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Pi;O,l[C'C AUTllOHllA'J'ION 

Name of Country: Peru 
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" 

'. I 

Name of Project: Small Hydro Development 

Number of Project: 527-022G 

527-T-07) 
1. PurSuflnt to ScC'tiO!1 103 of ttlC Foreigll Assistance Act of 1961, as amended, I 
hereby authori/,e the Sml.lll Hydro Development pl'oject for Peru (the IJCoof)erating 
Country") involvin::; planned obligutions of not to exceed NillC Million Onited .';tlltcs 
Dollars ($~,()\)(l,OOO) ill loon funds ("Loan") Hnd Oile IVlilJion United SUi tcs J)ollfll's 
($1,000,000) in grllnt funds ("ernnt") over fl fivpyear period from date c:' n\lL'lor'i7.~:tion, 
suhjt'et to tile livnilability of funds in accordance with the A,I.D. OYJl/al1(ltl1lC'nt [H'OCt'S::;, 

to heir in fifllJnC'ing fO'l,;ign exchange lind 10efll currency costs for the pj'ojcct. 

2. Th(' prni(~('t ("Projel't ") eonsists of i!lstution~lli7:ill:t th0 small hvdrocl,·('tr'l' pi~o:.;;rU!n 
with FLFCTii()PFHU through: (n) the carl'yi!l~ Ollt of fCR:,ihility sludic<.;; ,b) tile 
in~:tlllll1ti()n of sfll'lli-sC'slC' stflnd,:lI'dizcd Ilyclrocleetric instI3.Jll1tioil~, pI'irr,erily in tile 100 
to lOUO kilowCltt range; (c) the promotion in the tal'get ('ommunities of inco;Te-rrodu('ll.g' 
HC'tivilies U"ifl[T electricity; (d) tl'aining of preventive mHintenAllce mcc!wnics fOI' the 
smnlJ-s(,Hle, stcmnardi7cd hydrocleC'trie instaHntions; and (e) the provision of tc-e 1m ie8.1 
IISSlstElllt'l' to r~LFCTHOPErW. 

~. The ProjC'C't A2:Tcf'ment, whiC'n nwy be nec:otillted n!ld f'x('C'uted by tfie offi(,E:r 
to whom sucl ; Huthority is cL'lq-;ated in f.lC'C'orollnC'(' with A.LD. rf';;ulations nwl I1E:lc,u:
tions of Authority, shall be subject to the folJowill[" esse:1tiHI tn "IS uno covc:nnnts fJnrl 

II1njor C'onditions, togr::thel' with such other terms and conditiolls os A.J.D. IT,ny deem 
[tppropriate: 

The Coopc'ratinp.: Country shall repay the Lonn to A.l.D. in U.S. Dollms v>,rithin 
twenty-five (25) years rom thf' cl:1 tc of fir~t eJi;;;bursement of the torm, illcli.lc1inD: 
a grp.('e rC'riod of not to 0xceed tC'n (J 0) years. Th~ Cooperating Countl'Y slmll 
pay to A.I.D. in U.s. Doll.'lrs interest from the date of fil'st disbursemctlt of 
the Loan at the l'flte of (j) t,.'/o nerC'cnt (?( .. ~) pcr .'I'lf1PIn durinr-; t'lc fir:t ten 
(10) yems, and (ij) three perC'cnt (3';'.',) per nlll1l:m thct'ce.fter, on the olltst:lndir:r: 
d;sbursccl halance of the Loan and on 8r;y due lind UI1[Hlid interest acel'ued 
thereon. 

b. Source and Orkin of Goods nncJ Sc~rviC'cs (Lr)1n) 
.> 

Goods and services, except for ocean shipping, financed by A.I.D. under Ul€ 
Loan shall have their source nnd ori~in in tile Coorerutin~ Country or in countries 
included in A.I.D. Geogrl1f)hic Code S41, except as A.I.D. may otherwise nr~Tee 
in writing. OCeEl.n shi[)lJ~:I~ finnnced by A.J.T). ullder the Loan shall, c:':CC~)t [.s 
A.I.D. may atherwise agl'2E: in writing~ he finur,cf'd only on flag vessels of the 
tlnitcd States and tile Coooerating Country. 
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c. Soor('(' nnrl Orirrin ()f noonc:; find Serviccc:: (( :rnnt) __ '_. _IW.M ___ -..;;.. __ 

Goods and ';"rviccs, PXCt'Pt for o(,(''1n shirpin';, finl1nced by A.I,I>, lind(/' the 
CI'Hnt shrill t'l\!' thf'ir SOUl('(' and Oflr','In in the UnikrJ States, c,' the Cor;iL'·tiil~~ 
('lJ\lntrv, f'x('('pt uS A.LO, rnRy othr'l'\'.ise ar:ree in writifl(~. \)('can ~'!':')~':1~ 

fill'II1(,f,(i I)v ;\.LlJ, UJlcle!' tile (;rAnt ~IIHll, excppt IlS A.I.D r;'1;):' «:!erwi~,(' !'",'-::'C 
II, ""I'itim~, t", finAnced nnlv on flilg vl:.c,s('l.s of tl)(' lInitceJ ;;,\':1,;. 

Pr'io!' !o fHl\,i di,..,I'ursernpnt, (1[' the iSSUf::W(, of uny ('o"!l'1itrlJ("'nt d()('urn('nt'~ IInJer 
tlle I'l'nif'~t I\!~r'('emf'nt! thc' ('CX)r)('r,Jtjfl~;' Country shnU, I.'x('('pt 11S A,l.D. IlI[\Y 

ottlcnvj';c 1t:;['('C' in wflling, furnish to i\,I.D. iii form FHle :'luh·;l,lll\'(' snlisi!,,,tol'Y 
to A.I.I I " ('vi'!,'()c€ tllHt El!1 official of LLLCTnOPl:Hl! has t)C"li l1,lflleci 1'I'r;j'J't 
l\lW1Ht',N for the Prc)jf'ct. 

e. COlltlili{'I!" Prf'f'€'dpnt to Initial Di,llllrStc'rnrnt (T,(H'ln) 
--~-- .. -~-'-- ~-----------'---

Prior to imy . ; ')llrc;t'Il)ent, or the issuIHwC' of flny ("omrnitnl('nt d(ll"lJ[TlcnL; ulld0r 
tllc 1'f'('J,'('t ;\':I'('f'mf'nt fl.Jl' the Loan finm)('<..;d rortion of HI'! Project, t11C 
C()()rwrlltifl;~ C,luntry shHll, except w; A.J.D. may othenvi;.;c n:'ree in wl'iUn:j, 
furnish to A.1.0. in form nnd substHnc(' satisfactory to A.1.D.: 

(1) A stnffjrH~ plH.n for Projeet Ilctivities for the OficirH, de TecnC)h,:~ia 
ApllC'n(jd ("np'/'I\") within EU:CTl{()PEIW. 

(2) A rnaintenunC'e plan for ttl(' instuUatiom:: to hc con,';tructed under 
the Proj('(~t. 

(3) A descriptIOn of t 1e L~ampnif.'11 which \vill be cl:lfric'd out to Pl:)lrlote 
incomf'-producing Rrtiviti('_s using deC'tricit\,. 

(4) A time-pliflsect plan for the eonstrltction componellt of the Projc:ct. 

(5) A roUry StfltC'Inl'ilt s('ttin~~ forth the rolicy uecording to which the 
eleetriC'fll rate structure for EL ECTn.OPER U is set. 

(6) rvidellCl' of adoption by ELECTPOrrHU of metl1000Iogi'?s f\\.'N:pt
able to A.I.D. for carrying out [)I'c-fensibility and fellsi:Jility studiC's for 
the cO:lc,tl'uction of small scale standardized hydroelectric instul1ntions 
under the Project. 

f. Cov('nnnts 

The CoopcrRtinh~ Country shall C'1vcnant thaty lmlc.:.;s A.I.D. otherwise agrees in 
writing, it will: 

(1) Carry out pre-feasibility and feasibility studies for the ~on5tructiCin 
of small-scale standardized hydroelectric installations in the Departments 
of CajHlIIsrca, Junin and San Martin. 
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(2) Not use Loun I unds to finnnC'e smaIl-scale, stnndurc:Hzeci hydro-
electrie installatiolls with a l,(·llpr.'ltive cllpaeity outside the range between 
100 kilowat.s nnci 1000 kilowats. 

en Ot,tuin 1\.1.]). IlpprOV,'1) for f'Rrh ~'lhpl·0.ir('t to lw firlHrt('cd m:rlPr 
the Project prior to commencement ~If construction fOl' such SUbpl'Ojrct. 

(4) Cause LLECTHOprHlJ to fllrnish to ," . .I.D. at the end of the second 
yeal' of the Pl'ojCf't and each ~l(>ar on 8'1 ar.nllal basis tllL'reaftcr [U!' ten 
years following tJp PACD, an analysis which quantifie~ U1C amount of 
subsidy to the OPTA program and the effect of the subsidy on ELECTRO
PER U 's financ ia} ('ond ition. 

(j j ( -'-- ({> (t .. -;---:_ 
Acting Assislant Administl'ator 

Bureau for Latin Arnericn 
and the Curibbean 

(? " (. I 
, '. / I ' 

.' 

Date 

Cleare.nces: I 
LA C /D R :N Parker: :.lL._ de. te_, _',_/ 

r;Ac/nn :'\1!3rown: (\.'1 date \() (l-t 
nC/LAC;I1Vel'et: ~date ., ,'I·,"'t ", .... I.\f.",;! 
LAC.SA:\,'l"lodes: date .:. I 
Dra fted :GC/LAC:D AA'eJa-rns:ckg:lUlT /80 
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I. SUMMARY AND RECOMMENDATIONS 
. -

A. Reco!'llr.lendations 

1. That a loan be authorized to the Government of f-eru ~GOP) 

in the amount of $9,000,000 with a 25 year term including a 10 year grace 
period, and at 2% interest during the grace period and )\ thereafter. 

2. That a grant be approved in the amount of Sl,OOO,OOO to 
be incrementally authorized as fOllows: 

a. FY 81 - $300,000 
b. FY fl2 - $200,000 
c. FY 83 - $200,000 
d. FY 84 - $200,000 
e. FY 8<; - $100,000 

B. Particillat in:il Agencies 

The borrower anJ Grantee will be the (::JP represented by the Mi
nistry of Economy and Finance. The Ministry of Energy and Mines (MEM) 
will be the MinIstry with direct Project responsibility. The Project's 
implementing agency will be ELECTROPERU a semi-autonomous agency of the MEM. 

C. Summary Project Rationale and Description 

The relatiunship between energy and economic development. is as 
crucial in t~le developing cOll.'1tries as it was and continues to be in the 
industrialized nations. The process of economic growth is traceable in large 
I,iirt to the rucsti tution of energy for muscle in the performance of every 
type of agricultural, industrial, and domestic task. It is hardly surprising, 
then, that prospects for 'Jrowth in critical sectors of the less developed 
economies are linked, at least in part, to the development and exploitation 
of energy resource~ available to them. 

Rural electrification hast.een given high prioritj hy the GOP and 
the Ministry of Energy and Ilines has chosen the mini-hydro generation systems al
ternative as the most apf'rop"!"iate for certain rural areas of Peru for the 
following reasons: a) the relative isolation of. significant portion of rural 
communities makes qrid interconnection unfeasible; [}) the poorly developed road 
network increases the C0~ts and decr~ases the reliability of fuel supplies 
for diesel plants; c) the planned average size hydro installation is lower in 
total discounted cost relative to the diese~ option; d) the price of oil is 
increasing continually; e) an ~itu renewable energy resource is available; 
and f) expected social and economic benefits resulting fro~ electrification. 
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The conditions of poverty facing the primarY target CTroups 
is detai led in t.~e Mission's most re:ent CDSS. Employment generating 
acti~ities are seriously jeopardized 0y lack of dependable electrical 
supplies, with the potential being largely untapp~d for agriculture and 
clgr0-industry developmedt, small b'..lsine~,s establishment (e.g. retail 
ou~lets. cottage industry), improvements in various crafts (e.g. carpentry), 
aXh-] the ~.etting up of public services. In short - the infrastructure for 
sUI!\or t of enterprisf'6 and services is minimal oz' nonexistent. 

Less than three percent of all homes in rural Peru have access 
to househo11 electricity. Ei1htt-one percent of households use kerosene 
for llqhtlnq. The ~ubstitution of kero'ler,e by electricity reduces user 
cost.s, causes less pollution and le~ser,s dema!ld and dependence on petroleum
based derivatives. 

Trariitionally, these direct benefits have been more easIly 
ider, tifiable in the short term than these resulting from municipal or 
productive uses. Residential electrifi-::ation enables the users at initial 
stages,lenqthen working hours and tap into sources of information (e.g. radio, 
televi~lon). Eventually, the users in many cases are able to purchase labor/ 
t i:ne saving devices, primarily electrical appU ances. 

T~~e.·se basic examples of bene fi ts accrued through household 
consumption c'f electricity aside, the stronger economic case for rural 
electrification is in terms of productive and municipal uses of electricity 
benefiting the rural poor. Additional benefits result from local industry 
J..rocurement of mat erials used to build and maintain the infras ~ructure for 
:,;uch enterprisps and services. Productive uses, such as those discussed above 
and others such as irrigation, will generate emp]oymf>nt for that segment of 
the rural poor who must supplement their income from off-farm earnings. The 
municipal l'ses of electricity will facilitate the supply of services for 
(~venir>g educat-ion, civil cep.ters, health clinics, street lighting. etc. 
Thest services will be more accessible to a larger percentage of the rural ponr, 
i.e. those who will not be in a position to be included in residential 
electrification schemes. 

