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1. Introduction

For any economic development of the country the offering of low~priced
elactric energy iz a basic requirement.

Optimal planning and exploitation of hydiro-electric power potential is
a complex and' enormous task, particularly when one considers the
numerous possibilities of transferring water to neighbouring catchment
areas; problem to decide how the various river systems could be
appropriately used or most advantageously combined; selection of project
location, water supply installaticns, civil, mechanical and electrical
engineering; feeding electricity to priority areas, etce

Not the construction of larger power stations alome will in future
determine the picture of energy g&xeration but more than previously
the erection of sgnall plants utilizing the possibilities of a region.

Large power stations with the associated infrastructure for the
distribution of the energy can only be oonsidered for limited, already
developed areas, They cannot supply remote areas of the flat land.
T™he oconstruction and maintenance of the required transmission networks
would be too umeconomice.

The subject of this report deals with the necessity and

advantageas of installing small hydel projects, methods of planning and
technical design with a layout showing the set-up of a power station,
application of major equipment involved in hydro power plants like
turbines, generators, control panels, transformers, etc., a check~iist for
elaborating tenders and important basic technical datas such as height

of fall (head), layout - flow water quantity, power speed, weir,
transformer capacity etc., which must be collected at the planning stage.



2, GCeneral Overview of gEro-electric Power Plants in Various Coumtries.

Small hydro-electric generating unite have vindicated their utility,

g0 much that small hydel power generation is not considered an established
practice in many countries, including the most advanced and highly developed
ones., Economically viable, the hydel unite have been found in practice
ample rewarding. Indeed, in secluded, hilly and inaccessible areas, the
only promise of an electrification programme comet from the use of smll
hydel units.

On the basis of statistical data and informations available upto mid
gseventies, hydro power plants upto 1500 KW capacity inctalled and
under construction, in various countries are ac under ¢

Country Approximate No: of uniis in operation
1. Austria over 950 many are being considered
2. Burundi over 15 _ Puwrundi has a note-
(Southern part of cemtral Africa) worth water power
Important potential. The potential
ﬁgvers ares worth developing, i.e. the
m"‘,"‘," o sum of water power which
igi could be utiliged with the
Tributaries to the present state of the art at
Py-ig favourable cost compared with
. other energy sources, amount
Rivers falling into 40 more than 4w M,

Lake Tanganjika

Malagarazi with
tributaries

Akanyaru with
tributaries

Ruvubu

Tributaries to the
Ruvubu



Country

3.
4.

Se
6o

Te
8.
9.
10,
11.
12.
13.
14.

China

Colombia

(Northwest corner
of South America)

Important Rivers ares:
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Approximate No. of Units i1 operation

over

over

Qognla
Patia
Magdalena

Cauca
Sinu

Putumayo
Neta

Czechoslovakia
France

India
Italy
Japi.)
Norway
Sweden
Switzerland

USSR

We. Germany

over

over

over

over

over

over

over

over

over

over

2500
38

4800
800

2000
1200

170

1000

350
2250

A few are under

planning atage. Since 1975,

an part of the programme of
technical co-~operation between
Colombia and Germany, a joint
Cerman -~ Colombian study group
has been drawing up a systematic
inventory of the hydroelectric
power potential throughout the
entire country.

A number of low head and medium
head installations
are being progremsed.
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The iucreasing demand for zivectric pover makes it neoes sary to utilise

even small streete  The economic oparation Of small installations
presuppenes low initiai costa, the higiest depree of perfection of the
machine and cquipment notallation and the ves? ponsibic wiilization of
the water: poware 'Mone requirencomis mave Ted to e dovelopments of a
"t;rpe of water turcine wmich uwbilicer ovficiently for eiectricity generation
the power- ccrvfm"' of meell snronee,

I-}:tploi'.,a.t:ion of 5wdz*ou-(s~-le-.c:t:n"‘ o opower 10 uavally comhined with enormous

dams, pipelines and power plrnts. Small plants cenresent an alternative
L .

and additivral solubior %o 1ae inercasing demand for energye  The

following are the naesusnry pointe for iretallatien of small hydel projects
i

u

in the developirp countides.

Jole It wmle increcse raral eleetrification from "rﬂ"nagw > village
and produce writh e orerrarity fer tag comntrysice by lifting
we L B0 faen and Tleld wnd L tiurning the sheeic 01 mral inductry.

302e lrres el opet priarity LT e had cpround water and, thereiure,
agricuitar o wotentinly rag materisl and salle o kg tnnre{‘or.,

industiial ~-torii, 1,

3ule  The oraiont sradd br congidered wa ibta fwo-Told anpect - (1}
Protece™ 2uel P o0 umers U the village as produeer, clesiricity
Wouli come s oo inpats. Po the villoso anoeonsumer it would
“or ras a anic rrodtys Villoge electrificatiorn would then become
sometis e ek Tigyenl Loreutic amd street Uoehbinge Db would be
™00 «.?]“c'i-.ﬂ"t. Lot o A the Maliesd fe, Lr 2t he thage,

Jede The wiilipation ¢ TV whrewrs wnd setad drops for power encraticn
has vpzclal rrooctanoe Por wn spried teral ety

305« Sml) 3'«;"-!5-'." Trodents ernobeocacd Ly monednoture L by various developing
eow uries withuo. npartiee musk of emd et s Thiz wonla then
surplemert poewer seaerated Yo Loron pomoenr stotion, e electrinity

woule he avel’i 1o oin thort sy o0 bime.

