
                                                                                     

 
 
 

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 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

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  

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






-y N- W)ÇRR1 V  V

United Nations industrial Development Organization

Distr.
LIMITED
I3/WG.329/n 
?3 June 19 8 1

ENGLISH

Second Seminar-Workshop/Study Tour in the 
Development and Application of Technology for 
Mini-Hydro Power Generation (MHG)
Hangzhou, China, 17 October - 2 November 1980
Manila, Philippines, 3 - 8  November 1980

SMALL-HYDRO POWER GENERATION IN PERU*

8y

Andrés F. Coz**

* The views expressed in this paper are those of the author and do not
necessarily reflect the views of the secretariat of UNIDO. This document 
has been reproduced without formal editing.

** Lecturer at the National University of Engineering (U.N.I.J,
P.C. 3ox 1301, Lima, Peru.

V.8I-2703I



A. PRESENT STATUS, POTENTIAL PROSPECT?. AND PLANS 0? 
SMALL SCALE HYDROPOWER PLANTS.

Electricity supply for innacited ana economic ce::! es 
located in remote rural aLreas with very low energy demand, 
such as most of the small towns, small mining districts, 
etc., in the Andes of Perú, represents a technical and 
socio-economic problem of a non-conventional solution, 
because the alternative of connecting them to tne l.orge
transmission lines ;oo exoer.cive. T-e pcssioi-ity
using generating sets drived by internal .ustión ung-
ines is not always advisable due to the necessity of 
relying on qualified personnel for the service, repairing 
and maintenance of tue plants a::u i to the sign costs 
of the fuel and its transportation to the station sites.

Ine peruvian Andes are very rich in hydraulic resources 
of small power which has still net ueen completely 
exploited. Considering that the economic and social int
egration of a great part of the peruvian population can 
not been postponed, it is necessary to support the use 
and development of small hydropower plants. It is also 
advisable, if possible, to standardize the plants equipment 
and rcuponents for the ease adaptation to the iary possib
ilities of nead and water flow rates combinations without 
suffering basic modifications of its components.

fne use of small hydropower plants will also accelerate 
tae social and economic development of the remote regions 
if the manufacturing of the most parts and components of 

S'.dviciis in regional worWsuops is encouraged. Aporop— 
la.e resign of the components wlil permit the sfan fariized 

^auction with the result of a lower plant costs.
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Figure 1, shows the vis cribatLon of the population 
of the small towns of Peru according to the National 
Cent-S of Population of 1^72. I can be made Known that 
only 536 towns of the total have electric energy and that 
410 of them are supplied by saall power plants. From the 
410 towns, 146 of them are supplied by small hydropower 
plants and 264 by thermal power plants. In general terms, 
it can be said that about 50 - ~ tne total number of
towns with a population betwee and 10000 inhaoicants
do not have electrical energy, but on the other side they 
have many possibilities of hydropower. Figure 2, shows 
the geographycal situation of small towns in Peru.

Го face -p tais situation, cue ¿overment nas recently 
announced fee National Plan of Cr.ali Iiydoeiectric Plants, 
whicn aas Deer, outlined by the Ministry of Energy and 
lining. The piaa covers majors reals related to the energy 
supplying for remote centres ..sing the great amount of 
small power sites of the Peruvian Andes, the gradually 
replacing of the small thermoelectric plants by hyаго
ре wer ana Che development of a local technology epn to 
resign, manufacture, install, operate and maintain the 
equipment of the plants.

Гае plan anticipates the implementation of 50 proj
ects of small plants for the period 1980-1965 witn an 
investment of TJS S 12.5 millions.

figure 5i snows briefly tne distribution and technical 
-.wta of 59 of che 50 projected stations. Ic can ee no tea, 
t-at 3C ¿Cations cover the lower range between 50 n'f and
pwC <vv, 6 sentions tue range to : • -er. ¿W and 60C к 
or.d only 5 tne upper range oetw,e.. 800 lew and 1000 kW 
The mini hydropower plants between 50 ки and 500 к..’ 
cnerefore predominant.

are

Figure 4, gives information of che installed capacity 
of tne electric power plants in 1975.
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ORGANISATIONAL •'ül' UP IivJLUDIiiG jI/IGICn 0 1 ' RmSPCKe—
iüiliî’Iüs auD tasks for f l a r i n g , c.;Ksi\‘i'..CTicr:, 
MANAGEMENT AND OPERATION G? SHALL HYDROPOWER PL»NTS.

