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FOREWORD

Understanding the basic science behind any technology helps future generations to
be more pro-active in their inventions, innovations and technology improvements.
Similarly, such an understanding would help the decision makers to make informed
decisions based on facts. This booklet is designed for the decision makers (non-energy
specialists) and the future generation to understand the basic science and technology
_befka "1 g rkfgv _“pba _jf ol*evaol sfii*db bib~qof2 ~gflk p~eb jbpt

Mo~ gf ™~ >Tgflk e”p tlohba Tk g ol*evaol sfiirdb bib~gof2 ~gflk p~ebgbp clo Isho
25 years. This community based renewable energy technology has proven to be an
appropriate energy solution for remote rural villages which are not connected to the
main electricity grid. At the heart of these schemes lie the village communities. They
are not only the consumers and owners of the schemes but are also responsible for
managing, operating and maintaining them.

@Hiib~gfsb ~"gflk fp pgobkdget Fk ~ ~ 1§ g rkfqv _"pba g ol*evaol bib~qf2 "gflk p~eb g b)
mblImib dbg gldbgebo) ob”ifpb ge”q gebv “~k § rqr2iiv _bkb&q fc gebv e”okbpp geb k™groni
resources available in their locality, and pool their own resources and strengths in order
to achieve a common purpose. While getting some external support at the initial stages,
Ik bgebp ebybfpfk Imbo™gflk fq fp geb ~ 1§ _§ rkfofbp tef e " Ikgfkrb ob”mfkd geb _bkb&gp
tfge §fkfyr§ bugbok”i fkgbocbobk™ bt Bugbok™i prmmlog €lhria Ikiv _b _bkb2 i fc gelpb
tel molsfab fq rkabopg“ka geb _bkb&gp ~ka ~e”iibkdbp Ic gebpb qumbp Ic p~eb j bpt

To help people, the science has to be transformed into action. In this booklet, it is
explained as to how the science is used in technology development and how this in turn
is transformed into infrastructure. The main attributes to be considered, assessment of
data, functions and selection of the components are explained to gain an understanding
Ic geb “ 1§ grkfov _“pba gf ol*evaol sfii~db bib gof2 ~gflk p~eb jbpt
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8 INTRODUCTION

Threats of climate change have drawn the attention of the world community to look for alternative
sources of energy. Petroleum fuels, coal and electricity are the primary sources of energy amongst the
developed nations. When it comes to the developing nations, it is mostly biomass. Over half of the world’s
electricity is produced by burning coal or petroleum fuels - adding more greenhouse gases, polluting the
atmosphere and leading to climate change. On the other hand, these resources are fast depleting and
their reserves will not last for more than a few more decades for humans to use. Renewable energy such
as small hydro schemes can help face both these issues.

No CO,, or NOx. These hydroelectricity
schemes save money and time while being
safer and giving children light to study.
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@1 g rkfgv _“pba _gf ol*evaol sfii“db bib qof2 "gflk p~eb gbp ~ob rpba gl bib gofcv ob j lgb sfii*dbp ge”q
are not connected to the national / state electricity grids. Such schemes can be operated and maintained
_vgeb “1L§ grkfov_ gb g _bop geb g pbisbpt > jf ol*evaol sfii“db bib~gof2 ~¢flk p~eb g b ~"k dbkboiiv_j bbg
a household’s basic electricity demand for lighting, TV, radio, phone charging, etc. In addition, it can be
used to power electric irons and small scale machines with limitations.

