiticn 
lines with Trrdiur voltqe of 30 kV, 15 kV, 10 W and 5,5 kV ; so 
is the low voltage 127'220V in the center of big towns. 

- Caracteristics of electric current 
* frequency : '50 Fz 
. Number of phases ; 3 
* Number of wires 

+ Iligh and median voltage : 3 (InsulatMd 
neutral) 

+ Low voltage L (3 phases and neutral 
which is grounded) for service lead and 
5 on the public grid (the 5th wire used 
to public lighting) 

* Tolerance : 
" of frequency ± 2% 
+ of voltage t43% fo the High and me

diun voltage grid and - 7% for the low 
volatge grid.
 

3. 9= HYDROPOWER PL.'S DTIFWPPF.T TCL'AS THE 2000'S 

3.1. Hydroelectric potentInl of Mad-.car 

Oeneraly speakiMr, in erdcr to valorize national ressources and to redu
ce in the same time the oil Jcpendance of Madagascar, and as the coun
try disposes of sitsi anA an hydrological condition suitable to hydro
power installation, the !Itional energy Policy is moving Aore and more 
towards hydraulic solutions any time there exists sites, on the one hard 
to reolace the existing Diesel povxr plants or to satisfy every impor
tant increase of d r.nd, on the other hand for ri ral electrification. 

So, JMIAMA establishtd a systcratic inventory of waterfalls existed on 
1/100 000 and 1/50 000 topographlc maps as wkLl as corresponding hydrolo
gical data furnishcd by differpnt gencies (Nacional DeteorolcfV Agency, 
CRS'rM, Rural ERngincerinh-, JnLWfA) in order to value the hydroelectric 
potential of the Country. 

The first phases ill lead to a oreselection of sites for reconnaissance 
survey ard/or oreliminarl studies. 

3.2. Studies w-d r,::lzaU.is, 

The national activities ir. the field of smnll hydropcwer plants are
 
summarized in the folli,'ine 3.1. Schedule. /
 

http:r,::lzaU.is


SCIIEDUIF N- 3.1 
S -ALI ffY3DhOP0.ER PLA1RTS 

RECPnITULATION o'" Ex:.;cUT-I, AN]), P-iOJEL'T:T STUNI AND) W0±AS 

INb. 3E±F I ECUTED IPioJECTED IS0IuiCE OF~ DESIGN EXi'EtTIASE 

-RECONUAISSAICE SURVLY &UD/vJI. 1 92 10 pe erIc 

:IRELrMIN~jIY STUMIM 

I_____________________________ 

-- 5 per year; ICCEL 

(1) 	 "ACTIB1IrTY STUDESZ3
 

1 per yearl oversea firmsn
DF-7ArL.ED iAl1V SCllE-T3 
-	 I I 

I(J.) Dumonit Camille ek Cie. 

lORS " ,1~tlZ~bNI~ ~j) I (2 ad'France 
per year 1(2) B.6.E.O.M.
I ~ ~~~ 

I 

SI 

- -

I I I100 

(1) Aeccrdinz project ixi-artae.' 

"UDAGkASAiR
 

0IREiVA±'I0NS 

-I
 

after fcrmatic-n of lcoal 

Istaff
 

l(ocated at SAI{A.!ADI0o(,ir 
107 kw-807 YH 

2)latdtBEAA()I 
£ir.nced by eAC and CCCt 

kc-1700 M.H
 

I 

http:DF-7ArL.ED
http:ffY3DhOP0.ER


3.3. i1,ancial Lst.c-t 

The smal hydropower cost v":ui !s with the project size and the civil 
enginering difficu.ties. 'n.2 average parts are : 60Z of the total cost 
going to civil engi.ieering nd 0% to hydrarcanic and electric equlpe
mancs. 

The following schedule shows a 'ew samples of costs concernirr r,-c-nt 
projects studied by B C E 0 M i.r Madagascar. 

FEW S.'ALL ,RNMN-R PLANr COSr IN .MD;AW!CAR (xAsia 1981) 
(Withour power transe.aission line and exit y ccats) 

SrTE DEZAHA ATARALAVA ltBO' -. M3ATOEE 

Head (m) 13 30 2,5 5 

Equ.ippw pa,^vr (kW) 100 320 76 51 

cost 
of F 

in milli ,ns 
I 

Civil erginetring 37,5 145,1 32,6 45,3 

ydSronecaichal 
Equlpedents 143,0 122,5 39,4 21,2 

Elrjctical Fquip 5 ents37,7 75,2 14,4 13,7 

Total coit of I 
(million of 7-) 118,2 342,8 96,4 80,2 

I FM = US Z 0,004 

+ Hydr cwer plant arrargirng on irrigation-ditchx 

The rentability of small hydrop )wer plants cnn be affected by two 
supplementary facts, such as : 

- the electric cwr crsnsmiss.on line w1kich cost between 
US 9 18,000 to US 1 20,000 per Nn. 

- the exit wxy rd r .'ad: whose coot vary with the geolclcal 
data of the gound, the vegetation and the topogphic 
difficulties. 

At last, the financini rent .biity of small hydropower plAnts comrpred 
to a reference thui'c 3olut ior is ;Lncrally insured for annual using
hours of the electric cx er point superior to 2,500 hours per year. 

A few hasift statcnents for ili: -cLal and ecocrdcal analysis of projects 
are giien by the schedulcsn 1.2 idx3.3. 

S(IlT ILE 3.2. 

LIFE OF -X91EMEWS 

j ,.railhydropower Diesel poer plant 

Civil Engireerirg 410to 50 yea' 40 to 50 Y4 
ly equip~cents} 30 Years i oP or 

E].,ctrical equipawnto 15 to 20 years 15 to 20 years 
Crennrating set 15 000 hours 

Using-hours of the electrir p( wer point = corsumotion in kh 
equippedpower in kW 

I 

http:crsnsmiss.on
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- Juridical 
Mre p8XticuIam'y, lnSuflaciency 3f legislative texts nbcut theressaurces pnnitting .an artit'aticn between the .iiffent u--ercontrol of a natiomi using of the water. 

Lnd the 

.Financial
 

OnlY prelimirtumy studies 
ar.- r-alized1 by the local tc: ':'.Besides, t1e electrrxo-canical :7uipL-rnts in its tt.iity id 'r, -'uof civil engineering ,quipemnt3 re iL-prtt.d.
 
That state of 
 things necessariy leads t: e.ptrn..z atf -u1'ragainst the actual corjLuntIx', "i cnltitues jor 

y .fmiUt 'a
;:r.'blis.
 

On the other put, thi2 e:dsairn tv-a:..' struct-'o ,esnlt allow to
titue a suffiscient -nspmovii,-n f:r sol'-firamr r .-f studies anl irwest13wTent wmrks.
 
Lastly, Madagascar oftly receives 
 fron sCeihkius'rialized c-cuntries,trading propTsa1s without any inzu'ne ct its sici-a.i nirte'qtion in the zeuntry. 

5. CC*NCWICNS 

The mall hydrpomr pl.nts -v- eacnt will -!ertanly cntrilvutthe rural countries e'etr'"icat-n toIrd at the sa-,e ti e,deelcpment of agn.-alfment.,y to theind cottage irdustrivs, toand the a.'li'.ratin of the the traning
n life level, whose as iton the beqining, constitue 651 

Kis said 
. f th.e F(-puilticn.
 

So efforts rust be lod, 
more particulm-: on the followinvg points 

. Hydrology :
 
It's necess ry to accgrlish 1 sytdrntlc st,.y of 
 airarge.-basinper region, operation as much justi-fied t?, c type permll hydrcpcwr plants aregenerally installed in isolated centers. 

* Development of substructure roids
 
Sreation of 
a speciLl ar n;ization for the all hydropower plantsprc)ticn. 

*&u:scient unanaia: -utir,;. fm far studies as for realizationwork; (;rant, viable corxition loan, self-fnv cing by an adequattar tf structure)
 
. Fojmtic 
 of local stff in crdcr to insure the relief of ~rseaCinm thit will reduce total cost of initial investismwnt. 
* Trmnm fert of t:col /-xin order to permit local maratactiringof s3cme partn:)f uipcrntts anda to use Icetl materials. 
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1 INTRODUC5IOI 

Each .,rocass used in ,)raducing electrical energy has its advantayes 

and disadvantages and the appropriateprocese must be employed to 

generate the desired electrical powar, uhich is vital to economic 

development. 

;-alawi has aaujdant ilater .L ;.,urces. T.1e ra2lds and falls Ol nuwierous 

rivers off or a source of pouer whicrj couLd be hrnessed to jrovide 
electrical energy at low operational cost without depending on expensive 

imported fuel.
 

As a lan-locked country, -.'alavi has to import die';el fuel and other 

items of alant and equipment through the sea ports of dacala in
 
liozambique. The expense of transporting this fuel 
over long distances
 

and the high cost of diesel itself is reflected in the high cost of 

electricity -- those isolated areas hich are electrified by diesel 

generators. Th.se extremely hig., rates deter development of the areas. 

Small hydro 1,nit development in these areas w.ould therefore not only 
replace existing uneconomical diesel plant, but vould go a long way
 

towards davelopmaent of demand for power to the stage that it would be 

appropriate to connect these centres to the nain grid. 

The entire generation, transmission and distribution of electricity in the 
public sector :within ilalaw-li is the res onsibilit, of the Elect icity 

Supply Coawzission of Malawi which is a parastatal organisation of
 

Nialawi Govarmncnt.
 

2/.........
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2. LARGE HYDRO. POWER PLANT DEVELOPNENT 

Malawi 's principal river and major source of power potential, the 
Shire River, is classfied into three sections: 

i) Upper Shire drops about 7m for 132Kim from the southern 

extremity of Lake alawi - the country's gigantic reservoir 
to ilatope. Hydro power development in this region has not 

been possible. 

ii) 	 .iddle Shire stretches for about 84Cm from Natope and drops 
334m in a series of rapids known as the iurchison Cataracts. 

It is in this region of the river chat hydro power development 

has taken place and more will take place in years to come. 

iii) 	 Lower Shire has a gradual slope and therefore no hydro power
 

development is expected in this region.
 

The first hydro power station, Ukula Stage I, v.as commissioned in 1966 
and the third generating unit was installed and commissioned in 1967. 
The power station has 3 x 811W units and operation is at a net head of 

45m. Since 1967 the pealk demand for pouer and energy rose from 17.511W 
to 661.I[ in 1981 and from 66G[¢h to about 	380Gwh respectively. 

Hydro generation ;as further augmented by construction of 2'edzani Power 
station eight Kilometre_ do:nstream from Nkula Poer station. Stage I 
Of Ted-ani Power Station has two units, each of 1011W capacity and were 

commissioned in 1973. Stage II which also has 2 x 10,%W units was 
commissioned in 1976 and 1977. The fourth 10:4 unit commissioned in 1977 
raised the total hydro capacity from Shire River to 64i'l. Tedzani Power
 

station onerates at a net head of about 40m.
 

3/........
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With a forecast rise in power peak demand from 66-11W in 1980 to about 

170W11 
 up to the year 1992, a third hydro power station was constructed
 

and the first ohase of lkula Stage Ii was coruiissioned in 1981. This 

comprises 3 x 20111V units and o!)eration is at a nct head of 57. . When 

the second phase is completed in the near future the station will have 

a total capacity of 5 x 20.W. 

The present hydro power harnessed from the waters of Shire River now 

stands at 12-171. 

2.1 Future Development
 

The next stage of 2ovelopient after phbase II of Nkula Stage II, 

which will give an additional 40i.111, will be Kapichira on Shire 

River. This will have a total capacitj of 4 x 3011W. The first 

unit is to be operating by the end of 1989. 

Investigations have showrn that with a ficm discharge of about 

170m3/S the middle Shire river has a hydro potential of about 

50011W at five identified situs. 

Central and northern regions of 4alawi also .o-'suss considerable 

hydro potential which is proposed to be developed when necessary. 

2.2 Transmission Vletwork 

The major power stations on the Shire river supply bulk power to 

the southern, parts of the central and northern regions of the 

country through trensm.zision liner.at 132;:V and 56vWV for main grid 

lines and by spur lines at 33kV for primary distribution and llkV 

for sacondary distribution.
 

4/ .......
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Some sections of the transmission lines constructed to operate 

at 132kV and 66kV are operiting at -61:V and 33kV respectively. 

In the near future these lines will be opera:ing at tho design 

voltages. 

Distriautionto the consumers is either at 2301 single phase or 

400V three phaso at a frequency of 50Hz. 

3. EXISTING .JICRJ, MVINI AND .5iALL HYDRO PLANT 

Two 300kf oelton sets exist an the old capital of 'alawi, Zomba, 
in the southern rugion. The sration is connected to the grid but 

only operates on standby basis. 

Other units varying from 35k ,' to 520kW also exist, but are privately 

owned by Tea Estates a,:d other institutions. Some of these operate 

as standby plant anu those in isolated areas are primarily planned 

and implemented to meet the basic needs of electricity for local 

purposes.
 

Oners of these hydro plants are required by law to apply for a 

licence to generate electricity through ESCO.I if the capacity of the 

plant exceeds 20k.'W (See table 2). 

4. Si.YiLL HYDRO POWER - POTENTIAL SITES 

Although the benefits of comparatively lo:, cost hydro power from the 

southern region have reached many parts of the country, there still 

exist areas such as Raronga and Chitipa in the northern regior. which 

are unlikely to reap the benefits of an interconnected power system 

for many years for economic reasons. However, s-tudies conducted by 
the United iations Department of Technical co-opeiation for Development 

have shown that there exists potential for small hjdro power in 
Karonga, which if harnessed would replace the uneconomical die!sel 

5/ ........
 

VJ
 



-5 

generation which electrifies the area at present. For Chitipa,
 
unfortunately, the investigationsindicated that the stream flow
 

is inadequate and the site is not suitable for development either
 

through diversion structure or by any impounding structure for
 

creation of a significant head.
 

4.1 Site I - Karcnga Project 

The tow1n and its adjoining localities are supplied from a diesel
 

station uitih tw;o generating units each of 120kW capacity. The 

1981 peak r'emand o about 100kW in Xaronga will no doubt rise to 

about 500kW in a few years. The development of a mini-hydro 

plant in the vicinity would replace the existing uneconomical 

diesel power station. 

Investigations carried out by U,,DTCO identified a site after 

the confluence of the North Rukuru river with its tributary 

river Sere. Their report entitled "Evaluationof Small Hydro 

Power Sites in ;lalawi" states that it should be possible to 

harness about 500K, at this site by utilising a design discharge 

of 0.8'4m3/s and by develo.ping a net head of 75m. This ill 

have an annual energy content of 2.34Gwh at an average load 

factor of 60. vore potential exists should it be necessary to 

expand.
 

4.2 Site II - Chilumba Project 

This town situated about 77k;1 from Karonga has not been electrified 

as yet and there are no plans for its electrification either by 

diesel power or extension of the main grid. In 1981 the demand 

for pouer was estimated to be between 30 to 4016-. 

6/ ........
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The UNDTCO report states that a potential hydro site exists after 

the confluence of rivers Nanchowe and Kazichi, the tributaries of 

river Chitimba. This site should be able co produce anouc 200kW of 
power with an annual energy contunt. of 1 Grvh at an average load 

factor oz 60;;. This is based on a design discharge of 0.09r,3/s at 

a net head of 275;n. This power would serve areas chitimba, Chilumba, 

Kh:;awa and Livingstonia. 

4.3 Site III - Viazamba 

Investigations h'2vu been carried out to ascertain the potential at 

Mazamba. These investigations were carried out when Nzuzu was being 

electrizied by a diesel station, with a capacity of 380kW, with a 

view to meet tha growing power enerjy requirements of the area. 

'ow the area has been connected to the national grid. 

A suitable develozment of the hydro-electric ipctential at Plazamba 

would comprise a reservoir at Iazamba Bridge for over-annual storage 

created by an earthifill design of dan. This reservoir would 

Provide a reliable continuous flow of about 1.61n3/s. 

The power station would be located about 0.8Kn downstrean on the 

north side of the river. An open aqueduct leading to a head pond 

on the hill side adj-cent t,, the power station would enable power 

to be produced fror - net head of about 474z. This would give an 

annual energy output of about 5.4Gwh. 

The propo.sa1 %;asto use three horizontal bedplate-nounted water 

turbine alternatorsets, the turbines being of the Francis type 

operating at 750rpm and connected directly to 450KW' 530kVA 0.8p.f. 

alternators generating at 3.3kV. 400V generators could be considered
 

but would require the use of heavy duty, low voltage switches and 

7/.......
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heavy interconnecting cables to the switchgear and outdoor 

transformers.
 

This station when developed would be interconnected with the 

grid. 

4.4 Other Sites - General
 

There axe numerous sites with hydro potential on other rivers 

which have a reliable continuous flow throug]ouc the year -

South Rukuru, Dwangwa, Dua, Lilongwe, Linthipe, Livulezi, Ruo 

and Luchonza are just some of the rivers. Some of these have 

been investigated and others are yet to be investigated, but upon 

grounds of economy, not all sites c .n be developed. However, 

sites previously considered to be very expensive to develop will 

have to be reconsidered. 

Bua River has a potential of about 18.5U.. The harnessing of 

this power and it.: interconnection ith the national grid would, 

besides increasing Lhe national hydro capacity, reduce transm.ission 

lcsses due to transmission from the south and would also improve 

the system reliability in the central and northern areas. 

South Rukuru scheme is also another of significance in the northern 

area.
 

5. CONCLUDIUG REUAVRKS 

Electrification of remote rural areas by extension of the national grid
 

is impractical because of unfavourable cost/benefit ratio and system
 

operation at lcw loads that do not justify maintenance cost for that
 

extens.on. Low load factors can also make it difficult to design the 

capacity of generating facility properly. Electrification by diesel is
 

also expensive to run and as a result the charges would not attract
 

consumers.
 /..
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Development of small scale hydro systems where the potential exists
 
can therefore go a long way 
 in meeting the energy requirements of the 

remote rural areas.
 

;laawi has many rivers where water flows througiout the year. There is, 
therefore, a case fzor thorough investiV~ticns to be carried out: o!, these 
and other rivers to ascertain the sites and potenrcial for future
 
development of hydro power. It should be noted that onc.& tne middle
 
Shire river has been fully developed, other loc;tions :;ill have to be 
sought to meet the future demand. The interconnection of all such small 
stations with the gzid iill also improve the overall reliabilityof the 

system. 

The Government of tialawi working hand in hand with ESCUI.. is continuing 
its efforts in developing its hydro electric potential wherever it is 
feasible in order to satisty the economic and social development of
 

Alalawi.
 

Three more sites are to be developed on the Sh.ire River wii:h a total of 
3 60MW, but the small hydro schemes will supply the very remote, isolated 
areas of Malawi. 
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TABLE 2. 

POTENTIAL HYDRO - ELECTRIC SITES
 

S;IEAN DAILY CONTINUOUS AVEWAGE ii 
'I SITE GROSS HEAD &I/ERGY OUTPUT DISCAMIRGES(N4) 	 C(fJTfl .M, (11,11) (t3/S) , 

II II 
NRUL- + 	 54 1728 114 170It 
 It
 

It 
 i

II If
 

TEDZA,/I + 40 1272 40 170 1II 	 ,,
 
II II 

/PATA/.'L.GA 	 2jN * 	 112 120 170
II I
 

II II 
SKAPICHIRA * 62 1992 120II 	 170 ______________________ __________________ II 

II II 
, KHOLO*3ID:.O * 69 2184 	 120 170 ' II l_____________________ 	 II 

+ developed or partially developed.
 

* for future development. 

TABLE 2.
 

