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A. PRISENT STATUS, POTENTIAL PR0OSPECTS. AND PLANS OF
SKALL SCALT HYDROPO«TR PLANTS.

Zlectricity supovly for iznazited and ecoromic ceu! "es
lucated in remcte rural areas wita very low =nervy dexard,
such ss most of the small towns, 3zall wining districsts,
etc., in the Andes of Peru, represents a technicsl and
sccio-econouic protlem 2f a non-cuuvertional soluvicrh,

vecause the alternative of CONDeCSing LhRem T3 tag 1nrg2

€

using Iz2perating wets drived Ly internal c2.lustion cnz-

ines is not always advisable due %0 <te nec o

relying or qualified versunnel fur the service, repeiring
.]

mainterance ¢f tae plants aus 2 ¢ 30 toe aisz:

ine peruvian Andes are very ric: in hydraulic resscuarces
1 powar which has svill nct veen complesely

ted. Comsidering that tue economic and cocial int-
on

€ been postponed, it is necessary 5o support the use

and development of small hydropower plants. 1t is also
aivisable, if possible, t¢ standardize tue plants ejuipaent
and ~cuponents for the ease adaptation to the iany cossib-
iiities of nead and wiver flow rates combinations withous
sulfering vasic modifications of ita components.,

Tae use of sumall pnydropower planis will aliso accelerate
cue soclel and economic developwsnt of the remote -egions

[V

{ toe zzaufacturing of the wost parts and coipone.ss of

.2 stavisus 1n regional wooxksuops is encouraved, Ayprop-

la.2 Z:z2ig2 of Lhe components wiil peraj

ry
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fcloduciion wisi tre reszult of a lowse
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Tigure 1, sbows the Jisiribution of the popuiatiou
of she small towns of Peru accosding %0 the Natioral

[N

Census of Population of 1472. I .can ve wade Known tanat
only 336 towns of the total nave eliectric energy and thas
41C of them are supplied by swalil power planis. ¥-oa Tre
4137 towrs, 146 of tnem are suppolied by small hydropower
plants and 2064 by tcermal power »lants. In geuneral terms,
it can be said taat about 30 * ° tue total puuwber of
towns with a population beltwer and 10000 inhapircants
do pot Lave electrical energy, out on the other side tney
have many possibilities of kydrcpower. Figure 2, shows

Tthe geoxrapiycal sicuavion of c£z3ll fowns in Peri.

-

-y

ace «p %ais sizuation, sie Iovermens aas recencly
arnowucsd tae MNational Plar of =zali uydoelectric Tlaits,
wroica 2as teen outlined by tae Xinistry of Energy ani

Mining. Tie 2ian covers aajors sScals related Yo tiie enerzy

supplying for rz2zote centres .sisg the great azount of
swail power sites of the paraviur Andes, the gradually

reglacing of lhe snall toermoclectric plants by hyzro-

-~

pcwer and tne developaent of a :ocal techuology 2= to

[
(¢

ba
a
n

sign, wsanufacture, instail

()

rate ard caingvain che

o

cquipme2t of the plarnts.,

ZJae plan anticipates the i:plementation of 30 proj-
eccs of small plants for the period 1980-1985 wita an

’_J
-~

investwent of US § 12.5 williuns

Yigur2 3, shows briefly sie districution aud technical
wssa ¢ 3y 2 the 50 projected s:ations. IT can ce nntaq,
“.a¢ 22 stusions cover tie lower rande ctetwsen 3C LW and

o ¥, 2 etutions tae range bt cien .0 W end 601 i
£d ouly 3 toe upper range betw.e.. 832 W and 1000 kW.
“ne miri aydropower plants betw=ezr 50 %v and S0C k.| are
tnecelore prz2dowzinant,

rigure 4, gives information of che installed capacity
of toe electric power plarts in 1975,
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B, ORGANIZATIO=AL s~=l UP InlLiDInG SIVISICH U 2.SPUNS-
ISILIPISS AwD TASAS FOR PuannING, CoiS2rCLICH,
MabAGSMENT AND UPRRATION CF SHALL: HYDROPOVER PLANTS.

