G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

istr,
LIMITED

1D/WGL 305 /17

1% November 1979
United Natiens Industnal Development Organization

CRIGINAT:  ENGLICH

Seminar-Workshop on the Lxchanse or
Experiences and ¢ chnology rruisfer
on Minl Hydro Llectric teneratior Inits

Kathmandu, Nepal, 10-14 September a7

*
SWED1SH DEVELOPMENT OF MINI HYDRO ELECTRIC AENERATION UNITS

by

Swedish Capabilities for Assistance

* The views expressed in this paper are thosc of the

necessarily reflect the views of toe secretariat of UNIDG,
reproduced without formal editing,

author and do not
This document has been

1d.79-9050




Historical R- Cojr on

In th hist iy o7 rdustrics »relopment in Sweu.n the abundant
availability of witerfcii: wi.h suitable ceals oplayed a most important

role.

Already in tne six.cer*h rentury a smwals stael incustry had teen
started znd simpic weler wherln vwere uscd (o drive airblowers for the

blas* furnaces and 105gc Lirmels.

At the bes.rning of Jhe eipghttcenth rentury the famous Swedish
inventor Christoffer Poihenm succezded ir transferring mechanical emnergy

from water-wneels to nining mnpe and hoistif, kilometers away.

The movement fron the water-wheel was carried hy two parallel

wooden bars hanging in hingelike, low friction supportesic.

Fig. 1. show: an exauple of how the transmiseion could te

arranged.

U'ith this device one of the first "lunpg-distant" energy transmission

in the world was o~ ract!

The re~l bip ate; fcwarl came with the water turbines and the use
of electricity.

At *h end of Jhe nincteenth . mtury small hydr lectric power
stations weee built 11l over sweden. Tat marked the start of a more
large scale indus.rializetion sna formed a base for a steady raise in

standards of liviag fo- the whole population.

¥en big tater ard thermal power st:tions were built during the
first third of thn tweitzeldb century and a power grid was completed,
covering the main part o' tne °~mtry, the small water power plants
lost their importence. lie irdustries many t.mes had outgrown their
own poier recaovTsii and aad to buy electric energy from other suppliers. }

Most of the mir-71) vaier pown: stations were abandcned.

Todays energy situ~tion

The enrrgy crises of tcduy has createa ar interest from Swedish
state a2uthorities in using 211 resources which in the new energy situation

are economizally motivated.

One study about MHP hee been worked out by VAST - the Swedish Power
Association Development Section regarding the range 100 to 1 500 kW.
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Swedish Trdw t-ia’ bLonrd, to the . o' olant,

It is wnticrpatd toat the development work W@will le completad

during 1979,

Proposed tynes aof *urbineg
Fy

The developmen! work rarried out ty VAUT cn behalf of mini-power
stations has bteen concentrated partly “n redueing costs of mechanical
and electrical eguipment and Ertlz our: lowerng the annto for supervision
and oneration by meuns of aualomatior and remsie control.  The possibilities
of cuttin~ builciny 225is must be Judged from cuse tn case and cannot be

based to anr extent! on standamiizaion.

. J .
In the rcurse of develovment 11 haw turncd out to he rxpedient to
design the anit with an arin! turbine in the rorm ot 4 propeller turbine
with fixed r alteinats ely adjustavie blades.  ihe tirbine b fatied

with a Tixed puide vane.

By means o1 1 tooth 4rancnise,on £rar lesigned to increase the
number of revolutions tihe inrliine 1. conner el t7 4 ~tandard asynchronous

penerator which 1s acan.es to the masimum attainsble turbine capacity.

The gencriter 10 counected via 4 tranc:former te che local distribution

net. The reneritor voltage 1= normaliy .0 V.

