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MICRO HYDROPOWER

Exercise 1What is micro hydropower and how does it work?

Read the following sentences and build the corresequence. In order to help
you there’s a short summary of the whole contenttahe beginning:

a)Hydropower is actually one of the renewable searof energy with the advantage of a steady
production. Usually when we talk about it wmkhof the big dams, but something is now
changing and we are going oftener and ofteneato®& small scale applications.

Moreover while sun is not always shining and wnad always blowing, hydropower is
produced steadily around the clock.

What is new to most people is the idea that thiseseoncept will work on a smaller and ev
individual scale: we are speaking of

D

Hydropower plants capture the energy of fallingen@ generate electricity.

many large hydro-electric facilities around the ldor

A turbine converts the energy of falling water imb@chanical energy

Hydropower is a renewable energy source becaisecplenished by snow and rainfall. As
long as the rain falls , we won't run out of thaegegy source

Micro Hydropower (fromhydro meaning water anghicro meaning small scale). It refers to
electrical energy that comes from the force of mgwater used to power a household or
small village.

Then an alternator converts the mechanical enefrgyn the turbine into electrical energy.

b)Two factors combine in giving the most of elediriproduction in a hydro power plant (head
and flow),...

The farther the water falls, the more power it has.

Volume of water falling (Flow): more water fallingrough the turbine will produce more
power. The amount of water available depends ondhene of water at the source.

A river with twice the amount of flowing water asather river can produce twice as much
energy. Flow volume is usually measured in litres gecond or fiper minute)

The distance the water travels horizontally is egoential only in expense of the system and
friction losses. Head is usually measured in meairdeet (1 foot = 0,3048 m)

How far the water falls (Head): generally, the aligte the water falls depends on the
steepness of the terrain the water is moving acorvgbe height of a dam the water is stored
behind.

The amount of electricity a hydropower plant progkiis a combination of two factors:

In other words, water falling twice as far has ®vass much energy. It is important to note we
are only talking about the vertical distance theéewéalls.

The concept of generating electricity from wates baen around for a long time and there jare



Power is also ‘directly proportional’ to river flgwr flow volume.

In fact, the power of falling water is ‘directlyggortional’ to the distance it falls.

c)... and different kinds of turbine can be chosmoaling to the different values of such factors.

The reaction turbine, as the name implies, is tiimereactive force rather than a direct push
or impulse. The turbine blades turn in reactioth®pressure of the water falling on them.

The power produced by an impulse turbine comesetynfrom the momentum of the water
(m*v) hitting the turbine runners.

In addition to that you have also: Submersible Bllep Water Turbines. These turbines are
the least efficient of the three styles, but alewgimplest design

For high head and low flow volume siteisnpulse turbines are the most efficient choice.

A propeller mounted on the front of the turbinaitched to an alternator inside the main
turbine housing

Propeller style generators work well for locatiavith a fast moving, relatively deep stream
or river, where a water diversion system is notsgae, or when mounted on a moving boat.

For Micro Hydro systems, this translates into twegories of turbines:

For low head and high flow volume sites:reaction turbine is the best choice.

Reaction turbines can operate on heads as loweet=20,6096 metres, but require much
higher flow rates than an impulse turbine.

This water creates a direct push or impulse orbkages, and thus such turbines are called
‘impulse turbines’.

When submerged in a fast moving water source, tiygefier is rotated by the force of the
passing water.

Key Exercise 1

a)Hydropower is a renewable energy source becduseéplenished by snow and rainfall. As longfesrain falls, we won't run
out of that energy source. Moreover while sun isahways shining and wind not always blowing, hydmegpis produced steadily
around the clock.

The concept of generating electricity from water hasn around for a long time and there are mangédanydro-electric facilities
around the world. What is new to most people isdba that this same concept will work on a smallest emen individual scale: we
are speaking ofMicro Hydropower (from hydro meanwvaer and micro meaning small scale). It referslaxtical energy that
comes from the force of moving water used to powensehold or small village.