3460 The aveilablliiy o) local power can be 9t preadt ussistarces in fast
construction of Lipgcr cam: e reserviers r«-armrod for larre ydro-
electric yower mtations,

3eT.  Ottaining clratrieity “rom wistupces, for g Yew scatternd wells
and selghtouring ac o, riven legses in Htaneminsion ond diglribution
netivine Toendl ;":'.rr'z peaseratio 1;hrcn;'.,n small hydro projests can
help in melueing thene lewsiow,

38, Hvdol recources in the foro of mmal’ etroams and sivers are awvailable
shandisiey dn hilly ond mouwtainous regrions, which can be Lapped
I.hrougu emall hydru-»r-lcm': ric power plants nd help “he valley
inhavitints.
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3¢9+ In many developing countries, forest wood is being used for
burning fuel. The availability of electricity would esave the forestc.

3o104 Lastly, emall hydro-clectric pewer plants can be used in large
lydro power prejecis ne anixiliary power source during emergencies.

e Advantapes From Small Hydro-electric Power Plants

Electrical emerry generated by power stations throughout the country has

to be distributed to many millions of outlets in factories and houses,
transpnrt eystems and offices, shopr and hospitals. More power stations

are under conctruction and distribution network is constantly being expanded
to supply electricity to large industrial complexis, to mctropolitan,
treasportation syntems, and commmnication system but less thought is heing

givren to rural arean.

4¢1s A= more than 807 of the world's poorest people live in rural areas,
rural development should be a priority means o1 eradicating poverty
in the develcping world. By suppling electricity to the villagers,
they could benefit and initiate cottage industries and emall enter-
pricecs The small onterprise sactor is important in several wayu.
It is a rich potential nource of new employment opportunities, and a
ripld meann of utilizing local resources and saving foreign exchange.
4n efficient small enterprise sector pgoes hand in hand with the progress
of laree industries - especially in rural areas and the service
cectors. Yet small enterprises in rural areas tend to be neglected.

Jeside increasing the employment facilities here below are sore more

“dvantageous from small hydel projects.

fe2e Hydro-electric power plants are clean and pollution free.
4436 lydr> power is a rencwable resource and manages it's own trannpori.

4e4e A esmall hydel project requires a moderate investment, depending on
capacity of the plant. Furthermore, it has low running costs.

445 The load demand of the rural mector from the bigger power stations
will be reduced, which would assint in reducing power shortage in
factories and major operating industries. Furihermore, production
of individual planis would also increasce.

4¢60 Energy is converted close to the consumers, hence short distribution
networks and saving of transmission overhead lines.

AeTe llydro power plants can be manufectured indigemously which would result
in saving of foreign cxchange and avoid depending on import deliveries.

4.8, Mic small units would speed up rural electrification programmes

4¢9. Sipnificant socio-economic environmental changes would take plase
vhich will increase the standard of the local people for a better
living.

4410+ Lastly, small hydro-electric power plants are idealy advantageous
Tor rural development, planning and small cottage industries.
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%« Planning and Layout of Hydro Power [tatlons

There has been a slow down in the building of oil-fired power stations i
and a step-up in the number of hydro-eleciric staticns to meet the growing

need for power,

The plamning, desigm and layout of hydro-power projects cover a wide

field which embraces all branches of conventional engineering., Civil,

mechanical and electrical engineers must co-operate clomely in order to
obtain the best solution for the project. The field of work embraces:
Preliminary studier; design planning; detail p.aming; overall con-
sulting and co-ordination of engineering work; preparing of invitations

to tender and construction supervizion; oconstructional measures with full
responsibility in the erection of twrnkey installations; foundations;
hydraulic problems; hydrauliz gstructures; ecivil and mechanical engineering
calculations and design for builcding ano industrial constructions; progress

and time schedule supervision using network planning techniques.

The activity of the hydro-power engineer gstarts at a very early stage. It
is often he who instigates the systematic development of an entire river

or makes proposals for the electrification of extensive regions on the basis
of the existing water resources. Hydro-power has c¢:'ten been the point »f

crystallization of new industries or hac introduced industrialization.

In conjuction with irrigation requirements and discharge regulation, or
the diversion of water to the catchment areas of other rivers, it forms
part of large-scale water resource planning, increasing in importance with

the increasing density of population occuring everywhere,

T™e layout of a hydel project is much simpler and can be constructed with

a moderate investment,

Appendix No. 1 shows the layout of a small hydro-electric power plant,

comprising of a turbine, a electric generator, control panel, cables and
a transformer. Application and functions of the above equipment are
explained in the following point No. 6.

Appendix No. 2 shows & general outlook of a hydro-power station.

Appendix No. 3} shows the view of a small hydro-electric power station.

A single-line diagram in Appendix No., © shows the electrification of
the equipment,

The above appendices with sketches and diagrams have beem prepared

for the developing countries in order to make the subject of hydro-

eleatric power station look simpisr and understands -le.




The diagram below gives a visual impression of the more common output

combinations for the Francis turbines. Using the diagram, one can |
oasily make a first rough estimate of the available power in the water

stream.