PRIVATELY O'WNE'D MICRO, 11NI, AI'D S1.MALL HYDRO PLANT 

II 	 1L 

CAPACITY IILICENSEE 	 AREA 

i) 520 

i. 	 Lujeri Tea Estates Ltd. .ulanje ii) 252
 
iii) 35
 

2. !/chima Tea & Tung Estate Thyolo 	 145 

3. Christian Service Comittee Livingstonia 145 
IISr 	 I 

Ii 
4. .91antyre & Eas,7t Africa Ltd. N'ulanje 	 80 

ii 5. Seventh Day Advanist ifis.sion Ueno 30 	 II 
ii 

,16 Diccc,;e of Southern Nal-awi Masu e 35 	 IIII 	 II 
U 

II 	
~II 

II 

TOTAL 	 1242 

LFS/B,'BJ/JC 
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THE SHIRE RIVER 
THE UPPER SHIRE FALLS ONLY 7M~ETFES IN THE 132km WATER QUANTITY AS WELL ASBETWEEN HEAD AFFECTS THE AOUNTTHE LAKE AND ATOPE. SIMILARLY THlE LOWER OF POWER AVAILABLE

KALUZU BARiRAGE COMlPLETED IN 1965 WAS CONISRUCTEDSHRE FALLS VERY LITTLE BEYOND CHIKWAWA. TO PERMIT CC 'fROL.OFLEVE. OF'MALAWI IN ORE5q TO ENSURE THAT AN ADEQUATE DISHARG.,E WILL.ALWAYS BE AVAILABLEIT IS N1THE MIDDLE S~I!RE WHERE IN 84kmn 
II 

THE RIVER
PLUNGES 381.'M N A SERIES THE SHIRE FOR HYDRO-ELECTRIC GENERATION.F RAPIDS KNOWN AS THE IT IS ECONOOICALLYURCHISON CATARACS, THAT IPOSIBLE TO HARNESSTHE FULL THEQRETICAL POWERSUFFICIENT HEAD F THE SH4I~EAVAILA.BLE BUT DETAILED STUtIES BY ESC O ANDFON HYDRO-POWER. THEIR CONSUTNG ENGINEERS HAE LED TO A NUS=OF PRACTICAL PROP(SALS WHERE BY CONSTRUCTION OF IDRO ELECTRIC POWER STA110tG 

DAMS OR BARRAES AT THE FIVE SIES SHON IN FIGURE 2. OST OF THE AVILALE 
POTENTIAL CA.1 BE DEVELOPED. 
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Regional Workshop on Micro Mini Hydro Electric Systems 

20 - 24 June 1983 SWAZILAND 

Country Paper - Seychelles by R WEBER M.Sc. 

Micro/Mini Hydel potential in Seychelles 

1. Introduction 

11 General 

The Seychelles archipelago lies between latitudes 40 and 

100 South and longtitude 46 0 and 560 East and has a land 

area of 444 square kilometres. It consists of 115 islands 

scattered over 1015 million square kilometres in the
 

estern Indian Ocean. Forty four of these islands are 

geologically granitic and the rest are coralline. 

The total population of the Seychelles is 65,000 of which 

60,000 live on the main island of Mah6. 

Mahl, the largest island has an area of 148 square kilo

metres. It is approximately 27 km long in the North -


South direction and varies in width from 3 to 8 km. 

Victoria the capital city iisthe only port. Most of the
 

habitation and agricultural development in on the narrow
 

coastal strip all along the periphery of the island. 

Hydro Power Potential only exists for Mah6 and one or
 

two other granite islands sites for hydropower dovelop

ment.
 

/I
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1.2 Topography and Geology 

The central mountain range on Mah6 rises steeply from the 

sea and coastal plateaus to heights of between 460 and 

900m. The average slopes are in the I in 5 to I in 6 

range. Running down these slopes are numerous stream 

with small catchments of areas varying from 1 sq km to 

5 sq km. There are no major rivers in the conventional 

sense. 

Mah6 is a granitic island and boulders well rounded varying 

from a few centimeters to several metres in diameter occur
 

in different concentrations at many places on the slopes 

and in the river valleys. In some cases, the boulders are 

so densely packed to form an almost impenetrable maze. 

This coupled with dense vegetation, steep slopes and exposed 

hard rock make it economically unfeasible to divert flows of 

adjoining streams for utilization under one hydro scheme and 

hence individual small scale hydro power schemes on several 

streams have to be planned.
 

1.3 Climate
 

The climate is of the tropical humid type with a marked
 

seasonality influenced by the prevailing pressure conditions.
 

During the dry season, May to October, the island is under
 

the influence of the South-East Monsoon, from November to
 

March, the wet season, the North-East Monsoon blows. The
 

relative humidity is high throughout the year averaging 75 

to 80%. Average annual rainfall is as high as 3500 mm in 

the central high lands, dropping down with elevation to 

2000 to 1700 mm in the coastal regions. During the wet 

season the monthly average exceeds 200 mm and in the dry 

season this is in the range 70 to 90 mm.
 

Temperature is almost uniform over the year with mean daytime
 

valuesranging from 660C to 280C, the maximum of 300C being in 

April and May. Night temperatures average 240C.
 

I
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2.0 Seychelles Energy Programme 

Apart from the coprah and cinnamon industries, the 

Seychelles meets its energy requirements through the 

importation of oil. Statistical figures regarding oil
 

imports into the Seychelles tel] the following story: 

Between 1975 - 1979 the volume of oil imports for 

domestic consumption has increased 1.8 times whilst
 

the cost of these imports has trebled.
 

By the year 2000 the Seychelles is likely to consume
 

three times as much electricity as it does now and
 

its peak power demand is likely to increase by as
 

much. 

* 	 Seychelles earnings from its domestic exports is 

inefficient by a large margin to meet the costs of 

its domestic import of oil clearly highlighting the 

precarious dependence of Seychelles economy on the 

tourism sector. The trend is an increasing proportion 

of the country's revenue going towards meeting the
 

cost of its oil requirements: between 1976 and 1981
 

the figare rose from 13.9% to 25%.
 

It 	is in response to the above picture that the Seychelles
 

Government drew up the Seychelles Integrated Energy Project
 

(SIEP) with the following development objectives.
 

- the development of an alternative energy system which 

will enable the principal island of Mah6 to satisfy 

its total electrical energy requirement from non-fossil 

fuel sources 

- the development of individual integrated energy systems 

which will be fed either by other renewable forms of 

energy or by other locally available materials, capable 

of 	providing the entire electrical energy requirements
 

of 	the remaining islands of the Republic of Seychelles.
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the development of an energy management programme 

involving:
 

* 	 energy economy 

* 	 energy substitution 

* 	 energy consumption pattern control in order to: 
- reduce projected future oil imports for elec

tricity generation 

-
 reduce capital outlay on additional generating
 

capacity by the more efficient use of existing
 

plants. 

The energy problem has thus to be addressed at two levels:
 

(i) the requirements of the outer coral islands, where 

a small integrated energy package of the order of
 
(100 - 500) kW is required. 

(ii) the requirements of Mah6 where a large system of 

the order of 20 mW i.srequired.
 

The sources of alternative ener&, that ha'-e been identified
 

itre as follows: 

-	 conservation and efficiency
 

-	 hydroelectricity
 

-	 biomass 

-	 biogas
 

-	 solar 

- wind 

- ocean the.-mal energy conversion 

In order to carry out the SIEP, the Seychelles Government
 
created in October 1979, the Research and Development Unit
 
within the Ministry of Planning and External Relations. 
The SIEP is divided into three phases of 3, 10 and 7 years 
respectively and may be considered to have begun since
 
1980. Phase I is designed initially to provide a power
 

supply of the order of 50 
- 100 kW for each of the outer
 
islands which are earmarked for devel,,ment. 
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Sources that have been identified and on which the small 

energy packages will be developed is based on producer 

gas, biogas, wind and solar energy. 

For the energy requirements of Mah6, of (10 - 20) mW
 

the most promising sources on the short term are hydro 

electricity and conservation measures. Solar water heating 
systems have an important contribution in meeting the low 

and medium temperature hot water requirements. Biogas may 
have possibilities on the larger farms and National Youth 

Service villages. The wind regime on Mah6 does not seem 

to hold out much promise for wind energ. conversion system
 

unless their performance should improve and their costs
 

come down significantly. 

In the long term, photovoltaic system and Ocean Thermal
 

Energy Conversion systems hold a lot of promise. The cost 

of the former seems to be coming down, figures of US S1/ 

watt by the end of the century. In so far as the Ocean 

Thermal Energy Conversion System is concerned, the potential 

sites are available but there is still quite a way to go 

with regard to its economical viability. 

The Seychelles Governmen. has been successful in obtaining 

funds to begin executing the first phase of its Integrated 
7'rgy Project: however financial and technological assis

tance will be needed in considerably greater amounts to 

ensure the completion of the project over the whole projesc 

period of some 20 years. 



3.0 Power Supply 

.The present El.ectricity supply or Mjh6 Ls by liese 
generation from two power houses Huteau 	 Lane (Station A) 

and New Port (Station B) both situated in the nain town 

of Victoria. 

The capacity of the generating sets at these stations 

are given in Table 1 below. 

Unit 	 Capacity Year of
 

No 	 (rw) Installation 

Station A 

1 	 1.00 1969 

2 	 0.16 1963 
3 	 oh6 1966 

4 	 0.46 1966 

2.3 

Station F 

. 2.5 	 197' 
1972 

3 2.5 197h 

14 P.5 1978 

15.0 

IOTAI 	 17., 
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TABLE II 

Seychelles Electricity Cooporation Limited 

1981 1982 1983 1984 1985 

Installed 
Capacity 17.38 
(MW) 

Peak 
Demand (MW) 9.0 

Load 

Factor (%) 63.8 

Gas Oil (L) 13,960,325 

'uel Oil (L) -

17.38 

9.3 

62.3 

11,357,741 

2,242,956 

17.38 

10.0 

61.1 

3,064,336 

10,787,256 

22.38 

10.2 

61.1 

3,114,553 

lo, 964,030 

22.38 

10.6 

59.3 

3,129,389 

11,O16,259 

Fuel Cost 
(RS) 

Units 
Generated 

39,926,529 

50,324,940 

37,641,93? 

50,787,324 

33,574,688 

53,700,000 

34,124,890 

54,580,000 

34,287,447 

54,580,000 

Transmis
sion Losses 8.75 8.17 8.00 8.00 8.00 

Generation 
Losses (%) 3.44 4.29 4.50 4.50 4.50 



Table II illustrates clearly the Seychelles Electricity
 

Coorporation current position and projected developments
 

up to 1985.
 

In 1982 Seychelles Ehectricity Cooporation introduced the
 

substitution of gas oil for fuel oil at a substantial
 

decrease in cost of imported fuel from SR 40 million (6 m 3)
 

to SR 33.5 million (5 m ). However fuel imports for 

electricity generation contributes up to 10, of our total
 

import bill and consequently any possibilities of develo

ping energy sources alternative to the actual generators
 

could provide a saving on the import bill.
 

The electricity network on Mah6 is quite extensive. A 11 

kV transmission line runs all along the coasta! road of 

the island except for a short distance at the North West 

tip. In addition there are cross connections linking east 

and west coasts. A 33 kV trans island transmission line
 

runs east-west across the island. Generating voltage is 

11 kV and 6.6 kV. Low voltage distribution is at 240/ 

1+15 V AC. Tanalised wooden (Pinus Radiator) poles are 

used for transmission and distribution lines and step 

dom transformers are pole mounted. The whole island is 

well covered ., the transmision/distr ibution system. 

The present average annual power demand is around 45 million 

units. A typical daily demand curve (see Fig. 1) is char,

terized lh. two peaks :i.,' 11.0) .V" -0y dintinct of at and 

19.00 hours;. A minirrum demand of :5 M occurs -it around 

5.00 hours. There in no appreciaib}le vnriation over the 

mon ths in -i'r in d',i1.,' power :e:'jr;d. Out or the tot,,'

d lxli :r,. %] i oo e r dou. ci, ;. ,-2, astreet I i .hting t,,d 

t{hr, r'e': i'. n a-i - ," . ', i:Jnd |; t r' 'it, ,', ] o.,.~ ] Ji }' . 

t 
;; 'E q , t'.n i jt "9r, t. t'i !:! ' } . 'I . I:'', )<t " "', Jt/ 

(¢
 



Fig. 1 

Typical Daily Load Variation (Mah6 30/4/83) 
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Hydro-electricity Potential in the Seychelles
 

In 1982 the TATA Consulting Engineers Bombay undertook a 

pre-feasibility study on micro/mini hydro electricity
 

schemes on the island of Mah6 to determine the possibilities
 

for hydro electric power. The results of this study is as 

follows: 

1. 	 The topography and geology of Mah6 island indicate that 

storage schemes are not economically feasible and hence 

run of the river schemes are best suited for generation 

of hydro power. 

2. 	 Net heads at the different schemes are in the range of 

50 to 150 m. For heads in this range and flows of such 

small magnitude (design draft of less than 500 lit/seac) 

and varying widely from month to month, radial impulse 

type cross flow turbines (Banki-Mitcholl) are the most 

suitable. Such turbines which have guide vanes built 

in multi sections make it possible to run the unit at
 

optimum efficiency for flow variation from full to one 

fifth of the design discharge. For deciding size of 

the unit, net head is assumed to be 90% of gross head 

to account for friction and other losses. The combined 

efficiency of generator and turbine is assumed as 81%.
 

For schemes with maximum power potential less than
 

100 kW only one unit is proposed and for bigger schemes 

two units each of capacity equal to 50%power potential 

are proposed. Accordingly minimum flow upto which a 

power station can run will be 1/5 of the design draft 

in ca.e single units and 1/10 of the design draft 

with two ti.'.rs. With these criterias, the power stations 

will be able to operate for 80 to 90% of the time in a 

year i.e. for 10 to 11 months in a year. 
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3. 	Comparative cost analysis made for determining the 

optimum installed capacity at typical power stations 

indicaced that installed capacities corresponding to 

10% to 15% duration flows appear to be optimum and 

ensure maximum hydro energy generation. The power 

stations will generate power at varying rate over the 

months in a year depending upon the flows in the river. 

The Seychelles Electricity Cooperation anticipate no 

problems in feeding power to the grid. 

4. 	The most likely sites with hydropower potential which
 

can be developed economically will be those where the
 

cost of generation per unit will be less than the
 

corresponding cost by diesel generation, currently
 

0.2 US S/kwh (SR 1.3041wh). It was observed that sites 

with potential less than 100 kW tend to have a higher 

unit generation cost compared to diesel generation, due 

to higher cost of civil works in comparison to schemes 

with higher installed capacities.
 

5. 	There are six rivers with unit cost of power generation
 

lower than the present diesel generation cost of
 

US $ 0.20 (SR 1.29) /kWh. Two other rivers have unit
 

generation cost marginally higher and will have to be
 

studied in greater detail before ruling them out as
 

uneconomical.
 

6. 	The 8 rivers studied have potentials ranging from 150
 

kW to 300 kW. The total hydro potential including the
 

two marginal schemes is 2105 kW with a generating poten

tial of 7.152 million units which is 15% of Mah6's
 

present annual electrical energy requirement.
 

7. 	Cost analysis has been made on the basis of US I 3,360/kW
 

(SR 22,500kW) worked out for a typical 200 kW scheme.
 

In vies of the procedure adopteC for costing, cost of
 

unit generation depends very much on annual plant -) 
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factor (Power Generated/Power Capacity) which in turn
 
depends upon flow characteristics of different streams.
 

The higher the plant factor, lower is the cost of unit
 

generation. A detailed cost estimation of each scheme
 

has 	not been carried out and will need to be carried 

out under detailed feasibility studies. A rough esti

mate of capital cost for the total hydro scheme is 

US $ 6.8 million. 

8. 	 Some of the proposed schemes have part of these civil 
structures, infrastructure readily available, the 
construction period as well as cost can be appreciably 

reduced.
 

9. 	 Being run of the river schemes, the hydro power gene

ration will vary from month to month depending upon
 

the stream flow. The maximum generation will be in 

December and January and the minimum during June -

August. The hydro power stations will run for about 

9 to 11 months in a year. 

10. During the low flow period when the flowlis too low to 

be within permissible range of flow for the turbines,
 

power stations will be shut down for annual maintenance 

and repair if any and hence the entire low flows will 
be available for local water supply and or irrigation 

during this period.
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5. Recommendations
 

5.1 Hydrologic Data Collection 

(a) For rivers without gauging stations, gauging data has been
 

generated by assuming the river basin hydrologically
 

homologous with adjacent river valleys for which
 

observed data is available. For a more realistic
 

analysis, it is recommended that gauging stations be
 

established on those rivers which have no gauging data.
 

It is realized that data collected will only be of a
 

short duration but at least some data will be available
 

at the time of detailed planning and designs.
 

(b) 	It is also necessary to establish rain gauge stations
 

in the upper regions of the catchment areas.
 

5.2 Feasibility Study
 

In view of the encouraging results of the pre-feasibility
 

study, it is essential that a detailed feasibility study
 

for the development of hydro potential on Mah6 island be
 

taken up on a priority basis as an essential step towards
 

implementation.
 

The basic objectives of the feasibility study will be
 

(a) 	evaluation of hydro resources available for generation
 

of electricity on various streams identified as poten

tial sites for hydro power development
 

(b) 	deciding the optimum storage capacities at the head
 

works
 

(c) deciding the optimum type and size of generating
 

units.
 

'1
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The economic viability of a scheme should be judged by
 
the comparision of unit generation cost with alternative
 

diesel generation cost.
 

The studies should also indicate the priorities in which
 
different schemes can be taken up for development depending
 
upon the construction work involved and also the returns.
 

6. Conclusion 

In Seychelles there is a large potential for n.ini hydro
 
electric power in the range of 2.0 mW, total installed
 
capacity, comprising of 100 - 200 kW units. Up to 15% 
(7.2 million units) of the total annual consumption of 
electricity in the Seychelles can be substituted for.
 
It could save up to 750,000 US S per annum in fuel bills 
at current prices. 
The cost of the total scheme has been
 
roughly estimated at US S 6.8 million giving a pay back
 

period of around 9 to 10 years. 

The type of turbine most suitable for the Seychelles is the
 
BANKI-MITCHELL, cross flow radial impulse type. The possi
bility for local manufacture r.ould be looked into. 

Consequently the needs of the Seychelles as 
far as invest
ment into micro hydro power can be listed as follows: 

(i) Funding for a feasibility study into micro hydro
 
for Seychelles costing around US $ 150,000. 

(ii) Further funding to meet capital cost of installation 
of micro hydro schemes in the Seychelles estimated
 

at US 9 7 million.
 



HYDROPOWER DiVLLOPMLINT IN THE SUDAN 

Introduction
 

The recent focu.7 on renewable energy resources, which has resulted
 

from a growing awarez.ess of the energy problems facing many countries,
 
has generated significant attention in hydropower development. The
 
technology is relativiely more established than those of other renewables 
and hydropower has oeen successfully competing with the fossil fuel-based
 

power even when thi latter was cheaper than it is today..
 

Sudan has faced a particularly growing energy crisis eversinco the
 

early seventies. Severe shortaGes of generated electrcity and essential
 
petroleum fuels, which are wholly imported, have adversely affected
 

every economic activity. Transport, household, industry and agriculture
 
are particularly hurt. Agricultural and industrail production have been
 
droping year by year creating evermounting socio-economic problems. The
 
per capita energy consumption is one of the lowest in the world, abgut
 

0.2 kw available over the 24 hours a day from all sources. Moat of the
 
energy consumed is supplied by thermal sources which are mainly firewood
 

and imported petroleum. Large scale unplanned firewood cutting has
 
accelerated a serious deforestation problem and imported fuels make above
 
65% of the total imports of the country which suffers a chronic -trade
 

deficit problem.
 

Hydropower already provides 57% of the public generated elecricity. 

However, over 90C) of the hydropower potential in the country has yet 

to be developed. Thiu potential is mainly of the large scale class, 
see Table (1). Existing, planned and potential hydrosites are shown
 

in FiG.0().
 

The duvelopment of lari;e cale hydrceewer, which requires large 
capital and relatively high tcchnolog cal lovl that are 
at present
 
not within the Sudan capability, will hauve to be achieved mainly 
through foriegn technical aInd finance bodies. For these potential 

schemes the cost is estimated to range from $300 to $3500 per kw 
installed capacity. In view of the present econoiric situation of the 
country, the developmunt of large scale hyd.opower may prove difficult 

to attain in the near future. 

Small decentralizvd hydropower (50 kw to 5 dw) to serve local needs 

in rural areas where electricity is not readily available, would have
 

great advantages for many parts of the Sudan, particularly in the 
South. In the North attractive sites of these capacities seem to be 
few and only some of these are reported to be economically feasible. 
The main problcms limiting the number of appropriate sites in the 

flotth are heavy siltation, great seasonal flow variation, relatively 
small heads and the usu-il primacy of irrig.tion purposes over other 
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uses. In the South distances betwuun suitable sites and potential users 
also limit opportunities to develop sites of these capacities. Neverthe
less, promising sites exist in many parts of the country that can be
 
developoed 
 in thc n,.ar future. . 