The activity of the electric energy in Peru espends 
oT the Ministry of F - r .vi Mining, which by means cf 
t.ie General Board of Electricity p erforms the i .ions 
of dictatin'? norms and to manage, coordinate, pri/.-ote 
ana. control the electricity activity.

The necessity of developing the small hydropower 
generation has become apparent. In november 1978, the 
Ministry declared of first priority the Programme of 
Small Hydroelectric Plants to be managed by a special 
Council. Later on, in december 1978, the Council recom- 
mende to the electricity state company ELECTRO PERU the 
creation of a special fund for financing the programme. 
The fund was approved and ELECTRO PERU will allocate 
the 1? » of its yearly income for financing the plan.

In december 1978, ELECTi-cO PERU nas also created the 
Office of tne Programma for Applied Technology (OPTA) 
which has the responsibility of supervising and coord
inating the Programme of Small Hydroelectrie Plants.
For tne implementation of the plan, ELECTRO PERU has 
also created 9 Regional Units of Exploitation. Figure 5» 
snows the division of responsibilities described before.

In a similar way, the Ministry of Industry and 
Tourism, by means of the Institute of Industrial Techn
ology Investigation and of Technical Normalization 
(IT1«TEC) is carrying out, from October 1973, an invest
igation programme on mini-hydropower plants in the range 
between 5 kW and 50 kW. The programme nas as main -ce~s t 
propose a method for the design, manufacturing, etc. of 
tne plants as well as writing a practical handbook for 
designers and users.
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It is also known that similar efforts in tnis field 
are being carrying out by private companies like ¿LnCTitG 
LIMA and EIDRANDInA and by uri /ersities iise the national 
University of Engineering of Lisa (uM).

C. TECHNICAL, ECONOMIC AND EnGIHùEiìInG DATA OF RmCENT 
SMALL HYDÌÌOPO..ER PLANTS CJmSTRuCTIC« INCLUDING 
INFORMATION ON WHO BUILT, WHO OWNS, 'WHO MANAGES, 
V;HO FINANCES, ETC.

The information requested ir. this item will pro /ide 
data about some'small hydropower plants and about a new 
group recently put into service.

- piant of Milloc (Lima): 1967, 12 kW, head of 40 ra, 
flow rate of 40 lc/seg, 1170 rpm, altitud 4350 iu, 
Miohell-Eanki turbine, jLECTIICLIMà Co.

- Piant cf Marcapoaacocha (Lima) : 1967, 12C k’J, u*n j of 
12 2 , flow rate of 250 ìt/seg, 1200 rpm, Hicheli-Bunki 
turbine, ELEOTROLIMA Co.

- Piane of Churin (Lima): 4ó kV.r, head cf 28 m, 1290 rpm, 
altitud 2000 m, Francis turbine, -JLECTRO PERÙ Cu.

- Pilot Plant of Obra,jilio (Lima-Canta): 1978-19S0,
16 kW, head of 56.5 ¡a» flow rate of 48 lt/seg, 1800 
rpa, Michell-Banki turbine, FVC-pennstok, ITINTEC,

The following small hydropower plants has been put 
into service in 1979 by ELECTRO PERU Co.:

PI art of Acos (Lima) of 150 kW.
Plant of Tacabamba (Cajamarca) of1 105 kW.
Flant of Vischingc (Ayacucno) jf IOC kW.
Plant Oi Carnuarca (Ay acacho) of 24 kW.
Plant of Huamoalpa (Ayacacho) of 35 kW.
Figure' 6, shows the geography cal situation o

s.i.all aydropower plants in Perl.
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?l :̂-ts 5v3isms applied ip c o u n t r y.

Perú nas a surface of 1'2S5»G30 Km" and is geo^raphyc- 
aily divided into 3 natural regions (Figure 2), rr.r.eiy:

- the coastal region with a surface of 156000 ¥jh¿ (lx ») 
which extends between the G a and 2000 m of altitud 
and has-a variable wide between 50 Km and 100 Em.