Project beneficiaries, all residing in relatively ifolated areas 
in the Sierra and high jungle are the target groups identified in the CDSS: 
independent marker oriented fa~(-'r~, ~i'rarian reforn' beneficiaries, campesino 
communities an~ landless/near/rJfa1t

e
t60r. The impact of investment in electrical 

supply infras~ructure for this group is twofold: Pirst, it will raise the 
stdndard of living in rural areas through the provision of modern conveniences 
which ~re often one of the principal factors affecting rural-urban migration. 
Thus it will rrovide a counterweigLt to excessive urbanization through public 
lighting and household uses. It wil~ also provide productive enterprises with 
cheaper and superior forms of (mergy thereby lowering their production costs. 
This gives rural industry the opportunity to compete with urban industries 
providing the possibility for additional rural job creation. Second, the 
Project will increase demand for inputs produced in Peru necessary for plant 
construction and installation such as cprtain electrical equipment, transmission 
lines, posts, labor, etc., and increase demand from rural town commercial 
outlets for electrical appliances, water pumps and other production related 
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equipment for farm, agro-industry, cottage industry, commerce, and home uses. 

The purpose of this Project is to promote rural and regional socio
economic development throug~ the developmept of an institutional base capable 
of providinq reasonably pric.:!d, hydro-generated electrical energy for social 
and productive 'jses in rural towns in the sierra and high jungle. The 
Project will be implemented by ELECTROPERU through the Office of Applied 
Technoloc),1 (( 'PTA). The Loan will finance studies, eqvipment and construc
tion of standardized smdll-scale ~ydro-electric installations normally the 
100 to 1,ono KW range located in the GOP's priority areas. The Project will 
concent.rate its activities in the Departmentsof San Martin, Cajamarca, and 
Jl..1I1in where the (,,op has determined that the greatest development potential 
~xists, and where other Mission regional uevelopment activities are underw~y. 

Ti·,e number and size of small-hydro plants to be constructed under 
the Froject has not been determined other than establishing the parameters 
that plants will normally be in the range of 100 to 1,000 kilowatts. The 
pre-feasibility and feasibility study methodology which will be utilized in 
makin~ these decisions is designed to identify those sub-projects which meet 
minimur.1 technical, economic, social and environmental criteria.Application 
of this mroth,dn]ogy will determine the size plants and in turn the size 
corrununit.it:'~ where t.he economic and resulting social benefits from the Project 
would be ;reatest. It is estimated that approximately 28 small hydro-electric 
plants with an average capacity of 300KW will be constructed. Total plant 
capacity under this p?"oject will be approximately 8.4 MW. The Project will 
benefit 53,000 families or 265,000 beneficiaries at a cost of $55 per benefi
ciary. Estimated installed capacity per household will be approximately 300 
watts. 

The Sl.0 million compdnion grant will serve to strengthen an expand 
ELECTROPERU's ability to implement its small hydroelectric program. Through 
the provision of T.Ao and training, the Grant will assist ELECTROPERU to 
('val uate the potential for small-hydro plants, conduct feasibility studies, 
ensure that standard operational programs for operating and ~aintaining 
hydroelectric plants are developed, i.e. administration, billing, operation 
and maintenance. Additionally assistance will be provided for program planning 
and the development of a promotional program for the [roductive uses of elec
tricity in the Project area. 

The Government of Peru (GOP) will finance the cost of the pre
feasibllity and feasibility studies (US$0.7 million) provide personnel and 
support sprvices to carry out the promotion activities (US$0.1 million) finance 
approximately one third of the plant construction cost (US$3.4 million) and 
provi riP maintenance support (USSO. 24 million). 

The Project responds to one of the most critical investment areas 
articulated by President Belaunde in his first address to Congress in August 
of this year. The country is ~mbarking on a new high priority, small hydro-
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electric program and has requested AID assistance in the design and 
implementation of this program. The Missic'il feels that given the high priority 
attached to this area by the GOP, a significant AID assistance package would 
have a major impact on establishing program policies, geographic focus, site 
selection methudologies, tariff structure, and other key policy and planning 
activities. 

The proposed loan size is further justified in view of the fact that 
the Project will provide a necessary element in ensuring the success of the 
Mission's re9ional development efforts, namely the 515.0 million Integrated 
Regional Development loan and the $19.0 million Sub-Tropical Lands loan. 
These are major departmental development efforts and in order to maximize 
their success, the provision of electricity for productive purposes is both 
essential and timely. 

Finully, both the GOP and the Mission anticipate the emergence of a 
T1'l.tional capability to manufacture the required turbines, generators and 
other essential machinery for a small hydroelectric plant. I~vestrnent of this 
nature can only be encourage through the assurance of a growing demand for 
this equipmE:'Ot. A significant AID loan will rrovide much of the necessary 
encouragement to the private sector indicating to them that investment in this 
area is warranted. 

Project Components Financed by A.I.D. 

I,. order to achieve the objectives of the Project as described h"'fore, 
the follo~ing components are planned to be financed from the A.I.D. contribution. 

1. The Loan 

The Project will finance plant construction (i.e. civil works, 
mechanical equipment, control and electromechanical equipment) and network 
systems, including household connections, for approximately 28 small-scal~ 
standarrtized hydroelectric installations normally in the 100 to 1,000 KW range, 
with an expected average plan size of 300 KW. 

Actual construction of the small hydroelectric plants will be 
carried out by the four construction 1m its from ELECTROPEaU, while OPTA will 
be the entity supervising civil works c,;,nd plant installation. OPTA will be 
responsible for contracting with private firms for actual field supervision. 
OPTA will be the agent for all procurement under the Project, based on OPTA 
direct procurement for all materials requirements for contract, as well as force 
account construction following p"cactices used by ELECTROPERU on construction 
of previous hydroelectric projects. Construction activities will be carried 
out in groups of 4. Construction on the first group will begin during year 2 
of the program. Construction on a new group will begin every six months 
thereafter until the beginning of year 5. ELECTROPERU's experience has been 
that on average it takes one year to put a small hydroelectric plant Proj.ct 
in service from the day that construction activities begin. Tr.us, all the 28 
plants should be in service by the end of year five of the program. 9.0 million 
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will be provided from Lean funds to cuver the p"'~tial cost of plant 
construction, which will include: 1) civil engineering works (US$2.5 million); 
and, 2) generati0n, control and other types of equipment as well as machinery 
(US$6.5 million). The cost uf individual household connections ~ill also be 
funded. The financing for this component. will be complemente.d by GOP funds. 

2. The Grant 

a. Implementation Support for Promotion Campaign 

The provision of electricity especially in rural areas, does 
n~t automatically lead to utilization at levels sufficiently high to approach 
full reallzat:i.on of its potential. The Project includes all educational 
component desic.;ned to inform and train the target corrununi ties on how to take 
advantage of electricity to expand the range of their economiL activities and 
increase rural productivity. Local technical assistance will be provided to 
tlain rural promoters who will work with the Project communities during the 
first year of operation of the srnall hydroelectric power plant in each site. 
A detailed training curriculum will be developed to equip the promoters with 
the necessary technical and pedagogic skills. Peruvi2n specialists in small 
industry and farm development, crop storage and marketing, home economics, 
nutrition, anthropology/rural sociology, and a consultant with previous 
experience in the implementaL.ioi-' of such promotion campaign will be engaged on 
a short-term basis for tr.e design of the program curriculum. This consultant 
will also conduct the seminar in which eight promoters, who will support t_his 
component, will be trained. AID grant funds totalling US$100,000 will finance 
50 Q ~: lhl. salary and operati'ln costs of lmplententing this component. This 
~mount will be complemented by GOP funds in the same amount d~~~ribed below. 

b. Technical Assistance 

$870,000 in Grant funds will be provided to fund 102 person/ 
months of U.S. sho~t and long-term technical assistance to assist ELECTROPERU 
to strenghthen and expand its ability to implement the Project as described 
above. ELECTROPERU will enter into an institutional contract fur all of the 
following technical assistar.ct2 requirements. 

1) A long term Project Advisor will be hired for the life 
of the project at a cost of $450,000. He will be located in Lima and re~ort 
to the Project Marlager in OPTA. His responsibilities will be to assist 
ELECTROPERU with Project implementation including development of perso~~el 
and technical assistance requirements for the program, recorrunendations 
regarding Project monitoring activities and assisting inthe preparation and 
review of the pre-feasibility and feasibility studies. 

2) AID funding will be provided to finance eight person/ 
months ($80,000) for an energy economist. During the first few months of the 
Project, the economist will spend two mcnths in Peru assisting OPTA in 
finalizing sub-project selection methodology and obt~ining estimates of 
electricity demand in typi~al sub-project sites. During year 2, the economist 
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will spend three Inonths in Peru assisting in the preparation and analysis 
of the first qrcllp of feasibility studies. He will spend an additicnal three 
months working with the feasibility study team in years 3 and 4. 

3) AID funding has beer. provided to finance four person/ 
months (S40,OOC) for an environmental impact analyst to work together with 
the economist 0.' implementing the feasibility study component and tr.3.ining 
an EI.F ,'TI<nPl:...RU c()unterpart. 

4) AID funding has been provided to finance six person/ 
months \~Gn,OOO) for a specialist in design and construction of hydroelectric 
plants to assist OPTA in the procurement of appropriate equipment and spare 
parts. He will spend two months working on the Pro~PC' ;.n years two, three 
and four. 

5) AIu will finance four person/month 
curriculum developrr.ent specialist to assist OPTA in th, 
program for the energy promotion component. 

for a 
,,1 of a traininq 

6) AID will finance six person/months ($60,000) in year one 
to finance an energy p' .3.Dner to assist OPTA in planning the implement.ation of 
its natio!.al minihydro program. 

7) AID funding will be provided to finance six person/ 
months ($60, 000) to assist ELECTROPERU in updat.i.ng its pricing poEsy, billing 
and collection methods. This assistance will be provided during year one of 
the Proj ect. 

8) Four person/months of financing ($40,000) will be provided 
to contract for a hydroelectric maintenance specialist to assist in training 
four preventive maintenance mechanics 

9) Finally, $40/000 hes been provided to finance an end of 
Project evaluation to be conducted by a team comprised of an economist, engineer 
and sodologist. This evaluati.on will be carried out during the last three 
months of the P)~oject. 

c. Maintenance 

AID grant funds will be utilized to finance 50% ($30,000) of 
the salary and operation costs to implement this Project component. Four 
turbine-generator preventiv£ maintenance mechanics will be hired at the 
beginning of year 3. Initially, they will receive a four month training program 
on all as~ects of system maintenance. The program will prepare maintenanr;e 
personnel who ",ill have the responsibility for maintaining the turbine-generat.o!:' 
systems and being on call to repair defective machinery. 

Project CO.:!!lEonents Financed by Pert: 

In order to achieve the objectives of the Project as described 
above, the following components are planned to be financed from the Government 
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of Peru (C,oP);ontribution, 

,. .Pre-feasibilitl~.!. 

A preliminary estimate u~ the hydroelectric potential of many 
of the pro~osed sites has already been conducted. This information, developed 
with the assistance of the UNDP, will be combined with available economic 
and demographic information and utili~ed by the Project to undertake these 
studies. The examination will identify and prioritize a list of potential 
sites and identify possible additional sites not on the preliminary list. 
The focus of this activity will be on the departments of Jurlin, Cajamarca, 
and San Martin. The pre-feasibility studies component which will take 20 
weeks and will cost c.pproximately $200,000, will be paid for by the GOP as 
a portion of its counterpart contribution. The output of the pre-f~asibility 
study component will bea list of 80 sites prioritized according to anticipated 
social, economic and techr:ical benefits. GOP funds will be utilized to carry 
out detailed feasibility studies on those sub-projects identified in the 
p~evisous component containing the highest combined technical, social and 
economic returns, and approved by the Departmental Development Committees. 
Approximately 36 feasibility studies will be carried out by the same four 
teams that conduct the pre-feasiblity studies. Each feasibility study will 
take approximately four months to complete. This component will begin in year 
2 and end in year 4 of the Project. The estimated cost of this component is 
$500,000 and will be assumed by ELECTROPERU as a portion of its c01.lp-terpart 
contribution. 

2. Promotion Campaign 

The Promotion Campaiqn nn income generating Productive Uses of 
Electricity described above will receive $700,000, in funding from the GOP 
which represents approximately 50% of the salary and operation cost of 
impleliler.ting this component. These funds will cover the costs of the four 
promotional teams composed of eight promoters as well as other salary and 
operat.l.ons costs. 

3. Construction 

This component, as described above, will be jointly financed by 
the GOP and A.I.D. Thus, $2.09 million will be provided by the GOP for the 
civil engineering works. $1,030,000 will be funded by the GOP for procure
ment of equipment and $240,000 for suoervision costs of this cor,ponent. 

Charges to Project benefi~iaries will initially be on a flat rate 
basis, however, over a period generally of 2-3 years, households will be 
converted to meter systems provided by ELECTROPERU, the cost of which is 
amortized by the beneficiaries in monthly installments. 

4. Maintenance 

GOP funds for this component amolJnt to $240,000, of which $30,000 
corresponds to costs for salaries and expenses and $210,000 are budgeted for 
spare parts. The Project maintenance fund over the trienniua of year 3 to 
year 5 will be more than 1.5% of the capital costs of the installed plant, 
which is current GOP policy. 
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D. SUJDDary Findi.ngs 

The Mission has found the Project to be administrative-
ly, technically, socially, economically and fL~cially feasible and 
consistent with the development objectives of the GO~ and those objectives 
set forth in USAID's COSS document. 

E. SUJl'G\UlrY Financial Plan 

SUMMARY FINANCIAL PIAN 
(In Thousands of U,S. dollars) 

Investment Category 

I. Studies (pre
feasibility and 
f€'asibility 

II. Il!l!?lementation Support 

A.I,D. 
Loan Grant GOP TOTAL 

1()0 700 

for Promotion Campaign 100 100 200 

1110 Construction 9000 

IV. 

v. 

Tecr~ical Assistance 

Maintenance 

Grand Total 9000 

69% 

F. Project Developnent Committee 

1. USAID Staff 

George Wachtenheim 
Douglas Chiriboga 
Alberto Larrabure 
C~sar Espino 
,John Davison 
Lee 'l'wentyman 
Edward Kadunc 
Steve Whitman 

2. TOY Assistance 

Willy Flores 
Donal 0' Leary 
Cora Shaw 
Jack Fritz 
Dave Adams 

3360 

870 

30 240 

1000 4400 

31\ 

Capital Development 
Agriculture Office 
Engineering Office 
Capital Develop@ent 
Controller 

12360 

870 

270 

14400 

100% 

Development Resources 
Capital Development 
Regional Legal Adv~sor 

NRECA 
NRECA 
NRECA 
DSB/EY 
LAC/DR 
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II . BACKGROUND 

A. Country Setting 

Energy development is an important element in the challenge 
that Peru will face over the balance of this century. As Peru moves tc 
fulfill its need for expanded and secure energy supplies, the process 
will be complicated by a number of 'elated considerations, such as 
regional diversity, population gr~~th and mi.gration and economic issues. 