Hydropower plants capture the energy of falling wabegenerate electricity. A turbine converts timergy of falling water into
mechanical energy. Then an alternator convertatieehanical energy from the turbine into electriemergy.

b)The amount of electricity a hydropower plant proes is a combination of two factors:

1 How far the water falls (Head): generally, the distarthe water falls depends on the steepness téittaén the
water is moving across, or the height of a dam thiemwia stored behind. The farther the water fale more
power it has. In fact, the power of falling waterdsréctly proportional’ to the distance it fallsn lother words,
water falling twice as far has twice as much energig important to note we are only talking about teetical
distance the water falls. The distance the watvdls horizontally is consequential only in expeoisihe
system and friction losses. Head is usually measurenetres or feet
(1 foot = 0,3048 mt)

2 Volume of water falling (Flow): more water fallingréugh the turbine will produce more power. The amaint
water available depends on the volume of water asthiece. Power is also ‘directly proportional’ tover flow,
or flow volume. A river with twice the amount of flogriwvater as another river can produce twice as much
energy. Flow volume is usually measured in litresgeeond or mper minute.

c)For Micro Hydro systems, this translates into twedegories of turbines:



For high head and low flow volume sites: impulse turbines are the most efficient choice.

The power produced by an impulse turbine comesedyfiom the momentum of the water (m*v) hittingtthbine
runners. This water creates a direct push or impuls the blades, and thus such turbines are céhepulse
turbines’.

For low head and high flow volume sites: _a reaction turbine is the best choice. The reactiobine, as the name
implies, is turned by reactive force rather thadigect push or impulse. The turbine blades turngaction to the
pressure of the water falling on them. Reactiobitugs can operate on heads as low as 2 feet= 0,6086es, but
require much higher flow rates than an impulse toeb

In addition to these you have alstubmersible Propeller Water Turbines- These turbines are the least efficient of thedtstyles,
but also the simplest design. A propeller mountethe front of the turbine is attached to an altgor inside the main turbine
housing. When submerged in a fast moving water sotie propeller is rotated by the force of theghag water. Propeller style
generators work well for locations with a fast movirglatively deep stream or river, where a wateretision system is not possible,
or when mounted on a moving boat.




Exercise2 Comparing different models of micro hydro turbines, excerpting info from ads

Scan through the following ads frofhBS Alaskan Inc Micro Hydro turbines catalognesheetl (http://www.absak.cony

and fill in a comparative table with the main claeaistics of

Table 1 - Comparing Micro Hydro Turbines

each turbine.

Model

Type *

Head
(m)

Flow
(It/sec)

Best site
characteristics

Output
(W)

Price

Shipment] Extra nees Contact/website
/ costs

*! Impulse, Reaction, Propeller
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ABS Alaskan, Inc. introduces ...

The PowerPal

Propeller Hydro Turbine

¥  Pewer Preduction at 2000, SO0W or T000W
(3 medels ta eheose frem)

¥  QOperates efficiently en ultra low head (2 te 5/)
- Designed for simple speration & low maintenance

Tre PowsrPai wss designed for famiies n memols aneas 5o prociuce power for thelr housshoids sasiy
and Inexpensivery  These units hawe bess nonsdinly successial and ioday thousands ane nssafsd
thioughout the workd.

The PowerPal 5 & propelier turbane wincse smal st and lght weighl aliows 1 1o b= ngtaded wiriualy
Fmwnans. [t the pErfect Fredno tuThine SO SIow MOoving FIAETS and sinsams. B, mecursl watertaiis of
dams prowice the ideal setting for e PoserPal

Waier enlers he hurpine from @5 fop and drops InSo the propefler, spinning e bEades - It exdin T
hurbdne through & sealed droft fube that = submenged n the oufiet wober, creaf@ing saction: and nomeesing
power proauction.

It can be guickly and sxsly moved tooa new jocalon, of removed iemponety during Tiooding or obher
piwerse condifions.  The PowerPal iz designed o operabs on & hiead bverficsl distance Debween inket
waler surface andg the oubet mrfscejof 2D S
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Optimal PowerPal Power Output
Typical PowerPal Setup (graph I5 Jogamiwmic GCale)

ABS Alaskan, Inc. introduces ...

The Water Baby

Hydro Turbine

* Dperates efficiently on uitra low fow {3 GPFM)
*  Super lightweight and compact design
¢ High guoality turbine at a low price

This turtine Is & smaler (Daby’) version of e Steam Sngine. 1t s 3 lightwelght and
compact device which converis enangy In walsr undssr pressurs imo slscnciny. | can
operate on flow rates 35 low 35 3 GPM, on heads from SD-S00%. To compare, 3 GPM s
shghitty grearier than the amount of watar fowing out of 3 Syplcal water Swcet In your
home. The Waler Eaty's Drorze furgo munnes ks onfy 2 Inchas In dametes, making this one
of the smadlest tuDines on e market It the perfect hydro furdine %r 3 site Wi low Now
bui & lamge “drop” In efevason, such 35 & Sing coming out of 3 hillside or 3 mouriain
2l

3

The Waler UEss 3 mamenanse e efeciert n-a‘n‘mmtma;rw.tmm
Thés aflemalor i specaly oesigned o Slow dUsments In oulpul 10 be Made while e
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ABS Aflaskan Inc. introduces ...