As an example we see that a water flow of 2 m3/sec at a head of 0 metre
wvill give 500 KW,

iy |
Waterflow (@*/sec.)
]
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5.le¢ Techmical Design of the Small Hydro-ele~tric Power Hiation

Prior to m...tiomine tho technical 1-ctorr of small ny.ro=electiric power
gtations some of their favourable ecological points should be indicated
which have ruins . ir importance not only in our couantries dbut to an

inereasing extent also in developing counirices.

Hydro-electric power plants conserve the environment and do not cause
water pollution. On the contrary, in iis pasisage through the turbine
water it aerated and enriched in oxypen causing a better self-cleaning
effect supporting the biological life and abundance of fish. The necessary
damming of the water together with a controlled outflow have a favourable
effect in the catchmeni area both on a normal, relatively comstant ground

water level and the storape for ensuring the water supplye

T™ere are in additisn, the provision of evaporation areas and the
consequent irprovement of the microclimate. It can easily be seen from
thege reasons that meverl reservoirs alonp a river favourable influence
the water cconomy situation and that they have, in planniug rural

development, a task not to be underesiimatede

View of a mmall hydro-electric power plant

P! "’""w;-..fmr—-l"
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'f,’?’ : *ﬁt‘ ‘A \ 47“£
e Regervoir 7« Pressure pipeline
2« Danm 8, Power station
3, Inlet channel 9, Turbine outlet
4. Comircl gate 10e Bed of stream
Se Surge chamber 1l. Flectrical transmicsion line

6« Retaining grate

The above figure chows the principle of a hydro~electric power staticn,




Plantu of this kind .rc¢ gererally connstricted oy the oparators
themselves, communilies, small industries etc. with the aid of loeal

workers snd without aech of fersipn ansictance.

The river water as shown in the fipgur~ o damced by o dam and pansed
through #n inlet chonnel to th. surge chomber with coairol gate ind

retaining grate without rignif{ican’ licau lors. The rubseguent pressure

pipeline drops to 'he turbine nlent coaverting the wvater energy into

useful mechanical chergy to drive nichines, eef:e gFencrators.

Dams are constructed uwning local rmaterial and zre called gravity dams
which can take up the horizonin'ly ecting wator pressure in the reservoir
by their owmn weiph'. The rge chember has to pace Lie water to the
pressure pipeline ~fier o sinrle grate has retained lpturbin: cuspended
foreien matter. "h» turbine nlant can be stopped by operating the control
rates The water < :orpy i emverted in the pressure line into velocity
energy. Suitable ripe crors-rections are recommended by the turbine
manufacturer. To +nka up the shear forcee it ie simplest 1o tury the

pipelinca.

The flow turbine nas heen rocogniz ! worldwide as the machine auitable

for small hydro-rleci ¢ picer stavie fe 1L .. anvenied by the

Australian engincer L,Ce’e litchell in 1903 and v~ further developed in tho
meantime to the prerent nuiurity by the Onsbery lurbine Worke in Weissenburg,
Bavaria, Federal Renublic cf Germany. Its worki-; prinoiple consists in the
water flow being pe-~7e. through an djustable ceni:~ol apparatus and penetrating
through the blade rim into the interior of the cylindrical turbine

rotor, passing throurh it and leaving it appine. The remaining head

difference to the tail water can be utilized b; the subsequent suction

pipe, a fricticn~less ventilating valve controlling the head of the

puction water colwrn.

Te special featurc of this design is that the cylindricel rotor can
be designed for strong sesconal fluctuations of the diving water volume

which ir almost alwmys the case in iropical regions, as cells for dealing

with smili, medium ond large water volumes at favourable efficiency.
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This produces an excellent partial load behaviour for the optimum
utilization of the energy offered; an efficiency of about 80% can be
reached from 1/6 of the rated water volume upwards. ‘This high adaptability
is the specisl feature of this type of turbine for small hydro-electric
power stations in developing countries.

Por power generation in island operation a three-phase synchronous
generator is used, smaller aggregates being assembled in the works for
installation mounted together with speed controller and gears on a base
plate.

Because of the favourable speed range of the flow turbine the mechanical
output supplied can of course also be used for directly driving pumping
plant, mills, sawmills and agricultural machines.

The turbine is desigmad as suction pipe turbine with 4wo cells. Mo control
rods connect the control apparatus of the turbine with the lateral speed
controller. The gear with the flywheel is an extension of the turbine shaft.
The shafts Y2ad from the gear throush coupling to the renerator and pump
which can selectively Lc connected and disconnected,

This type of turbine meets the requirements of small power stations. It can
be installed by local workers and maintain for decades in the continuous
operation with the simplest means because of it's robust construction. Freedom
from maintenance with only a yearly lubricant change is an added advantage.

Here below is another example of a manually controlled small hydraulic power

generating wnit supplying current to farms, detached dwellings, mountain
hotels, weekend chalets, etc.

The sketch hereat“t.er ie a miniature power plant accommodated in a neatly
designed housing of about 1. 5 cubic metre volume for supplying energy for
smaller premises where water is availabie in quantities of about 30 to 8%
litren per second. Tis is an economic substitute for dkesel unite and other

power generators which are costly to run continuously. Unit construction
requires a minioum of foundatioms. It only needs connecting to the pressuare
and draft tubes and electrical gear for starting.
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6e Application, Description and Fanctions of Maior FEquipment

Agglicat ion

Experience in many countries of the world nas proved that the eleciric
power generated by harnessing even emn.l waior drops iz an aitractive,
economical preposition. This nydel power can be derived from water

drops is an attractive, economical preposition. fhig nydel power can

be derived from water drops available in various rorms:

a. Small rivulets, streams and falilz,

b, Irrigation releases and diztributicn ranal 4rops.
ce Effluent releases of chemical pilantis.

d. Cooling water releases from thermal power piants,

or at sites wherc he.d is availablie.