- 4 o~
The activity of the 2lectris suersy in Peri aspernds
j s L ~ A " e, - < = o
D shz Mipistrr of Troo-w o-nd Minins, wiich oy ceans cf
5.ie General Foard of Tlectriciit, [=srforms the fonc.ious

io
T iic%vatin? roras znd to Lansve, vwiirldinate, nrowote

oM O
[5)
0
O

¢ntrol the electricity activity.

The necessity of developing the small hydropower
generation has become apparent. In ncvember 1378, the
Ministry declared of first priority the Praosramze  of
S:zall Hydroelectric Plants to be marnaged by a special
Council. Later on, in december 1978, the Council recom-
mende to the electricity state comrpany ELECTRO PSXU the

reation of a special fund for fi:ancing the programme.
The fund was approved and 3LzCli0 PzZRU will al..locace
the 15 % of its yearly income for financing the plan.

In december 1978, 3ILECT«0 PEiU zas also created tue
Office of tne Programma for Applied Technology (OPTA)
whicn nas the responsibility of supervising and coord-
inating the Programme of Small Hydroelactric Plants.
ror the implementation of the plan, ELECTiO PERU has
also created 5 Regional Units of Exploitation. Figure 5,
soows tThe division of responsibilities described before.

-1 a siailar way, the Ministry of Industry and
Tourism, bty means of the Institute of Industrial Teckn-
ology Investigation and of Technical Noruwalization
(ITInTEC) is carrying out, frow october 1978, an invest-
ization programme on mini-hydropower placts in the range
oetween 5 kW and 50 kW. [he oro rawae nas es i3ir TG

-

lala
AR

(5}

progose a metnod for the da2sizn, sanufacturing, etc. of
cne plants as well as writing a pracrical nandbook for
desizners znd users.
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It is also kuowr that sizilar efforts in tnis field
are being carrying out by private cozpanies like zLECTRU
LIMA and EIDRANDINA and ty uriversities iixe the national
Upniversity of Engineering of Liza (UbI).

C.  TiCHNICAL, ECONOMIC AND ENGINzaxING DATA UF RLCENT
SMALL HYDROPO.ER PLANDS TOn3TRLCPICN INCLUDIWG
INFORMATION ON WHO BUILT, #HC OWNS, WHO MANAGES,
wHO FINANCES, EIC.

The information requested ir this iftew will procvice
all hyiropower plants ani 2bcut 2 new

- Piant of Milloc (Lima): 1967, 12 XW, head of +C m,
flow ra*e of 4C lc/seg, 117C rpm, zltitud %350 wu,

K 2 Ve I TR -

Micnell-Tanki turvine, _LIECTACLIMA Co.

- Plant <f Marcapomacocha (Lina): 1267, 120 X\, wural of

I
of Churin {Liwma): %z k¥, nesd cf 28 a, 127C rpm,
aliitud 2CC%7 m, rFrancis %uruine, <LICTRO PERU 7Z..
- Pilot Plant of Obrajillo (Lima-Canta): 1978-19&0,
16 kW, bead of 56.5 m, flow rate of 48 lt/seg, 12300
rpm, Michell-Banki turovine, PVC--pennstok, ITINTEC.

The following srcall hydropower plants has been put
iuto service in 1979 by LLSCTRO PERU Co.:

Plazct of Acos (Lima) of 15C kW.
Plarnt
Fiant

o

Tacabamba (Cajemarca) of 105 kW.
Vischninge {(iyacucno) of 10C kv.

O O
Fy

Dilznt

-

e
Fe

Carauarca (Ayacacho) J£ 24 k¥.

Huamoalpa (Ayacucio) of 35 kw.