The headiire to the turbine in eloned Yy mean® of a gate at the intake
in the dam or by a but'arfly vialve in the headrace tube, it such is used.
The gate and bLutter iy valve regpectively e fitted with o cydraulic
servo-motor for vpenini- onerations. Clesing takos olace au romatically by

a valve being orencd in the hydraulic cwouamoand Ahe pate ivalve) bLeing

closed by ite own weitnt (counterwes ght ),
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The unit is ctaried bs 4h - “low cpening of the gate (valve)., After
the unit has been linked up, wnich t-kes place zutomat ~ally, the number
of revolutions is controlled by the network. The starting and stopping
of the unit take place automatically and arve ruided by a level indicator
in the upper storage in the case of unite with fixed blades. If a turbine
with adjustable blades 1&g yne talled, the automatic operation can be
adjusted to both tve water leve| regulation with the level indicator and

alao to a device ensuring a certain amount of draw-down.

If the voltage of the net d.oappears the gate or altenatively the
valve is closed automatically. During the clocing process the unit attains
Tunaway speed. To ensure the quickest possible closure, the unit is fitted
with two overspeed relays - one magnetic vaive and one mechanical hydraulic

valve,

If conditions permit the running of the unit intermittently with a
full load afid of utilizing an upztream storage for regulation, a unit with
fixed runner blades is chosen. The unit can be given maximum degree of
efficiency when fully loaded and thereby the maximum possibie production.
When the dam water level has reached the lower storage limit the unit stops
and starts again when the upper limit has been attained.

If regulation of this kind cannot be permitted on account of conditiors
in the strear etc., the unit is equ ped with automati runner regulation.
The unit can then be operated with constant upstream water level, i.e.
utilize the available flow or be regulated within the limits permitted by
the circumstances by means ~f automatic regulation and with the prescribed
minimal draw-down in the stream. The mean rate of efficiency during the
operation time is somewhat lower with units having runner regulation than
with units without such repulation. On the other hand, intermittent running
wiih the utilization of the upstream storage implies a certain loss of head
for the power plant.

For the erection of turbines there are various alternatives depending

on local conditions and the head 1o be utilized.

The following three main types are relevant:

Type 1 Generally for 2 - 8 m head.
(Appendix 1) Propeller turbine with vertical shaft:




Turbire erected in a open turbine shamber in

clote prosimity to the -dam.

Closure by gate in the iniake. (In some casee
il may be desirable to nlace the turbine runner
ahove tne lower water level and it may be
prss.ble to design the turbine headrace as a

siphon. The intake gate is not then required).

Type II Generally for 5 - 10 m head.
(Appendix ?) fropalier turbine with horizontal shaft:

Turbine fitted with a closed turbine chamber and
with a head-race tube from the intake in the dam.

Closure by means of a gate in the intake or a

butterfly valve in the headrace tube.

Type 111 Generally for 8 - 30 m head.
(Appendix 3) Propeller turbine with vertical shaft:

The turbine is fitted with a closed turbine chamber

and with a headrace from the intake in the dam.

Closure by means of a butterfly valve in the

headrace ‘ube.

These three types can be fitted with fixed or alternatively adjustable
blades. With these six combinations the entire range between 2 - 30 m
heade and 100 - 1 500 kW can be supplied with suitable unite.

The following standardized runner diameters are recommended:
045 - 047 - 0,9 -1,15 - 2,0 - 2,2 me The choice of runner diameter is
dependent of many factors as flow rate, head and the position of the
turbine in relation to the lower water level. The tenderer is not bound
to the above mentioned diameters but is to propose the most economic diameter
for which the guarantee for power and efficiency is valid. An effort to use
any of the recommended diameters will imply a standardization which will be
of value as well for the purchaser as for the supplier. In appendix 4
is shown the heads and the flow rates for which the three types of turbines

normally are suitable. The uvizes of the units have been limited in the
diagram to 100 - 1 500 kW with runner diameters between 0,7 and 2,0 m.
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Bearing in mind toe ot . St elalively slow

closure, the rise in preccuwie v othe o te o S melatively low,

thereby eliminating tne need ' ¢ 4 ;e - b

The prestudy by the Notrong: Twedi b foven e fechnanl erelopment
in the range below 10U kW has the poal b0 oo lunse 1.0 oy oeturers of
small water power stations ir Sweden anc i supeors nregeclivg YWE epecially
adapted for developing ~ocuntrics. To ashiece *hye we o - rtormw tion s

necessary and 1 will come back to that loter,
I would like to show n couple of small turb.n. . and converted pumps ,