Light for reading

These schemes can help improve the lifestyles of community members by reducing the money spent on
conventional energy sources, improving children’s education time and expanding the day’s productivity
by extended the working hours into the night (especially agricultural work), and improving safety. It also
helps open the village to the outside world through different types of media and communication devices
torafl) QS) melkbét+ Fk ~aafgflk) gebob 7ob ~ illg Ic fkafob™q _bkb2gp col § gqebpb p~ebgbp pr-e ~p _bfkd
environmentally friendly with no greenhouse gas emissions, reducing the demand for national/state
electricity grids, saving foreign reserves which would otherwise be used to import petroleum or coal, and
increasing the harmony and cooperation among the communities living in the villages.
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Fk loabo gl dbkbo™gb bib~qof fqv col § ~ ~Lj grkfgv _"pba Jf ol*evaol sfiirdb bib~gof2 ~flk p~ebjgb
gebob pelria _b » pgpb”™j tfge N ob™plk” _ib «1t Ic tgbo m*ppfkd ~ _Isb) geolrde lo kb™o geb sfii“dbt
T"gbo pelria «lt mobcho™ _iv geolrdelrg geb vb”o %tk mo~~qgf“h) fk g~ kv ~ob”p) €7gbo J/v _b "sMiN b
only during certain periods of the year), and with a considerable difference in the elevation between
two points along the stream. The amount of power that can be generated depends mainly on these two
factors. On the other hand, the harmony and the collective effort of the community members is a must
for the successful implementation of such a scheme.

Height & Flow

i

Q

-
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2. Micro - hydro

TECHNOLOGY

>p bumirfkba ~_Isb) geb “Lg grkfov _“pba jf ol*evaol sfii*db bib qof2 "gflk p~ebgb §~hbp rpb Ic »
tgbo poob™ § ge”q «ltp geolrde lo kb™o geb sfiirdb tfge ~ ~ Ikpfabo”_ib «1t€ Ic €/gbo ~ka tfge ~ aolm fk
elevation. The theoretical available energy of a stream is proportionate to the drop (height difference)
Nka «1t o°gb ~p dfsbk _bilt+ %Qefp ep _bbk ~ 1 gmrgba col § i~tp Ic ~Ikpbos™gflk Ic bkbodw+

By equating the potential energy at the top of the drop and the kinetic energy at the bottom of the drop,
the power that is generated ‘P’ can be expressed as;

POWER (P) = PgHQ (IN WATTS)

Where p = Density of water (1,000 kgm3)
g = Gravitational force (9.81 ms?)
Head (H) = Drop (Height deference) (m)
Cilt OMgb ¥N& - T gbo «lt 0 \gb % §3s?)

In the above expression, P and g are constants. Only the Head and Flow Rate are variables.

Example:

If the Flow Rate and Head of a micro-hydro site are 0.03 m3/ sec and 60m respectively 1,000 X 9.81 X
60 X 0.03 = 17.658Watts Then the available power = 1,000 X 9.81 X 60 X 0.03 = 17.658 Watts

Although the potential of power is 17,658 Watts (17.658 kW), all this cannot be practically extracted.
This is due to various energy losses in the power conversion steps as explained in the next section.
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3. Basic Power

CONVERSION [ELEE

The water at the top of the penstock (described on page 18) possesses potential energy. This is what
fp _bfkd &k"iiv qo”kpelo g ba fkql bib™gof “fowr Qefp qo”kpclo g ~gflk ¢™hbp ~ ~lrmib Ic pgbmp ~p abp~of _ba
below.

Water possessing Potential Energy
(at the top of the penstock)

Potential Energy of water transforms into Kinetic
Energy up to the bottom of penstock

Kinetic Energy of water transforms into Mechanical Energy by rotating the turbine

Mechanical Energy transforms into
Electrical Energy by rotating the generator shaft

The micro-hydro technology is used to transform the energy in water into electricity. This technology
needs certain infrastructure, as detailed in section 5. Energy loss takes place during the entire energy
transformation process as well as at the infrastructure. The designers, constructors and implementers
should pay due attention to ensure an optimum level of useful energy. A typical community based micro-
evaol sfii“db bib~qf2™~gflk p~eb g b e”oaiv prom™ppbp ~k Isbonii be2 fbk™v Ic 3-""+
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Qeb cliiltfkd ¢~ _ibp molsfab "k fkaf "gflk Ic geb qvmf™~i be2 fbk ™ fbp %arb gl bkbodv ilppbp bumbofok ™ bak
g plgb hbv ~ 1 gmlkbkap Ic geb g ol*evaol sfiirdb bib™gof2 ~gflk p~eb j bpt

Component Be2 fhk™v %" "%
@e”kkbi) Rigbo “ka pbqgifkd ¢*khp 98
Penstock 90
Turbine 75
Generator 82