Feru is both large and geographically diverse, and the great 
differencEs between its three major regions present a number obstacles, 
not only to performing an integrated national energy assessment, but 
also to implementing several of the apparent solutions that emerge. For 
ex~mple, the Andean mountain ranges that separate the coastal plain, the 
central Peruvian Sier~ and the jungle regions in the western Amazon 
basin offer both the promise of vast hydropower res~rves and the problem 
of extremely difficult natural barriers over which the electrical ener~i 
to be generated by these resources must be transmitted. In addition, 
much of the potential petroleum resources in Peru are located in regions 
that are femote from centers o~ demand. Most of the undiscovered oil 
reserves are believed to lie beneath the Amazon rain forest in eastern 
Peru, while most of the petroleum is consumed in urban centers on the 
coast2.1 p].ail1 and in tl":e Sierra. This example highlights a situation that 
will present difficulties to energy development in Pertl, especially after 
the year 2000. The development and transportation of additional energy 
resources will become more expensive as the most accessible energy sources 
are exhausted or their full IJotential reached. Thus, secondary energy fon's 
the most feasible of which is hydro generation of electricity, will have tc 
be implementF'j in order to meet Peru's energy requirements. 

Pop1~lation growth ar.d trends in rural-to-urban migration wi11 also 
exacerbate energy development problems in Peru. Projections for the year 
2000 for Peru show that the total population will have doubled (from an 
estimated 16 million in 1976 to 33 million in the year 2000) , while the 
rural population will remain almost constant (from an estimated 10 million 
in 1976 to 11 million at the end of the century). This anticipated popu
lation growth, will have a major impact on projections of energy require
ments for Peru. Traditional grid connection programs aimed at increas:'1g 
the electricity available to the Peruvian population at large, generall~' 
benefit urban centers not the rural population, which comprises AID's 
tC'.rget group. Thus, in addition to grid decentralized generating capacity 
will be an essential component in any program designed to increase the 
availability of electricity in Peru, if the target group is to be reached. 
By not entering into a vigorous ?rogram aimed at decentralized power 
development the AID target Jroup will be further disadvantaged a~ compared 
to coastal residents. The use of commercial fuels will ~,creasc, both on 
an absolute an relative (percentage) basis because the urban populatiou 
relies primarily on these fuels and can be expec1:ed to continue t.o do so. 
Moreover, while the rural population now depends heavily on non·-commercial 
energy sources, it can be expected to make increasing use of commercial fuels. 
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Al though the ab\Uldance of its indigenous energy resources 
offers Peru a ... ide variety of opportunities, H.aliz,ing them has been 
difficult in a fiscal climate characterized by economic stagnation, 
spiI'aling inflation and a larqe eJ!.ternal debt. While Peruvian gross 
danesti<- product (GDP) glew at an average a.\JlUal rate of 4.5 perc~nt 
in the per 1Cxl 197J-76, tile Peruvian economy suffered at. the same time 
a sequence of international and dOIl'Cstic deficits that were accompanied 
by high inflatl.on, falling product,ion, and overvaluation of t~le Peruvian 
curn:ncy is()l) in foreign exchange markets. These l.r.ternal economic 
and managelilt::nt problems a',::lTavated by de lining world l-'rices for Peru's 
principal expor t kopper) and a large and growir&g exterrlal debt, brought 
the Peruvian ec:onorny to a virtual standstill. 

liowever, since mid 1978, the Government of Peru has taken 
strong measures to remedy tilese economic problems. Among these have 
been: effort.s to cut imports, public sector budget cutback.s, a reduction 
in the real money supply to reduce inflation, and continuing adjustments 
of tile currency f xchange rate. Peru has also succeeded in restlllcturing 
its external debt. so as to relieve pressllle on its balance of paynv=.nts 
problem over the short-and medium-term. In addition, pr icf.;s of Peru's 
exports have recovered since the beginning of 1979, and Peruvian oil 
prcxluct:ion has risen to the point where it exceeds domestic consumption. 
Thes," factors have helped to convert Peru's balance of payments deficit 
into a surplus fOl: the last year. The rec:essionary trend of falling 
production dvpears to have been reversed, which has helped to create a 
more favorable climate for further investment and growth. As a result, 
the proposed Project will address Peru's future requirements for ener~' 
resources Ul the broad context of a continued improvement in the economic 
situation md a return to sustained growth in productive potentia).. 

B. Peru's Economic Develo~nent 

Regional disequilibrium constitutes one of the main factors 
constraining the development of the Peruvian economy and is manifested 
tlrrough various physical and socia-economic phenomena. The distribution 
of isolated popUlation centers and the dispersed natural resource 
potential are the result of the rugged topography characterizing fifty 
percent of tll~2 territory. Spatially these two factors do not manifest 
themselves with equal intensity, thereby resulting in a disequilibrium 
evidenced titrough the existence of depress..;d, densely populated areas 
basically aedicated to subsistence agriculture. Tl.e economic development 
of the cOW1tr:y has consequently been concent'.rated in a few areas, primarily 
Lima, other coastal centers, and some mining Cerlters and commercial cities 
in the Sierra and Selva. Approximately 7 million people, including the 
focus of AID's developnent efforts, live in the rest of the country, and 
are dedicated to activities of very low productivity in economically and 
socially depressed ruld stagnant regions in the Sierra, and the high jungle. 

The above considerations have lead the GOP to plan the develop
ment of the country on a regional basis through departmental and regional 
development canmUttees or orgL~zations charged with the responsibility 
for proposing and implementing projects which address the causes of per
sistent poverty in the rural sierra and high jungle regions. This 
strategy is being supported by the Mission through ita most recent loans 
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and grants, and is described in detail in the latest CDSS. 

The cont1.nu,i..n9 migratory flows out of rural areas in Peru are 
due in large part to tj~ lack of adequate ~~-situ infrastIucture which 
permit rural aI'ea development. The result of the continuing migrations, 
rather than amelioratin;J' rural poverty, has over time transplanted the 
problem to t.ile large wban centers where pueblos jove.':le~ conbJlue to 
exp~ld at an alarming rate, generating a series of socia-economic 
problt:OIlis bOUl at t~he point of origin and in the new habitat. An 
i; oortar,t element of tile basic infrastructure package which isolated 
rura.l pOl-,ula t.ions l11U.st develop in order to complement efforts in basic 
health Se.lVices, education, housing and in improving the productivity 
and profitability of farming, agro-industries and CDrllmerCe, is the 
develoiJment of efficient electricity supplies and other energy sources. 

v,.'hile the process of economic development is associClted with 
internal migrat.ory movements, internal migration is motivated by economic 
opport'mi ties available in different areas, which is in turn I:elated to 
regional basic infrastrl.lct,ule and natural resource potential. By 
embarkinc] on a more balanced regional development strategy, the GOP 
intends to complement its continuing rural infrastructure investments 
with the provision of efficient electrical suppl.ies and oth.er energy 
sources. These will impr ove the quality of life in the r·ural areas and 
provide a basic input required to fuel intermediate productive 
technologies in :cural areas, where the main source of productive energy 
is still based on animal and human power. 

Enersy consumption in Peru mny be categorized into the following 
sosio-economic groupings: 

(1) A centralized urban group consuming a large part of the 
commercial energy (commercial and residentail sectors) and the major part 
of indirect energy consumption, through ele consumption of industrial 
product~ and in the use of transportation. Typically, energy is consumed 
through the use of electricity, liquid gas, gasoline, residual petroleum, 
etc. 

(2) A periferal urban group constituted by marginal areas L'l. 
the large cities, the result of ·i1\igratory fJaws which have intensified in 
the past decade. This gro'.lIJ consumes energy tluouyh tl1C: use o£ 
electricity and kerOS'2ne and indirectly through the purchase of industrial 
products and the use of mass transport. 

(3) A decentralized rural group participating in the agricul
tural activities of the country and generating a substantial portion of 
the national agrariar. product. Direct energy consumption is basically 
through the use of wood ano. kerosene. The principal 
indirect energy consumption for this group is diesel for transportation. 

(4) A marginal rural group constituted by a very dispersed 
population without stable work and whose energy consumption is almoat 
entirely direct, through the use of lower quality wood (branches) and dung. 
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Approximately 80\ of the total energy investments in the country 
have been concentrated in group 1. The impact of theee investments has 
be-4bn the 1.ntensificatiOll and consolidation of the expor~ninq and 
urban-industrial sectors. Three q(;.uters of the remaining 20\ has served 
to supply the energy demands of gr)'Up 2 thereby indirectly (though not 
intentionally) contribut.i.D:;l to the mi9ratory flow. Intensifying invest
ments in energy projects ] ocated in a.zeas where grou!-' 3 is located will 
serve to help stem the migra.tory flow, stimulate the developnent 
Dotential, and increase the agricultural productivity and value-added 
Vl.:x:essing which would create jabs for both groups 3 and 4, thus serving 
as a factor in reducing poverty amongst the poorest group. 

A majority of the population living on the last two groups are 
located in relatively isolated areas on the higher elevations of the 
Pacific and ~zon watersheds and in ~1e high jungle region. In general, 
isolated population centers on the Pacific wate.rshed are dedicated to 
agriculture, cattle raising and mining. In the lower areas, the 
population is mostly mestizo and becanes progressively Indian toward 
the higher lying areas on the mountain range. On the high jWlgle in 
the Amazon watershed the majority of the population is ~stizo, having 
emigrated frcIn the Sierra and Coast. Resources are exploited with 
difficulty under unfavorable conditions due to lack of adequate infra
structure. 

The variety of purposes for ",'hich energy is required in rural 
areas is surprisingly wide cover·ing both household and "productive" 
uses. Energy avaiiability is necessary to n~et the agro-industrial 
demands which develOps froIn local agriculture, and t.o expand craft 
industries and commercial activities, e.g. refrigeration in shops and 
services, motive power in workshops (carpentry, welding and repair shops), 
water pumping, mills, artisan industries, etc., as well as improve the 
standard of living by providing artificial lighting both private and 
public (e.g. schools and health centers). It is expected tha~ efficient 
energy supplies will raise the level of output in agriculture and agro
related industries and ~ough this the level of rural incomes. With 
t.'1e resulting increase in rural incomes and improved infrastructure, 
cClITll1lercial activities would also tend to increase. The increased 
agricultural productivity, the growth in agro-industries, commerce ~d 
level of rural incomes will in turn create future increasing demands 
for energy_ 

y 
c. Per11s Energy Resources and Consumption 

Peru is a developing country in the early stages of 
industrialization with ~l estimated (1978) per capita GDP of $665. As 

11 The following section provides a brief summary of Peru, s energy 
resources ar.d consumption. The information presented below is 
based largely in the Joint Peru/USA Reparts Vol I and Vol II, 
Annex l} of the Peru/USA Cooperative Energy Assessment; The ••• 
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INch, ita energy demand is relatively law, ranking 44th worldwide in 
energy consumption. In coal-equivalent units, Peru' s energy cccurumpti.OD 
of 580 kilogrmna per capita represents approximately 6\ of the per 
capita f.'.nergy consl..DI'ption in the u.s. Since there i. a direct relation
ship between energy consumption and incC(I\e, Peru's demand for energy is 
expected to increase as the standard of livLIg improves. 

In 1976, energy development represented 30% of total publi~ 
invesunents. Tt-.e energl' sector employs 19,000 workers or approximately 
0.3\ of the E:l:onomically active popu1at:lon. Large amounts of capital 
have been I'equired to develoF Peru's energy system; in 1976, the 
corresponding figure was ~334 million or about 2.4% of the GNP. 

Petroleum, wood, hydroelectric sources, natural gas and bagasse 
provide s f or Peru's anergy requirements (See Table 1). 

Table 1'1< 

12 
Primary energy consumption in Peru (l-Tcal = 10 calories) 

TYPE OF 

ENERGY 1965 

Tcal 
% of 

Total 

YEAR 
1970 

Tcal 
%' of 

Total 

1976 

Tcal 
% of 

Total 

HYDROPOWER 2,868 5 g 8 4,107 6.6 6,158 7.3 

NATU.FAL GN3 5,056 10.2 4,598 7.3 5,332 6.4 

OIL 30,049 60.9 40,782 65.2 57,285 68.2 

COAL 224 0.5 373 0.6 402 0.5 

WOOD 7,538 15.3 8,798 14.1 10,190 12.1 

BAGASSE 3,611 7.3 3,851 6.2 4,601 5.5 

TOTAL 49,344 100.0 62,509 ~OO.O 83,968 100.0 

Annual 
Increment 

(% ) 

7.2 

0.5 

6.0 

5.5 

2.8 

5.2 

Source: Peru/USA Cooperative Energy Assedsment, Vol. II, Annex 1, 
pg 7~ 

---.."..,.--:--~~ 
Political, Econanic and Energy Profile for Peru prepcu:'ed for ... 
the U.S. International Energy Developnent Program by the Office 
of Program Management Support, Argonne National Laboratory; and 
a report pxepared by the Lahrneyer - Satzgitter CQIlSortium for 
the German Society for Technical Assistance (GTZ) entitled 
"Developnent of Alternative Energy Sources, especially for 
Rural Electrification, Part 2". 
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M oil price. cOllt.inu8 to rise, the • 'conanic rationale for 
subatituting renewable sources of energy im}o'lroves for oil. Peru 
appears to be in a canparatively favorable position to JnAkp "\ relative
ly SIIOOt.h transition away fran an ecOllClllY whose energy neec are pre
dan.iJ1antly fueled by hydrocarbons to one that relies more heavily on 
alternative energy sources,. through utilization of well-estahl:lshed, 
available technologies. I!:>. the short-term, a significant portion of 
the current energy require'menta in remote areas can be met by taking 
advantage of W"oLder utilized hydropower resources available in these 
rural localities. Assessment of the feasibility of atili.z:Lng other 
renewable energy resources to meet longer-term demand should be 
carried out sinnll taneously. 