The power generated by harneczing the potential energy stored in

these resources can be usefully employed fcr electrifving small. villages,
isolated industries, defense cemps, valleys ¢r contractors®' camps.

1% can also be utilised ‘or tattery charging equipment and tele-

communication ecuipment.

Many countries are now developiny very smell nydro-electiric

generatirp units, called micro-rydel unite ir 3 KW, S KW, 10 KW

and 25 KW,

Phese micro-hydel units are usually segigred for heacs of 3 metres,

7 metres, 10 metres, 15 metres, 60 metres, 100 meires, ate.

The outstanding feature of these unit: is that except for a few
components like runner, casing and guide vanes, all components are
common, irrespective of the ratings of the units and also the heads .

against which they are desigmed 1o operatc.

Description and Functione

The hydro-electric power plant consists of the following major
equipment -
6.1 - A Turbine
6.1.1 - Butterfly Valve

6ele2 ~ Governor
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642 - A CGenerator
6.3 - A Control Panel
6.4 -~ A Transformer
6.5 - Cables

6s1- A Turbine

The whater turbines are broadly cateporised into two types, namely -

a. Impulse Turbines
i. Pelton wheels
ji. Turgo impulse wheels

b. Reaction Turbines
They are available in encloced and open type -
i. Francise turbines
ii. Propeller turbines

iii. Kaplan turbines

The nbove two types of turbines are shown in Appendix No.4 indicating
the r 3urement of grose head in reaction and impulse turbine
installations.

The most commonly used turbines in the small Mdro-clectric power

plants are the Francis turbines. The selection of the type is

always governed by the parameters head, speed and output of the unit.
The parameters generally decide what type of turbine should be
installed for particular site conditdons.

However, as a general rule, it i8 noted that for higher heads impulse
turbines are used, where as for lower heads reaction turbines are

used.

Basically, for small units, a turbine ic of the vertical type and has
s spiral casing. The flow of water i8 controlled by the governor
which operates the guide vanes. The turbine runs in various

selected r.p.m. and is directly coupled to the pgenerator.
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The spiral casings ar: «f sast dpor congtrmectior ‘for praliap units)
and for larger units they are of the welded steel conatruction.
The turbine runners and guide vunes are alsc made of cast iron or

bronze depending on the duty conditions.

6.1.1 ~ Butterfly Vaive

The housing anc¢ disc are made of welded sheet steel. The
housing of the valve is conrected to the inlet section of the
turbine by a fiange joint. The connection with ihe penstock
is usually welded.

6.1s2 ~ Governor

Hydraulic ¢urbines which are coupled to A.C. generators require
close rpeed governing in crder to keep generated voliage and
frequency constant.

The governor conuirts nf a cenirifugal pendulum. The
centrifugal force set by the weights is opposed by & spring.
The moving sleeve of the pendulum slides on the shaf't and

is connected through linkn and levere to & deflector which
diver's the jet from the turb’ie runner when thr speed tends

to rise,

In hydraulic turbines the govermor also has to control the
speed by regulating the flow of water which ie in massive
quantity and stviously raila for large force. The water
turbine is usually designed to control these water forces in
a way that keeps the speed variation st the minimum and the
pressure rise in the pipelines within permissible limits.

6.2 ~ A Generator

The electric generator and the electric motor-generator and
motor for short - are electric machines used for energy

conversion.

The word "Generator" is derived from Latin and means "Producer",
The electric gemerator, eamriier known also ar dynamo, converts
mechanical emergy into electrical energy.




The electric genmerator, an elestromotive force (voltage)

is induced by changing the magnetic flux in the winding turms
either by moving the turns into magneiic field or the
magnetic field with respect to the turnes.

The voltage produced drives a current threcugh a load.
The principle of cnergy convercion with generators is shown
‘below with a sketch:

Generoation of
"electirical cnorgy

Mechhimmical enerpy

% Watnr
Y=

Y

y BN

One could write a lot on the sutect of 'electric gemerator' but

to be more precise and to have a eeneral idez the author has
restricted himself no’ to make it a Yensthy chapter by
showing in ~

Appendix Wo., 6 - Fxploded view of a generstor

Appendix No. | =~ View of n synchronous generator -
rotor withdrawn from stator

Appendix No. 8 - Syncironcus penerator-brushless with
unilateral ventilation

Appendix No. 9 ~ Synchronous genernior-brushless with
bilateral ventilation

Generally synchronous generators ere used in majority of hydro-
electric power installatione, However, in certain instances
where units have to operate continuously in parallel with
local supnly network, a much simpler arraengement employing
induction generntors may be adorted.

Generators are available in two types of conetruction - vertical
and horizontal with ntationary or rotating poles.