Clo bu” gmib) fc geb Ikiv bkbodv ilppbp Ic ~ p~ebgb ~ob ~p pggba ~_Isb) geb Isbonii be2 fbk™v Ic geb
p ebgb "k _b bumobppbp ~p geb J rigfmif ~gflk Ic geb bc® ok fbp ~g b e pg*dbt Fk gefp fkpg*k™b) geb
Ishonii bea fhk™v "~k _b tlohba 1rg ~p cliiltp

Lsbonii be2 fbk v I 65" u6-""u42tub/t"
21
Therefore, the actual electrical power output that can be harnessed in the case of the example in section
2 above is,
Lrgmrg bib~qof~ i mltho o .4)325U21""
= 9,578 Watts
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4. Steps for SURVEY| NG a Micro

* Evaol Sfiirdb Bib gofe gflk P eb g b Pfgb

Once a suitable site has been assessed as having a potential for generating electricity using micro-
hydro technology, this site has to be surveyed in detail. This helps to identify the best locations for each
component of the construction for optimal overall performance of the scheme. It may be necessary to
identify several locations for different components and then decide on the most optimal combination.
The factors such as overall scheme capacity, cost, demand, distance to village, environmental aspects,
b pb Ic g ~Mkgbk™k™b) pcbhgv ~ka ifka rpb m~qgbokp) bg™+ v _b Tlkpfaboba bclob ~ 2kA~i ab™fpflk fp
made.

Site Survey
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The survey would be used to assess the feasibility of the scheme and help determine the following;

Abpfdk «I1€ 0”gb %lc T/ gbod

Eb”a %afcchobk™b Ic bibs”gflk Ic geb tgbo pgob” g &
11" ~gflkp clo ~fsfi ~Ikpgor “of Ik

Afpgof_rgflk ifkbp

Sfii~db ab § “ka

+ + + 1+ I+

Abgbo g fk*aflk Ic geb abpfdk «It 0™gb fp klg pgo~fdeqclot™oar Qefp s”ofbp tfge geb ~if j ~gb ~ka €/ gbo rpb
m~qgbokp Ic geb pgob”™ §) tef e J~hb geb «It Ic tgbo “e”kdb ~Ikgfkrlrpiv > §bob pfgb prosbv tfge »
pmlkg*kblrp _§b”prob g bkg Ic geb t/gbo « 1€ ~"kklq ob™plk”_iv mobaf q geb mltho ge”q “~k _b dbkbogbat
Jlpg abpfdkbop rpb ~ “r g ritgfsb « 1€ aro™gflk “rosb clo geb pgb” § clo ~ vb”™o) “ka gebk ab~fab Ik geb
abpfdk «l1t€ 0”gb clo geb p~eb j bt

Jb™profkd geb «It 0™gb
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5 MAIN COMPONENTS [
N Jfol*evaol Bib qof2 MfIk P eb b

The main components of a micro-hydro power scheme are;

Weir
Channel
Settling tank
Forebay tank
Penstock
Power house

-~ 0 o0 T

g.
h.
i.
i
k.
l.

Turbine

Drive System
Generator

Control panel
Distribution panel
Distribution lines

Jf ol*evaol bib qof2 ~gflk p~eb g bp pelria _b abpfdkba v ~ 1 j mbgbkg ~ka bumbofbk™ba mboplkkbi+ Qeb
main functions and considerations of each component are explained below.

a. WEIR

The weir is a small dam built across the stream to divert water to the turbine. Selecting a narrow location
of the stream minimises the construction cost. The weir must be easily accessible for maintenance work,
fk irafkd arofkd geb o~fkv pb”plkpt Obib”pb Ic bu™bpp t/gbo) ~Tkgoliifkd Ic fkghb t/gbo “ka «rpefkd Iryg
of the silt (de-silting) behind the weir are important functions associated with the weir.

Weir

Channel

/?/



b. CHANNEL

The channel carries the water from the weir to the forebay tank. In rare cases where the forebay tank
is attached to the weir, a channel would not be designed to be a part of the scheme. The channel is
designed to have a minimum gradient to ensure that the drop of elevation of the diverted water stream is
minimum. Channels are often constructed with concrete, random rubble, bricks, or earth. In most cases,
the physical appearance of a channel resembles a drain.