Over a six mont.h period durir.g 1978, Peruvian and U.S. 
representatives and technical specialists worked collaboratively to 
assess both the energy resources 'that will be required by Peru through 
the year 2000 and the energy dern;iIld and supply opt:'ons which are now 01: 

could be available to Peru CNer that interval. The description of CNer
all enel'gy demand and supply in Peru is Fl't"esented in Annex II Exh:i.hit G 
and is a central portion of a comprehensive information base on which 
the Goverrunent of Peru C ..... l base future energy plans and pOlicies. 

Annex II Exhibit G discusses the state of the following energy 
supplies: (1) fe,ssil fuels, (2) geothennal pcMer, (3) solar energy, 
(4) wind power, ~.nd (5) biomass. A discllssion of hydro-power and 
electricity follows. 

Hydro Power and Electricitx 

The theoretical hydroelectric pO'~ntial for Peru, as calculated 
by the Ministry of Energy and Mines in 1979, reaches 206,108 megawatts 
(MW) distriJ:JUted among the princip3.l drainnge areas as follows: 29,257 

MW Pacific drainage, 176,287 MW Atlantic ru:ainage, and 564 MW Lake Titi
caca drainage. ":'aking into account the short. term estimate achievable 
hydroelectric re!;ources are about 30% of the theoretical potential, or 
about. 58, 000 ~\W of which approximately 3% 1s currently ut.ilized. Thus 
Peru is a country rich in hydro-power reSOlLrCeS, which ar,,~ currently 
exploited in a very lirr~ted proportion. 

Most of the estimated hydro-power potential, however, is 
associated with rivers draining into the Amazon Basin. Translating 
the achievable potential into reality requires diversion of rivers 
and/or extensive high voltage transmission lines, since ti.!.c;; region is 
remote fram the roa:Ln load centers in coastal Peru. Presently, the 
only transmaunta:Ln di;,·ersion of water is frcm the Mantaro River and 
Marafion River of the At:lantic Watershed which supplements Pacific area 
supplies. 

The electricity supply sect:»: is cOOlposed of ELECTROPERU, the 
public sector ente~ise charged with system operation and project 
execution, and industrial enterprises which produce far theix own 
utilization. ELECTROPERU has five operatinJ regions: the north cantru, 
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north, sout.hwest and eastern regiona. The north-cenual ragion which 
includes Lima accounts far 87% of the electric energy demand. The other 
reg ions are served mainly by smaller isolated systems. The most 
significant autoproducers are Southern Peru Copper in the south-western 
region alL CENTHOMIN in the Central regicr •• 

y 
The total electric power generation in 1975 was 7,486.2 GWh. 

Of this total, hydroelectric power generation represented 73.1% or 
5,470 GWh, frcxn 1,397 MW of installed hydroelectric capacity 0 Fossil 
steam generated elect"rici.ty represented 16.1% or 1,205 GWh fran an 
installed cap::icity of 342 MW. Diesel generated electricity represented 
9% or 673 CW::1 from arl installed capacity of 416 MW. Publicly owned 
electricity generation facilities produced 62.3% of the total, while 
the differenc8 was accounted for by plants associated with :...pecific 
enterprises. Only 4. ,2% of the total electrical e '.ergy supplied by 
publicly owned fa~ilities was produced by power plants of less ~)&n 
5,000 KW durillg 1976, the equivalent figure for specific enterprises 
is 9.521&. 

Table 2 below indicates the electricity consumption by sector 
during 1975. 

Electricity conslllnktion by Sector (1975) 

SECTOR GWh x 103 PERCENT 

Industrial 2.16 29.1 
Mining 1.86 25.2 
Residential 1.25 16.9 
Losses 0.78 10.6 
other 0.55 7.4 
Public Authorities 0.30 4.0 
Cc:muner cial 0.25 3.4 
Agriculture 0.16 2.2 
Fisheries 0.09 1.2 

Total 7.40 100.0 

Expar~ion of the electricity generation capacity for the period 
1979-1980 is projected based on the utilization of hydro--electric re
sources by a planned added capacity of 1,520 MW, .·;hich will be imp!ement
ed by 480 MW of coal-fired generation capacity. Table 3 below shows 
Peru's total installed electrical power capacity for various years. 

Y GWh = Gigawatt Hours 



Year 

1965 
1970 
1975 
1976 

Annual 
Increment 

% 
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Table 3 

Total installed electrical capacity 

Electrical Energy 
~neration 

Gigawatt hours (GHW) 

Hydro Thermal TC'ff'AL Hydro Thermal 

2,668 1,338 4,006 693 604 
3,821 1,708 5,52') 923 754 
5,470 2,016 7,486 1,397 962 
5,731 2,036 7,767 1,397 1,076 

7.3 6.2 4.7 

Source: PERU/USA Cooperative Energy Assessment, Vol. II, 
Annex 1, Eg" 9. 

Installed 
Capacity 

Meqawatts MW 
TOTAL 

1,297 
1,677 
2,352 
2,473 

5.9 

During 1976 approximately 4.2 million Peruvians, or about 25\ 
of the population.lsed electricity. 60% of this group is concentrated 
in LirnJ, and the remainder is located primarily in other urban areas. 
Thus, 3/4 of the total populatbn, which is principally rural, lacked 
electrical services, and this group includes nearly all the AID target 
population as presented in the recent CDSS. 

D. Peru's Energy and Ener'1Y Conservation Policies 

The Ofic:iJl;i Sectorial de Planificaci6n (OSP) of the Ministry 
of Energy and Mines of the GOP has the responsibility for preparing the 
framework for Peru's Energy and Energy Conservation Policies. Current
ly, the OSP has chosen a 10 year planning period until 1990. 

The OSP has set as its principal objective the guarantee;ing 
of the nation's energy supply in a timely manner to ensure that the 
energy needs for national and regional develof1l\ent are met. other 
energy policy objectives are: ~ 

1) Minimize dependence on external sources of energy. 
2) Maximize diversification in resource use. 
3) Promote regional econanic developnent through pranotion 

of the location of certain industries in the interior of the country. 

To meet the above stated objectives, the asp has set the 
following general priorities: 
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1) Developzaent of hydroeectric resouxces. 
2) Augment the proven hydrocarbon resources. 
3) Development of coal reserves. 
4) utilization of nuclear energy. 
5) utilization of geothermal energy. 
6) utilization of solar wind and biomass energy. 

In specific terms, the GOP E.illargy policy can be discussed 
under the headings of resources, production, conservation, investment 
and fi.nan-:::e, prices, technological research, environmental conser
vation and human resources. 

l) EnergY Resource Developnent 

Special emphasis is being plac:ed on the following: 

- Augmentation of petroleum and gas resources through a 
more vigorous exploration program. 

- Developnent of a systematic inventory of the nation.' s 
coal resources. 

- continued work on the systematic evaluation of the nation's 
hydroelectric resources. 

- Development of non-conventional resources such as solar 
and geothermal energy. 

Production 

In-country use of petroleum will be minimized through 
augmentation in the supply of other energy sources such as hydro, coal and 
solar energy. 

Conservation 

Conservation of the nation's non-renewable sources is 
promoted throug!'l.: 

1) More efficient industrial use of energy. 
2) Substitution of hydrocarbons by othel:' forms of energy. 
3) Using a pricing policy to prcmot.e the rational use of 

electricity. 

Financial Planning and Investment 

A ncltional energy inves'bnent program will be prepared to 
satisfy the energ)' demand while optimizing available resources such as 
financial, different energy sources £tc. 

Prices and tariffs in the energy sector will be adjusted 
to provide reinvestment capital: external and internal capital sources 
will also be utilized. Incentives 'will be provided for private national 
and foreign capital participation in the energy sector especially in the 
exploration and development of energy resources. 
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Prices 

The most critical elements of an energy conservation 
program are the levels of energy prices and energy taxes. 

Electrical pricing policy in Peru is desianed to ensure that the 
energy sector will provide sene reinves'bnent capital. The pricing 
policy in ~ is also designed to encourage the conservation of 
energy. (See for example Electropel:U' s pricing policy for household, 
ccmnercial and industrial usage of electricity. Amlex II F.) Peru's 
tariff structuxe although providing subsidized energy to remote villages, 
pla~es a high pric.e on mining, industrial, agro-:iJldustrial ana urban 
user'""; of electricity. This policy in addition to be:iJ1g an important 
energy conservation measure has the effect of providing Electroperu 
with sufficient inccme so as to provide for a small net surplus at the 
end of the yeax for reinvestment in the energy sector. Finally, the 
GOP's pricing policy provides a transfer of wealth mechanism for the 
country's economy. 

Technological Research 

Hesearch is being conducted to identify the most efficient 
uses of electricity in the industrial sector (such aE tile mining, cement, 
paper and jron-use industries) particulaxly in the utilization of waste 
heat (for cogeneration). 

Environmental Conservation 

Environmental conservation is being pranoted through the 
use of technologies and energy sources tilat have the least negative 
environmental impact. 

Htnnan Resources 

A systematic training program is being establish.ad for the 
training and development of a group or high level energy planners. 

In summary, energy conservation measures in Peru are 
recent and require additional research and prcmotion. The GOP however 
is awaxe of the need to implement such measures and can be expected to 
continue to streng then its energy conservation policy. 

E. GOP Priority for Mini Hydro Developnent 

'l'he GOP has given high priority within the new planning cycle 
to rural electrification, given the significant social, and economic 
benefits which result fran such a program. The Ministry of Energy and 
Mines (MEM) has reviewed the various alternatives for accomplishing 
this objective and has determined that generation of electriCity with 
hydro power is feasible both frcm an econanic and encJineering point of 
view. Additionally, an analysis of the potential hydro-power sites 
:iJldicates that a major part of the sierra and high jungle popllation 
centers can be supplied with electricity fran hydrogeneratiOll, since 
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the potential sources of hydropower are distrib..ted in nearly 1,000 high 
river basins, located n3ar population centers in those areas. The 
previously cited figure of 58, 000 MW of achievable hydr<>-ebctric 
developnent potenti.al ir.cludes projects of over 30 MW, though not 
potential exploitations, 10l...ated in the high po.ints of river basins 
where high falls with sr.l.all f]owalYr~quently encounteret'l.. The typical 
parameters of these small potential. hydro-electric SCV..lrces in Peru are 
falls in the range of 100 rots to 300 mts with flows in the l:ange of 200 
to 500 Its. per second.. It is possible to locate power plant., of fran 
~OO to 1,000 KW, the size range the proposed Projact will finance, 
Wlder these conditions. The MEM estilnates that FJ. complete national 
small-hydro prCXJram woulcl require appro:.dmatel'." 800 small hydroelectric 
plants averag:Lng 200 KW each, at an est:iJna~.i cost of $1400 per KW, 
requiring an inves'bne'lt of approximately $225 million. 

The magnitude of potential mini-hydro tl~velopnellt at a national 
level as determined by ELECTRO PERU may be ascertained from Table 4 show
:Lng the number of cammWlities ,population, and the minimum energy require
ments Dr domestic use these ccrnrnunities have. As this table indicates, 
there are over 1,000 cOIrlIlllmities inhabited by nearly 2 million people 
which could be served by small hydroelectric plants rang:Lng in size from 
50 to 700 R1V. According to the 1972 census, there were 5.5 million rural 
inhabitants in Peru. The camnunities which can potentially be served 
with systems of the type proposed Wlder the Project, thu~ represented 
approximately 3€"u of the rural population in the country. 

In spite of the potential demand for electric service, isolated 
small rural conummities locate;; ill the sierra and high jWlgle frequently 
can not be e±ficiently incorporated into the national interconnection 
grid projects of the Ministry of l:!nergy and Mines because of the high 
constrvction costs of the transmission lines needed to senTice these 
communities relative to their limited demand for electricity. Most small 
population centers have thereby have no-c been considered when expansion 
of COVErage by electrical service has taken place, contributing in this 
way to the vicious circle that demand for electrical enexgy in these 
communities is not developed because of the lack of supply, and supply 
is not developed because enough demand relative to interconnection costs 
has not evolved. 

Diesel fueled electricity thus became the most cammon techn<>
logy utilized for the generation of electricity in rural areas. In 
general, energy produced by the diesel fueled thermal plants is too 
expensive because of the low efficiency of diesel motors which results 
from Lnadequate maintenrulce and operating conditions, the increasingly 
expensive cost of fuel, and. the lack of an adequate transpo~~~tion net
work which further increases the price of f'lel delivered at. the plant. 

A hypothetical cost canparison between a small hydro plant and 
an equivalant 200 KW diesel rl.ant is illustrated using as an example a 
potential site in Laramate. The cost figures used are from preliminary 
study conducted :in early 1979 g Table 5 illustrntes -the cost aggregates 
for the two options. Fixed costs for the hydro option include civ;i.l 
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Fooulation Centers (l97? ) . 
t-:umber ',-; ! Number of Size Power Flant Total 

(in population) Towns Beneficiaries She (in KW) (in I<W) 

500 to 1,000 571 412,735 50 28,550 

1,OCO to 2,000 349 472,23E 75 20,175 

2,COO to lI,OOO U3 u~~,(:::'" 15:J 24,4S;J 

l!. C'OO '(f) o,OOC E2. L6~,75E ::;:00 18,3')0 

f,C::'C to E,::: ~. l-:-E ,2~; 5 ~,I' 
~ ~ 13,0)(' 

6~C00 to l::',C; lE l52,llE 700 11 ,20~ 

.. .,:::;: - , ... -- 1,9jj,561 121,67S 

Source: P.EP., Commisf'ion fer S;:-,all Hydroelectric Fower Plants, November 1979 



TAB L E - 5 

CONSTRUCTION AND OPERATING COSTS (200 KW CAPACITY PLANTS) 

P~~sent Discounted Cost 

Option fixed Cos<:s Orerating Costs Plant Life 13% 17% 

-Hydro $225,661 $ 3,365 30 v ........ c $251,024. $ 245,3'j3 

Diesel S 44 000 $43,936 -" yrs. , . L,- $352,629 S 2S1,2t>2 
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works, penstock electr()oo'l\'lSchan1cal equipnent, 10\ for Em3ineer~ and 
adrr.!-... i.atration and l~ for contingencies, operating costs include 
operating and mAintenance costs. Fixed costa for the diesel option 
include the diesel motor. and civil works, operating costs (assum.inq 
3,000 hrs/yr. of operation, or a total armual energy production of 
600,000 KWh) ir.clude oil, transport, lubricants, maintenance and 
operation. In terms of cust ccmponents, a diesel installation has 
lower investment costs and higher operating costs relative to an equal 
capac.ity hydro installation. In order to ccmpare the costs of each 
alternative, the present discounted cost of each was calculated 
utilizing a real interest rate of 13% (INP recanroendation) and a 17% 
rate (See last two colmnns Table 5). This analysis indicates that 
the most econctnic option is the hydro installation. The hydro option 
becanes more attractive when the useful life of the two options is 
considered. 