In cese of all small machines, riatic self-regulating and self-
exciting syntem provides D.C. excitation in controlled form to
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the genmerator fisla. Tras eliminates conventinonal rotating
exciter and voltage regulator. The static excitation system
consists of following components:

ie Series current - transformer

ii.  No load adjuctable air gap choke
iii. 3~phase bridge connected rectifiers
ive A set of delta~connected condensers

For rural areas in the developing countries, this has the most
outstanding salient feature, that the static exciting and
regulating system is the fast and accurate response which
keeps the voltage fluctuation witiin close limits.,

In the planning of an optimal rower supply system many criteria
mst be taken into consideration, Different excitation methods
are employed including D.C. main and auxiliary exciters,
brushless excitation with rotating rectifiers and also static
excitation,

Herebelow are the important constructiaonal festures of a
gymchronous per.crator, which have not been forgotten but can

be explained and desiggec according to the requirement of

the project:

. trastion of +he stator
- Laminated core
- Stator winding

Rotor

= Rotor winding

- Impellers

- Excitation currert circuit snd sliprings
- Bearings

- Bearing chells

- 0il system

Insulation
- Cooling-air circuit
- Inclosures

Brush and druchgear
- Anchoring

For further technicsl data see point 8 - check-list of this report.
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6¢3 = A Control Panel

6.4 -

A1l the measuring instruments, indiecators and control devieces,
necessary for the control of the generating set, are mounted on
a panel in the rontrol room of the power plant. This panel is
designed as a uwitch board with fixzed frontpanecls and doors

on the backside. It should be possible without problems, to
extend thic switchboard for adaptation of a new generntor/

expansion programme,

For smaller umits, as a general proctice, the following
equipment and instrumenis are provided as part of the

generator control hoards

- Air-break automatic circuit bresker of suitable rating
- Ammeters with celector switches

- Volimeder with selector switch

-~ KW metor

- Power factnr meter

- Synchronising bracket for other units

- Synchronicing selector switch

The control raom should also be equivped with alarm system

and protectior devices.

A Transformer

The transformer can he z standard 4hree-phase o0il immerced or
P
dry type trancformer, suitable for operation under the climatic

corditions preveiling in the country.

Sece Appendix Nos. 5 showing single-line diagram for the set up
of the elecirification of the plant. The ratings are not given
ac they would vary from the power cupply received.

On the high voltage side of the transformer normally an
isolation switch is mounted. Thig iz either installed in the

station or in the first mast,
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Similarly as stated ir point 6.2 under the heading 'Cenerstor?
herebelow are the important comstructional features of s trans-
former which could be emphasized and discussed at the designing

stage of a power plant :

~ Main data

- rating

-~ frequency

- type of connection, etc.

~ cooling methed

-~ losses

-~ insulation

- design and constructional features
- core

-~ windings

- tank

-~ bueshings

- off-load tap changer

- wheels

-~ conservator and breather

- valves

- terminal cabinet

- neutral ground and lightning arrester
-~ transformer cil

- tuchholz relay

- dial type indicating thermometer

6¢5 ~ Cables

The cables should be installed in accordance with the rules and
regulations of the country's standards.

Preferably PVC and paper insulated cables with copper conductors
should be used in all types of hydro-electric power plante.

Type of cablec to be used: .
For the connection from alternator (gemerator) to transformer
(in case of gemerator being of the high voltage type) and high temsion

ewitchgear, paper insulated single core cables should be used.




The conductors, preferably should be of copper conductor.

Cable chielding ghould be grounded on one end.

Low volisge power cables,
Multicore cables,
Caple fittings,

Cable rzcks.

Te sttema.tic Approach and Probleme of Optimal Power Plant Control

The gteady increase in the consumption of electricity, the substitution
of other kinds of energy vy electricity and the growing consciousness
of %he reed to protest the environment not only make the construction
of new power plants compulsory, they also force operators to

optimize the operation of existing plants, i.ee-

- optimal utilizatiom of hydro-electric planis (meaning, that
+ne aveilsble should be optimally utilized, with a minimum
of epillage)

- Cptimal nydro-thermal operation (meaning minimal fuel costs
£,» the thermal and nucler - plants, economic 1 utilization of

ecuipment, safe and dependable power supply ).

mese optimizing tacke may be 80 complex that man cannot cope with

4hem unaided whern -

- the number of variaoles affecting decisions is large
- t{here are numerous gupsidiary conditions

- control sonditions are difficulte.

Moderr. methods of data acquisition, transmission and processing,
ecficient computers and above all, the principles and methods and
systen enegincering enable these problems to be solved now a days,

provided tney are properly, syatematically and in particular,

purposemny employed.
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7.1 Problems of Optimal Plant Con:rol

In order to optimize a system, the following aids must be
aveilable:

- 8 model of nystem;

- the parameters of the model must have been identified
or it must be poosible to forecast them;

- characteristic variables of state mnd for decisions must
have been defined;

- a target function muet have been stipulated;
- the conctante must be known;

- practicable methodse of optimization must be available.

Accordingly, the general problem of optimal plant control -
in the case of hydro-power plants has to be divided as follows:-

For the model of the system the structures, parameters, variables
and relationship have to be defined. Wig.l and Fig.2 illustrate
schematically storage and run-of-the-river hydro plants and

their characterintics.

The nost important character.stics, for example, are the
relationship between the volume V of the reservoir and it's
level, V = £ (h), the relationship between the efficiency of
the turbines n and the power output P and the level h of the
reservoir n = f (P,h), ns well an the limits of the parameters
such as the mayimum and minimum output of the turbine Pmax,
Pmin, and the maximum and minimum of rates of flow Q in a

duct. Optimization and control, however, have to rely

dynamic models.