<
L)

Flant

0 - 5 i v i i
flgare o, shows the zeowraph,cel situation of =X.sting

il nydropower plantz in Per?’,

i\
-
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-~ T e Ty TAATALITA Q. CTo Ny TR Smesww ctaps .-
D. < .L'JL‘I:‘ Ly Sl ITAU Solli b Aoy VAl OF BRTR PROUNEN

YLaNTS 3V3T8MS AT2LISD IN T3C CJOURTRY

Perd ras a surface of 1'235,020 &3 end is ,_everapiyc-
2117 divided into 3 natural regions (Figure 2}, norel
- the coastzl region with a surfice of 136040 e (11 %)
which exbtends batween the G 2 and 2000 m of altit.
and has-a variable wide Detween 50 Ka and 100 4z,
- the mountains region (indes region) with a surface o
385000 Km? (30 %) and extends from 200G m altitud
over tte high Andes mountains Itowzrds the Jjundle.

-
- - 3 -7 N - Rt o ey ~ i e Ealtad '-C o
-~ T2e jurnzgle regicon witz 2 sariacs 00 /o<00C Kz

Troz the 2ydrogragpic goint oI visw Perl can 1z livid-
¢d 1nSo % great basins, namel;: tke Pacific tasirn, tue
Amazon basin 2and the Ticicacs Lawe tasin,

Trow tihie plint of view of elzoiric planniny =er! cun
S5e divided ip 4 zones, usaaely: iz roctliern, c2natran.

st

3f Cae West Germany governaent .€ Tecently finisped tne
evaluation ¢f the theoretical svailadle hydroelec-ric
poterntial of the country. This reaches %tue figure of
2C61.38 M¥, distributed in 29257 MW (i4+.2 %) for the
Pacific pasin, 176287 MW (85.5 %) for tae Amazorn basin
and 554 MW (0.3 %) for the Titicaca Laxe basin. Furtiner-
nore, the nyiroelectrir~ potential ¢hat can de tecuni:ally
ieveluped 1is about 58346 MW with a production capacity
of abcut 350775 million of kwh/year. This potential
corresponas only to the developments greater than 30 MW.
At present, scarcel; between 3 % and 4 % of this oteat-
11l ks been exploited,

=N
I\

. \ , . : :
aowever, e previous estiuation La3 ng

GO oLncloTudg
Sl ownall goele hydropuwer ievelspusnt: which are oo svl
lo2zt:d In she sub-Casios «iich ruve et Lwzas 00 To

Luzus o T
Zoiom) oand Lasll flow rates (O > il 1t/zer), Roswe




thuse 1izits it is expected to ..z2ve =2pout 1000 sui-iusins
apt to be transformed ia abouh® 1 williicn %W Dy cuploying
srnall-scale nydropower plants., i0oz% of plau:s woald

v
ocerate wish Pelton, Francis and Michell-

Poe szall nydropower plants is Perd uay ce clsssified
accerding %o the f2llowing ranges:

- Suxall kydropower plante: wp £ D0U £V
Mini-micro H.P. : up to 5 KW.
Micro H.P. : 5.5 XW to 50 kW.
Mini 4.P. : 31 kW to 50C =W.

- - ~ .2 . -~ i - ol a R a¥al 4 =~ A~ s
- Medium hydropower ~lants: TC1 ¥ o 38CC (LICCC) w.
w«' C'n -moeamaond A -, anﬁromi. ._,nov-ci- -
i TEST2CV vo .ae COnOmil 230eCuv, o

scale and uedi:
bigh. Withe re
of 2500 US §/kW <Ifor trh2 micro nay.ircpower plants ana

am scale aydrsoower stas
ference to 1979, the ¢o

-— Lad / - r Fad - Y T < . -~ - -
range frow 200 US 5/kW for tae nini H.P. L0 2ciul
o 1 . . LN 4