Rural elecu'ification has been given high priority by the GOP 
as mentioned previously, and the Ministry of Energy and Mines has chosen 
the small bydro generation systems alternative as the most appropriate 
for the rural areas of Peru, for the following reasons: a) the relative 
isolation of a significant portion of rural canmun.i.ties makes grid 
interconnection unfeasibleJ b) the poorly developed road network 
increases the costa and decreases the reli~ility of fuel supplies for 
diesel plants; c) the planned average size hydro installations is lower 
in total discounted cost relative to the diesel option, d) the price 
of oil is increasing contimlally" e) an in-situ rene,,'able energy re
source is available, and f) expected social and econanic benefits 
resulting frem electrifica~on. 

F. Project, Rationale 

1. AID Assistance StrateID' 

The Mission's most recent CDSS (January 1980) sets forth a 
program strategy aimed at achieving economic growth with equity. The 
three components of this strategy are as follows: 

,a. Social Programs (Sierra emphasis) -- efforts in health, 
family plann1ng, education, and nutrition dir~cted primar.ily at the six 
million rural inhabitants of the poorest region 0f the countrv. 

b. Sierra and High Jungle Economic Gro,",:.:h -- programs for 
food production, agricultural development, rural infrastructure and off
fa~ employment designed to increase the on-farm value added component of 
ag~1cu~tural production, foster agriculture-related economic growth and 
ra1se 1ncomes of the rural poor. 
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c. Coastal Urban Basic Human Needs -- major programs 
in P.L. 480 food aid and basic services through the MIG Program to 
assist the urban poor population which has suffered .$. severe decline 
in real income as a result of Peru's current economic cri&is. 

It is, of course, the Sierra and liigh JUIlf] Ie Eco
nomic Growth component within which the Mini-hydro project forms an 
important part of the Mission's development strategy. The Project 
has been developed to maximize its economic development impact by 
institutionalizing the use of economic selection criteria in sub-pro
ject selection Llnd by focusing on a decentralized, low-cost approach 
to energy production. The Project is compatible with other r..;urrelLt 
Mission projects being implemented within this category, including: 
Sub-Tropical LanJ.s Devel:)pment; Rural Enterprises I and II; Rural 
Development Agri-business Fund; Research Ext~nsion, and Education; 
Improved Water and Land Uses in the Sierra; and Integrated Regional 
Development. The Project will also nave a beneficial impact on sierra 
social programs such as the Integrated Primary H~alth Project and 
Mission sponson·d family planning activities. The Mission believes 
that the institutionalization wit;hin the MEM of the capability t.o 
apply economic tl:chniques to the selection of rural energy Sub-prclj ects 
ann the lnstitutio.,alization of t.he capacity to design, const.ruct, 
ad:Tlinist.er, and maint.ain a decentralized enet"gy system based on the 
application of the mini-hydro technology is justifiable on its own 
development merits, (jiven the anticipated impact that this Project 
will hav~. It is hONever, the longer term synergestic effects that 
a mini-hydro develofment program has, when combined with other AID 
and GOP projects wit lin the sierra-high jungle AID priority develop
ment zones, that makes the Project an attractive compliment to the 
current USAID portfolio. 

2. Socio-Economic Rationale for Mini-Hydro Electrification 

The relatiollsi-lip between energy and economic development 
is as crucial in the developing countries as it was and cont~nues to be 
in the industrialized nations. The process of economic growth is attri
butable in large part to the substitution of energy for muscle in the 
performance of every type of agricultural, industrial, and do~stic 
task. It is hardly surprising, then, that prospe~ts for growth in 
critical sectors of the less-developed economics are linked to the 
development and exploitation of energy forms and new "Jays will require 
time to break down the economic,cultural, soc~al and institutional 
barriers that generally impede technicological change. Thus, ... ·hile it 
is necessary to develop reasonably priced, small-scale diversified 
energy SOU.>:ces, which are adaptable to a range of needs as well as 
physical and cultural environments, by itself this is inadequate to 
assure ac~elerated economic growth, especially in the agri~ulture sector. 

Much of the phenomenal output of agriculture in the 
United States and other major food-exporting countries can be traced 



- 24 -

to the massive application of power and fertilizer to land; labor in
puts per unit of output diminished very rapidly as the pull of higher 
wage!l in manufacturing and services increased the cost of this input 
to agricultural production. A recent report Y which examined the 
energy demands of agriculture confirms that t.his is also the case in 
developing countries. Thus, it reveals a much hioJher degree of net 
cn<;rgy" usage and a closer correlation of ;mergy application to pro
ductivity than had been anticipated. 

Agricultural expansion in Peru is limited to tropical 
forests and poorly or infrequently wat.ered, hiq'h plateaus, mountain 
ranges and desert. lands, environments most unfriendly to agriculture. 
Increased energy inputs will be required to overcome these limitatio{ls 
in order to achieve the increases of food production required to satisfy 
rural needs and an expanding urban population, even more than t.hey were 
in the fertile, temperate plains of the United States and other major 
food reporting countries. 

The more promising energy production technologies in
volve conversion of hydro-power into electricity. To the extent that 
energy so produced relates to usage that are matters of comfort (light·· 
inq, radio, television, food preservation, space heating, coolirg) 
t!lCy will not contrir-'..lte irranediately to improvement in national eco
nomic productivity, except for the backward linkages related to s~stem 
installation and the purchase and maintenance of household appliances. 
Utilization which produced development through the improvement of agri
cultl:ra 1 productivity, the more efficient movement of cas~ crops to 
markets, brings in rllanufactured consumer goods at lower costs. creates 
farm services or off-farm employment opportunities have the most 
significant impacts. 

Electricity will not profoundly affect the economies of 
developing r.ations unless it is dependable and chear, conditions which 
large hydro-generated electric plants are usually able to fulfill, 
where topography pen-lits and plantiful water supplies are available. 
Yet relatively small projects using water flow as a direct source of 
ener~j or to generate electricity can also be attractive in eco{lomic 
terms, even where there is no possibility of large-scale plant c.evelop
ment. In these cases, small dams can be constructed by local labor 
with local materials combining long life with minimal maintenance 
over a considerable range of construction scales. Projects of this 
type also have major hackward linkages in the national economy, which 
are often overlooked by policy makers . 

.!I Pimentel, David, et a1. 1973. Food production and the energy 
crisis. Science 1982: 443-449. 



- 25 -

While Peru is attempting to pursue an aggressive hydro
electric program so as not to further increase dependance on fossil 
fuels for electrical generation, the major focus of these hydro-electric 
programs is keeping pace with Peru's coastal energy demands and in 
particular its more industrialized urban dreas such as Lima, Trujillo, 
and Arequipa. However, these programs seriously tax the country's 
financial resources base. Tho.!s, by assisting Peru to reOrloent and 
expand financial resources appropriate for the impo\erish sierra and 
high jungle, this Project will transfer GOP resources to those areas 
thereby helping to address historic investment inequities that currently 
exist. 

Based on these considerations, rural electrification has 
been given high priority by the GOP and the Ministry of Energy a'1d 
Mines which has chosen the mini-hydro generation systems alLernative 
as the most appropriate for certain rural areas of Peru for the follow
ing reasons: a) tile relative isolation of a significant portion of 
rULal co~~unities makes grid interconnection unfeasible, b) the poorly 
developed road network increases the costs and decreases the reliability 
of fuel supplies for diesel plants; c) the planned average size hydro
installation is lower in total discounted cost relative to the diesel 
(lption; d) the price of oil is increasing continually; e) an in situ 
rerlewabl-= energy resource is available; and f) expected social and 
economic benefits resulting from electrification. 

Ten years ago a project selecti.g a mini-hydro tech
nology would not have been economically feasible. This of course was 
not so much a result of technological constraints, but ra~her the re
sult of the availabilL.:y of very cheap petroleum based energy. A 
similar project would have been implemented with diesel generators, 
even in spite of the difficulties in operating them, enumerated else
where in this Paper. with the advent of OPEC pricing policies in 1974, 
which precipitated enormous increases in oil prices, a minio-hydro pro
ject became economically feasible. 

The conditions of poverty facing the primary target 
groups is detailed in the Mission's most recent CDSS. Less than three 
percent of all homes in rural Peru have access to household electricity. 
Eighty-one percent of households use kerosene for ligh+-.) ng, while the 
substitution of kerosene by electricity reduces user costs, causes less 
pollution and lessens demand and depe:ldence on petroleum-based deriva
tives. Employment generating activities for agriculture and agro
industry development, small business establishement (e.g. retail out
lets, cottage industry), improvements in various crafts (e.g. carpentry), 
and the setting-up of public services is seriously jeopardized by the 
lack of dependable electrical supplies. In short - the infrastructure 
for home uses and support of enterprises and services is minimal or 
nonexistent. 

Traditionally, the direct benefits of household use, 
have been more easily identifiable in the short term than those 
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resulting from municipal or productive useF. Residential electrifi
cation enables the users to at initial stages, lengthen wurking hours 
and tap into sources of informatior. (e.g. radio, television). Even
tually, the users in many cases are able to purchase labor/time saving 
devices, primarily electrical appliances. 

The basic ~xamples of benefits accrued through house
hold consumption of electricity aside, the stronger economic case for 
rural electrification is in terms of productive and municipal uses of 
electricity be,efiting the rural poor. Additional benefits result 
from local procurement of materials used tv build and maintain the 
infrastructure for such enterprises and services. Productive uses, 
such as those discussed above and others such as irrigation, will gene
rate employment for t.hat seg:.nent of .. he rural poor who must supplement 
their income from off-farm Earnings. Additionally, the municipal uses 
of electricity will facilitilte the supply of services for eveaing edu
cation, civil. centers, healt.h clinics, street ~ighting, etc. There 
services will be more acce~sible to 3 larger percentage of the rural 
poor, i.e. th0se who will not be in a position to be included in resi
dential electrification sr .. hernes. 

Project bfJneficiaries, all re.siding in relati,'ely iso
lated areas in the sierra and high jun]le are the target groups identi
fied in the CDSS. Thes~;-may be classi f ie.d as independent market or:ient
ed farmers, agrarian reform bene.ficiaries, caJTIpesino communities and 
landless/near l·ural puor. The impact of investment in elestrical 
supply infrastruct.ure for this group is twofold: First, it will raise 
the sta.ndard of living in rural areas through the provision of mod~rn 
conveniences which are often O~€ of the principal factors affecting 
ru=al-urban migration. Thus it will provide a counterweight to excessive 
urbanization by pl-oviding ele~tr ical power for household uses and public 
lighting. It will also provi.c.e local enterprises wjth cheaper and supe
rior forms of energy, thereby l-.Jwering their product:J.on costs. This 
gives rural industry the increased opportunity to cO!lIpete with urban 
industries providing the possibility for additional rural job creation. 
Second, the Project will increase demand for inputs produced in Peru 
necessary for plant construction and installation, such <'.3 certain 
electrical equipment, trans',nissiDn lines, posts, la.:,or, etc., and 
increase demand from rural town conunercial outlets for electrical ap
pliances, water pumps and other :production related equipment for farm, 
agro-industry, cottage industry, commerce, and home uses. 

(a) Forward Linkilges 

The I1lajor developIllent impact resulting from rural 
electrification through a mini-hydro program will result through the 
impact of forward linkages to thEl target group. This Project has been 
designed to assure that these lir..kages will be maximized, which will 
be enhanced by the compatibility that the AID sierra programs have and 
due to the concentration of these programs in a few areas of the sierra. 
This Project has been designed to assure maximum forward linkage impact 
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on th~ selected regions by: 1) the incorporation of a program for 
prod'..Ictive uses of electrici ty for the towns participating in the 
min~-hydro system; 2) a sub-project development methodology which 
ma·.<imizes the development impact by a careful site selection process; 
~Id 3) locates sub-projects in regions where coordinating of:-farm 
ervloyment incentives wider the Industrial Bank's $20 million Rural 
£~~erprise Fund have been successful, but constrained by the lack of 
electrici ty in the Proj ect areas secondary towns. 

(bi Backward Linkages 

The Mini-hydro Project has been designed so as to 
maximize backward link.ages as a result of sub-project construction. 
Some eq'lipment and virtually all materials, and services will be sup
plied by local firms and manufactures. For example, procurement of 
poles, lines conductors, small transformers, switchgear and sub-sta
tions are either manufactures or assembled locally. 

A longer term impact in forging strong backward 
lil ',ages will be the development of a local capability to manufacture 
generators, turbines and other essential components of small hydrc 
plants. Investments of this nature will be forthcoming once institu
tionali~ation of the small hydro-progra~ has taken place and investors 
wil', be ~.:'Tjfi dent that t.~ere will be a continued demand for their 
eq'Jipment. 

3. Relaticl~ip to Other Mission Activities 

This Project ~ill directly complenent the Sub-Tropical 
Lands Development Project in the Department of San Martin, the Inte
grated Regional Development Projecc in the Departments of Junin and 
Cajamarca and the Rural Enterprise Projects active throughout the Pro
ject axp.a. These projects will finance the development of productive 
rural infrastructure (roads, service centers, marketing facilities, 
land clearing, extension services, commerce and service businesses, 
etc.) Adequate energy supplies will greatly enhance the realization 
of the tenefits expected from these projects, since energy constraints 
hinder increased farm productivity, the development of agro-industries 
and the expansion of comm~rcial activities in the three departments. 

a. Sub-Tropical Lands Project 

The Sub-Tropical Lands Project is =entered in the 
Bajo Mayo area of San Martin where, due to the concentration of high 
quality agricultural land, the potential is great for major increases 
in the production of both cattle and crops. Private agro-industrial 
efforts (e. g., grain processing and slaughterhousl~s) are already being 
developed and the provision of inexpensive electrlcity will greatly 
enhance expansion possibilities as well as efficiel'llt operation. 
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Specific activities being executed under the Project 
which will benefit fram the provision of hydro-generated electricity 
are: (1) the est.lblishment of farm machinery centers and (2) creation 
of a network of grain collection and processing centers. A farm 
machinery center and three sub-centers will be established and equip
ped with tractors, implements and maintenance capacity which will 
benefit from availability of electricity. 