For these the ruming time of the water in a duct, for instance,
the response of the spill-gate controls, of the turbine control
system or of the surge chamber, must be known in advance, if
control is to be optimized.




w 21 -

- R1 q1 o
e e .-....,...._...,qs‘ ] - /.t:;,‘
. |
h, - ‘.:;",-//
Pe1 /
e J/‘*z

Pig.l - Schematic r_egresentation of a high-head hydro plant

water inflow

s ]
-
]

q2 = water outflow

q3 = water overflowing and lost
V = volume of reservoir

Pel = electric power output

h = overall head

Rl = overflow control
R2 = turbine control
R} = generator control
K = butterfly val-e

The rate of flow Q@ of a river, for example, can only be
calculated vhen it's relationship to the water level h is known,
see Fig; 1 and Pige 2o

Cenerally data acquisition is carried out cyclically with respect
4o time. The results are stored.

Mg.2 - Schematic representation of a low-head hydro plant
Notation as above for Figel
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The tasks of data processing, statistice and forecasting denend to a

large extent on the mode of operation. They include the caiculation of
characteristic values, cuch as the volume of reservoir, water consumption,
overflow, water spillare, water inflow, eic.; also involved are recording
(operationa.l events, disturbances;, shc preparation of stat.sticaL reports,
costing and identification or ectimation of evstem parameters and states,
especially forecasting the natural flow of water Q (short-, mediumand long-

ter'n) .

The latter is a very difficult problem, especially when rainfall is
jrregular or stored in the form of ice and snowe Then it i3 necessary to
work with statistical models for the relationship @ = (q,t,hs,qs), where -~

q = amount of rainfall

t = average ztmospheric temperature

hs = mean depth of snow

mean amount of solar radiation

i

qs
the parameters of which would have to be continuousiy improved.

The general task of optimization must cover a definite period of time in
accordance with the cyclic availability of energy that car be supvlied by
hydraulic systems. The task can, however, be subdivided into long-term,
mediun-term, short-term and momentary optimization because the demand

follows different cycles and ctorage lermits aecoupling.

7.2 Systematic Approach to Plant Gonirol Concepts for Hydro Plants.

A feature of hydro plants is that their problems, characteristic and

operating conditions are particularly varied.

If we compare the basic systems:
- Run-of-the-river plants, independent or ccherent, with or
without storage reservoirs,
- Storage plants with reservoirs, independent or coherent,
-~ Pumped storage plants, independent or coherent as well as
- All possible combinations of the foreghing.
We find that a generally valid plant control concept covering all kinds

of hydro plants cannot be established. On tne other hand -

- A generally valid modular hierarchically orgnaized structure
of the plant control system,




- Madules for dealing with narts of the overall problem, such
as data acquisition, stai estimation, line:r optimization and

~ A formel procedure for the development of a plant control system,
known as syptems engineering do exist. Thin systems engineering
solver problems by the systematic application of -

- A formal solution procedure (methodology),

- Standaraized cechnical side and generally valid technical and
scientific means (methods).

The objective i to find an optimal solution for the overall system,

which satisfies overriding asunensment criteria.

The formal procedure of systems engineering consistc of the following

steps:

8.

1. Analynis of the problem;
oy Deciding on the rough structure of the system;
3« For every subesyntem;

A. Syntem analysir (examination of the concept).

Check-List to Flaborate Tewlers for Hydel Power Plants

Here below are the important points for elaborating tenders for hydro-

electric power plants -

1.

Pe

3.

4.

Se

Gen« ~al

Client, engincers
Kind and limit of tender

Project Information

GCeneral
Climatir ~onditione

Type, Purposc and Mode of Operation

Requirements of load

Design criteria

Hydraulic data

Flectrical and Mechanical data
Electrical data of pgrid

Water bupply

Cooling water

Fire fighting water
Drinking water
Wante water

Civil Enginecring Part

So0il conditions

Site conditions
Regulations
Construction materials
Contractors

Additional buildings
Power house

Additional rooms




6.

Te

8.

9.

10,

11,

12.

Local Conditions

Parsonel
Transport

Menhanical Part

. Bydrauli~ instellations

Elsctrical instellations

Pipings and armatures

Pumps

Water conii+ioning plant

Cranes, grabs and freight elevators
Fre fighting plant

Alir ~onditioning

Woricshop

Test-Platform and laboratories
Compreszed air plant

Electrical Part

General data

Enerpgy conductor

Power supply for start-up

Cenerator bue bars

Station load equipment

Transformer

Sontrol, supervision and protecticn
Atcitional low voliage plants

Zite power supply

Svpervigion of the Building Work and Erection
at Lite, Commivsioning

Bullding and errection site supervision
Commissioning

feonomiec Research

Estimation of construction costs
timarion of annual costs

RBerefiss

Pow:r comtis

Comparison of varieties

Penality / Bonuses

Commercial Terms

Pricing

Terme of payment

Passing of risks

Consequences of fuilure to comply
Ceneral material guarantee
Customs, taxes anc dutiee

Law and jurisdiction

Agreements with other Suppliers




8.1 - Questionnaire - for Calculation of a Water Turbine Plant

Since water turbines are always dimensioned and constructed in

accordance with the local conditions, therefore, for each case,
e questionnaire, as stated below is necessary to be filled in,
80 that a well designed and suitable Hydel Power Plant cen be
undertaken. If possible, one muct make sketches or drawings
(plan of site and elevation) of the existing situation to enable
the manufacturers to offer complete proposals of installations.