The development of mini-hydropow.i, (5 kw to 50 kw) requiring low
 
technology and piractically no infrastructure 
 seems to be most appropriate. 
Isolated mzini-hydro u:its, namely current turbines of simple design that 
can be locally e,:nufactured, ,ould provide power for agricultural and 
domestic uses in rural ares .,ere power demand is modest. 

2. Small Scale Dec.entralized lyd.opower
 
Activities 
on development of decentralized hydropower in the Sudan
 

are still in the feasibility study phase. One major problem in this
 
phase has been the lack of adequate and precise data and consist'ent
 
information on potential and demand. Nevertheless, the following are
 
generally considered most attracti.ve small hydropower sites;
 

(I) Retrofit of Existinfg Facilities:
(i) Major Irrigation Canals (Gazira, lanagil, Rahad, Elgirba etc): 

Substantial flow is available in these canals almost throughout the 
year, typically 3 to 5 Mm3 per day. However, available head is low,

less than 2 tn.Yet, considerable potential exists due 
to the large
 
flow rates.
 

(ii) Jebel iwlia Dam
 
About 50 Mw c.:.city of 
an annual out-put of about 240 GWH has been
 
considered fuasible 
by a nunbv:r of investigators. Low head machines 
(maximum 7.5 m head) of ur) to *!,5 MW eaL:h are proposed to be installed 
per sluice opening. Further cojit analysis of the project is required. 

(II) Proposed i4 eNw Facilities 

(i) Bahr El Gebul (Fola 1 aji Is upstream of Juba on Main Nile)
Over and above the large acale hydropower pntential of this river 

(estimated ca- acity of up to li a4 di) small scale project has been 
proposed at Uppur lla Rapids which would provide from 5 MW to 10 MW 
on stages from about 10 meter head. but without a dan. This should 
meet power demands in both Juba and :iimulo in the short term plan.

(ii) Kinyeti 1 ivier (nt K:ktirf ) :-
A proposed facility at Katire., u  ",iW in four ph-ses is reported 
to be best suited for development to supply pow.er to towns of Katiru 
and Torit.
 

(iii) Jebel Mama (we:st of 6udan) 
In a 1968 FAO sbudy, it has been estimated thait 1)ke iN) could be 
developed from zstreams of J,.-bel MNrra. Th therelakus could provide 

.1/
 

http:attracti.ve


-3

a 	 bigger potential of 3 IW. However, an updated feasibility study is 

needed.
 

A 	number of other sites in Southern Sudan are reported to be
 
potentially attractive for 
small scalu hydro projects. Thes.- includ, 
sites on rivers Assua, Atuppi, Kit, Kaia, Yci, Hjan, Tonj and i3ussri. 

3. Mini-Hydrooower 

A Mini Hydropower iuse;.rch and Developmont Project is underway iii 
the Department of *Ichanic-il Engineering, Univ-.rsuty Of Kh:,rtoum. Tho 
main purposeG has hecn, to demonstrate ffnr, 2valuate the u-e of water 
current en-.rCy for powering small-scalL pumping units and for gonerating 
electricity. Power requirement for pumping wt.ter for irrigation on 
typical small land hoIdings in tho Sudan will be of the order of 5 kW 
to 10 k i, The same ran>e of j''w1r should sufficiently meet domestic
 

n,.cde of isolated homes.
 

A vertical shaft impulse turhin, of simple design has been built
 
to extract ene:rgy froia watur curi-';nt of c nals, rivers or streams.
 
Field trials of the model are curru:ntly being planned and will be
 

carried out in the blue !dil.Detqilcd informnution on the system
 
design and pnurform,,ncu awit experimental findings. 

ncment4' Mana and Traininj. 

Recent reorgunization of the National Government has meant that
 

local authorities, through Regional 1iinistrivs of Housing and Public
 
Utilities, will 1% expected 
 to handle managemunt and oe.aration of 

electricity 6enration facilities in their respectiv.: areas and regions. 
However, manag,.1l nt :and technical tr.iinin has i ,:n of a enerial 

nature: specific jrO.Fms of tsrainin,, are lackinig. Thr , is a clear
 
need for comarwninsivi, minpo,.,er devlcsnMunt and training prog'ram
 
for hydra1o-uer pl:.nning, '-entr:tion, transaissien, distribution Ind
 
comnrci.l staff. This 
 .ay b- achi:vUd in coopration with Univrsities
 

and internation l , rAncies bothi in-country and abrod, for example
 

the 	 United States Agency for inte.rnational Development. 
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Table (1): Existing and Planned Hydropower sites
 

Facility Present Capacity Plannod -rAddition 

( 1, W ) ( M,W ) 

Rosuries i. 132 200 

Sennar 15 30 

Elgorba 12 . 

Romela _ 20 

Morawu - 600 
Sabaloka - 120 

Shoroik _ 240 

Sherri Island . 450 

Dal - 600 

i3Oddan RTpids - 250 

Fola Rapids . 120 

Total 159 2630 

Percentage 5 % 95 % 

/ 
.l> 
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HYDROPOWER IN SWAZILAND
 

Introducinq Swaz iland 

When considering hydropower anywhere one must look at 

the geography o7 the country. 

Swaziland is a countrv with three levels. The west is
 

just on the edge of tne Southern African plateuu at an 

altitude of ahout 12f0iim. There is a sharp drop of tip to 

600m to the Swaziland Middlevt,l d which then slopes down 

to the Lowveld Lt elevations droppinq from 300 to 100m. 

Finally, ot the eastern edge of the country there is a 

sharp rise to the Lubamho Mountains at 500m. 

Rainfall varies fairly uniformly from 1400mm per year in 

the west to 600rmm in the eost. Lightning intensity at 

over 11 strikoskmV'ear in the west is the highest 

in Southern Africa. 

Drainage is by rivers all running west to east:
 

The Komati in the North, the Umbeluzi in the centre 

and the Usuthu system in the Southern half of the 

country. The Usuthu and all its major tributaries
 

rise in the Republic of South Africa as does the Komati. 

On both river systems there are control and abstraction 

works upstream of the biorder so Swaziland gets only a
 

portion of the run-off from the upstream catchments. 

There arE internationally agreed outflows from Swaziland
 

on the Komati and Umbeluzi. 

/2 .......
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The land near the mountainous western borders has only
 

and was planted with conifers
thin soil cover 


1950 and 1970. These commercial forests
 

fairly 


between about 


the Pun off.
 are markedly reducing 

the Highveld to
Whilst the well drained profile of 

and the good Highveld rainfall seem
Middleveld region 

are si used,
hvdrn electric generation and
ideal for 


there ara limitations. 

of the world the virgin Mean Annual Runoff
In this part 

22% of the precipitation.(M.A.R.) was about 

so the run-off. At the
Rainfall is seasonal and is 

flo s in the
Highveld/Hiddleveld boundary half of MAR 

period December through March. The rainy season is 

to start in October but sometimes does not
expected 

The river flowc decrease from

begin until December. 


if the rains are late the October and
June onwards and 


is
indeed. So some storageNovember flows are very low 

smallest hydro-electric scheme
 necessary for any but the 


if it is to operate in the dry season. 

increasing cultivation and urbanisation
One effect of 


appears to be a shorteningin the upper catchment areas 

This could
of the lag time between rainfall and runoff. 

have the effect of decreasing the base flow. It is
 

the rivers.

definitely increasing the sediment load of 


now causing MrL2hanical wear of
 Silting of reservoirs is 


turbine parts(due to carry-over)and reduced water storage 

For peak lopping.
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The diagram shows SEB's 11kV system reachinU to most
 

parts of the country. Most rural dwellers live in
 

scattered homesteads. Rural electrification does not
 

yet affect many of these homesteads but is gaining some
 

ground. Where it happens it is often alongside Government
 

sponsored power lines to facilities such as schools,
 

clinics, police stations and rural development centres.
 

As mentioned earlier, SEB can now bring a power supply
 

to most parts of the country at a cost liely to be less
 

then any but the very simplest small hydro installation.
 

By the same token any future small installation is likely
 

to be connected to the national system and this points to
 

the use of induction generators. One is due to be installed
 

later this year near the Edwaleni Power Station in a 300kW 

mini hydro generously donated by the Canadian International
 

Development Agency. This will be put in an almost ideal 

situation where water from a farm canal falls through 13m 

in a set of artificial cdscads. 

The Edwaleni Power Station draws its main feed from the
 

reservoir formed by Mkinkomo Weir on the Usushwana where 

the MAR is 370Mcm. The canal between the reservoir and the
 

head pond is about 12km long and carries up to 14m/s.
 

From the head pond conduits and penstocks drop the water
 

through 130m head to the total of 15MW of Franc.s turbines 

in the power station. 

A tailwater canrl leads to the 6MW head Maguduza power 

station which is controlled by Edwaleni. 

/7..
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The Lupohlo/Ezulwini scheme involves Luilditig a 45m 

high rock fill embankment to create a 21lMcm reservoir 

in the valley of the upper Usushwana, diverting the 

water into the Ezulwini Valley by a 4,5kv tunnel 

through Lupohlo Peak between the valleys and leading 

the water to 2-1NhW Pelton wheels. The average head 

will be 250m. Tailwater will flow into streams which 

rejoin the Usushwana before the Mkinkomo Weir so 

sensible operation or Ezulwini will ive sume regulation 

to the downstream water supply and enable Edwaleni to 

generate an additionral 3 to 5(WTh pr year r'oIm water 

which would otherwije spill over the weir in the 

wet season.
 

Finally, four possible small projects.
 

The possibili ty of fitting a 400kW tUrho-Jenerator 

to the compensatini discharge of the Mnjoli Dam has been 

looked at and rejected as being uneconomic. The pattern 

of release is such Lhat a potential of only 1501kW is 

available for at least half the year.
 

A sugar cane grower with 1500kW of pumping plant is 

seriously investigating installing a 9FIikW Osuberger 

turbine driven ;enerator. HIe has a ]argoe co-oneratively 

owned canal running throurgh his land neir i steep drop 

to a river bed. Hlo is prepared to erilarge tjpe cana] 

from in take to the penstock site. The tilliwater would 

still be available to downstream users.
 



In the north-east of ihe country the Ulmlheluzi makes a 

SipCLOtcL1i or meander. Seen from the air 1 It mtii iks al uuI ; as 

if an uxhow lake isa siori to be former]. In l'ai.o , at the 

nurrowest part of the Inop there is a Jllm maili iffurenoe 
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sugar carmne ond citrus fruit and use i5ver lifMli tf pnwer. To 

replace ;onie of this he is looking at, twonne1 ino Llirough 

the ridge and puttingi a turbine at the oHtIi.llI. VariLuu 

hyLrological and silt disposal problem,-, must. till he 

examined but if thev ure cleared it should I e pussihmi: to 

generate at least 5|]O1hiJ For much of the veur. 

The most attractive smulail hydro el2c triC projec.Ut likeli to 

fit into a multi purpose scle'i e wOuld h[? at tile p1roijected 

61Mere regjulating damlil iat Lozitha. This laim will hel l ack 

SLIPIII r f'1 011rl f'low-,, for winter irriation wa liitil, Il p tlIe 

'S111 re,;ervj i' at M'iknkomo requires itlm /, s mlipthe 1'rf e I'low oF 

the IJssti w,iiia at the point a fairly conrl-lant ilisccli..irje would 

tie maiotiiiiil. IL shoild be possible to install a 2,5Nti 

turlilnu o e-,nerate ahot "i3GWh per" annown at, relati velv 

1la w cat . 

A few ne.gat.ive commen ts on the comparative casts uf hVdro 

electric plant have been mace in this short paper. Ito 

high manufictureil cost iw Jitst a fact of" life,. S LH bel ieves 

Lhat iF" the capi tal Fur tell Ut1 ulmt-out sctliire cLn lie raised 

at reasoriahle money ccist such a project hil lprove_ a 1,111 

schimie in 

remain aLit tan tia1ly constar t. HL rn-eli0trP i01 ty Must 

he one of tri:, fewl steuidv cost products ata tnime of worl d 

term bomiifl L.. Once thl W is service its coatis; 

wile int'la tion. '-V 
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.2nANZANA ELECTRIC SUPPLY COMPANY IMITED 

SMALL SCALE HYDROPOWER DEVEIDPMENT IN TANZANIA - JUNE 1983 

1. INTRODUCTION 

The Republic of Tanzania, in East Africa, is fortunate in having many 

sizeable identified potential sites which could be developed to satisfy 

the country's poyer demands wall into the 21st century. The knawn 

hydropower potential of the coruntry is estimated at 3800 MW with about 

19000 GWh of annual energy. The total hydropower installation capacity 

stands at about 250 MW, accounting for about 6.6 percent of the country's 

known hydro-potential. 

I 

fs 

I PESENT _EIqTRIO - POWER GENMATION 

Hydro and diesel are the main sources of electric power generation in 

the country. The Tanzria Electric Supply Company (TANESCO) is a 

parastatal organisation wholly owned by the Tanzmnian Government and 

is responsible for the generation, transmission and distribution of 

commercial electricity in the country. TANESCO owns 7 hydroelectric 

power stations with a total of 249.22 MW installed capacity and 27 

thermal power stations with total of 13C,11 M installed capacity. 

The distribution of the power station/is as shown on map in appendix 1. 

Most of the generation is concentrated in the COASTAL GRID with an 

installed capacity of 247.66 MW hydro and 66.14 MW thermal. Away from 

the Coestal Grid there are three minihydro power stations (sub-section 

2. I ) the rest being diesel pawer stations serving big regional and 

district centres. 

1.2. EXTENSION OF THE COASTAL GRID 

Plans are well underway to extend the existing coastal grid by inter

connecting the other major load-centres which presently run on expensive 

diesel (ref: appendix i). This has to be done in a phased manner. 

......................................
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Simultftnously, studies nre in progress 

determine the appropriate development 

expanding grid system. 

1.3. REASONS BEHIND MINIHYDRO DEVEIOPMAENT 

on other big potentials to 

sequences and additions to the 

Even if the grid system will be expanlei to cover a larger part of 

the country, economics of power transmission and transformnation will 

make it prohibitive to supply from the grid, isolated townships and 

villages. Thus the majority of the 2 puletion (about 85% of the 

country's population live In the rural arens) will not benefit from 

the extended grid. The ever-escalating fossil fuel prices, the 

unreliability of fuel supply in future nl the added transportmtion 

costs of the fuel to upcountry areas make the oreration of diesel

generating sets very expensive and unreliable. Dmll hydropotentials 

have been identified in many areas around the country in the vicinities 

of townships and villages. Many such sites coull be developed 

economically either to rel.lace the existing liesel generating sets 

in those areas or for power supplies to uneleotrified towns and 

villages, or both. The Government has given serious consideration 

on the develolnent of the minihydro pontil sites and currently a 

goo number of such sites are being stulied by TANESCO (ref: sub

section 3.2). 

2. EXISTING MINIIIYDRO INSTALLATION 

2.1, OWNERSBIP 

Appendix 2 shows the minihydro installation in the country. Three 

of these are owned by TANESCO at Iringa, Mrshi n'l Lbeyn townships, 

the hydro-generation being supp).emented by diesel generating sets 

in those towns. 

The majority of the other minihdro installations are owned and run 

by Christian Missions in the rural areas where the power is used for 

lighting in mission Schools, Churches, hospitals, etc. and for supply 
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to mall scale industries being run by the missionnries. Where the 

power supply is sufficient the rommunities surrounling the missions 
are also connected and from the outlook it is evidently a notable 

examrle why electricity is a social amenity even to the 	rural pupulation. 

2.2 	 LAY-OUT
 

Most of 
the minihyro installations in the country bear a common 

layout 	consisting of:
 

1. diversion weir (concrete, earthfill, etc.) 

2. headrace canal (in a few cases lined)
 

3. headlond 

4. 1.enstock(s) 

5. powerhouse 

6. tailrace canal. 

Almost 	 all materials for civil works are locally abtained and cheal, 

labour-force readily availed by the local ;uilulation. 

2.3. 	 THE TURDINES ATM WATER FLOWS:
 

The turbines are 
of Pelton, Francis and Cross-Flow tyus depending 

on the hends utilized, the majority of the turbine sets being cross

flows of Ossbergcr make. Desli-te the fact that most of the turbines 

were installed very long time back (the oldest set was installed in 

1928), their operational reports to-date are quite satisfactory. 

fost of the minihydro schemes were built with verY short or no flow 

record at hand md as such thu' were liable for under-or over

inst-allation. 
 Tione of them has a reuL!nting reservoir as project 

comr.onent and as result muchatoo water is wasted during most of the 

months 	 end some few installations are partially closed down during 

driest months due to 	lack of ,,-ater. Iost of them have stand-by
 

diesel- generating sets and one 
of them has diesel-set for j:eaking. 

.......,/4,
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3. STUDIES ON MINIHYDROS 

3.1. 
 The Ministry of Water and Energy (MAJI) has conducted/is conducting
 

studies on the country's water resources, Most of these studies
 

concentrsted on big-scale projects, and as such minihydro potentials
 

were not included in some of the reports submitted.
 

Back in 1974 MAJI lunched the Western Tanvania Project (WTP) to 

assess the water resources rotentialities of the western and south

-restern parts of the country, infact on the rivers drining to Inkes 

T.knganyikaj Ruiwa and Nyasa. As these three lakes are in the Gr-at 

Rift Vbliey (the western branch) the tift-escarpments oreate good 

hydro~0wer yotntials near the river outfalls to the lbkes. The WTP 

identified many minihydro potentials in those areas ahd hydrometrio 

stations were established to monitor the river flows. 

Other studies have identified mirihydro sites nlong the escrlient 

of the esstern-branch of the rift-valley in Mbulu Distric. 

Mnny other minihydro sites have been identified randomly around the
 

country. 
So far, about eighty (80) 1,,otential minihydro eft6s have 

been identified and the majority of them are gauged. 

3.2. CURRENT STUDIES ON MNIHYDRO 

The map on niiendix 1 also shows the minihydro projects currently 

being studied or earked for studies by TANESCO. The details of 

these projects are tabulated in appendix 3. The study-sites have 

been selected out of the more then eighty (80) identified sites around 

the country, the criteria being to *'icose 
the iotentials which appear 

to be readily exlloituble, not far from potential lower users and / 

or as a rarlacenent of eristing installed sets running on expensive 

diesel. The rlegional Headquarters of Songea, Stuabawonga, Kigoma and 

Bukoba Which are currently supl)-lied with power from diesel generating 

nets and about 10 district headquarters vill benefit from these 

minihydro developments. Other prominent settlements and villages 

...........................
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ill also be considered for electrification wherever economics justify. 

For the studies on minihydros, financial and technical assistance 

is provided by some of the daveloped countries. The studies are 

conlucted by competent foreign consultants but much emphosis is 

p;ut on much local participation during the course of the studies. 

The consultants do also prolare tender documents, detail designs 

and provide supervision during construction. 

3.3 	 IMPIETATION SCHEDULE 

Once a project has proved to be feasible and decision made upon for 

its implementation, funds iave to be sought from developed countries 

and finwaisll institutions. The project is then Mocuted on a 

turn-key basis which involves detailed d4siguinE,procurement/supply/ 

installation of equilments, thu execution of civil works and erection 

of locnl transmission network. TANESCO'S contribution is limited 

to the list-iution netwrk. local particirntion and on-job training 

of counter,-Arts is insisted upon to the nntrLmi level. 

PROBLEMS/CONSTRAINTS 

4.1. 	 FINANCIAL: 

Mrny poor countries fail to raise the funds reauired for minihydro 

development due to the allparent Ligh initiml Q08tN of such projects. 

Other development projects like basic education, h--lth centres,
 

water supply, etc. msy rnk above electric power supply. As such 

developed countries and /or international financial institutions 

have to be approached to 1.rovide funds for minihyIro projects, a 

p'rocess 	which nay be time consuLing. 

4.2 	 TECHIICAL: 

Many countries which irovide funds for studies or implementation 

renuire as a precondition that the consulting and /or const-riction 

...........................
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firms should come from their own countries. Even for very trivial 

studies or construction works the developed countries will doubt 

the capabilities of the local peoile. As such the project costs 

become very high due to the expensive foreign personnel. 