1850 U2 8 foo tue zediua ~.T,

- o e Ae i sl ] [ ;. = r mTo ‘-!/\ - 230 40wy ﬂ“\“' »-?‘vﬂ

e ‘s "..f.".“.\;- L I.J-Z £LAV. unf.“..?;LI‘ I-os fad uO'\/nL . ;.“.L‘ZU fetsa e Ldloa
A A TR LR Rt V ik Y1 WAT TEeTm AP e AT APy T T ~ AMYTIe
(U5 ..m(u‘Pn...‘ 2 dov 222 ;Buu AU .:LI..‘..J {Y -JROP\I"AJ JS.\.J-k—

PR Tt o4
n.LIO:\'o

Lecording to the degree of tle tecknologic devzlopm-
ent of Perl, it can be stated that the country is capavle

t¢ implement 2 plan for the manufaucturing of swell water

turbines 2nd related equipment., There uare many privates ani
scuie 3tave {actories and workshops with the experienca for

TaaT nurpns

¥ith respect to the penstock, local macufacturs-s
prolace piping Of diameters un to 100 wm; greater zizes

-

cai. b2 specially wade by roliin: wad welding., ITINVTTD i
estigatiug lower cost p.piny alterratives oy

dsirz naterials otner tian ctsel like asbesto-ceumernt,

[\
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solyschylene, polyvinil-ciloride (F7C), fiver gluss, etc.

T.zse pipings are offered in tne e2rket in dizmeters up

to 2CC zm and can tolerate press.ires vetween 1C x:f/cz

and 15 kgf/cma. They are less expensive tnar sieel

casier to transport zald to install oecause of 133 wzzy
sizptation to tne ground profile, etc.

¥ith reference to the manufacturing of wate:r curbirnes,
tuzre are some workshops and factories with expgerience
of more than 20 years in the construction af ssall Pelton
turbines and in waintenance and repairiug of larze Felton
4and Prancis turbines, li<e HIL (ANTILA Co. The Michell-
i

. 1.3 [ S { 3 ] - - - - . - .
Ban¥%i Zurbine is 2130 zn NoSEL2S0lNg ascernative L=lZuze

Bl y “ . P e -y =T .. N - K 1T 2
of its lower <03t and reiativslr cazsr azurnufacourse, Joisg

Saruine 1is, at present, bein

IINTZC (Refs. 4-8) amga ional Universicy

a
e - a v U " :.’ LN
Si Inzlnsering (UNI) oif Liz

~ o = -~ - - g I . ATes way,
LA S L—2-j) and Ao anivLinh
~ - -~ - - e . - - - -~
3. 1R pespect (o the franclc, nic can Te nade T
: - = - v S - - B - - ~ ~ .
woils Lhe experience of trhe cernsrilugal pusp manulaturers,

wiva respect o tae manulacturing ol slectric
crs, tnese are otfered in unics :3n*ing between 3 ¥Vi and

20 «Va Tut only for use ipn rther.ozlectric olants,ITINTEC
is 2is0 supperting an investigation programme [or ==z

asiptation of generators with 2 and + poles, fcr =se in
swall nydropower plants by reinforcing the generaior c¢oils

-~

[

n s.C2 2 sananer that way stand runuaway speeds ol to
"ier

~
-

(&)
e
[¢]

twice Che2 nowinal speed 2f sSue Survine,

In a3 similar way existcs ggreat expevience in Sue

Lne

zaze w1ilo respect to the constructicn of transmissico

linzs. Tranzaission towers of
OV

-nstruction of dams, canals, buillings, 2tc. ana

el can be .eplaced vy
ers of wood by using *he =ucalyptue which grow auni-

~i.tls in tne peruvian Andes.