The Harris Pelton "%

Hydro Turbine

ABS Alaskan, Inc. introduces ...

The Agquair UW

Submersible HydroTurbine

100W of . += Can preduce sver 1.5kW of pawer

i Mﬂ"‘“.““r? i “d_ ; ‘:"' " """‘F e et ~ Dperates mest efficiently on high head {abeve 25t)

b BRP it ey  Effective operation with ultra lew flow (3GPM and greater)

> _E-:tlv_eurpemt_lmmai |1.1;e§5 i water » Reliable, yea i electricity at | PN

> Simple installatisn and lew maintenanee
The AGUAIR LW 1= o propsier trbire of simple design and rugged constnaction. & was originatty Wabsr iz coSeried Upsiream o B rbine ard channsied im 2 pips down b the furbies ocabion. A2
devalopesd for use aboard seismic sieds iowed behind of svpioration vessals We Be the ASUAS LAY £ hwrbine., the water passes Swough 3 nozzie, where It acreisrales, sifles e Trbine runner, and
beraese undks ofher micr-hyden unks whens Read, fios vofume and noEze pressere ane faciors, B un ums a breshiess pemanent ragne! alemaion

SIMply neguines RRST moying waber from a Nowing Siresm, Cresl, Fiver or Sea
Thess hrbines meed very' B waler fow to nn eMcesty and produos sigrificani power output. The
The propeier 15 iwensd nio he waler and heig 'noo place win 3 SIEady mOoum inDt nCuged). Power siandam corfiguration uses one nozeie, which |5 siz=d io malch the walsr supply. Addiional pozziss

output s directy related o water spead, and ata fow of Smof output wil e around S0, whis at & Tow of an be sdded (up o 4) with & maimum fiow at esch norze of 30 GEM.
Smph povesr geraration wil Incresce bo 100

Typically, the larpine peneraies DG eleciicty — 12vod, 24vok or L5l — which s then sther siored n

\Water speed can be increased somewhat by ube of B vEntu pips in - e & batary for fiiume use or ased dinectly i power DI appSancez. AR InvErtsr can aiso be Incomported
the I:EF’L[::EHIF of the  popeier, ;dhb;?;dmu strat::n'.'lt-k: .!u]unhl l,-"'r""""'“'" nio the myskem fo comvert B OO secridly o stiencard Boesehold AC secricky.
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Cabinz @hen connectes o siorage baieries and an inversr The | S90E VW ol Aquairand

ACIUAIR LW Exibmarciis Gensrabor [z waranisd dor Sres yean VERILIN STLCILITS
-y 14 II T =
g I | I pesinm :I"' 1=+
B :

E s .'lulhull,: E E

1 -,- gy _*'I? § L b T - )

o = =y =T T -, =it | ¥ BT R ety v P ..-. A

! Wiler Spoeat e ; ___':-'_'_'_____. '.""th o 14 & Emd “;FTM-“-,‘ T
Aqualr W Powsr Output {in Watts) and manual, all included i

[wlﬂltﬂ-ﬁtﬂlm Fprash s in bogaiflhmis s




ABS Alaskan, Inc. introduces ...

The Niade

Hydro Turbine

= 700 watts poak outpat (9 in. modal)
* Produces power from 2 - 4 feet of head
=~ Shipped complete; casy install, mo hidden costs

The Miade iz an uira-iow hesd pmpedier shies turbine in 3 compiste hoasing for 'deop i insdation in
admost oy fow-head ske Lks e Msuties and Maphures hrbines, B uses a “draft bube’ from the: hrbine:
o the il weaber, aisn prociering ‘sucion Bead' i mEdmize cutpat The Miade trbine is e first mioo-
i turbine In e worid 1o produce wsable power with bess than 4 et of hesd