SUGGESTIONS AND CONCLUSIONS 

Minihydro schemes ought to have as simple a layout As porssible i.e. 

like run-of-river but also not involving expensive eivil 

be tdeuately met by 

structures 

like dams, tunnels, underground powerr stations, etc. The construction 

reiuirements of ninihydro schemes could thus 

I-eel construction fi.rms or a consortium of local firms. Urewise, 

the studies on minihydro development need not be as extensive as 

those necessary for major hydro Irojects. Given a chance and 

motivation, local technical personnel (engineers, econonists, surveyors 

etc. ) could organize thenolves to carry out the studies on minihydro 

development, Very few expitriates would then be involved ay, to 

tct as project supervisors. This kind of approach could have the 

projects' costs both the local and foreign components reduced 

dritstically. The know-hor of the local technical personnel involved 

could be highly expanded and aelf-confidence buit up. 

To make this approach more realistic close cooperation should be 

maintained with the local Misaionariee (subsection 2. 1) iho have 

already gained experience from installing several minihydro plants 

in the country. 

1j\
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EXISTING MINTDRO INSTALLATIONS Apkendix 2. 

OWNE/IOCATION TURBINE TYPE/ 
MANUFAC TUER 

TANESCO 
Maenagangn (Irirga) Gilkos & Gordon/Francis 
Kikuletwa (Noahi) Boring and Voith Reaction 
Mbli~i (Mbeya) Gilkes & Gordon/Franois 

Others*
 

Kitai (Songea) CYsas low/Ossborger 

Nyagnro (Iindi) 
 ,15.8
 

Isoko (T-UYu) 
 ,15.5
 
Lhvmbm (Njombe) ,,101.0
 
Bulongwa (Ni'mbe) 


Kaengesm (S'vmnga) ,, 


Runcwe (-ukuyu) ,1.2 
Nyaneno (Landi) ,,38.8 
Peramniho (Songea) ,,j 


,
Isoko (Tukuyu) 

Ndarnd (Lindi) ,, 


Ngsre Sero (Arushn) Gilbert 

Sakare (Soni) Geiselbreoht 


Mbaruri (Mbeya) Chinese 
5dolage (Bukoba) B. Maler 
Ikonda (Njombe) 
 CMTIP 


* Source: Exploiting Minihydro Plants Potential for Rural 

Tanzania 

Dy: M.G. Haassnali and R. Reichel. 

INSTALL
 

CAPACITY (KW)
 

1220 

1160 

40 

45
 

180.0
 

44.0
 

4.67.6 

14.4
 

15.0
 

6.3 

200.0
 

55.0
 

40.0
 

Development in 



CURRENT MINIHYDRO SITES UNDER STUDIES A endtx_3 

None of Minihydro Installed Supply Study level 
River location Capacity to Reached to Date 

RnvuMa Sunda 3,000 Tunduru(D)* Feasibility 

Ravuma Lupilo 1,400 Songea (R)+ I 

Lunita Mbingo 300 Mbinga Prefeasibility 

LuvWra L.Nynsa shore 1,400 Mbsmba Bny Reconnaissance 

Several - - Rudem. Not yet surveyed 

Lupoailo Lupolele - htrkete (D) " 

%hudji Njombe 3,000 Njombe (D) Prefeasibility 

Lupa Rukm Valley 2,C00 Chunya (D) Roconnai ssance 

KiwlraoIbnka Kyela 3,000/4,000 Tukuyu (D) Prefeasibility 

Luiche E carp 3,000 S'Wnga (R) I 
LuOmfi Mtlsoro 1,200 NnrmAnyere (D) Reconnaissance 

Mtambo Uglla 2,400 Mpandn (D) 

M'garasi Uvinea 6,.00 Kigorin (R)/ 

Krsulu (D)/ Feasibility 

Uvinza 

Luiche Nkugio 4,000 " Prefoasibility 

B'mulo Gnme Reseve 200 B'nulo (D) Reoonnaissanco 

KgoneKalebe 2,500 Bukoba (R) Re-feasibility 

bainu1oulu 1,500 Mbulu (D)/ 

Ito wa Simba Mto w Mbu 1,500 

.Iaeafiro Uwemba Ummbe Prefeasibility 

Several W.Ieke Region ? Villages Identification 

Iindi Region ? 

* (D) = District head.uarters 

+ (R) = Regional headnuirters. 
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EXPERIENCE WITH SNALL IIYDRO GENERATION IN ZAMBIA 

Zambia hlectricity Supply Corporation Limited (ZESCO), which is a State
 
owned organization charged with the responsibility of generation,
 
transmission and distribution of electricity operates four small hydro

stations in rural areas where interconnection with the national grid has
 
hitherto been uneconomical. Ti4S paper outlines briefly experience on the 
operations of 
the stations with a detailed description of one of the
 
schemes.
 

INTROOUCTIOd 

Zambia is located in Central Africa and is roughly bound by latitudes 8,
and 180 'outh and longitudes 220 and 330 East. It has a total area of 
750,000km2 
with - a population of5 8a illion. It boarders with Zimbabwe 
in the Sount, Malawi in the East, Tanzania and Zaire in the North and Angola 
and Lamibia (SWA) in the West. 

The country is fairly flat being a plateau at 1 000 metres altitude 
interrupted only by Muchinga escarpment which rises from the centre of
 
the country and runs into the 0orth-eastern direction at an altitude of
 
up to 2 000 metres. The country is cut by Zambezi river in the West 
and 
its tributories Kafue and Luangwa in the centre and East respectively.

It abounds in small rivers and has adequate rainfall daring the months of
 
November, Decemcr, January and February.
 

BACKGROUND TO SLthILL HYDRO G4ERATION 

The urban areas of the country which roughly follow the railway system from 
the south to the north are fed from the country's national arid system
comprising the major generating stitions of Victoria Falls, Kafue Gorge
and Kariba tfydro power stations interconnected through 330 kY transmission 
lines to the major load centres in Lusaka, 'abwe and Copperbelt in the 
nor th. 

The vast size of the country however precluded early connection of
 
rural community centres to the national grid and there was need for 
alternative source of 
supply to these centres as early as the late 1950s.
 
There were adrainistraLive centres with popul .tion of between 2 000 and 
5 000 each for the rural provinces ie. 44stern Province, North-Western 
2'rovince, Eastern Province, I:orthorn and Luapula Provinces. Preliminary
estimates of the largely donestic electricity requirements indicated that 
these would be small and there was the necd therefore to devise simple
electrical schemes w:hich could be economically matched to initially small 
loads yet be c:ipable of extension in fucuro years. 

Unt...
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BACKGROUND TO SMALL iYDRO GENERATION (CONT'D) 

Two alternatives presented themselves, that is diesel generation and small
 
hydro generation where suitable perennial rivers existed. Studies
 
indicated that simple hydro schemes close to the load centres, though
 
initially requiring more capital investment than diesel stations, were
 
more economical due to the high cost of diesel and maintenance costs.
 
Assessment of firm energy of hydro scheme proposals were necessarily
 
based on assumptions from rainfall run-off calculations in the catchment
 
areas and spot gaugings of the rivers as hydrological data was scanty.
 

At ilbala, Kasama and Mansa conditions existed for exploitation of small 
rivers at small river falls where the head and assessed average annual
 
discharge were sufficient for electricity generation to meet immediate
 
and future load demands. By 1960 investigations had been completed and
 
tenders advertised for execution of civil works and supply of machinery
 
and equipment.
 

The nydro stations conceived were simnle, run-of-river schemes with only
 
diurnal storage above the diversion weirs to reduce the cost of civil
 
engineering works although the design of individual items usually allowed 
for future extensions when.upstream storage to utilize the full potential
 
capacity of the river became necessary.
 

At Chishimba Falls some 40 kmn west of Kasama town on Luombe river a power
 
station was established and commissioned in 1960 by building nearly 11 km
 

"
of a canal fron the diversion weir and two penstocks to de' ver water to
 
four horizontal shaft Francis turbine-3encrators rated at 300 kV each. 
Power was generated at 3.j Kk and transmitted through 33 kV wood pole line 
from the nearby outdoor step-up sub-station. The power station was upgraded
in 1970 and in 1975 with the addition of 4 x 1.2 'filturbine-generators.
 
The extensions entailed raising the diversion weir, the construction of 
1.5 km of 2 m diameter concrete low pressure conduit, a surge chamber,
 
and two penstocks 450 m long with internal diameter rangin, from 1.2 m
 
to 0.6 m at tne power station end.
 

Another. even s-maller station was established at Lunzua Falls near Mbala 
town some 200 kn north of asama. The station was initially of 2 x 250 kW 
Francis turbine-gelnerators at a tead of 40 o on a run-of-river basis on 
Lunzua river. The power station was upgraded in 1969 by the addition 
of the third 250 kW machine. 

The largust oi the four statiolis is Lusiwasi which was established 30 km 
east of Serenje town where the Lusiwasi river cuts through Muchinga escarpment 
before emptying in Luangwa river, creatiag a head of 500 m. Two impulse 
type Pelton turbo-generators were installed in 1970 each of 300 kW rating. 
The station now has two idditionial machines of the same design bringing 
installed capacity to 12 i. 

The power station comprises a storage dan 60 km upstrea-i for seasonal water 
flow regulation, i diversion weir, intake gates for the 1 km canal, 
headworks and tnfe- two 12 14Wpenstocks. A haulageway runs along the one km 
penatocks to the power station. 
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i1JSONDA FALLS POWER STATION 

Investigations ware carried out in 1956 on the feasibility of 
a power station
 on Luongo river to supply power to Mansa township and sorrounding areas.
The place of interest was Musonda Falls 57 ki north of Mansa and 16 km
 
from tne confluence of Luongo with Luapula river.
 

There was no stream flow information available at 
the time but hydrological

assessments had established that on run-of-river basis the discharge duringaverage rainfall years was sufficient to maintain an output of 
1 *.I firm
 
capacity at 60% load factor.
 

The power station was established by diverting the river at 
the falls into
 a canal 800 nietres long to a forebay where two steel penstocks, each of
1.4 a diameter, led water to the power station creating 
a total head of
 
29 metres.
 

The machines are of horizontal shaft Francis turbine type with cast
stainless steel 
runners driving salient pole synchronous alternators with
 
a brusthless exciter generating 1 000 kW power at 3.3 kV. Journal pedestalbearings are provided between the runners, flywheel, the alternator and
 
exciter.
 

The turbines are 
provided with automatic mechanical hydraulic -o-'ernors
with a centrifugal head driven by a motor supplied from a permanent magnet

generator mounted on the exciter, capable of adjusting turbine speed within
+ 6%, provision being made for manual and remote electrical control of the 
turbine.
 

The machine assembly incroporates automatic shut doxn of the turbine indexciter against excess bcaring temperature, excess generator and exciter
air ,emperatura, turbine overspeed and low governor oil pressure.
 

The power statiolL has since beeii extended by the two 1 000 kW turbo-generatorsets with separate penstocks of similar design to the other two. The extensions to create a 3 MW capacity required the construction of a concrete gravity dam8 km upstream for seasonal regulation, the provision of additional steelradial gates for thc headworks, the raising of canal walls, additional structures 
at the forebay and construction of two penstocks. 

The powr station building houses four 1 000 kW turbine-gencrator sets,control panels for each set, asynchroniaing panel, 3.3 kV switchgear, a batteryroom and a worksnop. An outdoor sub-station adjascent to the power stationsteps up the voltage to 33 kV for transmission along the 400 km;Luapula
valley. A schematic arrangement of the power station is attached. 

ELECTRICAL PROTECTION
 

Nolle of the small hydro electric stations available in Zambia have generatingunits of more than 3 MVA. As such these units are directly connected to thesystem, that is, they are not connected to the system through individual 
transformers.
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ELECTR.CAL PROTECTION (CONT'D)
 

There are many techniques available for protecting generating plants
 
against various faults and abnormal conditions which my occur. In view
 
of the range of possible protective systems it is necessary to realize
 
that the design of a complete and comprehensive protective scheme is
 
governed by economic considerations. Smaller generators such as those
 
available in our hydro-stations are not so co aprehensively protected.
 
Below is given a typical protective scheme of a mini-hydro electric
 
station at Musonda Falls.
 

The main generator protection is a Ierz-Price circulating current
 
proteccion. This protection provides for phase and earth fault protection
 
of the stator windings. As a generator protection back-up overcurrent
 
relay of the inverse definite mninimum time (IDMT) type are applied.
 
Overvoltago protection is also provided on these machines. The stator
 
protection is supplemented by an earth fault alarra system.
 

Protnct'.on a.-sociated with severe electrical faults is arranged to trip
 
the high voltage circuit breaker, the field circuit breaker and stops 
the turk'.nc.. lhe sneed governor is designed to prevent a dangerous 
speed ri';e even with a 100% load rejection, but nevertheless an additional 
centrifugal overspeed trip device is provided to stop the turbine if the
 
synchronouE spei-u is eAceeded by lOZ. 

The main transformer protection is the bucholz. This is supplemented
 
by earth fault protection. The feeders have overcurrent and earth fault
 
protection using IOMT relays.
 

OPERATION OF THIE POWER STATION 

The power station is manned by Zambian trained staff consisting of an 
electrizal technologist (Power Station Superintendent) a Station Mechanical 
Fitter, a :,nior Plant Operator, eleven Plant Operators (plant attendants), 
and twent'-six general workars. They are responsible for the day-to-day 
running of he power station including routine maintenance. Major 
cons LucLiDT I)d -..Tpir work when necessary is however carried out by 
outside per-on;:el. ThL escablish-ent also includes nine security personnel, 
a ;' a -sta.t and a station driver. 

Th - tion ha:. performed satisfactorily since its establishment, with 
rIly cei:,i. r'j'acrrent of miaor equipment and maintenance work on 

civil'i' .. : r.rctures requiring attention. Personnel could be 
suL."a::' i- ro-'tcrd tjirn corresponding savings on salaries and wages but 
.3achnacn i, nu,.tpossible in a country where labour lay-offs are not 
p,:litica!': a:'tab l. 

TtH. 2C9Z .7'. (U!"NL,. TIOJ 

A schcdule of capital costs for Musonda Falls is shown on the attached 
cheet One, w'aich also gives the running costs, excluding finance charges. 
A rough ectikrnt. trom the figures indicates generation costs of the order 

'n,1 7,',crnrared to average revenue of 2.7n per generated kwh 
using 1979/00 fiscal year figures. 

http:turk'.nc
http:Protnct'.on


5. 

PROSPECTS FOR FUTURE SMALL HYDRO STATIONS 

There are possibilities for developing further mini-hydro stationg in 
the country's remote areas. The economics of such inves"',ent denends 
largely on physical conditions obtaining at the proposed sites and 
therefore the cost of development, ti. distance from the load centre 
to the nearest transmission line and level of electricity loads expected. 

Zambia Electricity Supply Corporation recently conmmissioned a study to
 
examine the feasibility of replacing diesel stations in the North-western
 
Province with either small hydro stations or inter--connectin- the four
 
towns in the provinces to the national -rid. The results of the study
 
indicate a desirability of small hydro stations. These are cheaper in
 
capital costs than inter-connecting for the loads obtaining in the 
foreseeable future. Diesel generation is, however, still cheiier at 
present prices and level of generation but this alternative is considered 
uneconomical in the long run. 

These findings will no doubt apply to other parts of the country as yet 
to be electrified. Witn the country's emphasis on agricultural development 
and rural electrification more efforts will be made at establishing small 
hydro operating stations, the constraints being availability of capital 
funding and suitable, cheap designs of turbines to utilize low heads 
with high discharges. 

ooo0000000ooo 



S[E2ET I 	 HUSODA FALLS P0"E STATION 

GENERATIOI COSTS 

(X'OOO 
A. 	TISTORICAL
 

Value of Assets 1076/77 lY//Ti 


Fiscal year
 

Civil ?/orks 15?? S5-, 


'Mant& machinery 454 599) 


Transformer 2c 


2witch gear 35 35 


7. G:MIEATI011 
13 	 i23 14 923 


C. 	LUAPULA Sv'$,,TEr, SALMS 
) 	 24<".. 322 


D. 	 01h3Rf,.TIITG Ep~1~ 

CXalaries an4 "rages 53 s0 


i.aintenance of
 
Ciuil works 1 2 


Ie.aitenance o-
APant 
 "i 


Cal e'u.'- ment I 1 


LoviestiC e-)esti....
olAes 


/'.ini s trat:on 2 1 


Dmpreciation I4E 46 


112 1.0 


KI - SUS 0.85) 

1970/79 979/0 

1544 1544-;
 

61 661
 

f, 

35 35
 

17 646 16 5?.5
 

390 45)
 

70 .37
 

1 10
 

4
 0
 

1 1
 

1. 3
 

Z'. 52.
 

124 ,
 



HYDRO POWER STATIONS IN ZAMBIA 

CAPACITY
M.W 

NO. AND SIZE
OF UNITS 

HEAD
METERS 

TYPE OF
TURBINE 

POTENTIAL
MEAN ANNUAL 

PRODUCTION 
Gwh 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Kafue Corge 

Kariba North Bank 

Victoria Falls 

Mulunoushi 

Lunserrfwa 

Lusiv'-si 

Chishimba Falls 

Musonda Fails 

LL4nZUa 

200 

600 

102 

20 

18 

12 

6 

4 

C,75 

6 x 150 

4 x 150 

2 xl + 2x 3 + 10 x10 

1 x 2 + 3 x 6 

3 x 6 

4 x 3 

4 x 0.3 + 4 x 1.2 

4 x 1 

3 x 0 . 25 

390 

480 

108 

366 

107 

500 

70 

30 

130 

Francis 

" 

Pelton 

Francis 

" 

"0.6 

4090 

3320 

699 

75 

118 

36 

i7.5 

16.5 
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JNQREASE OF ELECTRICITY TARIFFS
 

In accordance with Section 12 of Electricity Act. Chapter 811 of the
 

from 1st May, 1983 maximum
Laws of Zambia, notice is hereby given that 

demand and energy charges will be as given below. The bills based on 

thie now charges should thereforo be received by consumers in Juno, 1983. 

Tariff El - Energy Tariff restricted to 5 Amperes single phase
 

Fixed monthly charge in Kwache 0 75
-

Unit charge in Ngwee - 2.13
 

Tariff E2 - Energy Tariff restricted toiS Amperes single phase
 

Fixed monthly charge in Kwacha - 1.50
 

Unit charge in Ngwee - 2.13
 

Load'Lmiter Rating in Amperes
 

7j 10 12j

1 1 2 2j 3 5 6 7 


Monthly Chargu in Kwacha
 

2.0 2.3 3.4 4.5 4.9 5,3 6.6 7,9 9.0
1,4 1,6 1.9 


Tariff E3 - Energy Tariff for unrestricted single phase and throe phase 

supplies up to 15 KVA for domestic purposes only 

Fixed monthly charge in Kwacha 4.50-

Unit charge in Ngwee - 2.13
 

Tariff E4 - Energy Tariff unrestricted single phase and three phase 

supplies up to 15 KVA for commercial purposes 

Fixed monthly chargo in Kwacha - 16.25 

Unit charge in Ngwee - 2,38 

Tariff D - Maximum Demand Tariff 

(a) 	Tar'iff 0 - Consumers Maximum Demand in KVA below 300
 

Fixed monthly charge in Kwacha - 21.13
 

- 3.63Maximum demand charge per KVA per month in Kwacha 


Unit charge in Ngwo - 1.63
 

2000

(b) 	Tariff D2 - Consumers Maximum Oumand in KVA 300 to 

Fixed monthly charge in Kwacha - 406.25 

per KVA per month in Kwacha - 3.25Maximum Demand chargo 


Unit charge in Ngwee - 1.25 


.....CONT/ 
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(c) 	 Tariff 03 - Cunsumcrs Maximum Dumand in KVA ovur 200O 

Fixod monthly chirqu in Kwacha - 4062.50 

Maximum dmnnd chirg,. pr KVA por month in Kwocha - 2.70 

Unit charg,. in NqL - 0.82 

Surchargos for Supplius from Isoliit:d 5ystems Gthor than on Tariff El & 

Tariff E2 

Consumurs of Tnriffs E3, E4 and D will bQ
 

subjuct to the followin. surchargos:

(a) 	 The 20% surchnrgc on consumors suppliod from isolatud systems with
 

mainly hydro uluctric powur gLinuration remains unchangod.
 