Channel with Settling Tank

c. SETTLING TANK

Any solid particles in water can either block the nozzles (jets) or damage the blades of the turbine. The
settling tank attempts to reduce any solid particles that enter the nozzles/turbine blades. Depending
on the circumstances, there can be more than one settling tank designed for a micro-hydro scheme. In
the case of reaction type turbines, even a slight wear in the turbine blades can drastically reduce the
performances of the scheme.
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d. FOREBAY TANK

Maintaining a constant water height (level) is the main function of the forebay tank. In addition, it also
helps further reduce any foreign solid particles entering the penstock and stops any air getting into the
penstock. To achieve this, the forebay tank must hold a considerable volume of water and maintain it.
Forebay tanks are designed with different shapes and sizes by the designers.

Section of Forebay Tank

e. PENSTOCK

Sending the water from the forebay tank to the turbine with minimum losses is the main function of the
penstock. It appears like a big pipe that brings down water from a higher elevation to a lower elevation.
Penstocks can be made out of uPVC (Ultraviolet PVC), steel or any other piping material recommended
by the designer. Inside the penstock, the potential energy of water transforms into pressure energy. By
constructing the penstock to have the minimum number of bends and to be of the shortest length, the
energy loss in the penstock can be minimised.

18



f. POWER HOUSE

Power house is a small permanent building that houses the electromechanical and controlling equipment.
Micro-hydro schemes generally would have a one or two roomed building as the power house. To ensure
safety and proper operations and maintenance, it is important for a power house to meet the following
requirements;

Cobb %"dditional) space

DI la sbkafirgflk ~ka fiir g fkAgflk %atvifdeq lo i pé

J~fk allo pelria _b Imbkbd to the outside of the building (for emergency evacuations)

Tfab allop ge”g "~k A~ 1§ § 1a”gb geb ~"oovfkd Ic %i”odbé g b~ e kf™ i bnrfm g bkq kgl ~ka Irg Ic
the power house

+ + + 1+

A Neat Power House
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g. TURBINE

Turbine is the main component which converts energy in the water into mechanical (rotating) energy.
Qeb qvmb) pfwb ~ka geb Igebo pmb~f& "gflkp Ic » gqro_fkb ~ob abpfdkba v bumbofbk “ba ~ka ™1 j mbgbkg
mboplkkbi A~ loafkd gl geb pfgb pmb~f& "gflkp+ >igelrde gebob ~ob pl kv gvmbp Ic qro_fkbp) qeb j Ipg
common types are Pelton, Turgo, Cross Flow, Francis, Propeller and Kaplan.

Turbines can broadly be categorised into two types - Impulse and Reaction. In impulse turbines, a jet of
water is made to strike the turbine blade making the turbine rotate. Pelton and Turbo turbines fall into
this type. In Reaction turbines, the turbine housing is designed in such a way that the water coming from
geb mbkpgl~h fp drfaba gl «I€ ?ilkd ” pmb™f2~ m~ge pl ~p ql beeb ™ gfsbiv olg™gb geb qro_fkb+ Fk gebpb qvmbp
of turbines, the turbine housing and guide vane play an important role. Housing of the Reaction turbines
pelria e”sb pj Ilge “rosbp clo t/gbo gl «1t ~ka klg gl ~ilt Mo gl bkgbot Cok™fp) Molmbiibo ~ka H mi"k
are reaction type turbines. Centrifugal water pumps also can be used as reaction turbines.