The Mini-hydro Power Project will by necessity be 
meshed with the IRD project in Junin and Cajamarca, in that a number 
of the sub-projects under th IRD project will specifically require an 
electrical infrastructure. Adequate electric power, not now available, 
iB required for local manufacturing and commerce as well as for domestic 
use. In certain cases, urban demand also makes rural electrification 
in nearby areas economically feasible. Many smaller centers, if they 
possess electrical power at all, are still using thermal generators 
which tend to be expensive and require frequent maintenance. 

Examples of sub-projects where beneficial results 
of the availability of an electrical infrastructure include: a) 
slaughterhouse construction, electrification for refrigeration and 
lighting: b) municipal market construction/improvewent--electrifica
tion will facilitate the storage, distribution and sale of agricultural 
produce and allow more flexibility of workiLg houses: c) transporta
tion terminals lighting would allow more free movement of produce at 
night, thus helping in the effort to reduce spoilage which frequently 
occurs during transhipments which have required use of different bus 
or truck lines; and d) small scale irrigation where required by 
terrain conditions, and during slack hours of lighting consumption 
excess electrical capacity can be utilized to pump irrigation waters 
to agric~ltural lands, thus improving yields by intensification 
through vegetable production. 

As demonstrated by the examples presented above, 
there are numerous opportunities for integration of and development 
of linkages between sub-projects of the Mini-hydro program with those 
now being designed and selected under the Sub-Tropical Land- and the 
Integrated Regional Development Projects. Furthermore, the develop
ment of the productive capacity generated by the improved infrastruc
ture created under the latter on-going projects will create future 
demands for energy. 

b. Rural Enterprises and Rural Development Agri-business 

The Rural Enterprises Development Loan executed by 
the Banco Industrial and the Rural Development Agri-business Fund exe
cuted by the Central Reserve Bank, which provide financing for strength
ening and developing rural enterprises and for promoting small businesses 
and agri-business, will in similar fashion ge~\erate increasing delnands 
for reliable and efficient sources of snergy for productive activities. 
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Increasing the supply of enerqy will simultaneously expand invest-
ment opportunities for sub-borrowers of both loans. Indeed Project 
evaluations for both Projects have identified the lack of infrastruc
ture and particularly supplies of energy to be the most serious impedi
me~ts for further outreach of these Projects from the main Sierra urban 
areas. 

Sub-borrowers under the Rural Enterprises Loans 
(I and II) are establishing or strengthening/expanding the operations 
of individual small businesses such as restaurants, repair shops, 
machine shops, small-scale factories and carpentry services. Coverage 
under the loans extend throughout Junin, Cajamarca, San Martin. It 
is not difficult to see the rather straightforward linkages possible 
betw, 'n F.ural Enterprises and Small Hydro Development in terms of the 
future requirements for electricity for lighting, machinery repair 
(machinery is frequently sent to the coast for repair), use of power 
tools and for refrigeration among other uses. 

The Rural Development Agri-business Fund will finance 
various small and medium-sized agro-related industries such as coffee 
processing, canning of fruits and vegetables a.nd tanning of animal 
hides. Inc'l.ustries being developed in San Martin, Cajamarca and ,Tunin 
will benetit from the lighting provided by mini-hydro generated elec
tricity. This infrastructure will also open-up prospects for acquisi
tion by certain businesses of more advanced processing equipment. It 
is important to note that the expansion of the infrastructure base (in 
this case through the provision of inexpensive electrical power) will 
reduce the :.nvestment risks associated with small business establishment 
on expansion, thus encouraging-entrepreneurship. 

c. Other AID Activities 

Finally, the Mini-hydro Project will impact to a 
lesser extend on agriculture related activities under the: (a) Agri
culture Research, Extension and Education Project, extension services 
can be expanded into the evening hours; (b) Soy and Corn Production, 
farms threshers, grinders and other electrica:ly powered processing 
equipment may be introduced; and, c) the Improved Water and Land Use 
in the Sierra and the On-Farm Water Management PrCJje(;t, will benefit 
from supply of energy for water pumping for irrigation. Complimentary 
benefits are also anticipated for the Mission's Integrated Health Pro
ject, where the addition of electricity will permit the introduction 
of more modern equipment, improvement in the cold-chain needed for 
vaccines and introduction of services during the evening hours. 

4. Summary Rationale 

It is clear that the l~ck of an infrastructure base ~n 
areas encompassing prospective sub-projects sites under the proposed 
Mini-hydro power Program is a serious constraint to development of 
small commercial enterprises and urgently required municipal services. 
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AID-sponsored activitiaa alre/Ay underway in these areas are attempt
ing to build this base in a concerted manner. Provision of mini-hydro 
generated electricity, where it would be the most cost effective means 
of providing power, will have a synergistic impact on infrastructure 
development establishing the basis for entrepreneurial efforts in rural 
Peru; the firm establish of effective and wide-reaching public services 
in ~ealth, education and nutrition; and to stem migration tQward major 
urban ,9,reas. 

G. Other Donors 

On May 19, 1980, the GOP and the Government of the Federal 
Republic of Germany signed a Technical Cooperation Agreement for a 
micro-hydro ProgI'am. The German Government will channel DM 5.0 million 
through the GTZ (The German Agency for Technical Cooperation) over a 
period of 3 yer:rs beginning in January 1981. German funds will be 
disbursed in the following manner: 

1) DM 2.0 million will be used for the con~truction of 
micro-hydro plants and the installation of associated transmission 
lines. 

2) Up to 174 person/months in technical cooperation will 
be provided. Major emphasis will be put on covering the following 
specialities: electrical engineering, civil engineering (hydraulics, 
project management), micro-hydro operation and maintenance, geology, 
hydraulic machinery and electrical machinery. The following special
ties will be covered in more limited fashion: a0rnnn~y, irrigation, 
water law and license formulation. 

3) The purchase of miscellaneous items such as 3 4-wheel 
drive vehicles, 2 sedans, drawing office instruments, etc. 

At a meeting held on May 12, 1980, the Project Committed 
was informed by Dr. Uli Werner, from OEKOTOP (The Society for Appro
priate Technologies for Rural Development, Berlin, under contract by 
the GTZ) , that the German Mission is currently implementing an aggressive 
program for the implementation of pilot projects in other renewable 
energy resources, including wind, 301ar, biomass, etc. The pilot pro
jects are to be constructed and evaluated by region~l universities. 
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III. PROJECT DESCRIPTION 

TM gOAl which this five year $9.0 million loan and $1.0 Mission 
Grant Project addresses is: (a) Improvement of the quality of life of 
the rtoral poor h'j ir.c:reasin;; t.'le pro:r..lctive u.ses of hydro-electric power 
in rural areas; ('"» Lessening Peru· s dependence on petroleum for the 
production 0f alectrical power, and (c) Amelioration of the ecological 
consequences produced by aver harvesting of trees for firewood. 

The purpose of the Pro)ect is to promote rural and regional socie
econcmic develo~nt. through the devel'J.t:'"Jment of an institutional base ca
pable of providing reasonably priced hydrogenerated elect.rical energy for 
social and productivt uses in rural towns in the sierra and high jungle. 

In November, 1978, the Ministry of Energy and Mines (MEM) designated 
the Small Hydroelectric program as a top priority program area for the 
country and created a Ministerial commission to plan and execute 
activities in this area • .!IThe first phase began in 1979, this multiphased 
Small Hydroelectric program was financed with GOP funds and included 
preliminary work on several mini-hydro projects, of which only one has 
been canpleted while the rest are still in the study and developnent 
stage. Future activities to be developed within the program include a 
significant expansion of small hydroelectric program. In order to 
pravide a more effective administrative structure to carry out these 
activities, the GOP established an office (Oficina de TecI~log1a Apli
cada, OPTA) within ELECTROPERU charged with supervising and conrdinating 
the execution of the programo 

Under this Loan/Grant Project, OPTA will be the principal office 
within the MEM responsible for the implementation of Project activities. 
The Project will consist of the institutionalization of the small hydro 
program wi th:in ELECTRO PERU through a rational invest:rne..'1t process based 
on pre-feasibility and feasibility studies which detennine the location, 
and capacity of the systems to be installed, canpletion of the requi"':"ed 
physical works, installation of control and electro-mechanical equip
ment and construction of local distribution systems for design 
standardized, small-scale hydro-electric installations which will 
nonnally filll within the 100 to 1,000 KW range. The Project will 
concentrate its activities in the Departments of San Martin, Cajamarca 
and Junin, GOP priority areas where it has been determined that the 
greatest development potential exists, and which coincide with the 
location of other Mission regional development and health project 
activities .. Y 

The number and size of small-hydro plants to be constructed Wlder 
the Project has not been determined other than establishing the para
meters that plants will normally be in the range of 100 to 1,000 KW. 
Annex II Exhibits A 3Ild B contain the proposed pre-feasibility and 
feasibility study methodology which is designed to identify those sub
projects wh:..ch meet minimum technical, econcnic, social and environ
mental criteria. These methodologies will provide OPTA with a means to 
evaluate aspects of sub-projects which are currently not being evaluated 

]j Shortly after its formation the MEM approached AID for technical and 
financial assistance to fully institutionalize th~ program. 

~ The Project may be expanded during implementation to include the Depar+. ~nt 
of Pasco, the site of the Mission's proposal FY 81 pichis-Palcazu Develop
ment Project. Expansion to other regions is not conteIll>lated. 
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since OPTA has been focussing attention only on technical feasibility. 
They have not incorporated economic, social nor environmental considerations 
into the site selection process. Application of this methodology will 
determine the communities and in turn the plant size where the economic and 
resulting social ben~tits from this Project ~~uld be greatest. The Project 
Development Commdttee estimates that approximately 28 small hydro-electric 
plants with an average capacity ~f 300 KW will be constructed. Total plant 
capacity under this Project will be approximately 8.4 MW at a cost of $1,722 
per installed KW.]'/ The Project will directly ~nefit 53,000 families or 
265, COO beneficiaries at a cost of $55 per beneficiary. Indirect benefits 
will reach a substantially larger number of people. 

The $1.0 million companion grant will serve to strengthen and expand 
ELECTROPERU's ability to implement its small hydro-electric program. Through 
the provision of Technical ~ssistance and training, the Grant ~ill assist 
O"ECTROPERU to evaluate the potential for small-hydro plants, conduct feasi
bility studies, f:Jnsure that stand~rd operational programs for operating and 
maintaining hydro-electric plants are developed. The latter include adminis
tration, billing, operation and maintenance programs and procedures. 
Additionally, assistance will be provided for program planning and the develop
ment of a promotional program for increasing the productive uses of electricity 
in the Project area. 

The scope of the Project as described in the Mission's PID was broader 
than is being proposed in the PP, however, during intensiv~ review the Mission 
learned in discussions with ELECTROPERU and the German foreign assistance 
representatives that several areas originaL_; contemplated for AID financing 
are currently being addressed under the ongoing ("<)rman energy program. These 
include an intensive technical assistance effort to develop a national energy 
plan, assistance in research and pilot den~nstration activities in an alternative 
energy pr0gram focusing on wind, solar, biomass and biogas energy and the 
construction of micro-hydroelectric plants under 100 KW. 

A. p~oject A~tiv1ti~s ~/ 

Through the utilization of Project funds, the Project will finance 
pre-feasibility and feasibility studies to determine plant site and size, a 
program for the productiv~ uses of electricity, installation of Mini-Hydro 
Systems, maintenance of these systems and technical assistance. These activi
ties are described in more detai_l below. Sub-projeets must show benefit/ 
cost ratios greater than one at the pre-feasibility stage to qualify for 
feasibility studies. Likewise only those projects which show benefit/cost 
ratios greater th~n one at the feasibility study stage will be approved for 
financing under this Project. 

l! Including costs of pre-feasibility studies, promotion and maintenance programs. 

~ See Annex II Exhibit H for Leg Frame indicating End of Project status and 
input/output information. 
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1. Pre-feasibility Studies 

A preliminary estimate of the hydroelectric potential of 
many of the proposed sites haG already been ccmducted. This information, 
which was developed with the assistance of the UNDP, when combined with 
available econanic and delOO9raphic .infOl:1Ilation,wi11 be util:i.zed by the 
Project to undertake a reconnaissance/pre-feasibility examination. The 
purpose of this examinatioo 'Jli11 be to prioritize tl:~ potential sites 
and identify possible sites not on the preliminary list. This activity, 
to be financed with GOP counterpart funds, will focus efforts .in the 
Departments of Junin, Cajamarca and San Martin. 

The methodology for conducting the pre-feasibility stud.i.es 
is explained in general t.enns in Section IV of the PP and in detail in 
Annex II, Exhibit A. It is anticipated that approximately 80 pre
feasibility studies will be carried out by four teams of seven professional 
and technical persor~l from OPTA, the Project implementation office. 
~lese activities will be carried out under the general .lirection of the 
Program Manager, an OPTA official, who \o."ill designate four team dire=tors 
who will have day to day responsibility for carrying out the pre
feasibility stu~ies. Each of 'the four pre-feasibility study teams will 
consist of: 

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 

1 Electrical Engineer 
1 Civil Engineer 
1 Geologist 
1 Environmental Scientist 
1 Economist 
1 Topographer 
1 Social Scientist 

The pre-feasibility studies component, which will take 
about 20 weeks and will cost approximately $200,000 will be paid for by 
the GOP as a portion of its counterpart contribution. The output Clf The 
pre-feasibility study component will be a list of 80 sites prioritizeu 
according to anticipated social, economic and technical benefits. 