- the mountains region (Andes region) with a surface cf 
565000 Km^ (30 #) and extends from 2000 m altitud 
over the high Andes mountains towards the jungle.

- one jur.gxe ginn witn a surface of 764000 Kn¿ ( 0 U “\ S ; - J •
ographic point cf view Perú can be livid-
as ins, namely: the Pacific basin, the

Amazon basin and the Titicaca Lake basin.
Prom the point of view of electric planning rvr' ouz: 

be divided in d zones, namely: the northern, central. 
southern and the eastern.

The Ministry of Energy and Mining with the cooperation 
of the West Germany government r-.£ recently finished the 
evaluation of the theoretical available hydroelectric 
potential of the country. This reaches tne figure of 
2CSlw<o MW, distributed in 29257 MW (Id.2 ¥>) for the 
Pacific basin, 176287 MW (85*5 ”5) for the Amazon basin 
and 56d MW (0.3 **>) for the Titicaca Laxe basin. Furtner- 
more, the hydroelectric potential that can be technically 
developed is about 583^6 MW with a production capacity 
of about 390775 million of kWh/year. This potential 
corresponds only to the developments greater than 30 KW.
At present, scarcely between 3 % and d % of this potent
ial has been exploited.

lo

Hov/ever 
¿.mail s 

at ;d in
) d l, J.

tne previous estimation h-js not 
ale nydr0power it’/eiopmerts which 
:.e sub-basins •/.ic’’. cove -, re r.̂
call flow rates ( ,p .0 5GC IVoeg

A.IlC .

P,'■/
J •
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those limits it is expected to ..uve about 1000 sut-cusins 
apt to be transformed in about 1 million kW bу employing 
suall-scale hydropower plants, host of еле plants would 
operate with Pelton, Francis and Michell-Banki turbines.

Tne snail hydropower plants in Perú may c-e classified 
according to the following ranges:

- Snail hydropower plants 
Mini-micro H.P. 
Micro H.P.
Mini H.P.

..p to pOO ¿V,' 
up to p kU.
5.5 to 50 kW. 
51 к Vi to 50G kW.

- Medium hydropower plants: 'Cl kW to 50CC (ICOCC) kV.'.

With respect to tne economic aspect, the cost of 
scale and medium scale hydropower stations is relatively 
high. Withe reference to 1979, the costs are of the order
of 2500 US S/kW f
range from 2c00 US
T £ '■ч ' лle JKJ Û  ;> for the
T? rt \ ̂  •. r* T £*• 7 ;Г.]Лу^1I.CS AND

5/1 ?. vO Cl и w u i

•1? '■ *** OV7v "i T"*" ".Г7 7ТГГ
«. 4 . ^ 1  1 — ' * 1  X » »  _  . X - W  a  ^

•Л TAV11 •
CÜALL rnrCCOFOi'ZR GSUSR-

Accorc.ing to the degree of the technologic developm
ent of Perú, it can be stated that the country is capable 
to implement a plan for the manufacturing of small water 
turbines and related equipment. There are many private an: 
seme state factories and workshops with the experience fo i  
taat purpose.

With respect to the penstock, local manufacturers 
produce piping Of diameters up to 10G mm; greater sices 
ua:. be specially made by rol.’ ir:j and welding. ИГ'.^УС 
also investigating lower cost piping alternatives by 
using materials other than steel like asbesto-cement,
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polyethylene, poiyvmil-chluride (F7C), fiber gleso, 
These pipings are offered in One turret in diameters 
to 5CC run and can toierate press .ires between 1C kyf/ 
and 15 kgf/cm^. They are less expensive tnan steel, 
easier to transport and to install because of its ea 
a laptation to the ground profile, etc.

etc.
up

sy

With reference to the manufacturing of water carbines, 
taere are some workshops and factories with experience 
of more than 20 years in the construction af small Pelcon 
turbines and in maintenance and repairing of large Felton 
and Francis turbines, lixe Klb.iAirDInA Co. The .Michell-
an-ci :u •bine is also an interesting alternative ;.-c3us:se

of its lower cost and relatively easy* manufacture. This 
Carbine is, at present, being investigated mainly by
I.'TJiTSC (Refs, h-6) aid also uy
■* :"* ■"* т -nW . -fc. .. ̂ X-Лeering CUNI) 01 Lima f -4