Pelton Turbin Propeller Turbine

Cross flow Turbine
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F g mripb gvmb gqro_fkbp ~ob prfg”_ib clo pfgbp tfge ~ obi”gfshiv efde eb™a _rg” ilt « It 0"gbt Qebfo bc® fbk v
“e”kdbp Ikiv_§ odfkMiiv tfge geb “e”kdb Ic geb « It o*gbt Qebpb dbkbotiiv "~k b Imbo~gba bsbk ~g /-""
Ic geb abpfdkba «lt+ Ob” gflk qvmb qro_fkbp ~ob ~mmolmof~gb clo geb pfogbp tfge » il€ eb™a “ka » efde
«lt o™gbpt >p Jbkgflkba) geb elrpfkd ~ka geb dbl gbgov Ic geb ~ 1 gmlkbkap Ic gebpb qro_fkbp ~ob shov
fgmlog™kg ~ka tfge ~ p g i tb”o Tk fgp fkkbo proc™™b) geb be2 fok v Ic geb gro_fkb “~k obar b pfdkfa™ ~Akgiv+
Lk geb lgebo e”ka) gebpb dbkboiiv "k ork Ikiv _bvlka 2-"" Ic geb abpfdkba «It o"qb+

Cross Flow Turbines have features of both impulse and reaction types. Therefore, Cross Flow Turbines
are considered as medium head turbines.

Qeb g~fk pmb~fa ~gflkp Ic ~ qro_fkb ~ob fgp Mfg e @fo"ib Af~ g bgbo YtM@AE) kr g _bo Ic _r hbgp , _i~abp)
rated speed, output power, number of jets and size and the material of the turbine. When the water jet
hits the turbine blades / buckets, along with them, the shaft of the turbine rotates.

Francis Turbine

Pelton Turbine
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h. DRIVE SYSTEM

For the generated power to be smooth and consistent, the rotational speed of the shaft must be equal to
the rated rotational speed of the generator. If these two are equal, the turbine shaft is directly connected
to the shaft of the generator. This is called ‘direct coupling’. In the cases where the rotational speed
of the turbine shaft is different to the rated rotational speed of the generator or if the generator cannot
withstand additional loads developed on the turbine, a drive system is introduced in between. It can be
a belt, gear box, or coupling, etc.

Belt

Coupling

il
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i. GENERATOR

There are many types of generators available in the market. For community based micro-hydro
bib~qof2~~gflkp p~eb j bp) geb fkar ~gflk _§ Iqlop ~ka pvk™eolklrp dbkbo™glop ~ob _rdeqcol § geb j~ohbgpt
Although the synchronous generators can be bought off-the-shelf, induction generators are hardly
AsMin_ibt Qeb fkar “qgflk _g Igqlop ob fkgbok iiv _g laf@ba _v fkgolar~fkd plgb ~m"~fglop+

j. CONTROL PANEL

Generally, micro-hydro power schemes generate constant power. This can vary when the water entering
the jets is regulated by operating the valve, but often, the rate at which water is supplied is not changed.
Qeb ab g ~ka clo %“ka rpb Ic& bib~qof fqv _v geb ~ L _j rkfofop «r qr”gbp ~ii geb of § b+ Fk Toabo gl hbbm geb
overall system stable, (say 230 V and 50 Hz), a control panel is introduced. In cases where the demand
for electricity by the communities is less than the electricity produced, the excess electricity would be
channelled to the ballast, which would burn it out. That ballast may be made out of electrical heaters,
bulbs or any other electricity consuming element. When demand for electricity exceeds that which is
generated, then the controller cannot maintain the system at 230 V / 50 Hz and the generator cannot
supply to that demand.

The generator then slows down and decreases the above values (230 V / 50 Hz). If it drops severely it

can be harmful to the generator and appliances. Therefore, the control panel would cut off the electricity
supply to the community. These panels may be supported with several display indicators or meters.

Control Panel
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k. DISTRIBUTION PANEL

Afpqof_rgflk m~kbi dfsbp ~aafgflk”i p~cbgv clo geb _bkb2 f ofbpt Qebob 7ob Ishoil™a “rg lcc ptfqebp
and earth leakage trip switches for each distribution line. In case of any electric shock or fault in the
distribution lines, the relevant line will get automatically switched off.

Distribution Panel

Line 1 Line 2 Line 3

I. DISTRIBUTION LINE

>""loafkd gl geb k”qrob Ic geb afpgof _rgflk %p~"qgbofkdé Ic geb elrpbp fk geb sfiitdb) geb bib™gofa™~gflk
scheme may have one or a few number of distribution lines that starts from the power house. Generally
aluminum (bare/insulated) conductors are used to reduce the cost. However, the copper wires have a
better performance but they are comparatively expensive.
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