The OPTA Program Manager in consultation with AID and the 
technical assistance cOI~ultants will make the final selection of those 
sub-projects that will be considered for in-depth feasibility studies. 
Selection will be based on objective criteria and consultation with 
Departmental DevelO' --..ent Cozranittees. Because the return to d2mocracy has 
been recent, the fuClre role and composition of these committees is not yet 
clear; however, every indication is that the decentralization process 
will continue and that these committees will play an increasingly 
important developnent role at the departmental level. While ELECTROPEPJJ, 
as well as representatives from o~-r Ministries, are members of each 
deparbnental camnittee and are therefore instrumental in defining the 
nature and location of inves'b'nents to be made .in each depar'bDent, these 
ccmunittees will be consulted formally upon completion of the pre
feasibility study stage to assure that the selection process responds to 
the department's development prioriti~s and complements other investments 
being made in each department. 
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2. Feasibility Studies 

GOP funds will be utilized to carry out detailed feasi
bility studies (See Section IV and Annex II Exhibit B) 00 those sub
projects identified in the previous Cc:tIIponent containing the highest 
canbined technical, social and econanic returns, and which are approved 
by the Depar'bIlerrtal Developnent Camlittees. 

Appr'oximately 36 ft:.:asibility studies will be carried oot 
by the same four teams that conducted pre-feasibiL.ty studies. Each 
feasibility study will take approx:iJnately four monthE: to complete, and 
will begin i.n year 2 and end in year 4 of t.he Project. The est:imated 
cost of this cc:tIIponent is $500,000 and will be funded by ELECTROPERU as 
a portion of its counterlJClIt contribution. AID financed technical 
assistance will be provided through one lony-term project advisor, 
(60 m/m' who will lnitiate activities at the beginning of the Project, 
and through 42 m/m of short term technical assistance. '1be long-term 
n.dvisor will provide general administcative and rrogrammatic a<.ivice 
to ELECTROPERU, while the shorb-term advisors will provide assistance 
in the areas of economics and environmelltal impact assessment for a 
period of four months each working with the feasibility study t.ea"'l\S 
during the initial stages of their work. 

3. Pranotion of the Productive Uses of Electricity 

The provision of alectricity especially in rural areas 
such as those included under the Project, does not automatically lead 
to utilization of the power at the full level of potential. Thus, the 
Project includes an educatbnal ccmponent designed to lJlfonn and train 
the target ccuauunities on how to take advantage of electricity to in
crease economic activities and productivity. 
In order to implement the component, local technical assistance will be 
provided to train eight rural promoters, who wU1 work with the target 
cOllLlUWlities dt:ring the first year of operation of the small hydro
electric power plant at each site. A detailed training curriculum will 
be developed to equip prc:tIIoters with the necessary technical and 
pedagogic skills to accanplish this activity. The pranoters will be 
contract.ed by OPl'A and report to the OFTA Project Manager. They will 
have a mini~ of a high school education, and or appropriate rural 
experience .. 

Peruvian specialists in small industry and farm develop
ment, crop stora.ge and marketing, hane econ-..nics, nutrition, anthro
pology/rural sociology and a consultant with previous experience in the 
implementation of such pranotion c&~paigns will be engaged on a short
term basis for the design of the program curriculum. This consultant 
will subsequently conduct the premo'c.er training seminar. AID financed 
short-term technical assistance will provide a consultant for four 
months to assist in curriculum developnent. In additioo AID grant funds 
totallir!iJ US$100,000 will finance approxllnately 50% of the salary and 
operation cost of implementi.nJ this canponent. ELECTRO PERU will finance 
the remai.ning costs of this cc:tIIponent. 
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The training course will last 4 months and will be designed to acquaint 
the promoters with relevant knowledge on: (a) the cultural and economic 
background of the communities concerned, including the prevailing production 
and the techniques utilized; (b) the available na.tural resources in Junin, 
Cajamarca and San Martin departments; (c) appropriate technology which 
might improve productivity in these areas; (d) the availability of credit 
for farm, small enterprise and agroindustry developme!'\t; (e) marketing and 
distribution networks. 

The promoters' tasks will consist of three pa~ts: Promotion of productive 
uses of electricity for pumping for irrigation and potable ~dter supply, agro 
industry, small industries and crafts development; promotior. of social uses 
in form example health centers, schools etc.; and, promotion of household uses 
of electricity :0r food processing cottage industry, cooking, h~giene and 
storage. The emphasis of this activity will be to improve i.1C0I.1e generating 
productive uses of electricity. 21 

'fitis training component will be implemented during the first yeC!~ of the 
Project to assure that as the first group of AID financed sites are ready to 
enter the construction phase, the promoter's activities can begin. Through 
this training program and the technical back stopping of the Ot?TA office, the 
promoters will be responsible for: 

1) Providiny the needed technical and administrative information for the 
development of new economic activities. 

2) Providing an inventory of available natural resources in thecommunity. 

3) Informing the population on relevant technology to use electricity for 
time-saving and productive activities. 

4) Informing the beneficiaries onfue availability of credit for financing 
the new activities. 

5) Advising the population on how to carry out the procedures to obtain 
credit. 

6) Advising the populaticlB on marketing and distribution channels in the 
area. 

The eight promoters will be divided into four teams, each comprised of 
one male and one female, one of whom. is Quechua speaking. The team will spend 
3 months in each community selected for the construction of an SHPP (Small 
Hydro Electric Power Plant). Each team will be responsible for field work in 
3 communi ties during 9 months of the year and follow up work for the ,7est of 
the year. 

In order to maximize the effectiveness of the promoters, the following 
elements must be kept in mind for the implementation of the promotion plan. 

a) Commit the community to elect the members who will attend the promotion 
classes, and to submit a list of ideas on how electricity will be used for 

1/ Financing for productive uses of electricity is available through the 
- fund established at the Industrial Bank by the.AlD· ftn.nced Rural 

Enterprises I and II projects. The fund created by these two AID projects 
combined with counterpart contributions totals more than U5$]0 million. 
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production of goods and services. 'l'h.is 
will be done at the beginning of the construction st..qe to allow time 
for reaeuch an site specific 80::"Utions. Representatives of forma.l or 
informal iJ'uItitutions (e.g. Miniatry of Education, traditi.onal leaders) 
JllUSt usure adequate c:oordir..ation with authorities. 

b) The classes will take place duru,lij u~ evening hours 
when the adult population is released fran its daily duties. 

c) The pranoters will speak the vernacular of the site. 

d) Wanen will be hir,ed to do the pranotion work among 
wcmen in order to maximize the impact of the program, since access to 
WCLIen by male ex'censian agents in rural Peru is difficult. The esti
mated cost of this canponent is US$ 200,OCO of wh;;,ch AID will finance 
50% and 50% will be financed as a portion of the GOP contribution to the 
Project. 

4. Installation of the Selected SHPP's 

The Project will fWance the canplete installation i.e. 
civil works, mechanical equipnent, control and electro-mechanical equip
ment and network systems including household connections for approximate
ly 28 ~~ll-scale, standardized, hydroelectric installations in the 100 
to 1,000 KW range. The expected average plant size is 300!<.W. As 
stated earlier, quantity and sizes of plants will be determined through 
the application of the feasihility study methodology. 

Where possible actu~l construction of the small hydroelec
tric plants will be carried out by the five existing construction 1mts 
from ELECTROPERU, wit.~ OPl'A being the entity supervising the construction 
of civil works and plant installation. Where necessary OPTA will 
contract private finns for actual construction and field supervision, a 
procedure which they are currently utilizing for sane on-going projects. 
Short tenn technical assistance (6 m/m) will be provided for developnent 
of standardized equipnent specifications and procurement assistance. 
Plant construction activities will bP. carried out for groups of 4 plants 
at a time. Construction of the first group will begin during year 2 of 
the program. Construction of a new group will begin every six months 
thereafter through the end of year 4. ELECTROPERU' s experience has been 
that on average it takes one year to put a SHPP in service fran the day 
that construction activ;;'ties begin. Thus, all t..he 28 plants should be 
in service by the end of year five of the Project. 

Conrumities will supply local lmSkilled labor. Where 
contractin;J for COll.Struction or supervision is required this activity 
will be carried out by OPl'A us:1ng GOP counterpart fUDds. Off-shore 
procurement will be carried out by ELECTROPERU in accordance with AID 
procurement regulati'lllS. AID will finance a U.S. COQ8Ultant to assiat 
ELECTRDPERU in the preparation of technical specifications and idel'P 
tification of appropriate equipnent. This consultant will spend twQ 
months in Peru beginning in year two, and two months in years three, 
four and five for this pu;pose ... !.! 
1/ The procurement specialist will be brought on board as soon as the first 

set of feasibility studies have been approved by AID; this is expected 
to occur at the end of year one. 
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Typical1:t, the GOP experience in building SHPP' 8 hAS been 
that the costs of the civil engineering works account for approximately 
37\ of the total installation cost of a SHPP with the equi.~t and 
machmery costs accounting for the other 63%. These figures were 
ccnfirmed in carrying out the two feasibility studies dooe for PP 
preparation. Thus, 37% of the total SHPP installation wdget has been 
assigned to the civil e:ilg'ineering works or US$4.59 million of which 
US$2.5 are provided by AID as part of the Loan and US$2.09 million cane 
fran GOP fW'lds. i.JS$240,000 has been wdgeted for GOP financed 
supervision. Of the US$ 7 .53 million for the purchase of equipnent 'Iud 
machinery, US$6.5 million will be AID financed and US$1.03 million 'to 
be financed by the GOP. This ccmtpanent includes individual household 

Charges to beneficiaries will :initially be on an unmetei:ed 
flat rate basis. Over a period of 2-3 years, households will be convert
ed t.o a metered system the cost of which will be initially absorbed 
by ELECTROPERU and amortized by the bel1eficiaries in monthly install
ments. Flat rate charges average US .2 cents per kilowat.t/hour for 
rural households which is substantially below current estimated costs 
for lighting by kerose~which is also currently subsidized by the GOP) 
and candles. The Project anticipates average annual usage at 555 'IM/ 
hours per household or an annual charge for usage of US$ 12 0 00. current 
charges will be sufficient to cover operation and maintenance of the 
plant which is estimated at 1.5% of the plant cost. The figures 
incorporated in this paper use the current rate structure which 
subsidizes plant installation for rural users, however the new energy 
policy recently articulated by the Minister of Econany and Finance is 
to reduce this subsidy through a series of rate increases over time so 
as not to cause Wldue hardship on the target grou,p. See Eccnanic 
Analysis for additional ir~ormation regarding affordability and usage. 

5. SHPP Maintenance 

Four turbine-generator preventive maintenance mechanics 
will be h.iIed by ELEC'l'ROPERU at the beginl*lg of year 3. Initially, they 
will receive a four""Illonth training program on all aspects of SHPP 
maintenance to be conducted by a short-telll\ U.S. consultant. They will 
have the responsibility for mz.intaining the SHPP turb:i.ne-generator 
systems and will be called on to repair defective machinery. In addition 
to financing four person/r.l.onths for a U.S. consultant in machinery main
tenance, AID grant fwlds will be uti:.:ized to finance 50% (US$30,000) of 
the machanic I s salary and operation costs to implement this Project 
canponent. GOP funds for this program ccme to US$240,000 of which _ 
US~30,000 corresponds to salaries and expenses and US$2l0,000 are budget
ed for spare parts. The projected SHPP maintenance fWld over the triennium 
of year 3 to year 5 comes to more than 1.5% of the capital costs of the 
installed plant, which is a level in line with current GOP policy. The 
preventive m.amtenance mechanics will in turn train selected canuunity 
representatives in the day-'\;o-day operaticms and basic main~.aance and 
repair responsibilities. 
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6. Technical A.sistance 

The Project includes 102 person/months of US short-and lonq 
term technical assis~ance. The Project Development Committee anticipates 
that ELECTROPERU will enter into an institutional contract for this technical 
assistance, which is descr ilied bEllow. AID funding will be provided to finance: 

a) A long-term Prc.ject Advisor (Sw/y') for the Life of the 
Project at a cost of US$4S0,000. He will report to the Project Manager in OPT', 
and be located in Lima, but will have responsibility for frequent site visits. 
His responsibilities will include the following: (i) assisting OPTA in the 
developnent of personnel qualifications an.i selection standards for the employees 
to be hired by O~TA under the proposed Project; (ii) assisting OPTA in the 
technical preparation of pre-feasibility studies and feasibility studies; (iii) 
reviewing all studi.es and making .recommendations for site selection to the 
OPTA Project Manager; (iv) assisting OPTA in arranging for provision of the U.S. 
short-term technical assistance; (v) developing simplified procedures for 
monitoring all aspects of the Project components. This person should have an 
MS degree in Electrical Engineering and. at least 10 years of experience i'1cluding 
experience in Latin America. He should have at least 5 years of Project Manage
ment exrerience a': a minimum level of $2.0 million per year aZld should be fluent 
in Spanish. 

b) Eight person/months (U, S. $80,000) fo.': 3.n enel'gy economist. 
During years 1 and 2, the economist will spend two months each year in Peru 
assisting in the refinemen~ of the pre-feasibility and feasibility study 
methodology and the preparation and analysis of the first group of feasibility 
studies, respectively. He will spEmd an additional four months working with the 
feasibility study team in years 3 a~d 4. 

c) Four person/months (US$40,OOO) for an environmental impact 
analyst to work with the economist on implementing the feasibility study 
compo~ent and for training an ELECTROPERU counterpart. 

d) Six person/months (U5$60,000) for a specialist in design and 
construction of hyd~oelectric plants to assist OPT~ In the procurement of 
appropriate equipnll:!nt and spare parts. He wi V_ ::ipcnd two months working on the 
Project in years two, three and four. 

e) F.our p~rson/months lUS$40,000) for a curriculum developmept 
specialist to assist OPTA in the design of a training program for the energy 
promotion component. 

f) Six person/months (US$60,000) in year one to :inance an ener~ 
planner to assist OPTA in planning the implementation of its national mini-hydro 
program. 

g) Six person/months (US$60,~00) to assist ELECTROPERU in updating 
its pr~c~ng policy,billing and collection methods. This assistance will be 
provided during year one of the Project. 
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h) Four per.aD/.aoth8 of fiDaDciDg (US$40,OOO) will be 
provided to contract for • hydro-electric -.iDt.enaDce .pe~iallst to 
... 1st in traiJdng four preventive MmteDaAoe _chulJ.cs. 