Fig. 2. First a smal)l propellier tnurbin y vineter of Cmpatler 315mm,
9 kW, H = 4m 1 0% r'm. M™arbiva-efficrency 7c,.. Patai Brf. - 7%,

Similar units up to 100 kW.

Fig. 3. Horizcntal louhic curtinn, contririnl punp converted into

a turbire,

Fig. 4. A lowheal submersible propeller vmit inctalled in the intake
shaft.

Fig. 5. A centriretal univ instailea for o highor head but still with

a generator of submersible type that can bte flnoded without danger.

This may be enough 1n this paper. TFurthoc discussions and details

may come in the workshoys.




Individusliy rumnirve MHY have *o have =one fory of frequency and
voltage~cor rnl. Ceveral Fugge .1 s tor unlut? 75 a » unde way and will

be tested.

Necessary addit.onal stud:es

The project MHY for develnping countries may become very important

provided that the uase of recuced evergy Lt careful.y rlunned.

In a village #ere 4 diec l-r. ve. Trgalicn rump has been installed
some people have tr bte tcught ‘iow to ~ur and maintain the oumping unit.
The use of the pumped water n the fields 15 traditional agricultural
knowledge since thousands of Years. But in villages where few, if any
people, have had any contact witn eleciricity and related equipment the

educational programme is bipger and concerns many more individuals,

In countrien, where studies not already have been undertaken, it is
of course necessary to make an integrated plan based vpon special needs in
the respective villagec, available raw materials, further possibilities in
the new energy sitvation rte, Traditional handicraft supported by some
machines and an improved environment (electric light, heating) may create

export possibilities.

Another aspect ig a detuiled study of available water power: head,
flow and & abili‘y during the Year distance betweer jossible sites for
the power stations nd “he v* llages. All thie is important for the producers
in their planning “or standardized design, =imple gservice and maintainance
and to reach acceptuble production volume to lower the costs. This in turn
will be to the tenefit of 3 freater number of plants from a certain sum

of money.

A domestic productinn of MHP may be interesting later on, but may delay

the start of the scheme ang give initial troubles.
Conclusion

MHP has been of interest in Sweden quite a time. Several plants have
been errected and are in usc. The Natiomal Swedish Board for Technical
Development supportis a special project programme aiming at MAP sizes up to
100 kW. It is intended for use in developing countries. ‘The delivery of
MHP will be conzidered t» be included in the aid programme of SIDA, the

Swedish Industrial Development Aid.
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Swedish woter turbhine and electrizal and e Lr bae g long

experience and was t.1rot in Lhe voplg ty deciir ane produce bip
propeller—-turbines. The 1~ ' oy Yeovz. wnaplar s bine basec on Profeseor 1
Victor Kaplin's thecries was nesimed, oroduced and delivered oy
Karlstad: Mekaniske Werkst-? ‘o e e Fower Boa d for Lilla Edet
Power Station 1 I The runv oo A iaceter 1¢ Sy m oand the turbine was |
started in 152" anc has been rwing ever since. e bub with the
variable bladesn han never ne. ted rearcemtling {5 earvice during
94 years! |
Notes and References:
Studsvik Reporis: Energy in Developing Countries
Main report: Problem analypis and policy recommendations for
SIDA, Kjell Larsson.,
Subject report: Development ascistance in the field of energy,
Olof Murelius.
Subject report: Energy characteristice of Indi: and Kenya,
Kjell Larsson, Roy Nilsson.
Small Hydroelectric Power Stations
Information publication from VAGT - The Swedish Power Association
Development Secticn.
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