(b) 	 Thu 150% surcharj on pcwir and !nergy suppliud from isoloaLu ay.tuma 

with only diusel cl~jctric powur gunor~tion remains unchangod 

SECURITY DEPOSITS - Thu now standard 	deposits for tho supply of oluctricity
 

aru now as followst

(a) 	 Rostrictod supply (maximum lonc 5 amperes) K13,00 

s) K25,00(b) 	 Rustrictod supply (ovur 5 ampur 


K63.00
(c) 	 Unrostrictod Domustic 


K88.00
(d) 	 Othor consumers (excluding maximum dcmand consumers) 


will 	romnin on thcir provio.& doposits. However, in
Existing consumers 


resulting in disconnoction,
thu evunt of any dLfault in paymcnt of bills 


dLposits will increase to thu 
ratus shown abovo. It should ou noted that
 

the now Roconnqction chargo is K25.00.
 

STAX - A Govurnmont Snbs Tax of 12J remains unaltorod.. 

R.G. 	 MITI 
GENERAL MANAGER
 

DATE: 31st March, 1983.
 



NRECA-EAST AFRICA SMALL HYDROPOWER WORKSHOP: JUNE 20-24,MBABANE, SWAZILAND- 19R3
SMALL HYDROPOWER ACTIVITIES - ZIMBABWE 

Background
 

Historically Zimbabwe depended f-r 
its electricity supply on
small coal 
fired power stations built

either to be local supplies
for cities or 
major mining centres. In January, 1960
the Kariba hydroelectric power station was commissioned with
666 MW (Zimbabwe's half share then 
was 333) of installed
capacity mainly as 
a response to power 
demand by the mining
industry. 
To-date the Kariba has been boosted 
to a
Zimbabwe-half-share installed capacity of 633 MW complemented
by a farely advanced national power grid network which
currently serves 
a broad area of mining, industrial,
commercial, 
domestic and agricultural 
(rural) activities 
as
illustrated in Map 1 
- ELECTRICITY SUPPLY COMMISSION.
 

With present government emphasis 
on rural development, power
development schemes must be 
extended to 
include the
establishment of an effective 

in 

rural power supply sytem. It is
this sphere that small hydropower systems must be useful.
Small hydropower technology alone, 
or in combination with other
small scale systems may be used as 
isolated generation systems
to supply rural centres too expensive to be serviced by grid

extension.
 

A summary explanation of Zimbabwe's rural 
development strategy
is shown in Map 2 
-
GROWTH CENTRES, DISTRICT SERVICE CENTRES,
AND RURAL SERVICE CENTRES FOR PSIP. 
 It is intended to supply
power 
to these growth centres

expansion and to allow for network
to the ultimate development of a 
fully interconnected
 
national power grid.
 

Existing Small Hydropower Systems
 

The development of hydropower in general 
in Zimbabwe has been
limited 
to the Kariba while the development of power in general
tended to be centralised. 
 This may be attributed to the
development of large scale industries in 
the country and the
streamlined industrial location structure. 
Thus there are no
existing small hydro stations in 
the country yet. The
haphazard nature of 
the 
location of rural activity centres,
however, calls for investigation of decentralised systems.
 

New Development In Electricity Supply
 

Boosting power 
generation capacity with 
the Hwange project may
give Zimbabwe enough electricity for both rural and 
industrial
consumption. 
 Hoewever, the 
cost of 
extending the transmission
network to some rural 
area justifies 
the adoption of localised
small scale systems for 
rural power supply.
 

Zimbabwe is, therefore, seeking to do a study to provide rural
centres with the 
most suitable power 
supply technologies.
Rudimentary consideration of candidate 
technologies 
for rural
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isolated power generation is underway but it is felt that 
consultancy and the relevant funding must be sought to carry 
out 	an indepth nation-wide rural electrification feasibility
 
study with technology selection as a major exercise.
 

Resources For Small Hydro
 

Map 	 3., HYDROLOGICAL ZONES, shows rivers with falls or rapids,
lakes, and dams. No effective study has yet been done on sites 
for small hydropower but the obvious areas of interest are 
covered by hydrological zones D, E and F. Zone F and eastern E 
have the greatest potential because they have perennial waters, 
high gradients, and the highest rainfall in the country. 

However, flows and evaporation figures are not available for 
possible sites since these have not 	 at all been identified. 
Available figures were collected for purposes other than small
 
hydropower development and may thus be irrelevant in this case. 

There are also a number of dams which could provide possible

sites if their use for power generation is not in competition

with water supply for irrigation, or drought control. 

Again, any hydropower development has to match intended rural 
development. Thus site selection will be determined not only
 
by hydroiogical factors but also by:
 

1. 	 the location of the rural centre for which supply is
 
intended.
 

2. 	 the comparative cost of grid extension or other
 
autogeneration systems.
 

Expertise and Training
 

The rural electrification feasibility study mentioned above
 
would also be used as a training exercise for locals who would
 
be seconded to the study team.
 

The 	running and maintenance of the stations would be done by

the 	Electricity Supply Commission which trains ownits 
personnel.
 

MINISTRY OF INDUSTRY AND ENERGY DEVELOPMENT: ZIMBABWE 



Na1 TARFF 
URBAN DOMESTIC 
This taniff applies o all Domestic 
premises situated in an area within 
th 	 boundaries of a Localte 

Government Authority, or Rural Council Urban Waro, which. 
in the opinion of the Commission. should be classed as an 
Urban area. The tariff coers supplies to allapparatus 

,=ally used in such pro'irses, including any numbar at 

rsup to 2,2 kW. an to any ulher apparatus which the 
1ssion may. firm time to lime, decide upon. 

"'4I The first 45 kWh per month at 8.5c per kWh. 
bi The next 155 kWh per month at 2.5c per kWh. 
c) RaLvce of mnthty eengy consumption at I.c por kWh. 
This tarifl is subiect to surcharges, details of fhich are given 
in the attached schedule, and is also sunjict to a guaranteed 
minimum monthly account which wJI be related to the capital 
cost of providing Ine supply, but which will never be less than 
$2,00 per month. 

Na 2 TARFF 
RUP A DCfVESTIC 

This tarift applies to all Domestic 
rpemmsi s tuated in an area outside 
the boundaries of a Local 

Government Authority, or Rural Council Urban Ward, which. 
in te opinion of the Commission. shoild be classed as a 
Rurl area. The taiiff appiies to all apparatus normally used 
in such premsas including any number of motors up to 4 kW, 
and to any olthetapparatus which the Commision may,. hm 
time to time, decide upon. 
a) 	 The first 115 kWh per month at 8,5c per kVh. 
1: The neat 285 kWh par month at 2,5c put hwh. 

c) Balanceotmonliyoneigyconsumptlonat i.2cperkW 

This tantf is subject to surcharges, dtads of vtiich are given 
in the attached schedule, and is alu subIect to a guaranteed 

rnimmum monthly account wich *ill bid(elated to the capital 
Cost of providing a supply, but whichwill neverb lessthan 
$2.50 per month. 

N - TARFF 

ILf3AN BL Q 
P E 

This tariff apples to all Commeicial. 
tole, l htutOna. fnmg Industrial, 

or Other supples havmng a supply 
;ily not enceeding 300 kVA,which are situated in an 

, within the boundaries of a Local $oueinment Authority 
ref Council Urban Ward. which. in the opinion of the 

Commission. Should be classed as an Urban area. 
a) For single phase Suppies, the first 50 kWh per month 

at 8.5c per kwh.
 
For three phase suppiies. the first 100 kWh per month 

at 8,5c per kWh.
 

b) For both single and three phase Supplies, the net 
40 kWh per month, Ord kWhper month per kVA of supply 
capacity,whicheer is the greater, at 8,5cpatkWh. 

cf 	 For both single and three phase supphs,the balance 
Of monthly energy consumplmon at t,1c por kWh. 

This tart is subject to surcharges, details of which are given 
inthe attached schedule, and is also subict to a guaranteed 
minimum monthly account whiich will be related to tI capital 
costoprovidingthe supply.but wich willneverbelessthan 
$3.00 or$t,00 per kVA of sipplycapacity. whicheur is the 
greater, 

N4 TARFF 
RURAL BLOCK 
P IERi 
This tartf applies toallCommurcial. 

Ai . ... Holel.Institutional, Mining. Induslnal 
orother supplies having a supply 

capacity not e %uCeding300 kVA and which are situated in an 
area Outside the boundaies of a Local Government Authority. 
or Rural Council Urban "ard. *hich, in the opinion of tre 
Commssion. should be cassed as a Rural area..b8 
a) 	 For Singie phase supplies, the tirst 190 kWh per month I 

at 8.c pe, kWh. 

For thiree phaie supplies, the first 340 kWh per month,
 
at 8.5C per mWh.
 

bi 	 For both single and thrue phase supplies, the next 
50 kWh per month, or t0 kWh per month per kVA Of 
Supplycapa cty. wnicrir is thegoaater. atl.5Cperkwh, I 
For Wih single and three phase supplies, the balance 
)fmonthly energy consumption at 1.2c per kwh. J 

is sublect to surcharges. details of *ilch are given 

-WF.eattached schedule, and is also subject 1oa guaranteed 
minimum monthly account, which will be related to the 

capital cost of providing the supply, but wn,-h will never be 
less than $5,00 or $1,00 per kVA of supply capacity. 


Lwhchevr is the greater. .$100.
 

Harf 

No5 TARFF 
FARMING 
This tariff applies toallferm eupplies 
where tie area of the farm exceeds 
20 hectares and the occupier holdsa current larmer's licorice. 

a 	 The first 340 kWh per month at 8,5c per kWh. 
0) 	 The next 50 kWh petmonth, or 10 kWh per month pet 

IiVA of supply capacity, whichever is the greater, at 
8.5c per kWh 

C) Balance ol monthly nrgy consumption at 1,1c prkw. 
This tariff is subject to surcharges, details of which are given 
in the attached schedule, and is also subiect to a guaranteed 
minimuija monthly account which vll be related to the capital 
cost of providing the supply but which will never be less than 
S 13,00 par month. 
In the case of plot holders occupying land loss than 20 
hecaie% in area, the following conditions apply :
a) \Vhenetha supplyisusedsolelytor domesticpuposes. 

ther No. I or No. 2 Tariff as appropriate. 
b) Whee no farming lrince is hold but pioduce is sold, 

either No. 3 or No. 4 Tariff as appropriate. 
cl 	Where a arriing licence is hold,the occupant my have 

the chot:e betwean No.5 Tariff and the approprlate ont 
of No. 3 or No. 4 Tariffs 

N 	 6 ARFF
INDUSTRAl--
DEMAND 
This tariff apples to Commercial, 
HoteL Institutional. Mning.Industnal, 
or other supplies over 300 kVA 

supply capacity and not exceeding 10000 kVA Supply 
capacity. 

a) 	 The hiit 300 kVA of monthly demand at $2.20 pet kVA. 
b) Tie ne.t 700 kVA of monthlydemand atlS1.80per kVA. 
c) The tialance of monthly demand at $f55 per kVA. 
dM The first 200 kWh per month per kVA of monthly 

demand at t.IC Per Wh 

a) The neer 200 kWh p.imonth per kVA of monthly 
dim.nand at 0.7c pet kwh 

fi blalance of monthly energy consumption at 0.3c 
prt kWh. 

This taif is sublect to surcharges, delals of which are given 
in the attached scnedule, and i, also subject to a gu.ranteed 
minimum ir .nthtly account which will be related to the capital 
costofprovidingthesupply. but %iv h*iaiinever be10sthan 
$1.00 per kVA of supply capacity. 

ro7 TARFF 
MUNICPAL AND 
LARGE 
INDUSTRIA 

This tariff applies to Municipal, Industrial. Mining or other 
supplies over 10 000 kVA of supply capacity. 
a) The first 10003 kVA of annual demand at $43.50 

per kVA. 
bl Balance of annual demand at $33.00 per kVA. 
c) The first 2400 kWh per annum per kVA of annual 

demand at 0,4c p.r kwSh 
The nei 2 400 kWh per annum per kVA of annual 
demand at 0.3c per kwh. 

o) The balance of annual energy consumption at 0,2c 
per kWh. 

Thstarffs subect to surcharges, detailsofwhich are given 
in the attached schedule, and is also subluct to a guaranteed 

minimum annual iccount which will pa related to the capital 
cost of providing the supply, but which will never be less than 
Sf15.00 per kVA of supply capacity. 

TARff
 

LGHTING
 

Thistaritl nayiapplyasan alteralro 

to Taifs No 3 or NO 4 for Women s 
Instiutes. Scout and SportsClubs.I 

Farters Hlls, Libraies. Churches and Other such corisur.ors 
as the Commission may tom time to lime decide. 

All monthly consumption at IOC pet kwh.
 

T
This tariff is sub ecl to surcharges. details Ofwtiich are given 
in the allachtd schedule, and isalso suLiect Ioaguaranteed 

I mimnmum monthly account which wll be related to the capital 
costolplordmgtnesupply. butwwichwilnever beless than 
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INTRODUCTION. 

Electricity plays a very important role in the 
development of a country. In a developing'country like
 
Pakistan, electrical enargy is needed for meeting the basic
 
need of energy in the domestic sectors of urban and rural
 
population as well as for development in agricultural and 
industrial sectors. The generation system of Pakistan is
 
a thermaI-hydro, mix, the installedpresent capacity iz
 
4064 M. 13000 villages out of a total of 43000 have so
 
far been electrified. Most of energy needs of the piople
 
in rural areas are met from non-commercial fuel available
 

lo cally. 

In order to accelerate the pace of supplying
 
electrictj to rural people in remote areas, the Appropri
ate Technology Development Organization of the Government
of Pakistan is implementing a program of rurt electrifi

cation utilizing small hydroelectrio potential. The progam 
emphasises primarily on developing and promoting indigenous 
technology and using local resources. Forty schemes of 5-30 
KW capacity have so far been completed at a cost ranging 
from Rupees 3000 to 5000 per Kw installed. The paper desc
ribes selected feature, of the schemes, mainly hydropower 
equipment, local fzcbrication, management and tariff. 
FEcperiences gained on the !aintenance and repair of the 
Plant is high.'ighted. Areas of research, design and
 
development are nointed out. 

Av 'al ie ocumiant
 
Beat AcxUD~ 
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RURAL ELECTRIFICATION OPTIONS. 

Since a large population of the country lives in 
villagesi it is essential to accelerate the rate:o riral 
eleccrification, Rural areas cre being electrified by, exte
nding the national grid. This system is quite. expensive fo ' 
areas where load dcnsity is low and distances -re long. The 
average cost of electrifying a village under the ;:relent. 
system is about Rs. 500,000/- (1 U.S $ approx:imately'= Rs.. 
12,50)6 This does not include the c.ist of'providing addit
ional, generation.ea pacity and cost o:7 transmission lines" 
and grid station. In view of high cost.of this. system it. 
is imperative to loank for a w-mitablc option for eleotrifying 
the village, at a lower cost. 

De-entralized electricity' generation systems offer 
an-atti'active solution for remote, isolated and sparsely 
populated areas. Since no extensive transmission and dist
ribution systems arc needed, substantial saving in capital 
cost is possible. Decen-ralizCd tenerating stations, using
renewable sourcsf irii..joy lLsrgy are most suited to oilL • I - -so ui-d to o 

importin develop i', c,-ut ies. Among the various sources 
of renewable energ:y, hydronower is the one whose vechnology 
is well established. In iral-.:reas, water power has been 
used by peoplo since -ncie(nt times. Simple ,.ter sheel are 
common .3,ihts in mcrny parts of Pakistan even today.; 

In pa]:istan, decentrolized hydroelectric schemes 
are being irapementeoi under tao Ki.C.,Ierent approaches in one. 

plants cepsitiescase, small cl 100-200 KW are insGlled 
under conventional mcthod. These projects are e::ecuted by 
contractors, whe follow the conventioial desiiri of civil 
works, Tim turbire .i. 1t, c rLcd and the generators and trans
formers are made by loial firm;<s. Those projects are being 

http:generation.ea
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installed at a cast"6f'Rs. 50,000/- - 70,000/- per KW. 
.Since tl)e revenue returns are low, the schemes are heavily 
subsidized by the GQvernment. 

In the other schemes, adtLted and promoted by the 
A-pproprjnte Technoloey Devclopment OrgEnization (ATDO) of 
the Government ol Pckistail, projects are bein\ c:ecuted with 

part ioipation o.?_ the 'local cormmnity. Plants of canacities 
in the rmn.e of 5- 30 P1 have. bu-n installed in a number of vil.l

ages in. the northern arceas. The 'Lstalled cost of these 
plan4-i range fro, Rs. 3000/- to R . 5000/- per KW. A brief 

description Pf those schemes is o:'.x'en in the following 
paragraphs.
 

2. MICROIrYDRO SCHEIIS OF A.T.D.0. 

NtED FOR ELECTRI&rY AED FO7,EP.' IN RURAL AREAS. 

The plants are developed -to serve communities 
which are livin'g in isolated fbr-off areas in mountaneous 
regions. Mo.st nin thuese locmtio:is are diff-icult to reach, 
and duo to snow _f ll they remain cut-off for few months. 
People are mostly uneducated and havc a low income. They 

possess vill1ac .ov.'l skills in 1.asonany and carpentary 
Skills in inst.-,llation and operation e any kind of machine 
is uncommon. The car ii.coine is either.from the sale of 
agricultural er&,hict or s a)iCy of fami~ymcubers we r.ing 
in ton or on sr:aj. <,vo'm:a.t y'e :jcts around thir villges. 

Basic neel c.- I :htiv i, r:.cJ by usinc- kerosine 
lamps by thosa %who ccn afwyd i't. Rest of "thc poolcl either 

use oil-wlck lamps or burn -irwoodobtaining li{Lht. Infor 


the repions und.) clisir-'ion, kcrosiie oil is quite
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expensive* It is sold'at about Rs. 16/- per gallon. A well
to-do family may have to spend about Rs.: 100/L ptr month for 
purchase of kerosine oil for ' purpose. An average 
family s,)ends about Rs. 25/- per month for this purpose.
 
Transport 
 and storage of oil poses some problems too. In
 
most of the villages, motive power for grinding mills1
 
produced from ancient type oi wooden water run on
shoels 

vertical shaft. 
 Though they are very cheep and simple, they 
are highly inefficient and slow. Some enterprenuer, install 
a diesel engine to run their mills. 

The basic needs of the community cin be satisfied 
by modest level of elctricity. A couple of bulbs in each 
house is all that i. needed. The climatic conditions are
 
such that cooli:t: 'fans ?rc not required. In oddi'tion o
 
residential buil.linig t;hiere 
 c.!re a couple of other places, o.g 
religious centresn, comi anity centros, chools, police stat
ion, disPensary etc /1ich require electricity for lighting 
purpose.. 

The reouircments of icohsenical powor to run the 
usual hgriculturaj proaceslinr units is also quite low. The 
units corilionly neo edi in a ru<ral area include flour uilling, 
ricb huskin,- cotI-:n inx, drilling1iun sawin[_, and lathe etc. 
Since th, ,ic.ad ta:hins. ,<ts is lo,, .-- oL small 
caacities arc :l' .All the units do not opt rate
 
siiultanousy 
 'VO a; such the :.aiin demand of noeer is
 
only
o a few ho :',,-o',,or. 

CU.RP T PRACT ICE. 

In the earlier stages, plants of smalle'r coapasit
!es, mainly in the range of 5 - 10 Kw were installed. These 
sites have") head ir. the 5 r 10 m rcng.{e. Penstots were made 
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from wooden planks and at some places.old oil diums were
 
assembled to make ponstociks. The Banki type rotors 
were
 
made from steel sheets bent manually to give the desired
 
curvature of the vane. A detailed account of thc schemes
 
have been given earlier ( 1-4 ). 

The reccnt installations are relatively larger
 
in capacity, 10 - 30 Kw sites v!ith higher heads,
and 10-40
 
m have been developed. Steel pipes penstocks arc invariably
 
used and a gate valve is installed at inlet to the turbine.
 
Fabrication of the 
turbine rotor har also been improved. The
 
Vares are cut from a pipe of appropriate diameter, which has
 
resulted into stronger and uniformlay shaped vanes.
 