Tre Miade = defvered 3z 3 corpisie package . inciding the oxsiron propefsr urbine and Pousing,
draft b, silde gabe %o shut of7 water fowing Imio B brbine ), 5 profectve tash Rouiniet soeen and
the all=many. The compietz padeage b3 ready © skl with mo hidder cosis o edia acc=ssonizs
remde,

The Mizde con be Fled wih & small frontend cader, or even by hand wih =nough man power,
welghing In of 300400 tbe. X |5 & rugged, duabés design, imtended for wser insalation o neam-eee
sies whers other turbines canrot devsion endugh head o produce wsabie powess, The Miaoe should be
nsaied wih S housnofume vl wih the sumounding land, sfowing e de®t ibe D angle
downswands Inko the il o evcevabion. Afler attsching = Aume iniet | your insialied pensiock, and
backling the encvaion to 5abdee Hhe urbine, the Made b5 neady i wine v your power system

The Miade furbine = avadabe wif sither an T inch or a 9 inch s iron rummer. Using e 9° rummer,
siecirical ouiput will wary from 250 wolks &l 2 % of head and 1253 GPA of fiow i over 700 walls w4

ft of read and 1828 G Of o WD The 7 mode?, e Nisge will producs rom 125 s st 21t of
P Wit TOS OFW 30w, up B0 350 warks with 4 fest of head and 5 QP of Sow.
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ABS Alaskan, Inc. infroduces ...

The LH-1000
Hydro Turbine

* Produces up to 1 kW of electricity
* High guality turbine at a low price
»  Uitra low head (2 ft to 10 ft)

The LH1DO0 is an exciing nydm turtine tha produces DC elecirics power at

Siss Wil SUMciem walsr flowing acmss eEtvely bevel lemaln,  The LH1000 e
Uses 3 durable, iow-nead bronze propefier bo proauce power on 3 head of 20 10
feet A1 10 Tt of Read, the oulput from this wrming ks one klowal, which is

Enough 10 SUpEYy the elecincal requiremants for an average Nousehold

The LH1000 usas a penmanent magnet aitermator, which Increases effclency and
performance whie makienance. This ahemator is spacfical

o
desigred for OC DU, 2 e exla oot and Incomienlence
an enamal ine spesd conimler.

Wabr enters the LH100D Swough the top guide vare aseembly. As It faks
hrough the Litine it fums he popsler which the atemator, creating

fcity. The water ten exits the turine 1he oEf wbe, which i5 3
saaled, tapered fubs Immersad in the tawates, The draft fube creates 3 suction
effectin the turine, greay Incraasing the furtine capaciy.

The LH1000°s ight seagie and small 522 akow for easy instailation, porzkility,
mm&ﬂmﬁﬁur@mm g i
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Altarnatar Shalt
T L e
Guide Vanes & . Bt i
Prapellar =~ ad ey ahh
] u -l
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| A i - -
b Required Fiow in O°H
. Crptimal LH1000 Power Output
Fomzormd Whrte Flow Yok & P owei Oz
i1 Wt o ks Head Chalaeoin,
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ABS Alaskan, Inc. introduces ...

The Neptune

Hydre Turbine

= Produces over 1.2kW of power
» Wery sflective low head (3-10 #) turkine
> High quality design and leng service life

The Mephune s a3 Francis-shyie iurbine capable of remendous power cafput in a compact desion. & wil
provide power for genemabions on as (e as four eed of head. | & eoceriinl the sare 3s e Naufius
turbines, =xcept that the water, whether chanmeied fo e fubine via pipe o open canal, emplies o an
Dper chambesr in fhe frdine. This ‘open’ waisr diversion sysiem prior o ihe brbine means that S
‘pressore head = imibed o e depth of the. water directly above T brbine. LEe the Nautlius turbine
E wses o Tralt Tube® from the turbice o the sl waier, siso producing ‘suchion Fead”. The Meptures
‘turbires 5 dealky suted for low feod appldications . Sor Reads oper £ T (2.6 mil, S Wauiius harbine s
recomended.

The: Mepiune has an expecied [Be of over S0 yesrs Ad components ae made of leser-cut sianess
ciee| fo rmure smooth wafer surfaoss Sk will rever sl Massive aper roler bearings and
carbordcemmic Tace seale will st T-10 years beheser refis.