Figure 7, shows scrematicalis o :mall L/-COpRCuwur

e
~ 2 .uo
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- . v < o RS ankd - — ATH MY 2 PITTLTA
T. TSYXISTIRG FROSRAMTS TOR DU7ITa-wTU7T ALD IRATRIVEG

I FIZLD OF SMALL HYDRCPTUZHN.

fre ifuplesentation of u zoosive progragr: of znall

-3 - 3 - - ~ =i . e e | P
nvirssower asvelopzent deawnds Thi Jarslcipstilcorn ol

W R i S A . ~ v
suwdilified personnel for the de:izu, .anufscturiny, coer

- 5 - . - R * - s
ation, .anraging snd .cnintenances ©

It is tuerefore necessary the planning of short.
medium and long term courses in %Sne universities, tTechn-
izal schools, etc., S0 %trzin the engineers, techricians
ard sxilled workers with hydroncwer xnowledze.

Peruvicn universities, oy zmeans of iSs Faculties
of mMecnanical, Electric, Civil Zngineering should glay
an izpertant role in this field by ipcluding in the
curricula the necessary courses Cclaved to hydropower
giants. In this respect U.N.I. :us5 played and i: ;laring
=iz rcle by neans of itz Acaiesic Departuents of Euerzy
el Mechanics, Blectricity ani =lectrornics, Hyurslliic,

n

ct
<. corough lavestigation Zhecis, labterataory work,

~

cxinars, tlant visits znd zcadesic ccurses. Most of
i €s nzaged in thz Zevel - -

€
orizeat of the hydrorower ganeration are graduates from UKI.

With respect to the traipning of technicians, it is
very iaportant to eaphasize tue recently establishmer*
of the Teshnical Sckool of Hydraulic Technology (ZTEMII)
of HIDRAFDIKA Co. The schocl has the specific purpose ¢f
sruoviding courses for the training of qualified versornnel

for tae operation and maintenance of small and large
Topower plants.
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Coz P.,i.7., "Diseds de¢ un: T .roiaa Micpell-rangi".
- —a . - - - e . o
Thesis, Fzac. cf kHech. =2ri Ilec. mng., UNI, Li.a, 13€l.
Tl . . e - . "
20z P..ALF,, "Murbtinas niirhuilicas de [flaio o sversall

Hernandez 3.,C.,

IV CONIMEzA (IV Nzti
c

1 &
trizal Engineervrinz), Liwma, Jjuly -3, 1357

"Disefio, zonstruccidn y easayo

turbinas naiéréulicas de

flujo transverssl para zicrc-
centralz2s hidroelictricas”
Thesis, Pac, 3f Mech. anl Elec. ine., UNI, Lizz, 137S.
Jernaniez 2., C., "Desarrclio f%2cnoldgico garz 21 2qui-
cauiento e peguefias centrales naiiroeléctricas™
Feport, ITINT=C, Liwa, cpril 1222,
Inincgehi2a, 3., "Lz =slecirilficscida ocural , 1 Lrosecto
ie cicrocencrales aidsoslas-ricas",
Zeporv, ITINTEC, Lima, 1:73.
Indacochnea, E., "Provlienisica d2l desarrollo de la
teczdlogia Jde microcentrules Liirseléctricas 4, su

conestri
Report,

bucidn a la elecirificacidn
TINTEC, Lima,june 1979,

sural”.

Minss, "anuario de estadicti-

Aeport,

Sustacante, H

Lirza,

"Pequenas certrales hidroeléciricas".

Ad oy

Paper, I Hational Cimpo3ium on Energy, Vol. II,Lica,
july 25-22,1973.
Min.sterio de Zner-{2 , Mipas, "Plan nacicvnul de pejue-
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Installecd Capaci -