The breakdmm of the cost of a typical 20 KW
 
plant at a site having a head of 20 m is as showrn below 

a) Civil.worlk includi. g penstocks Rs. 15,000 
b). Turbo;genorator equipment Rs. 3000
 
c) Technical selices 
 Rs. 10,000 

Total Rs. 55,000/-

In the initial stagos, the cntire expenditure 
of a plant was borne by ATDO, Later on the cost was shared 
between the ATDO and the provincial government. Curnently 
there is a Lreater cont-ribution made by the provincial 
government and local counci.s. The cost of material and 
equipment is berne by the provincicl government, the local 
council or the coopc:rativc society is responsible for supp
lying wooden p lee for distribution lines onCL labour and 
local material :[or the civil ioiks. The ATDO provides all 

the technical fervico,3 needed to implemunt the scheme. 

,[
 



Sinoc the inst3llation of the first demonstration 
pI.nt in 1976, 40 plants with a total capacity of 360 Kw 
have ben installed to-date. Another 20 projects are at 
various stages of implementation. 

MICROHYDROM - OIER PLAI\TjS. 

In the micro-hydro program of the A.T.D.0, the 
selection of-the type of turbine is based on the following 
criterion :-

I * Indigenous know-how should.I be developed and 
promoted. The turbine aust be simple enough to
be built in o small lc-al workshop. 

2. Material and components used must be available 
locally. 

3. It shouldbe substantiaily cheaper than imported 
turbine. Its cost should be within the reach of 
ind iv idual /co mmun i-ty. 

4, It should be easily ?ortable. 

5, Repairs should be casily carried out in a local 
shop. 

6, It should. b*e fairly reliable. 

7. It should I"- fairly efficient. 

Purely on technical grounds, for the range of 
head ( 5m to 25m ) aid flow (,T 1/Sec to 500 I/Sec), Francis 
type turbine appeors hoat suiLable. Howverythis turbine 
has the following di, (dvantage4



a) The design of the turb ine. s .oi 1cated and hence 

it is very V'-PCisive. 

b) 	 Different flow-head combination neads' a. diff erent 
runner diameter which demand entirely a new design 

of the tual]ine. 

o . The pait-load ef:iciency is very low. This is.. a 
,great 	disadvontage for smaller streams and in run
of the r-Ever plants. 

Rocticneturbinc:- arc 'usually more suited for
 
vcry largc instl.lation.
 

The cross-flow turbine :i- free from thc above
 
mentionbd 
 drawbick. It has the foll9aing main advantages ;

a) 	 The design procedure and fabrication arc simple 
and therefore it is not cxpensive. 

b) 	 The design is well suited to d:Lfferent combinations 
of flow and head. • Runners of voiying widths but 
a ftced diai-eter can be made to suit the rectirement. 

c) 	 Th& art-loasd efficiency of a cross-fliw turbine 
is fairly high. A goocd design will have an effic
iency o nerly 80 '9' at water flow from 20 ' to 
100 6 maximum flo.. 

d) 	 The bear.i-ns hav, no contact with the flow. 

) To sealed housing is needed as the rotor operates 
at atmospheric pressure. The operation and raicn
tena moCe -.i cross-flow turbine is simple. Because 

-oi its d.: gn, it is gclf-cleanirg. They. are not 
affectt- by cvitation. 

In vie{ of thc advantages and with a view to 
develpping indigeous know-how the cross flow turbine was 
chosen by A.T.D49 

4 



LO1CAL DESAIMN D FABRICATION 

TURB INE. 

In order to meet the objective of scheme, complex 
structures and manufcturing processes are avoided. No cast
ing is involved, rather locally vailable shects and pipes 
are used in the fabirication of the rotor, nozzle and the 
housing. The machine can be easily manufactured in a simple 
workshop having facilities of sheet *Lttingp drilling and 
welding. .The turbine dimensions are ,.orked out from the 
values of available heed Lnd flow at each site. No 6ffort 
is made for standarizi , arr of the rotor di-nensions. The 
rotor speed is dcsifnecl to be in toe range of 300-500 rpm 
in most of the plants. Exceptionally, at vcy low heads 
-peed of about 200 rpm havc been obLained. The rotor dia
meter ranges from 30 cm to 50 zr and the width from 20 cm to 
60 sm. Most desi-n )have 28-30 blades. 

The turbine rotor is assembled by a simple- process. 
End plates of specified diamoters arc cut from 6 mm tiiick' mild 
steel plates. Rotor vanes are cut from 6 suitably sized steel 
pipe, B].del ar: then welded clect6ically to the end plates. 
The rotor has a through shaft. The no-zle is made from 3 mm 
thick mild steel sheet. It is fixed at the lower end of the 
penstock and is incepdendcnt of th,, turbine. No ?utomtic 
governor is included in the design. The flow is contr.ol.ecl 
manually. 

The rotor is supported by three ball bearings whieh 
arc secured-on railings grovted on concretc pads. Giast iron 
pullies of suitablc ]iametcr' are used to couple the turbine 
to the generator through V-btIts. Both lo~ally made nd im
ported bearing and '..ts are available in ";;he market, V 
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Pbnstccks arc made localL.y by rollhg mild steel 
heots. tb thu desired dianter and wolding the peam.- Pipes. aire 

usually made in diomotcrs 'Of 25-40 cm. and length 2.5-D meters. 

Thus they arc tosily port:,)bleo 

GENERATORS 

Importcd alternators, availablu in the locol rmarhe't 
are currently: usod in the scheme. These are standard 220/380 

V, 1500 rpm, 50 Hz synchronous gencerators. Since the gcnora

tor is the single most expensivc itcm of the schCme, a program 

-ef local design and fabrication o generators. has been initia

ted by the A.T.D.O. Prototype units arc undergoing trial and 

the results arc promising. 

DISTRIBUTION SYSTZ-,I. 

The distribution system operaItes at th6 voitagJ"'%t 
which power Jz genera.ted at the machine. Thus stepaup and 

step-dom transformers arc not needed. This results in saving 
of camital cost as well. ar; in ceduccd i,:rintenance. Bare copper 

wires arc ,uscd as ditribution ]inc1,iiich atrc suppored on 

wooden poles. Each house is yrpe3'ly wired, with switches ;,nd 
protective fuscs, additionally polc-niounted fuses arc, also 
used. All mtcrials used in che distribution system arc made 

locally and xre:'c 3ilble in rost of the market. 

PLANT AVAILADILITY. 

The micro hydro powev plants are designed and cons
tructed to givc uninterupted scrvicc under .normil corditions 
of onoration. Sinca the local technolorly and material is used 

as far as poss-ible, no claim can be cade for achcivinTE a per
fact desi[gn aind constraection. Some clement of risk of failurc 

4 



is gccc.pted irL all the comionents of the system i.e intake and 
power channel, penstock, turbine and its accessories, generator 
and distributien system. The experience gained in regard to 
failure of each of these clements is presented. 

The intalca is built with loosely held pieces of 
boulder meant only to divcrt a portion of water from "the main 
stream to the po'.zer ch.nnel. The channel is in most cases un
lined*, althouLgh in some cases wher'e the length is short and 
funds were -available, lined channels have bei,'n- radb. The fore
bay, in the form of a small size tGank is made.with cemehted
 
sides and floor. Ho measures arc taken for aWr special rein
forcements.
 

Under normal conditions the civil works in th&"form 
described above ?re quite safe, The water flowing through the 
channel is in the range ofl 3-10 cusecs, having a velocity rf. 
2-4 ft/sec. No soil erosion has been experienced in the channel 
Pnd the foreb-y have shown no signs of damage. 

However, in case of heavy :loods In the stream and 
heavy rains, the unlind charol (o suffer damagc, and the 
sides arc washed awny at some places The intalke may also be 
damaged. No damaige ha been ruported torbay.o "thc As a 
result of da,nc to the _Ind channel, 'th& p1 ntintake "Lh rermia
ins closed for ecriods varyi. r froim e;, hours to a conuale of 
days, dcpondin, upon th, extent o: >':L.agc and the Cv-ilability 
of the ; to the Inlocal I..,- do renai. case of widespread 
damage, a team ,.f com.: to the¢ In.- vo!lntocrs orrd do job. 
addition to rain and flood::, channels havC also been clarlaged 
due to snew fall. At s places, the slid in,: thepne rocls froim. 
mountain Jlo-,es hav, de ed tho channel. Irrespective of. the 
cause, the natule01the dn:maq1e is such that it L; taken. care 
nff by the local nooelt, and we are not even informed, 
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The penstock at most places is made up of mild steel 
-'pipes, althounh in sorer of thc : nrlier designs wooden channel
 

and at one place concrete pipe h"vn: been used. Flants with
 
steel pipes .onstocn arc fitted with n control valve at its
 
6utlet. The valve is opor-tad monuo.Iy 2nd co nscquifly water 
hammer of scrious nnturo is not ;onrotud. The wail thickness 
of pipes is s, itbly d'signod to '.iJthstund such re:ssures..Io 
damage of pcnstoc]s has bccn reported so far. Even the wooden 
penstocks have opar d without dA-m-ae, althoua:h rnatcr 1oar. 
has posed probl..o ot tome p.;ncer. The caperience with concrte 
pipe has been quite itcraotinr . On the first op ration of tho' 
plant, ni:)o2 tion of thu ie At the lower end burst and gave 
in. The dnma;ecd .-)oftion was plrstered and it is working well 
for about two yeors. 

The turbinc cons ists of thc rotor, nozzle, shaft,
 
bearings , pully and lt. The turbine rotor and the nozzl e
 
are fabricated in a local workshop and null.lies ofthe required 
niqo-nre Also fd]"iV.cded.6*6c'llv. ''Tib W6ft}r cob 6onnts e. g 
sha!ft., bearinj and 1clt arc puirc npn] _rorLth: :..arket. Turb ine 
damage has been r,:portcd at som,,a .l ces. Wininly the blade 
treaks at the joints to the end pl <tow. xaimini'g th damage 
it was ob;.. rv& td': it ro.,'lted from the fLai]ur W "thewelded 
joint. B1 ades tO end ofnlre joined the pl.,tes by o! c'lactrie 
wodinZ. Since t, i_ des "re curved, rnd the clereance but
ween ndjacen-t b!rdus is snail , it is difficult to anhe a aoor 
joint manually. FA-ilna, o! jointsarn ;ore comon lo. 
rotors. in the ,vent .1 sc:h a fLilurc, the rtor is brought 
to a nar-y .i~ .'c or town for ruweldinn;. WeldinE fa ciliti,_' 
are coNenoly Pv',i.nle in'town.s. It mew involve, closure of 
the DInt for N ,y or two d'epending upon the location of the 
plant and transportAtion faci1itieu. Some p rieagers kee.!,alant 
a snare rotor io' ouch eventuplities. 

.,

http:monuo.Iy
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Other items of turbine failure arc boerinj and belt. 
The housing provided on the. rotor is not w t r-tight, cornoquc
ntly leakaro of water takes place wjhichj affects the boring -nd. 
the belts. Secondly r:iainment of the shaft ond pullies 
cause damage to blt and bearing. The plant managers are advi
sed to keep sparc sot of these itcms and in that situation 
replacement i. done quickly. Howi.v,,r, in case whore, stocks are 
not kept, they h: vc to be purchas;ed crom the to, which may 
involve a day or two for travelliL--. 

Failure of turbine is token care off at the local 
level, since welders are available locally and people are famil
iar with the purchoesc of belt and bearing. They can also replace 
and install thcsc items. 

Electric Eenerator i; the most ccmp].icrtod machinely 
J1 the ticro-hydelc].tCic )lat.I. Eo t(,chnical skill is avail
able loca.ly for tn , i and :eaintcnancc of generators. 
Gener,a-i.urs h.v.. b7 .. I .ri:.cd o' 1,-w occ"! i on in the pa;t. 

In 501010 rcct:es,,r in _'iI..d systemsz were damagccd
 
and in other th . .n 
 ly, tUhc generator 
failure is r'o ort-d4 to TDO. In sonic cases the peoyle bring 
the rdeneaitor to -the ATDO ofi in Pcshawar and it is checked 
by our s"ff * iner fsult 3 .. .-e rnt riectif ier or lost i-iagnet
ism arc .,-Aon ca-r'i r: qleiciy. ..'oe,, if the wind ing is 
domcgcd, the nr-rvtor is a0 c-electrical shor in the 
town for rem r fti-; , 

. In so me c pso] oople take, thc Cenerator 

to shop rllrcatilv withoit cort:actin;'" AY:LO and ti6h work done. 
A generator failure lc:.ds to closure of the plant fol- lon'er 
period paiiicig',-rly Ii it ,:ils re.i :r]iv. A nerie, of o:' r r 
two wckito. i, ,e dcs- it involves 1.argEscxunses 
which inc]u-Ics cosrt of r. :ir, tr-na:port naf po,:eawtor, boa-iig 
and lodE inr; of;' ::'.ms c- r.'in:- tiz Cnlr-to -. Nonav- i! ability 
of plant ri su.tinc fro. ohiner or, e( to any 
other causex is of[ no _,rrrt concern- the oople, A more 
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,mPortant issue is thc ov':i-lbility of funds to meet tho c Dcijd. 

iture on major rcpfr .g rewineing o genor-.itor. Since tho 
plants arc not an on corm rci-l 1i:.':, tha incomc from the 
sale of elctricity to doni(o..;tic car:si....rs is barely sufiicicnt 
to moot thc cost 0i oeporation on-1 r:.lacemcnt of minor compon
ents c.g b.lt, beorin:e otc, In case of her?,V Oxpcnditure, 
special collctiors aro made fia %]T.e which isboncrficinries 

not e6sjly fo comin.r SoIe people request a sparc gencrator 
-but ATDO can not meet the demand. 

Small hydropowcr schcmaes can be implemcnted in more 
than one ways. In one opprnoch, s central cgencyRf the govern
mont is entrusted with the n'csionsibility of I).anning, design-.• 
ing, exeoutiv, , a)-,0 r isa ,d--y't.r into ininp thc schemes. The pilti
cul,'r agcncy bccofliu.- luli.,. .al Toeuw;J'. of10r i.'.rs the won'.. 
The loc:! cm:-unity thc. 'uys -lcc'i;v *t C r t.. fi ed by tb 
Gov,-rn:ne,-nt . Suce> 2n ICII(wsu] lyCactricty-ronratingl. Cii' .,'SC>. 
only, . tIne ,]cntraliz.r o oh, rL,,-icip--tion o:,_local
 
govcrnLennt --nd lee:, o 
 ii; in-it: d at various st....as of thec
 
work.* The co..iunitv c: n be a tiv\ly invlov,:d in discussi.ons,
 
plannirn(, t cell .ct ion, ecxcutio...nd rcmain involvcd upto
 
the hond-ov .i.
 

In 1CIist-n, .. ore b in'; Lollowad.bcth ,:on 
Small hydro .chcm.of 100-200 R. ore Uca: ireenented in 
convcnti.onal ' te.i ' ".iwh J.any,. sch, men:- ca]itl-iitensivu
ccij~ns , iis;.,o .ace }t al.,.,.,re ae.d consi;;uct ion l.inu;,s. Thet r'.e1:u.t 3.2 

a huge ca.it. c, i , m' .:i-t, In theion, coatth. o:

opai-erlion is 1o 1 :x'y • a

KVI sch..me undr l ,e3.eit; 't ion, ehea al:. acif" uat imat,,.d Lo co."
 

.Rs. 7800000/. , In vi.l.w ol ;.,.rvenuc, -i subsidy oj ncrr].y 
Rs. "10,00000/- ,.a nnum haa%t0 1 ac"ied by the Govorn.cnt. 
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In the centralized approach,- foll.'eC by ATDO,
 
local 
people nre associlted from -he Ldentificztion of the s&e 
to the lystallNtion cf tho plant. Upon-the receibpt of a I'eciu':t 
from a village, a teanm. o- AIDO :-tAff visitL he "area and dis cuss

tes all aspectr of thy project ,. 'the viilage lenders to infu]r 
their'ol C,-them of .- theio3r,- siblities of the Gov,..n

ment. Censt-icio:.. of civil works are undertaP-'n by the villn::
ors. The turbine is fob ricated by RTDO in 6own. The tui'be
generatiins; sct i: inatl.d by t', 
 vill -" r merd hu .uidonc, 
of the ATDO stafl. a...r t>? is over- to 

T ... .n. MA the
 
local comreunit,, * Th, v.il, loars ire acn 
 indiv i'ual from
 
the villag- "to o mcr: te an! naiu: 
 in the vi ants. Decisions re
-ganlin theu or'A. .lii hours and -iu! - by !i 

No. axes or rqnms.a ro cll cctcd by AiTDO or any sther 


Ore mao "tl ComIntilitV 

agency
 
-of "the ,,oveornient.
 

In a nupber of schemes implemented recently,
 
District Councils oni Ceoprativo Socities of the rovincial
 
government have , u ici 'tec and financial
j)Vovid,- suppo r an,.
 
leadership. The ±.DO rm'inti- a close liaison with the vill
age leaders in Ail th project The makes'res. stAff occas
ional visits to the pl. t d Anre experiences., Only in case
 
of majnr technic:.l roei AL,
th& village leaders opproaoh the
 
AU'DO for guidcenca and assistnnco.
 

6.. TARIFF. 

Mattars rclatin; to t.roiff ore discussed with the 
leaders if the local coaLdunity tnkin. part in the nroject. The 
cost of the project is shai',r(d 1by ATDO , pr.vincial' Government
and the loc-i c ,n:unity , the . %',42 v,r ima .mily in the 

forh of l:::bour nd aro.. : - for t.... .o.d.u voles for the 
distribution iLi.: ':tr th. qcrk in: co.-..,i- .s., d ' and thu plant 
modc operntion-1!, it is Kn-.nd, over to...locA ]eon!0. 
Neither ATDO ncr the provincial n ovor;ontciL collects. arY 
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revenue or taxes from tho' s'le of el(ectricity. The 2fTDO staff 
explain to the comi uniity the nd of L<cnerit iin funds for
 
sucessful operction 
of the plant. They are informed of the
 
comonents that cave be a period of
Icy to reel :-ccd over one
 
ycir. Thoy 
 arc :,,1.so told to de-put,: c:, : ,50]j foroarti' 
the rlant and a rye. ops. Aud:' _oer hi: ,l ary . _tir,,tes of lih&,y 
oxponditurc Ce-ro olc]ci out G s.ci, ardlitioll a1ounl1t inclu1 i, 
ded as a rescvje for unfOreseen e S. Th' COmunity .s t>" n 
advised to collect . amount a basis inon .omtihy a suitabl. e 
manner, There i,; no CLcd t.r ri;C.'hich is aypJ.ied at all Oboe:; 
the arrngemnort is quit (, c'ill, At one or two pla;,(:s, peoo-,I 
preferred Go inst-Tll onur,y !-cLers at thir ':romis::s )nd pay 
accordip.- to th. eon;:'.ition.rc :ordcd on mteters, A rate 
of Rs . 1/- p,.r I,'.-m,as car:-,od. This system is not cncouratcO
 
by '.TDO and the ,eov re in.Cormed o:f; its dil-, icultios,
are 

Firstly it is c.,:-ensly to pua-cliso a ieoter. S cond(ly an
 
educ-Ited ;crson hrL; to vi" it o :h hom:e -vcy month and note
 
down the readin'-. Thirdly it ji.:; di .icult to ensure the corr
ectness of the actor. Possibl it; oil damcag to i.cter and
 
pilferage can not be rulcd out.
 