Quertionnaire
ddress and name of the 000000000000000000000000000000000000000¢
prospective ocustomer 0000000000000 000000000000000000 00000000

1) Oross head
(vertical distance between head water
level in the intake channel or water
chamber and tail water level)

2) Which flow rates are available for
driving the turbine and during
which periods?

Maximum ......liters/sec.,

how many months a year?

Average..... ..litera/sec. R
how many months & year?

Minimumesoass .liters/sec. ’
how many monthe a year?

3) a) 1s a storage available?
b) Will turbine draw from

storage dem or open stream?

4) What area?




6)

7

8)

9)

10)

11)

12)

13)

Allowahle differeniinl of water
level in storage above and below

average head water level,
Distance from ctorage to turbine:

In what way will water frcm storape

to turbine be trencported”

a) by means of open channel?
State length:

b) by means of a penciock?
State. lengthe

c) what other way?

What type of machine will be driven?

Which ic the smaliest capacity to be

expected”

Which ic the largest capacity to
be expected?

Is speed regpulation of the turbine
required by manual operation or by

automatic 0il pressure governor?

In case of driving an electric

generator, specify:

nature of current enerpgized:
number of phace:
number of cycles p/sec.:

tension:

Which is the distance bhetween turbine

room and location where main part of

the output is taken off?

Se0erieeItés e s RO OO RGN

200000000020 0000 00000000

2000000018 00RO PRORIS

30000V’ 0SQ OGO OGO ROOOOOGTY

YEEEXXXEXIERE NN N R R ENE NN ]

200N 00000000000 0LOR QRS

X AR EE R E N NN N RN N RN

PR 0 0000000800000 0000

(X XEEELEEE N EE N N I AN A ]

000000000200 0000000 ere

0800000000000 0000000000

00000000000 0P PORRRRGORRYS

sesecseesessscsncnssscsere M

g}

In case of energy transmission state if ground cable or o rhead

line is preferred.




14)

In case electric motors are
connected, please specify the
canacity of the largest motor

FOR MECHANICAL DRIVES ONLY:

15)

16)

17)

18)

19)

Should the turbine be connected to
e main transmission (e.g. via flat
belt, V-belt? etc)

Position of main transmission to
direction of water flow or position
of up stream pipeline (parallel or
perpendicular $0?)

Pogition of main transmission above
down stream level in metres:

Number of revolution of main

transmission to be driven:

Sence of rotation of main ¢t nsmission

(if necessary, a drawing should be
submitted)

000000000000 0000000000 TP

Country concerned is requested to state which items are available

indigenously and which are {0 be imported.
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8.2 - Desigm Criteria With Important Technical Datae
84241~ Hydraulic datq

- Upper reservoir

storage cepacity m3
maximun storage level m above sea level
minimum storagpe leve) m above sea level
- Catchment ares of head water km2
- Lower fenmﬁdir
storage capaciiy m3
maximum storage leve] m above sea level
minimua storage level m above sea level
- Average annuel water quantity m3/ 8
average anrual meximum 3
vater quanti‘ty m /s
aAverage annual minimum 3
wnter quantity m /n
- ¥ater Taentity of the heaviest
flood of %he lagt ceﬁtur,y m3/s
- Duty sater m3/a
~ Obliged minirum vtilized water mj/s
: quantity 3
- = Loy out 11%en mantity m /s
- Net groec-heand moocﬂ.' Meoeo
- Net dolivery-henqd Meaes M
- Number of uni4rn ®00scs00se

- Are there further power plants to be considered above or below?
= Are measurcs for navigation to be conridered?
8.2.2~ Flectrical end mechanical datas ' .

~ Type of turbine respectively of pump
- Horizontal / vortical assembly

- Rated power at the shaft L1
- Rated speed U/min
- Rated frequency He

Rated power of motor / generator
at load factor 003 ' HVA
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8.2.4-

Moment of inertia

Cooling: dirvect
air/uater
wnter/uatcr

Electrical data of grid:

Tension of the high-voltage grid kv
Short circuit capacity of the hv-grid MVA
Number of power transport lines of the hv-grid
Indoor or outdoor switchyard
Number of buses
Tension of the medium-voltage grid
Short circuit capacity of the mv-grid
Number of lines of the mv-grid
Indoor /outdoor switchgear
Number of buses
Earthing system of the neutral point in the
different grids

insulated

rigid earthing

low resistance earthing

inductive earthing

Water supply

Cooling water

- Where is the intake of the cooling weter?

upper reservoir m3/h
lower reservoir m3/h
ground water m3/h
public water supply m3/h

- Is a reservoir for cooling water provided
height above machine ground level capacity m3

in common with fire fighting water
reservoir?

- Pollution of water due to floating goods
grit or sand
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- Chemical analynis ovaile™le?

- Is a filterin; unsvailstion required?

-~ Water temmerature mas, C
averag: zeasonal deviation (curve)

~ Need of watcr in closed circuit m3

~ Water conditiorirny Cevice?

- Need of water ir onern circuit m3/h

- Where are the pumps for the cooling water
to be inptalled”

- Stand by pumps
~ Regulation of cooling water

- Is a further profit of the cooling medium
for heatiiy purposes required or possible?