Hydraulic Plants Place )
1. Emesnizds Tasmzres T3
2.  Nomera Zaiomares s9
3. SanMiguel Jlajamzres 120
4, Lonyo ronde Amszonss 76
5. Scranga Amczonss 0L
é. Pz s Liborrad £0
7. |bari . &ncasa VL0
3. Poucas Lncish >
9. Oaos Lncasa A
10. taileses, Snczia o
11, 5an Mcreos Anc3sh 10y
12, Santa Leonor Lim3 : ]
13. Canto Limz 25
14, Horgos Lima 155
15. Raviro - Pacaraos Lim3 en
15. S3y3n Lima 1,633
17, Pazuzo Fasen 33
1. Tentcrwyo Famdnues Vel
19. Quilcets Ayzcucna 75
. Inaryc Ayscucno HN
A, Avcasé C3bona Ayacucha 1o
22, Huancaseneos Ayacucho it
2. pickznczui Junin L
2. Surcuszmbn Huanezvalics %]
25. iuzn= Arcouips S5
25. Comgns Arcauioa A
27. Cotsimmsi Arczuing 200
%,. Chivay Arecuis iZ5
9. Carzvell Arcsuips 755
30. Chwzuisambilla Apurimae 230
31. villa Caiara Ansrimac - 100
32. Ocokambsa Apurimac £0
33. Pemacozhs . Apurimsc piey)
‘e Quincamil Zuzco 73
35, Tiniziazrea Zuzeu 350
36. Ccunrato —uzed 125
37. Ceztes Zuzeo 53
32, Romue 33n oontin S0
39. iros Unidos San Jazrtin <<
TOTAL 9.561 kW

Data of 393 orojected small hydro-power plants
{Ref.?)




INSTALLED CAPACITY BY RANGES AND TYPK OF SERVICI AND QENERATION, 1975

[ Thermo Plants Qrand

Type of Service Hydraulic .
and Plants Steam Gas Diasel Total ~ Total
Range Number  Kw Num., KW Nim, KW Hiom. KW Nom, KW Pom.

L. Public Service 180 115373 | 2 14 497 4 1414 940 2060 153 063 20 3N s KU I VR
from = 100w | 125 4170 150 7292 15) 7 272 RN ‘e
de 10l o SONKW 2 4 541 59 12565 59 12 545 1y
de 501 o | 0OCKW 3 40080 15 11292 15 13 2
de 100} o 5 00CKW 6 12382 | 1 2500 1 1500 20 51 456 22 55 45t 20
de SO01 o 10 OCOKW 2 12 610 2 1273 ? il 273 4 kI
Mayores de 10 00GKW 12 116610 | 1997 3 142 440 4 59 177 g 210 614 26 ta0 e

: (9

B. Qelfproducers 74 240 914 | 26 377 935 2 58 931 440 263180 47, 6500 . s 87 930
rom 1o0oxw | 22 617 | 1 37 VL6 662 s PR B T 7 '
de 101 a 500K W 14 3914 | 2 903 Vs A0k KT 1.2 AL v
de SOl o )} DKW 18 12967 | & 54346 ) BEG &0 449 o7 ab " b 194
ds 1001 o 5 0OMNW 13 2176 | 5 17 592 76 159332 B 174 9, v, b o
de SO0V a 10 OXAW 4 266410 | 4 30218 3 18 168 7 434 . Vi oD
Mayoros de 10 D0OKW 3 174 400 | 7 273654 1 58 051 8 2T 1 570 10,

C. Total . 254 V397307 |20 3424372 0 202 871 730 414233 764 bol S 1 Gg 2 Laless
from wwxw | 147 4907 |1 a0 3 1o 154 307 4 C o
de 101 o 20OCKW 43 10475 | 2 203 ud 48 472 1L W7 S [Tt
de 501 o ) LOOSW 2 17047 | & 5416 1 B30 75 56 207 B2 <2 5. Vo 79 87,
da 100} o 5 OK=AW 19 24533 | 6 20092 ) 1500 %6 200790 1 232 382 IR L 90
de SO01 o 10 GOOKW 6 39250 | 4 30214 5 29 44) 9 59 759 iy )t
More thanio oGONW 153 1291010 | 8 205 65 4 200 491 4 59 177 16 545 319 3} P Eoe Ly

Figpure 4 1Installed capaclty of vlectric power plants in 1575,

(Ref. 7)
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