A more co,.-.,c.on system nlodo-Led by the peoule is based. 
on charges per bulb connected inlahe. At the ti.e of dome
stic fittins, rmeori1c rncavised ,e.rut th(. number of hu'imbs 
whicl. they in at their i-j-; s,c-, c.ll Usually laihps of 
25 W) 40 w and 60 W ratings are* .,oA, and a f-lat ra-te of 
Rs, 4 - 5 per .ulb chor';Ced . This system has an inherent draa
back in that the tariff dcac not tee." into acceunt the number 
of hours the bulbs ar,.2'c,,scd Some fCi.iilics ay .e. usinr: the 
lamps for 1ongcnr hou r, wziti out sy imp, any additional amount 
Keeping in th,. i: ocil in thevi,%., .a ].ife a v P.1age, 
wo rki-g hour.i t. i 1" -iet.,fr y to . ., ' n t 

e:te.rit A more iao:i t ,ire icin l:Pis tariff is a 
check *n the In1'-. c O -. .Of , - i" ' 

tiy to use I:orc oo.zrfm . '- alo t'O electric heaters 
of 1000 W rating. Such cb'. d . th-c 1L"lnt manacr/ 

http:co,.-.,c.on
http:eon;:'.ition.rc
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operator who pursuadas such consumers not to use these device:;. 
In case of non-compliance, they, aio-disconnected from the line. 
Becausc .of a close plctionship amon& the residents, misuse of 
eloctric power can not rcmain a secret for ].ong tijmo. 

people >cy £iered per bulb,
 
rather than havin an prefer in Their houses *hov$s that
 

The fact that to f rate 

. pnce'gy 
it is acceptable to- them. The ccIeotion is ii-e t 
manager or his nominee. Either consul.cers core o the Lowr 
house and make tih pC jent, or the mncgc ,roundncves thu 
village and coll.acts the roncy. Cases have bccn reported of 
dcfault or dc.- r'y in -aynent, 7i fact which L-, accu)tc'l in ever; 
society. Tho mner r,'i2Ttains . record showilL [he name of 
consumers ._ -the rnyment r'occ.ve. Occisione!].y thc PjTDO 
staff ch'ck]s the record (Dr inorm.-tion apur',-oses oly. 

. d.
7. CONiRCI: -r',,C_ OF E'.UIPE.IFT. 

Some years back a scheme of installing small hydre
electric plant- w.- initi:-tod by the Government of Pakistn. 
The scheme enviscd -h. inrta!lation of 0ICsmatll units, in 
capacities of 50 KW1 or 100 K12each in v-rio"s Piarts of the 
.courfLry. A numbcr of mjor irdustria-l units and eouipme'nt 
supplicrs ];icilatcc in the rc-' r-,m. 

The renretock and rtucturesnis o'tier h',dra-ulic 'a 
wore fL-bricn-ccdJ in loc.'l factories. Two typs of hydra!ulic 
turb inos ,,,ore OFl.ecue,* Fr"nci Sriral Turbinc and O.sbor',cr 
Cross-flow; tur"ine . Dres:; Franci,:s turbines of C"i,-, 85UP 

and 170 EP o-o: 'ith autc:,i:-ic hvcirau_ ic specd tovornFr an;d 
other components '-1re' _id. The oseos-flow 
turbines of 8-...P 151 HiP ,.ferc.su.pjiied i,'.i.ortod main 
components u.- t1'; ine !unnir' nd oil _r.snure,, -overnor. Othor 
cojnionents such "s sliier:-v'V, draft tubu, ci._ ba'thE -eerbo::, 
flywheel "and slas;, ic cou.:li,,.; ".',rc e .c crly. 

(. 

http:r'occ.ve
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Three phase, :ou-wire alternators of 50 KW and 
100 K".p 440/254 volts with voltogc re:Tulation of + 2.5 % 
were fabricatcd locally. i ;r n 

with necessary built-in components includin:: transformers, 
circuit breakersp .zire...anc cc!,as, poles and insulators and 
energy meters wae,' l ;nodc loc;.,lly. 

No dets hlo d study has been mcde to identify the 
potential of .oCurin.< co of hydroulic turbco:pI.- c units 
ines, The"e .rc 'r'Thce oi.'iesbrile manufacturing heavy 
mechanical rlai-ts in Pakistn, It scris l ikely that they 
may have thelcilitio -to fabr 'turbics Sice the 
demand ei such tu.inc >as bo .n ,-]ita Vrn,, no::: 'ecrcia! prod
uction was .not a LteLive . 'ithi inc ir i nal,m:nt in the 
I:icrohydre tohnolony, chances of Tur].bi:e ',nu ctu-ing are 

•:bri:ht. 

There are a nur.!:er of incustrie t. tave ".!ell 
established .n and bricatiol o ectri

4al equipments, :;uch as .... ra , no'tar, roa::fo rn'',-
m.,itchgcar, wic- .: cab].o. Co- -Ic-c rango of 11 IV cistribu
tion eq].yu,~cit i- .ad<. local!ly. enpcir: nto 750 KVA and 
transformers upto 20 T-WVA arc belle :,ado in Paki.tan, Electri
cal sheet ste!l colr an i.,.st .,.-- :ateris!a ,re hovver 
iuportod,R L:ey. -A i7 ic.: inslanw:nts used, on sx.itchosn' 

T)anoIl- -'ire [so -'a 

. . E.RCH, DES IC;:: A:D DEYL PI li. 

Sn.lJl. ],-y('a ajr sholid n Is Lc coansidrlmo 1 s a
 
miniaturized 
 -ve<rsi:;>:: {:.s jar hly re-i o' .er. I't ina'-s been 

recognisuCd as oo;.c;, -y which con behn,, '-I at a
lower . ;- ! c, 1its-1q4'. ntIX v .:-::1:,,- at: 0©:3 t, t te 

needcd could f".bic;, L,i 11,,::1,7- of 1..'c ( -.. pin ' cotintrie:; 
ond it has l;h . lt tx Is] o. ,ir"lj.uc-rifvins- remote areas. 



In order to mere srvo hydro-aowcr schceme'js succeszcful, desitrgn 

and developr.'cnts s2uJco:--tinuo. ir a numbcr of arceas. 

In Pci ido;: i;.n -ndi dcv Ilopment1 w.orlk in tire 
field of 5smeLl hyd'-ropo,,:r--2 ~.ir~~ ijc-rliOO out 
mairly by EnCginccri: i i v1,-n( Ytloe I;t-ituto of 
Povwer. CurrcnItP1-- t.: c oi :ic-.cih i 

a) 	 I mprovcm t int. K:lAbriCet ion o-. theC 
cror.,-flow:tri 

b) 	 Doz10 1i.1 n-rn oft \'cry lowt hed -)I-d heavy 

C) 	 Dcc:ilgn i'v -rfci lternetors. 

d) 	 D csilgn cc L ~lniLof Epvrcprietc- cont-rol a 

,Drot.ctivc (I ic2 

;rn;L-i;:'p; oi 


iflcludo tlc: i, J; ip -ii ;r n~UO\z l
 

2 n c.id 50 mnoX il v,:rylL. x 20 ']/SoCC to 500 iSc
 

O~: 	 r ~ rch cnd ?iovclopMCrrt. 

LooCii1 -, t, 	 o f''. o ~ eatccon 

SCv 	 1 1 ni cnn Tlhe 

cccr 	 Jc "',o c' tC CC 

tho es 	 ''' 'hcI ;ti 

but-io-' c '~ ' 1 '. 	 0u 0 

i""-7tn- 1 io.r) ' tc e 'i t'.
 

po'±bj LC.C' 'V 01 JAF .W
 

Thoi 	 -u4'110or '~r:~ev1 R:u. D Tyth"-cr 

pri-v:-tc- sector .'n 2e' :bid So[.cvrlco, thercI o:C Ln is 

no comrilci'ciKl !roducticon o.L tis clpift. ir, un12-101y 
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that any rescarch is being undertaken by industrics. Design 
and development work arc being carriod out in those indust
ries which manufocturc elcctricol equipment such as genera
tors, tr-nsfordcrs, motors, switchgccrs, cable and wire. 

A micro-hydropo,,,cr plant offers a suitable means 
of providii a motive po:.cr, noc ol-dy for running electric. 
generators, but also for operating dircotly small agricultu
ral processing units. The utility of the plant can thus be 

greatly enhanced and its economics will bc subst -ntially 
improvcd. A nurbcr of schemes in Pakistran arc dual-purp)ose. 
During night, elc cricty is sunilplicd to thc community and 
cIVriic the day, the turbinc is coupled to a linu, shaft which 
drives a number o'f processing anchines c.g flour-mills, rice
hullar, cotton-gins, saw-mill, wooden-lathe. The. local 
people cre encournacd to install these industrial units where 
ever possible. In ad-itien to ,-cencroting income, sudiplants 
elso provides employment to ai couple of local people. Both 
locally mad(, and iirportcd units rc available En tho market. 
There is a nc-d to develop small and efficient units which 
can match the poui .,vilable at the microhydrepowcr plant. 
It is pron)osed to initiatc R & D in this direction too. 

,-EDU.Cj.TIOP _MID TFL.I.II!G. 

For proper plonning and designing of small hydro
electric shcemcs, Inowledge'in vai-ious ditciplines of engin
eering is needed. Knowledc in fluid i.acianics Lind hydraulics 
is required in the assssnent of potcn iil a nd desin of 
hydr ulic structures. Proper undcrstanding of the principles 
of operation, selection end design of water turbine is 
required, A knowl dge in mechanics nd mc ccnical engineering 
is Uscful for selection and design of turbine cnd its compo
nents c.[ bearin'; and drive ncch::ii s, For the srotlcion of 
generator, desien of distribution s 'tcm. control and pro-boa 
tion equipmcnt , education in th--e ficld cf clcctrica]. 
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enginecring is noccssary.
 

The entire spectium of educition and knowledgo cn 

be made avniloblc in two ways. A team of civil, electrical 

and hchnic-l cnriincers is ongngeud for the scheme, a practice 

which is followed in rost of Ghc medium and large hydropower 

schemes. However for sr.iall,. scrm.s it may become e:zeinsive 

to employ a tcOa-rm of hi:blly qualified engineers. Tlic other 

alternativo is -to cduc-te a.nd ;rnai n cnfineer ( Civil/ 

El ec~ricvl/Mechanic:,1/sriculturl) with additionl knowiledgea 

needed for plnning and designing of thesc schemes. 14 good 
interdiscipliniry educotion is nccded. This can be achieved 

by special courrs:s in the relatcd subjccts. 

10. COiTCLyJSTip. . 

Small hydroleetric sces iplcmonted under con

vention ni approach, -ru too cpcnsersj.v na;rticularly when elct
ricity is used i'rinarily lot doesc .. needs. Decentralized 
miicro-hydropowt.r is viailo option for electrifyiing isolated 

rural areas. By utilizinC local resources and involving locol 
people, thcse schemes can be implemcntcd at a low cost and 
c.-m beinst,.nt'l in rural dovc.lopment in true osense. 
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-- SITE: Mountain streams having a series of rapids or waterfalls, such that the gradient is not less than 
one metre in ten. The best sites are often found in glacial areas where a side stream enters a main rivervalley as illustrated above. 

- UTILISATION: A small weir is all that is required to divert the flow into the penstock, making these 
sites very cost effective. The small diameter penstock is easy to install and conceal if the area is of great 
natural beauty. 

- FACTORS: The higher the head you can obtain, the smaller and cheaper the installation becomes. It } 
will Filso perform better under low water conditions. 



Awrp THE iams'SERIES
 
Water Turbine
 

YOUR HIGH HEAD SITE can produce abundant cheap power using one of our'Falls Series' of water turbines. There are seven sizes to choose from, ranging from400 Leaving for Scotland 1/2 a kW to over 150 kWs. 

GREAT FLEXIBILITY results from using multiple jets and high efficiency beltdrives. Installers can hold standardized components in stock and make up a plantto suit a specific site. It also enables you to change the output at a later date if forexample the head is increased. The lack of accurate site data will not cause
problems with this system. 

SIMPLE AND RoBUST steel construction means that these machines are easyto assemble and with our excellent corrosion proofing, they require virtually nomaintenance. Components can be made light enough for transport into remote 
areas. 

THE ARRANGEMENT can be vertical which lends itself to electricityfor mobile (skid mounted) plants for temporary use e.g.
mining operations, or to drive machinery. 

generation, or horizontal 

THE EFFICIENCY of the turbine drive and alternator are all very good so thatwhere water is limited, every drop counts. We also supply economiser systems to 
conserve water where there is water storage. 

BRUSHLESS ALTERNATORS with static or permanent magnet excitation arefitted as standard to reduce maintenance still further. 

ELECTRONIC GOVERNING systems are fitted on all machines as standard andgive a level of accuracy and reliability previously unknown in the field. We supply800 Runner for Sri Lanka ~a range of control panel and protection systems to meet every requirement. 

0oo - - -

250 

Head 5 0  (M) 

40o 

-A0. 

400 Horizontal for Cornwalli 

30-

20 

10 

1 

7 

-Operating 

20 30 40 

"2, 
-

Ranges Far Each Size Of Turbine 
I I I. 

50 60 70 60 g0 100n '10 
Electrical Output 

° 

120' 0 4 

/ 

I0



EVANS ENGINEERING AND POWER COMPANY
 

SERVICES AVAILABLE TO OVERSEAS CUSTOMERS
 

EQUIPMENT.
 

We design and build a range of Small Hydro Generating sets, with
 
outputs of a few hundred watts up to over 200KW, for heads from
 
as little as 500mm to over 300 metres. Being of a simple but
 
robust design, our machines are ideal for remote locations in
 
Developing Countries, and we maintain that they are the least
 
expensive turbines currently on the market. As a guide,the
 
ex-works price of a 60KW plant for a head of 70 metres,
 
consisting of Turbine, Alternator and Electronic Governing System
 
is in the region of £8,000.
 

By careful selection of materials for penstock,etc.,and the use
 
of intorchangeable components such as jets, we can supply
 
complete Hydro Generating Sets that are portable; these are
 
particularly suitable for applications such as mining exploration
 
and forestry, where the plant can be moved to a different
 
location when worked has ceased in one area.
 

ELECTRONIC LOAD CONTROL
 

We are the pioneers of Electronic Load Control for Micro Hydro,
 
and the only UK manufacturer, and can offer a complete range from
 
5KW single phase (£350 ex-works) up to 120KW three Phase (£2100
 
ex works). A new system of Electronic Control for applications
 
above 120KW has now also been developed and prices are available
 
on application. We can supply complete Alternator/Controller
 
packages to your requirements.
 

CONSULTANCY
 

Having considerable experienca in the field, we can offer a
 
consultancy service ucverinj all aspects of Micro Hydro, from
 
site survey of individual projects, to overall planning and
 
feasibility studies for multi site projects.
 

ENDUSER ADVICE.
 

In conjunction with our consultancy service, we can offer advice
 
on the utilization of Hydro Power, including the setting up of
 
local small industries such as Sawmilling and Ice Making Plants.
 
Many local industries can be made possible by the installation of
 
Micro Hydro Power plants.
 

Our charges for both these services are very modest, particularly
 
if they are in conjunction with Development Aid Agencies.
 

LOCAL MANUFACTURE
 

can
 
be shown that there is sufficient interest to make local
 
manufacture viable, we welcome any opportunity to assist small,
 
locally owned Engineering Companies to manufacture or part
 
manufacture, install and maintain Hydro Electric plant to our
 
specification.
 

In Developing Countries with good hydro potential, where it 




Micro-hydro - will.it 
ever make an impact? 
The past ten years have seen a lot of talk about the potential of micro
hydro as an alternative source of erirgy - but very little action. 
Rupert Armstrong Evans, a micro-hydro turbine manufacturer and 
specialist sees this pattern continuing unless attitudes to micro-hydro 
development change. Garry Charnock spoke with Evans at his 
engineering workshop in Cornwall, UK, to find out how he sees the 
way forward. 

ew people would disagree that 

Rupert Armstrong Evans is an expert 
on micro-hydro development - but 

a lot might argue against his views on 
how this potentially vast energy sourceshould be develo ped.A 

Besides running the largest manu-
facturing company of micro-hydro 
turbines in the UK, Evans has also spent a 
great deal of time over the last ten years 
looking at micro-hydro schemes in places 
as far apart as India, Malaysia, New 
Guinea, Colombia, Dominica and Kenya. 
He now believes that the future of 
micro-hydro lies in the type and attitude 
of organisations carrying out the projects. 

"The biggest single problem of 
micro-hydro is politics," says Evans, who 
believes that government red tape, poor 
planning and political bias have ham-
pered the successful development of 
micro hydro. But he also lays some of the 
blame at the engineer's door. 

Civil engineers are blamed for giving 
micro-hydro undeserved bad publicity 
over the past few years. "If you ask acivil 
engineer to design a small-scale hydro 
plant he will always err on the side of 
safety and also try to build a structure to 
be proud of," says Evans. In fact, highly 
expensive engineering skills are not 
needed on most small-scale hydro
projects, and should be avoided in order 
to make the schemes cheaper and less 
complex. 

"Of the 3,000 or so water mill 
structures that exist in Cornwall and 
Devon, most have weirs built entirely out 
of local materials without the use of 
cement. The majority are intact todayand 
some are absolutely perfect even though 
theyare 500-6O0years old. Mvargument 
is that if local people could build these 
structures such a long time ago, then the 
same can surely be done now," says 
Evans. 

He is angered by civil engineers who 
claim that the problem with installing 
low- and medium-head hydro is the high 
cost of building the concrete intake 
channel. "I haven't yet built a hydro 
station with a concrete channel," he 
claims. "If Ibuilt one using stone walling, 
I would consider it luxurious. The Cornish 

Rupert ArmstrongEvans
demonstrates the difference in
size between the blades of the 
smallest and largest pelton 
wheels that his small 
Cornish workshop 
manufactures. 

-

ones are built simply and cheaply out of 
earth and slate and have worked well for 
hundreds of years." 

"Small-scale hydro is as different to 
large-scale hydro as putting up a garden 
shed is to building a skyscraper. It is just 
about the simplest mechanical techno-
logy you can come across. Bringing in a 
consulting engineer tocarryout aone-off 
micro-hydro project will kill the project. I 
can think of several overseas schemes 
where the cost of the feasibility study has 
been more than the hydro installation." 

Most of Evans' criticism is directed at 
governments, who he believes have been 
ultimately responsible for most of the 
micro-hydro failures. His experience in 
numerous countries has led him to 
corclude that there are several common 
approaches to micro-hydro development 
and most of them lead to failure, 

He describes one of the most common 
faults as the "pilot project problem," in 
which governments interested in small-
scale hydro tend to install a pilot scheme 
which is made to work regardless of cost. 

"Quite often the local university is called 
in to help and all it does is to try to re
invent the wheel bycarrying outperform
ance tests on various turbines." Evans 
says that all the necessary technical 
information has been available for years 
and points out that what are needed are 
simple, reliable machines and not 
complex new inventions. 

He also claims that these pilot projects 
result in other micro-hydro programmes 
being shelved. "Many governments 
believe that if they 'Rolls Royce' the pilot 
project they can then concentrate on 
cutting costs of subsequent schemes 
but in reality this approach never works. 
Accountants assessing pilot project cost 
benefit figures see that only a few kilo
watts have been produced at very high 
cost and refuse to fund subsequent 
projects." It is far better, in Evans' 
opinion, to start off with a very cheap 
project and be "floundering around in 
the mud" to find out what some of the 
real problems are. 

Long-term planning of micro hydro also 



be independent of the local grid and use 
the micro-hydro generated power. Evans 
argues that the grid is not "losing a 
customer" by allowing the hydro station 
to continue operation as without the 
cheap power the industry would probably 
not exist at all. 

A final and very cheap option is to 
install micro-hydro plants on a temporary
basis using packaged equipment similar 
to that used on irrigation work. Evans 
claims that the technology for this type of 
hydro is almost identical to that used in 
irrigation. He points out that there is no 
engineering reason why hydro plants
need be permanent installations and 
says that many turbines could be skid 
mounted and moved to different sites. 

"I prefer to regard small-scale water 
power as just an,:her item of farm 
machinery - as simple as buying apetrol 
or diesel generator," comments Evans. 

Supplying power to widely dispersed
communities which are too far from the
national grid to contemplate connection,
could be achieved using micro-hydro, but 
not by the conventional system of using 
expensive power cables. He suggests
adopting what he calls a 'bottom-up' 
approach. A simple turbine is initially
installed to drive machinery in a local 
mill. 

Evans quotes the Chinese approach to 
micro-hydro as an example. In some 
areas, small-scale hydro is brought in to 
power rice-milling machinery. Once the 
local people have become accubicmed to 
the simple hydraulics of running ihe
turbine they can then think about using
the turbines' excess generating capacity
for providing a local community power 
source. , 

As an alternative to installing elec-
tricity cables the local inhabitants are 
encouraged to collect their 'power' from 
the mill. In some areas of China, central-
ised water heating has been set up using
hydro power. Local villagers bring cheap 

"" "" ! 
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thermos flasks to the mill site and collect 
hot water in return for apayment of avery 
small fee. 