To. vi:h respect to t.lC drsrr'is,
aoinr the oxperience of the cer.t

'  д

:an oe mane
r-tnougal pump nanueaturers,

rich respect to the manufacturing of electric ^er.erac- 
ers, these are offered in units ranging between 3 >7л and 
2c0 k7A but only for use in themuoelectric plants.ITIPTEC 
is also supporting an investigation programme for tne 
adaptation of generators with 2 and b poles, for use in 
small nydropower plants by reinforcing the generator coils 
in ¿uCh a manner that may stand runaway speeds of tnc 
order of twice the nominal speed of tne о amine.

In a similar way exists great experience in toe 
construction of dams, canals, buildings, etc. aim the 
some wire respect to the construction of transmission 
lines. Transmission towers of steel can be replaced by 
towers of wood by using the eucalyptus which grow abund
antly in tne Peruvian Andes.

Figure 7, schematics!!' .ro; оГ
a. 3 ,4 *

r* h л ■./лbnu <r b i n at
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XISTIisG 
Г FIELD

FROGRAMüES FOR 0 
OF SMALL HYORCPO

,-V./М"%-П * %-Л "irj • T"”TT.T̂

The implementation . гÜ- u o'meive program^е of anali
hydro power uevelopnent ¿Cr.uends the participation c
qualified personnel for V Vs ̂ de zi gu, 3*̂  d W V/ -JL 1. X1. X ̂ о per
ation, managing and intonance of power plonts.

It is therefore necessary the planning of short, 
medium and long term courses in the universities, techn
ical schools, etc., to train the engineers, technicians 
and skilled workers with hydropower knowledge.

Peru/ion universities, by means of its Faculties 
of Mechanical, Electric, Civil Engineering should play 
an important role in this field by including in the 
curricula the necessary courses related to hydropower 
plants. In this respect U.F.I. has clayed and i : playing

relè by means cf its Academic Departments ol .¡¡orgy
and Mechanics, Electricity and Electronics, Hyuruuiic, 
etc. through investigation thesis, laboratory work, 
seminars, plant visits and academic courses. Most of 
tue engineers who are at present engaged in the .level —  
optent of the hydropower generation are graduates from (JKI.

With respect to the training of technicians, it is 
very important to emphasize the recently establishment 
of the Technical School of Hydraulic Technology (2TEÎL1I) 
of HIDRAKDIKA Co . The school has the specific purpose of 
providing courses for the training of qualified personnel 
for the operation and maintenance of small and large 
hydropower plants.
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Hydraulic Plants Place

1. cnccr.cdj

2. Narrera
3. San Miguel

4. Lonya jroide

5. Scrango

6. FVi.ac

7. liiqri 

-3. Poueas

9. Ccros

10. fbiiasco.

11. Son Mercos

12. Sonia Laoncr

13. Conta

14. J-Vonços

15. îlovîro - Pocoraos

16. Sjyén

17. Pozur.o 

16. Tenten-w-yo 

19. Quiteefa 

2C. Inoiyc

21. Aycoré Cobano

21. Huancoscncp*

2-1. pichonczui

24. Surcub-otnbo

25. rVionco

26. ConnnS

27. Cofonu.ui 

23. Cliivoy 

2 .̂ C-r^vcIT

30. Ciiucy iaembillo

31. Ville C.’iioro

32. Ocobomfaa

33. pomocccSe ,

3*'. Quincomil

35. Tinioi'.'.crco

36. Geor -̂oto

37. Ccotce 

30. R o''u c

39. Trej Uni-Jo»

TOTAL
Data of 39 orojected small hy 
(Ref.9)

Installed Cacaci

Caior.-ierc-: 1 59
Cnjirr.erco S9
■Caiomerco 1» '.\J
A .-nez oms 7 \0

Amer ones ÏQ-4
Lo Liberto'.! 50
Ancos.i *. ,550
Ancesr.
Ancasn rfV»
Anceih
Ancosh 109
Lime ì » 0
Limo 20-
Lime l-.
Lime ce
Lime » , GCO
iosen j  '- j