The Mepiune Can be dzassembied and easly ranspored inlo the most areas. Thens ane several
pemanent magred sbtemabor cholces, ovafabis i both dreckoooupied and Oming-beit driven
configurations. and win 230V DGC, 48VDE, and high wolage DG oulDie:

The Mephne tobine iz avaiabe with sither an B inch (203 mm) ora 10 inch {258 mm) shainess shees
runner. Using the 107 rumrer {shows I grapni, elecinosl oulput wil vary rom S50 walls at &2t {12 mi
Of hesd and 1250 GP of Now o over 2200 watts wih 101 (3 m) of head and 2900 GPM of Sow,

Faath
ET i

-
LS

et b
alalunel
§

By 5 B
Flas 0OPY)

Optemal Mepiune Powss Output
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ABS Alaskan, Inc. introduces ...

The Stream Engine

Hydro Turbine
¥ Can preduse aver TkW of pawer

¥ Dperates efficiently on lew head (dewn te 5 ft)
¥ Easy installation and lew maintenanse

‘Waler iz oflected upsTesm from the krbine and chanmeied
In. & pipe down 1o the habine location.  Thess furbines don't
need & ot of slevalion changs b non SN denty and produce
significant power oulpat.

This means youl gt sbout the: same smount of power from
5% of head and a Tiow o S300GFEM &3 from & fiow of GEPM
amd 4000 of hesd

The Steam Engine has a bnashess pereanent magnes
sterator deiven by & “Tumgo aner.  in méoo-hydeg
appiications, the Tungo shyie nunner s Defier oated b higher
fow raies Gan S Felion' rupner. due o 3 design more
efident af rermoving Brge quandties of water from the
syzbem wih minimal foses from back pressure.

(Dvimsting s mot o scaim)

The standard configuration Uses bwvo Rozzies, Weich ane adusted ob-oiie to malch the waler supply.
Theze turbines generats DC secicky — 12woil, 2498, of 48vodl — winich 15 then efther Sorsd B &

bafery Tor fulume use or wsed direchy o powesr DG appiiamoss

i S
T2 Wi
TTFE] Walls
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Head {fgal)

1. i;ll:'llll:nll-:iu in!‘, 5
Flew' (PR
mmﬂqpuﬂ#lrﬂmmlt
[Graph I= In iogarithmic acals)

The Stream Engine with the Turgo runner
feouced In the white oacing, the permanent
magnet altermator on top and the oontroliss
in thes foregrourd jelver Box)




Exercise 3 Matching sites and turbine

models (in groups, plenary following)

Read the following descriptions of potential si&s
micro hydro power generation and match each afnthe
with the most suitable kind of water turbine (Séeet 1
Exercise 2).

Discuss with your partners and state your reasons
writing a few sentences.

Could it be that any of the sites is not a suitaiie for a
micro power plat? Why’ Explain briefly

~

A) Often enough mountain huts are settled
near torrents or water springs.

Suppose the water jump is 4 m with a
relatively tiny sprout (0,3 minutes to fill a 1
It bottle)

- v e ™

D) Many towns in the Alps and in
Germany (see Augsburg) have
kilometres of fast running narrow
water canals crossing the city centre.

\ )

/ E) On the Italian Appenines you}

still find places where trout is bred.
This kind of fish can’t survive in
even minimally polluted water so a
constant supply of fresh and clean
water is needed. This is why in trout
ponds there’s always running water
and you often see small waterfalls of
about 0,65 to 1 m high either
bringing water in into or out of the
pond .

< J




Exercise 4 Scanning the market for best offers and state of the art

1. Surfthe Net for any other firms manufacturing raibydro turbines, particularly
in Europe and in your own country.

2. Complete Table 1 with this additional infa:eBent to your fellows and compare your
findings

3. Would you change something in Exercise 3 with tipdated table?

Exercise 5 Advertising
Design an A4 leaflet advertising the best micrbitue ever to be implemented in your local
area. Remember that your aim is both to give teahimmfo and to convince potential buyers.

Exercise 6Searching for potential sites

Try to think of any other potential waterpoweresit or around your town. Make a prediction
about flow and head (just a rough estimate) ane gitarief description of the site
characteristics.
Suggest

A) the most efficient water turbine mbder that site (with a detailed motivation)

B) the possible applications of the expéelectrical output

Exercise 7 In field trip measurements

Now choose one or more real sites you can havesatodthey can either be from exercise 5 or
new ones) rea8heet 2and devise how to take exact measurements ofdrehtlow. Discuss
your notes with your group and...go!

Take your measurements and share them with yosnmpelding photos, sketches, calculations
and descriptions.

Suggest the best water turbine option too.