~ Are prescriptions for heat exchangers to be
regpectec”

Such as douoie-tuhe-coclers, specifications of materials

9. Smell Hydro-electric Power Station or
Diesel Msine Fowe: Station

locally ~xieting rivers with gre'iter or lesser head can be used wvith
advantage for locali pow.r guneration because this kind of generating
is uncontestably +‘he clicancet one fer the private and the general
economy. However, vlthowh utilizabvle water volumes are available at
a suitable distance, litile can genmerslly be ceen of this consequence
in ihe plarmin: of r.ral power supply in developing countries because
mainly diesel generaiore are installed. The reasons appear to be
exaggerated ideag of recuired planning expense. It is therefore
particularly importert to 3how clearly - experience over decades had
proved it - that only mcdest plarning work on the basis of their
total conceptior ic vecuired for the apecial operating conditions of
small hydro-electric prwer etations in developing countries and this
work is generaily supporiec by the manufacturers of the turbine plant,

In many cases it is more important to decide how decentralized rural
regions can be suppliec wiih energy - for instance small hydro-electric
power siatione and generator plants for the gasification of vegetable
metter could be usei. They operate in island - operation without
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connexio:: to the large network ai- utilize locally vailable

energy carriers by an adapted technology : from water to rice husks.

A main problem of rurai development today is the existing energy
deficit of the developing countries combined with massed concentration
of the oxiciing energy at relatively few sites of industrial
production and towns.

The preponderant part of all enerpy consuming heavy work is carried

out in these rural areas by humans and animals.

Diesel generating plants certainly have advantages, such as
independence of site, simple operating buildings, no time consuming
preplanning, lower inventment conts and relatively rapid startup so
that diesel power stations have the attributes of quick and cheap
erection. In comparative inventment planning the economics alone
ghould be used an criterion and then all arguments are in favour of
using a small hydro-electric power station, particularly because the
precarious diesel fuel pupply situation and availability of foreign
exchange in developing covntrier have already caused power switchoffs
and production shutdowns of diesel power stations.

Further advantages are the troub.o-free operation ( umbined with
simplest maintenance and lowest spare part requirements and the
long life of 30 - 40 years with fully automatic operation without
permanent operating personnel.

The small hydro-electric power ctations designed for the rpecial
operating conditions in rural development arear operste economically
and are simple to maintain and supervire.

The superiority with regard to costn and operating economy over the
diensel power rtation i, however, mainly due to the utilization without
costs of wnter as energy carrier which is only utilized and not
consumed, Quantification of this advantage results only from an economic
comparison in the individual case. To the costs of the machines of

the water power installation must be added those of the locally
necesnary hydraulic structures which greatly fluctuate according to
the local situation so that experience has shown that total costs of

a small hydro-electric power station may be between double to maximum
four times the velue of the machinery equipment. There are, on the
other hand, ihe relaiively high continuous operating costs of diesel
aggregatcs which are also subjec to the most diff -ent factors.



10« Conclucion

The report on amall hydre-eiectric power plants concludes
with the following roma~k: ¢

10.1 -

10,2 -

10.3 -

104 -

1045 -

1046 ~

10.7 -

The basic idea is lo devolon the backward regrions

by supplying electricity for agro/:mres-t industries,
nlantations; isalated carps;  generate higher income;
bring prosperity; better tiving ronditions; and create

employment opportwiaties.

In order {0 achieve the foale of point 1, above,

one must supply encriy oy meanc of most economical methods,

This ic possible by instslloticn of small hydel cets which
have been provec to be the mort ccovomical resources of

encrgy in tne lony rum.

Unlike cogily consumables like ecoal and cil, water ig
perpetually avaiiable, ulthough 3t's full potential is
untapped. rdel sotc achieve ‘this by effretive and
efficient conversion of even limited hydraulic potential into

electrical caergy.

Hydro=electein power plante offer several benefits in many ways.
Wreiciency is one factor. Rmning ~ost another, Although the
initial investment may appear to be clightly high (only- in
corparative terns), the rmaing cort of ~ 9mall hydel set im
almogt negligitle. kary mairtenanes is the third factor and
freedum from pollution yet anoiher. No #ire ha 2ardis. No

dependence on ruel and it'e cepat,

Diesel generating scts hove & nigh initial capital cost and
face the recurrent nroblemg of transportation and storage
of luel.

Subatitution of irported electric current and of imported fuels
by using the energy resovreer, will certainly strengthen the
economic smirength of the country.

Diesel-eleciric plants are best utilized in areas where no other
supply system is aveilable - im remote harbours or islands, for
example - or where there it & short-term demand for large
quaniities of cnergv.
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11. Recommendation

Seeing

the needs and advantages for installing small hydro-electric

power plants, here below are the author's recommendations :

11.1 -~

11.2 ~

11.3 -

Top priority should be given by the developing countries
for installation of smell hydro power plants (micro-hydel sets)

ranging from 25 KW to 100 KW _capacity - for the intial
rural uplift programmes.

Proper survey should be carried out on all available rivers,
gtreams and canals for the possibilities of installing small
hydro-electric power plants, ranging above 100 KW capacity.

Standardigation of a complete small hydro-electric power plant
is extremely essential - (i) to reduce the cost of power
generation and (ii) to make the planning, designing and
implementation of the projects easier.

Por instance 'falls! should be standardized on canals which
would ensble standardization of equipment and civil works.
Irrigation canals, if provided with standard drops (to effect
standardization in equipment for cost reduction), will

prove a great hoon to rural areas in many parus of the world.
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Appendix No.,3
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