In Colombia, Evans has studied a 
successful scheme which uses hydro 
power for battery charging. The local 
population uses charged batteries for 
household lighting and when the b3ttery 
runsoutofpowortheysimplyexchangeit 
for a fresh one at the battery charging 
station. 

Evans points out that by using small-
scale water power in this way no-one in
the community is discriminated against,
In conventional schemes, which deliver 
power via cables, only the wealthier and 
more influential inhabitants tend to 
benefit, leaving the isolated rural dweller 
no better off. 

While hydro power does not prov;de a 
real alternative to wood as a household 
cooking fuel, Evans believes that it could 
be useful as a fuelwood replacement for 
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small industries. In this way it could 
help stave off the rate of deforestation in 
some countries. 

In one area of Nepal the local soap fac
tories used to cut down more wood than 
that used by all the local inhabitants. By
using the mechanical energy of a small 
water turbine to drive an air impeller to 
heat air to 2000 C,which is then used to 
heat the soap boiler, about 7,000 trees a 
year have been saved. 

Evans enthusiastically churns out 
numerous ideas on the vast potential of 
hydro power and says that, when you

look at the economics of installing tur
bines, there are few better investments.
 

"A plant can pay for itself in threeyears
and then you can have free power for 
life," he says. But he realises that cam
petition with diesel plants, which have 
smaller initial capital costs, is always
going to be fierce. 

Evans is developing a system-building 
approach to micro-hydro. He eventually 
hopes to have a small number of 'off the
shelf' turbines covering the needs ofmost high and low head locations. He'is 
also trying to build turbines which are 
simple to maintain and which cannot fail 
suddenly and catastrophically. 

Despite his enthusiasm for hydro,Evans foresees that its development will 
continue much the same way as befor'e. 
"Some countries will use it successfully,
but an awful lot of projects are going to 
fall flat on their faces. I'm worried that the 
failures will be used to smear small-scalehydro-power with a bad reputation.' 

Left: This old 2.5-3kW turbine inColombia t1as 
been locally made to a very low cost design. 
Total cost of the tubine, including the rudi. 
mentary intake works pictured above, is about 
$450, according to Evans. An old rubber tyre
has been converted into a turbine casing and, 
although makeshift, it is an easily replaceable 
component. Similarly, the intake channel 
could easily be rebuilt by local workers if it 
were to be washed away. 
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This rudimentary, locally made turbine, pro
vides sufficient power to run a woolprocess. 
ing plant in Northern India. It is of poor design 
and inefficient, but it works and can be main
tained locdlly. 

comes in for criticism. Many countries 
have a national grid which only feeds 
electricity to a relatively small developed .W-1 

area - usually an urbanised coastal 
plain. Eventually the grid is planned to be 
extended into the rural hinterlands asa 
funds become available. 

"As a result of political pressure, rural L 
power stations (either diesel or hydro) are 
built as stop-gap measures before the 
grid connection is made. Diesel stations 
are quick to install and non-site-specific 
and their running costs grow with the 
load. The traditional hydro plant is, by ,-

comparison, capital intensive and ,'" 
immobile and just when the load factor 
has grown to an economic level the plant 
is replaced by the grid and usually shut 
down." says Evans. This is a fantastic 
waste of energy in a fuel hungry world, 
when there are thousands of derelict 
plants which bear witness to this type of 
planning policy. In Colombia, he says, 
there are some 6-7,000 derelict small 
hydro stations. 

Evans believes that an alternative 
approach to micro-hydro installation is 
needed and he has developed several 
ideas. 

First, plants could be designed for 
automatic operation so that they could be 
integrated into the grid system when it is 
eventually installed. Governments I 'N 
should realise that every kilowatt 
generated by a hydro station is a kilowatt 
saved on the balance of payments, as it 
reduces the amount of imported fuel 
needed to power the large national grid 
generating stations, 

Second, positive efforts could be made 
to establish local industries which would 

WORLD WATEP. MAY 1983 
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AFRICAN DEVELOPMENT BANK GROUP
 

FINANCING OF SMALL IIYDRO-POWER PROJECTS IN AFRICA 

1. INTRODUCTION 

The African Continent is endowed with abundant hydro-electric resources,
 

of the world's
which according to various estimates account for nearly 33% 


crisis of the year 1973, African countries havepotential. Since the energy 

become conscious of their vast sources of renewable energy and are now looking 

forward to their gradual development. In this context, the African Development 

Bank (ADB) Group is now playing an important role in assisting member countries 

projects aimed at utilizing
in the identification, preparation and financing of 


the locally available resources of energy. This paper briefly reviews the
 

with special referenceADB Group and its lending policy in the energy sector 

to small hydro-power projects in Africa.
 

2. AFRICAN IEVELIOPMENT BANK GROUP 

The ADB Group is composed of the African Development Bank (ADB), 

Trust Fund (NTF), asthe African Development Fund (ADF) and the Nigerian 

described hereundei. 

2.1. The African Development Bank 

The African Development Bank was established by 30 independent African
 

States in August, 1963 to stimulate economic and social development in
 

order to raise the living standards of the peoples in the African Continent.
 

To-day it has grown up into an international development finance insti

tution comprising 50 African Member Countries and 22 Non-Regional Countries.
 

The Bank's main function, as outlined in its charter, is to use the 

financial and technical resources at its disposal for the promotion of
 

projects and programmes which would contribute to the economic and social 

welfare of its member countries. In addition to the subscribed capital, 

it can mobilize financial resources for regional development projects by 

borrowing on international capital markets and by cofinancing with other 

international institutions, organizations and governments. 

'
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At the end of the year 1982, the authorized capital of the Bank amounted 

to US $ 6.3 billion, and its cumulative lending stood at US $ 2.0 billion. 

In addition, the ADB is authorized to establish or be entrusted with the 

administration of special funds which are consistent with its objectives. 

At present there are two such special funds, as described below. 

2.2. The African Development Fund (ADF)
 

The ADF was established in the year 1972 with the participation of
 

Non-Regional Countries. The funds' resources are subscriptions which are
 

specifically used to give assistance to the poorer regional members of
 

the ADB Lhrough interest-free long term loans. Presently, there are 25
 

Non-Regional Countries participating in the Fund. The resources of the
 

Fund are obtained by periodic replenishments from the participants. At the
 

end of the year 1982, the cumulative lending of the ADF stood at
 

US $ 1.7 billion.
 

The bulk of ADF loans is allocated to Member Countries whose GNP per capita
 

is below a periodically-adjusted minimum 'low income' level. A smaller
 

share of its resources goes to those with moderate GNP per capita, while
 

relatively higher income countries are normally ineligible.
 

2.3. The Nigeria Trust Fund (NTF)
 

The NTF was established by an agreement between the Nigerian Government 

and the ADB in the year 1976. Its resources are wholly contributed by 

the Government of Nigeria. The main objective of the NIF is to assist 

the development effort of ADB members by extending loans at less onerous 

terms than the conventional ADB terms. At the end of the year 1982, the 

cumulative lending of this Fund amounted to US $ 92 million. 

3. LENDING POLICY IN THE ENERGY SECTOR
 

Since the rapid increases of petroleum prices, particularly the shocks 

of 1973 and 1979, renewable resources and in particular hydro-electric resources 

have regained their importance. The changed conditions have a considerable 

impact both on the member countries that are endowed with abundant oil reserves 

and on those that depend heavily on imported fuels. 

./3. 
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The ADB'Group has initiated a re-examination of its energy policies in the
 

light of its previous experience and future realities in this sector.
 

The new ADB energy policy emphasizes increasing use of local energy
 

resources. For Bank Group financing, it sets the following priorities for the
 

near future:
 

(i) Development of hydro-electricity, including large, medium or
 

small scale
 

(ii) Development of electricity production projects using other local
 

energy resources such as coal, lignite, peat, geothermal energy,
 

wind or biomass.
 

While giving priority to projects that directly produce energy, the
 

ADB Group will also finance studies or programmes aimed at providing efficient
 

use of energy in domestic or industrial applications.
 

The ADB Group's energy policy is consisteni with the Lagos Plan of
 

Action which gives high priority to the financing of small or large hydro

electric projects that use already known and proven technology easily adaptable
 

to local conditions. This strategy is principally aimed at reducing the amount
 

of imported energy, mainly in the form of petroleum products.
 

4. FINANCING TERMS AND CONDITIONS
 

The ADB Group provides financing for energy projects or other projects
 

on the fol1wing terms and conditions:
 

ADB Loanc
 

Interest rate : 9.5% 

Statutory Commission : 1% 

Commitment charges 
on undisbursed amount : 1% 

grace period 

Repayment period 

: Maximum of 5 years 

12 to 20 years excluding the grace period for 
the implementation of the project 

. .14. , f1 
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ADF Loans
 

Interest rate nil
 

Co nitment charges 0.75% p.a.
 

Repayment period
 
for projects 50 years including grace period of 10 years
 

Repayment period
 
for studies 10 years excluding 3 years' grace period.
 

NTF Loan
 

Interest 4% p.a.
 

Commitment Charge 0.75%
 

Repayment period 25 years including 5 years' grace period. 

For the ADN loans, the loan amount is generally available only for the 

foreign exchange or off-shore cost of the project. It is therefore necessary 

that the borrowing member country should finance all the local or on-shore 

costs of the project. In the case of ADF Loans, foreign exchange may be made 

available to finance local costs for projects provided that the recepient 

country is allocating its resources efficiently among the various projects 

forming part of its development programme. 

5. FINANCING OF IIYDRO-'GWER PROJECTS 

The AN) Group has so far participated in the financing of the following 

hylro-power projects 

YEAR COUNTRY PROJECT 

1969 Malawi Tedzani falls 3 million UA 

1977 Malawi Nkula falls 4.7 million UA 

1977 MIali Selingue 5.0 million UA 

1980 Swaziland Lupholo Ezulwini 6.5 million UA 

1982 Burundi Rwegura 14 million UA 

1982 ali/Senegal Manantali 10.9 million UA and 

8.6 million F UA
 

. /5. 
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The Bank Group has also financed two studies under bilateral aid from
 

Non-Regional members:
 

(i) Cavaly River Project Liberia/Ivory Coast
 

(ii) Micro-hydro power stations Comoros
 

Among the large hydro projects, the Bank Group is actively considering
 

the co-financing of hydro-electric projects in Kenya, Ivory Coast, Benin, Togo
 

and Upper Volta with other financing Institutions and Organizations. 

6. FINANCING OF SMALL HYDRO-ELECTRIC POWER PROJECTS 

Although small hydro-electric power projects fall within the spectrum 

of the ADB's energy lending policy, their financing presents some practical 

problems. For example, if the cost of the proposed project is below one million: 

US dollars, the preliminary costs of the ADB's intervention (preparatory 

mission, appraisal mission, loan negotiations etc.) would be quite high in 

relation to the cost of the project itself. Such projects are therefore more 

suitable for financing under lines of credit granted to National Development 

Banks. However, if several of these projects are grouped together as a
 

package, an ADB or ADF loan may be made to finance part of the costs of the 

combined project. 

For projects costing above one million dollars, loans may be made directly 

by the ADB Group to the borrowing country. It is understood that the projects 

submitted to the Bank must be technically sound, economically and financially 

viable. To ensure that projects satisfy these criteria, they must be well 

prepared, preferably by reputable consulting engineers. The Bank Group may 

assist the member countries in the preparation of the terms of reference of 

studies to be carried out by the consulting engineers and also in the financing 

of these studies. 

Apart from the cost of the project, the Bank Group also provides assist

ance in the financing of components related to the project such aF listribution 

network, purchase of tools and equipment, training programme for the power 

station staff and management training. 

/I,, 



The following paragraph outlines the general requirements for the 

feasibility studies of a small hydro-power project. 

7. PROJECT PRIEPARATION 

A feasibility study of a small hydro-power project should examine 

the following essential points: 

(i) Hydrological and climatic conditions 

(ii) Geological azid seismic conditions 

(iii) 	 Topography of the aria 

(iv) Selection of site
 

(v) Type of scheme - run of river or storage reservoir 

(vi) Type and height of dam 

(vii) 	 Design of power station, equipment, auxiliaries, intake and 

discharge works 

(ix) Cost estimates in local mid foreign exchange 

(x) Market survey and tariffs 

(xi) Economic and financial analysis 

(xii) 	 Management of the proposed scheme during construction and after
 

completion. 

After completion of the study on the above guidelines, the potential
 

the ADB Group for prcject finance, stressing
borrowing country should apply to 


its priority ranking in the National Energy Development plan and submitting
 

all the relevant information, technical and financial, on the project and 

the Executing Agency which would be implementing the project. The ADB Group 

then examines the request in relation to its lending programme to ensure that 

adequate funds are available for the country concerned and also to ensure that 

the project is the least cost solution to meet the desired objectives.
 

Generally, the processing tino for the financing of a project vares from six 

(6) months to eightee- (1d) months, depending upon the status of the project 

at the time of the loan application. 

.7. 
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Small Hye.,,.- - .;er 
in .- _rica 

Mbabane, Swaziland 

Program Schedule 

June 20-24, 1983 

Small Decentralized Hydropower Program 
International Programs Division
 
National Rural Electric Cooperative Association Cosponsored by:

1800 Massachusetts Avenue N.W.
 
Washington, D.C. 20036 
 Swaziland Electricity Board 
Telephone: 202-857-9622 Ministry of Works, Power,and Communications 
Telex: 64260 Cable: NATREJ U.S. Agency for nLtemational DevelcpmentT;A National Rural Electric Cooperative Association 



Monday, June 20
 

First Plenary Session: Welcome and Keynote Address
 
8:00 a.m. 	 Registration 
9:00 a.m. 	 Call to Order by Workshop Moderator 

9:00 a.m. 	 Welcome Speeches 
W'. M. Magongo, Acting Minister, Ministry of Works, 
Power ond Communications,Mbabane, Swaziland 
Kenneth Thomson, GeneralManager, Swaziland Electricity 
Board,Mbabane, Swaziland 
Robert G. Huesmann, Director, UnitedStates Agetn¢i for 
InternationalDevelopment, Mbabane, Swaziland 

Anthony Pryor, Energy Officer, RegionalEconomic 
Development Services Office/East Africa, Nairobi,Kenya 
Dr. David Zoellner, ProgramManager, Small Decentralized 
HydropowerProgram,National Rural Electric Cooperative 
Association, Wfashington, D.C. 

10:00 a.m. Coffee Break 

10:30 a.m. Energy Initiatives for Africa 
Michael Bess, Deputy Directorfor EastAfrica Region, 
Energy Initiativesfor Africa, Nairobi, Kenya 

11:30 a.m. African Country Papers 

12:00 p.m. Lunch 

Second Plenary Session: Introduction and Case Studies 
2:00 p.m. 	 Call to Order by Workshop Moderator 
2:00 	p.m. Opportunitirs and Issues in Small Hydropower Development: 

An Overview 
Dr. Maury Albertson, Professorof Civil Engineering, 
ColoradoState University, FortCollins, Colorado 

2:30 p.m. 	 Pakistan: Villager-Implemented Micro-Hydropower Schemes 
Dr. Mohammad Abdullah, Chairman,Departmentof Elec
tricalEngineering,NiVFP University of Engineering and 
Technology, Peshawar,Pakistan 

3:15 p.m. Nepal: Private-Sector Approach to Mini-Hydropower
 
Schemes
 
EdwardKramer, Manager, Himul Hydro ConstructionPvt. 
Ltd., Kathmandu, Nepal 

4:00 p.m. 	 Coffee Break 



4:30 p.m. 	 Irrigation and Small Hydropower Schemes 
David Wilier, Vice President, Tudor Engineering Company,
San Francisco, CaliforniaSan ranisc, Caifonia5:30 

5:30 p.m. 	 Introduction to Working Groups 
Allen Inversin, Micro-Hydro Engineer, Small Dccentralized 
HydropowerProgram,NRECA, Washington, D.C. 

6:00 p.m. 	 Adjournment 

6:30 p.m. Reception hosted by Robert Huesmann, USAID Mission 
Director 

Tuesday, 	June 21 

Third Plenary 	Session: Resource Assessment and 
Preliminary Design 

8:00 a.m. 	 Call to Order by Workshop Moderator 

8:00 a.m. The International Finance Corporation and Private-Sector 
Development of Small Hydropower 
V.S. Raghavan, RegionalRepresentativefor EasternAfrica, 
InternationalFinanceCorporation,Nairobi, Kenya 

9:00 a.m. Hydrologic Assessments for Small Hyropower Schemes 
Dr. MartinJohnson, President, The Johnson Company, 
Montpelier, Vermont 

10:00 a.m. Coffee Break 

10:30 a.m. Preliminary Layout and Design of Civil Works 
Allen Inversin, Micro-Hydro Engineer, Small Decentralized 
Hydropower Program, NRECA, Washington, D.C. 

11:15 a.m. Design of Civil Works and Small Hydropower Facilities 
Bennett D. Reischauer,Head, Water Resources Department, 
Stanley Consultants,Muscatine, Iowa 

12:00 p.m. Lunch 

Fourth Plenary Session: Electromechanical Equipment and 
Electrical Distribution 

2:00 p.m. 	 Call to Order by Workshop Moderator 
2:00 p.m. 	 Electromechanical Equipment for Small Hydropo 

Rupert Armstrong Evans, Micro-HydroEngineer,Evans 
Engineering, Launceston, England 

3:00 p.m. End-Use and Electrical Distribution Planning for Isolated 
Hydropower Systems 
Bard Jackson, PrincipalEngineer,Small Decentralized 
Hydropower Program,NRECA, Washington, D.C. 

\N
 

4:00 p.m. 	 Coffee Break 
4:30 p.m. 	 Working Groups (planning session for field trip) 

p.m. African Country Papers 
5:30 p.m. 	 AfrnCont 
6:00 p.m. 	 Adjournment 
6:30 p.m. 	 U.S. Equipment Manufacturers' Presentations 

Wednesday, June 22 

8:00 a.m. 	 Field Trip (to nearby small hydro sites) 

2:00 p.m. Working Groups (begin working on workshop exercises for
 
first four lectures)
 

4:00 p.m. Coffee 	Break 

4:30 p.m. 	 Working Groups (continued) 

6:00 p.m. 	 Adjournment 
7:30 	p.m. Banquet
 

Guest Speaker:
 
U.S. Ambassador Robert H. Phinny 

Thursday, June 23
 
Fifth Plenary Session: Economic and Management Issues
 

8:00 a.m. 	 Call to Order oy Workshop Moderator 

8:00 a.m. 	 Economic Issues in Small Hydropower Development 
Paul Clark, Training and Information Specialist, SmallDecentralizedHydropowerProgram,NRECA, Washington,
D. C. 

.C. 
9.00 a.m. Coffee 	Break 
9:30 a.m. 	 Management and Institutional Issues 

Dr. David Zoellner, ProgramManager,Small Decentralized 
HydropowerProgram, NRECA, Washington, D.C. 

10:30 a.m. African Country Papers 	 oy '-, 
12:00 p.m. Lunch 	 C .L"CeaSchemes 

2:00 p.m. Working Groups (continue with workshop exercises from
 
previous day and exercises for economic issues)
 

4:00 p.m. 	 Coffee Break 

4:30 p.m. 	 Working Groups (continued) 
6:00 p.m. 	 Adjournment 



Friday, June 24 

Sixth Plenary Session: Financing Issues 
8:00 a.m. Financing Small Hydrpower Schemes thru an Agricultural
 

Development Bank
 
Kiran Man Singh, Agricultural Engineer, Agricultural 
Development Bank, Kathmcnda, Nepal 

8:45 a.m. Financing of Small Hydropower Schemes in Africa 
Shashi C. Desai, PrincipalPower Engineer,African 
Development Bank, Abidjan, Ivory Coast 

9:30 a.m. Working Group Presentations 

10:30 a.m. Coffee Break 

11:00 a.m. Working Group Presentations (continued) 

12:00 p.m. Lunch 

Seventh Plenary Session: Summary and Conclusion 
2:00 p.m. Call to Order by Workshop Moderator 

2:00 p.m. African Country Papers 

2:30 p.m. Time for Additional Paper Presentations/Fie!d Trip 

4:00 p.m. Coffee Break 

4:30 p.m. Summary Remarks 
Dr. David Zoellner, ProgramManager, Small Decentralized 
Hydropower Program,NRECA, Washingfon, D.C. 

5:30 p.m. Adjournment 