Muónuco » ¿o
Ayocucno 7G
Ayocucno i •,

Ayacucr.o ì/..-.
Aya cucito / —
Jun in
Huoncovciicc oó
Arccuipo ùu

Arc-ouioo ¿31
Arecuioc 200
Areauio-o ics
Arc quip e 753
ApurTmoc i;o
Acjri.Tioc ICO
Apurimac 50
ApurTmoc 2C0
Tuzco 73
•Cuzco 350
Cuz co 125
Cuzco r “v >« /
Son ;.'.er:ir. 50
Son .V.ortfn 2C0

9.561 lew
-power plants



INSTALLED CAPACITY BY RANGES AND TYPE OP SERVICI'] A KP GENERATION. 1975

T y p e  o f  S e r v i c e  

a n d
H y d r a u l i c .

P l a n t e
S t e a m G a i

T h e r m o  P l a n t a  

D * « t «  1 T o t a l

O r a n t i

T o t a l

R a n g e N u m b e r  k w N u m , KW N iim . KW t Juin KW Níúm , KW N om  . K \•

A .  P u b l i c  S e r v i c e 180 1 166 373 ? 14 497 4 143 940 260 153 OS3 ?(>■) 311 5. . •O 5 .„ • i
f r o m io o k w 125 4 170 180 7 292 ISO 7 292 J 05 1 ! •i *7
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Ó *  100) a 5 OCKKW 6 12 302 i 2 500 1 1 500 20 51 450 2? 55 468 ?o 6 7 32 3
a «  5001 o t o  o c o K w 2 17 610 2 1 1 273 7 , 1 273 4 75 c.r.
M a y o r  m i  d* t o  o o o x w 12 1 116 610 i I t  997 3 147 440 4 59 177 C 213 614 2 0 i : : j A *  '»

B .  S e l f p r o d u c e r s  
f r o m  io o k w

74
22

240 934 
617

26
1

377 935 
3?

2 58 931 4 5 0

t * j ô

263 1 8 0

6  t o 2

4 7 ,
l u /

650 0  ., 

6  £ • / • •

/  * 7  

■ } . . V

8 9 0  V 3 . I

7  7 i i

d - s  101 a s o o k w 14 3 934 3 903 12') 3,3 9 0 7 1 2 1 . 54 C  ! \ : 1 3 3 7 / .  :

tic 501 a i o o o k w 18 17 967 6 5 436 t 8 8 0 6  0 44 9 ; : 6 7 . i l  2 2 7 1 . 5 6 * i 1 9 . :

d t  1001 a 5 0 0 %  W 1 3 22 176 5 17 592 7 6 159 332 01 1 7 6  9 2  . ' 7 4 1 ‘l t. I l

d «  SOOt a to  OGOKW 4 26 640 4 30 318 3 18 168 7 4 3  • :  . 1 1 7 i
J 1 7

M a y o m t  da IO O O C X W 3 174 400 7 273 654 1 5 a  0 5 1 8 : i . ! i 11 5 . 0 1 ! r  ,

C .  1 o » o l  : 254 1 397 307 20 342 432 6 ^ 0 2  8 7 1 7 3 0 416 243 7 6 4 ■ < w l  5  . 1 0 .8 2  : . . : i »’ /  «•

f rom > C 7 . K W 147 4 9 0 7 1 3 ? 3 ' . 6 U  154 3 . - . 7 ,4 1 * l i $ 1 7 ‘

d «  101 o s o c k w 43 10 4/5 3 9 0 3 1 84 46 4 7 2 K, ’ - . 7  5 " : , . > J N / *#. • ‘

da S O I  o t  O O O / W 24 17 047 6 5 436 1 8 3 0 7  6 56 707 8 2 ¿ 2  52- • ! .. 7 9 6 7 , '

Ja 1001 o 5  C O C X W 1 9 04 533 6 20 C92 1 1 5 0 0 96 210 790 I C O 232 382 '■ S ' Î ' - i

da S00I a 1 0  0 * 0 %  W & 39 250 4 30 318 5 29 441 9 59 759 í '* W l ' i

M o r e  t h a n i o  O O O . v W 15 1 291 010 8 785 651 4 200 491 4 59 177 16 545 319 31 1 C Z  *  V

Figure 4 Installed capacity of uleefric power p lan i ,s in 197!?» 
(Ref. 7)
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