1) Finally, US$40,000 has been provided to fiDance an 
end of Project evaluatiOll to be ccmducted by a team cClllpriaed of an 
eccmanist, bllgineer and sociologist. This eva).uatian will be carried 
out during the laat three months of the Project. 

TV • FINANCIAL PLAN 

The total cost of this five-year Project is U5$14.1 million of which 
US$10.0 million or 69\ will be financed by AID. The Government of Peru will 
provide the remaining US$4.4 million. 

The U5$1.0 million grant will finance 102 person/months of US 
technical assistance. See Tables 6, 7, and 8 for a detailed financial plan, 
and Table 9 for a typi~11 cost structure for a 200 KW small hydro-electric 
pnwer plant. 



Investment Category 

- Pre-feasibility 
- Feasibility 

SOURCES AND APPLICATION OF PUNDS 
(In thouun4. of U.s. Dollars) 

A. 1. D. 
Loan GrAnt 
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OOP 

200 
500 

Total 

200 
500 

n. Implementati.on suWOrt for 
pr~_otion campaign 

- operation Expenses 100 100 200 

III. Construction 

- Civil Engineering works 
- Equipment and MAchinery 
- Supervision 

y 
:v. Technical Assistance 

2,500 
6,500 

870 

2,090 
1,030 

240 

4,590 
7,530 

240 

870 

~. Maintenance 

- operation Expenses 30 
- Spare parts 

Grand Total. 9,000 1,000 
69\ 

30 
210 

4,400 
31\ 

60 
210 

14,400 
100% 

.!/ Includesz 60 w;months of project Advisor, B w,lmonths of Economist, 4 wjmonths 
of Environmentalist, 4 wjmonths of curriculum Specialist, 6 wjmont.l-)s of 
Energy Planner, 6 wjmontlls of Tariff and Financial Administration Specialist, 
4 w/inonth5 of Maintenance Speci2list, 6 w/months of Procurement Speciali!':t RoC. 
4 w/months of Evaluation Technici.n (Total of 102w)months). 
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TABLE 7 

REQUIREMENTS OF FOREIc..\~ EXCHANGE AND LOCAL CURRENCY 

(In thousands .:-f U. S. Dollars) 

A.I.D. 
Investment Category Loan Grant 

FX LC FX LC 

Studies 
- Pre-feasibility 
- Feasibility 

Im!,lementation Support 
for Fromotion Campaian 
.. Operation Expenses 100 

Construction 
- Civil Engineering Works 2500 
- Equipment and Machinery 6500 
- Supervision 

Technical Assistance 870 

Maintenan\:f> 
- Operation Expenses 30 
- Spare Parts 

Grand 'l'otal 6500 2500 870 130 

GOP 
FX LC TOTAL 

200 200 
500 500 

100 200 

2090 4590 
630 400 7530 

240 240 

870 

30 GO 
210 210 

840 3560 14400 
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TABLE 8 

EXPEC'I'ED PROJEC'I' DISBURSEMENTS BY YEAR 

(In thousands of U.S. Dollars) 

Investment Category Year I Year II Year III Year IV Year V Total 

1 Studies 
GOP 150 350 200 700 

II. ImElementation Su~ort 
for Promotion Cam~a~~ 

GOP 25 50 25 100 
AID 25 25 25 25 100 

III. Construction 
GOP 250 400 1000 1000 710 3360 
AID 500 2500 3000 2000 1000 9000 

IV. Technical Assistance 
AID n5 175 165 165 90 870 

\, Maintenance 
GOP 220 10 10 240 
AI;) 10 10 10 30 

Total 1200 3450 4645 3260 1845 14400 
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TYPICAL COST STNUr.rlJ~E FO~ 111 tl1NI-HYDROELF.CTRICAL CENTRAl. 

Power = 200 KW 
Wat~l' Flow (0) • 500 Lt.s/Set:" 
Altit'lde (H) = 50 mts. 

1.0 Construction Works 

1.1 Land cleaning anrl ~~c~s~ road 
1. ~ Intake 
1.3 Dr>riv"tinn Cili1dl 

1. 4 Sand trap 
1. 5 Chamber 
1.6 Pressure conduit 
1.7 Power house 

Sub-t.otal (loCI) 

2.0 Electro-mp.chani ci1l.~.:Iu i l~t;r~ 

2.1 Turbine/aP,'rn,)tnr 
2.2 Other egujl'm0nt 
2.3 Transmissi(lfj Lin( 
2.4 Distribution network 

sub-total (2.0) 

Grand Totnl (1) + (2) 

('ost/KW 

(Thousands of Soles) 

51. ~!70 ,0 
18,")<) , 5 

7,3(,C),2 
l,318,4 
1, ·\4(), 2 
2,112,9 
2,78<),8 

51. 34,onO,O 

S/· 14,100,0 
4,1',50,0 

2'i,lSQ,f) 
12, lOa, 0 

51· 56, llon,n 

S/· gn,noo,n 

usS 300, ono .Il 

115$ 1,500.0 Y 

Y This cost excludes the C()st of pre-feasibility study, 
feasibility study, "romnt inn, maintenance and supervision 
which bring th~ t.c.til1 (~ost pf'r KW to US$ 1,722 as previously 
stated. 
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v. IHSTl'1'U'1'lONAL ANALYSIS 

A. Mini-hydroelectric Centru. ccx.ia.i.:m 

On November 29, 1978, the Ministry of Energy and M.ines (HEM) 

by Ministerial Resolution N° l182-78-EM-DS, declared the tmplementation 
of the MbU.-Hydroelectric Centrals Px'ogram of the highest sectoral 
priority and created the Small Hydroelectric Centrals Camdssion to 
formulate, direct, approve and evaluate the abcNe-ment.ioned program. 
within several months of its creation the Vice Minister of the MEM 
approached AID to solicit fir~cial and technical assistance for a small 
hydro program.. The Ccmo.i.saion lead by OSPA's General Director, is 
canposed of representatives fran the tollowiJlg institutions: 

(a) Ministerio de Energia y Minas (MEM) 

- Oficina Sectorial de Planificaci6n (OSPA) 
- Concejo de Asesoramiento (COA) 
- Direccitm General de Electricidad (DGE) 

(b) Empresa P6l:>lica de Electricidad del Per11 (ELECTROmRU) 

- Oficina del Programa de Tecnolog1a Aplicada (OPrA) 

(c) Instituto de lnVestigaci6n Tecnol6gica (ITINTEC) and 

(d) Campai"i1a Hidrol6gica Andina (HIDRANDINA) 

B. ELECTROPEIUJ 

ELECTROPERlJ (See Annex II Exhibit B for Organization Chart) is 
an autonanous public enterprise wit:.hin the Energy and Mines Sector, it 
was established on September 12, 1972, with an authorized capital of 20.0 
billion soles wholly owned by the GOP. By virtue of its Organizational 
Law, ELECTRDPERU, assumed the entrepreneurial activities of the State :in 
the electricity sub-sector with full respansil:)ility for construction, 
supervision and operat!.oo of the nation--wide power supply system. 

In 1976, the Peruvian power sector completed the process of re-
organizatiar. 

This entity 
has responsibility for system operation and project execution. A 
substantial proportion of the total generation is oroduced in captive 
facilities of various industrial, agricultural, and mining enterprises. 

ELECTROPERU has five operating regions. The north-central 
region including' Lima accO\Ults for 87 percent of the electric energy 
demand. This region has two separate interconnected systems, Electro
lhna serving the metropol.itan IJJn& area, and the _ller C1Wabate-'l'ru
jUlo system. The former is an extensive interCOll.DeCted system with 
principal substations linking 230JCv transmi8.iOll l.ine. to each other 
and to generating plants. A 220Kv link between El.ectrol1aa and Ch1wt.c. 
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te-'t'rujillo is plarmed. other opuating regions and theiI principal 
cities are shown in Table 10. 

In the 11\otILin these regiaaa are served by small, isolated 
systems. In fact, ELECTROPERU is responsible for the operation of 250 
isolated power plants. 

The captive <jeneratin:] plar.lts associated with industrial and 
I1U.llJ.Jl.g enterprises are not connected to the ELECTROPERU system. The 
largest of these is Southern Peru Cooper in the Southwestern Region with 
a maxinrum demand of SOOIe 3l5MW followed by Centromin in the Central 
Region with a demand of l3<1'lW. 

Table 10 

ELECTRDPERU OPERATIK:i REXitoNS 

Operating Region 

North 
Southwest 
Southeast 
East 

Electric Load Growth 

Principal cities 

Bayovar, Piura, Talara 
Tacna, Arequipa, Puna 
CUzco 
Iquitos, Pucallpa 

Electric energy production in 1975 amounted to 7.4 gigawatt
hours (GWh). consumption by sector (including losses) is shown in Table 
11. 

The median est.Unate of total electricity production in 1955 is 
26.9 x 103 GWh, which corresponds to an average annual growth rate of 7.9 
percent. 

Table 11 

ELECTRICITY CONSUMPTION BY SECTOR, 1975 

Industrial 
Min:Ulg 
Residential 
Losses 
other 
Public Authorities 
Canmercial 
Aqriculture 
Fisheries 

Total 

3 
GWh x 10 

2.16 
1.86 
1.25 
0.78 
0.55 
0.3 
0.25 
0.16 
~ 

7.40 

Percent 

29.1 
25.2 
16.9 
10.6 
7.4 
4.0 
3.4 
2.2 

...ld 
100.0 
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TAILE 12 GENERATION MIX 1975 

Capac1 ty 
Type MW Percent 

Diesel 416 17.7 
Gas Turbine 202 8.B 
Fossil Steam 342 14.5 
Hydroelect ric 1,397 59.2 

* Highly approximate. 

Energy Produced 
GWh Percent 

673 9.0 
138 1.8 

1,205 16.1 
5,470 73.1 

Fuel 
Stu x 1012 

Oil Gas Bagas •• 

17.8 2.3 5.0* 

Capacity expansion plans for the period 1978-90 are based for the 
most part on hither exploitation of hydroelectric resources supplemented 
by substantial coal-fired generation. Specifically, of the planned added 
capacity, 1520MW are hydro, 480MW are coal. Planned generating facility 
addi tions over this a.re shown in Table 13. 

PLANNED GENERATING CAPACITY EXPANSION 1973-90 

Mode Station Capacity (MW) Operating Date 

Hydro Mantaro Units 4-5 228 1978-79 
Mantaro Units 6-7 228 1980 

Hydro Canon del Pa 50 1979-80 
(addition & upgrading) 

Hydro Poechos 11 1980 
Hydro Culqui 25 1981 
Hydro Machu Picchu 70 1979 

(addi \:ion) 
Hydro Restitucion 200 1n~u 

Hydro Yuncan-Paucartambo II & III 1983 
Hyoro Charcani V 135 1982 
Hydro Sheque 

Stage I 150 1986 
Stage II 150 1986 
Stage III 150 1988 

Hydro Majes 
Stage I 272 1984-86 
Stage II 192 1990 

Hydro Olmos 370 1985-89 
Coal Alto Chicama 

Stage I-II 240 1982 
Stage III-IV 240 1984 

TOTAL 2000 

45 
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'I'.1bla. ' 5 

PRtSE..'n' Pkl~CIP.-U. HYDROPOWER PUNTS 

PERU .* 

~ORTH REGION (Chimbore-Trujillo, etc.) 

Cca-non Del ~ato 
Colhua 

Subtotal 

CENTRAL REGION (Lima-Pisco, etc.) 

Chaprin 
Yaupi 
Malpaso 
La Oroy~ 
Carpapata 
Pachachaca 
Ruinco 
Matucana 
Callahuanca 
Moyopampa 
Huampani 
Ingenio 
Sic:.:aya Huari.::ca 
Mantaro 

Sl.1btotal 

Capac1tv-MegBwatts 
100 

40 
140 

S.4 
108 
S4.4 

9 
12.2 
12 

260 
120 
67.5 
63 
31.4 

SOUTH REGION (Arequipa-Cuzco-Moquegua, etc.) 

Machupicchu 
Ctarcan1 IV-VI 
Charcani I-II-III 
Ar1cota I-II 

Subtotal 

NORTH REGION 

CENTRAL REGION 

SOO'l'H REGION 

TOTAl 

SUMMARY 

40 
23.4 
6.8 

35.4 
105.6 

140 

1,084.9 

105.6 

1,330.5 

*From "Plan De Electr1f1cacion Nac1onal", M1nisterio De EnerlU 
Y Mines. December 1977. 

r 
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Electricity Generation 

In 1975 the generation mix by mode of generation was as shown 
in Table 12. 

Publicly awned generation facilities constituted 62.3 percent 
of the total, captive plants associated with specific enterprises, 37.7 
percent. 

The l1inister of Energy and l1ines of Peru has prepared a map 
dated October, 1977 (See Table 14), showing the principal Ei.ectrical 
facilities in existance. The present pr~ipal hydropower plants in 
Peru, a~ shCMn on the map axe sl.Il't'mtarized in Table 15. 

c. OPI'A 

To implement small hydro canmission' s directives, OPTA was 
created on December 15, 1978, as a Division within ELECTROJlSRU with the 
responsibility of supervising and coordinatin,g' the execution of the 
Small-hydroelectric Centrals Program. The principal functions of OPTA 
are as follows: 

(al To centralize, coordinate and carry-out studies concern
ing the generation of electricity for rural centers with a view towards 
the intensive use of hydro-eectricity to replace petroleum as an energy 
source. 

(b) To execute technical and economic studies of pcMer systems 
ranging between 50 to 1,000 KW for the generation of electricity which 
would benefit isolated populated centers. 

(c) To develop and implement nonns, designs, and systems, as 
well as the standarization of procedures for the manufacture, installation 
and construction of hydroelectric plants to be executed by ELECTROPERU. 

(d) To supervise the implementation of works perfonned by 
the five Executing units of ELECTROPERU and; 

(e) To act as the GOP counterpart institution in foreign 
assistance programs. 

Its bt'.dget canes frar. 2 sources: (i) to provide a continuous 
source oftrevenue for its activities OPTA is guaranteed by charter 15% 
of the/£~venueS of ELECTRO PERU fran the previous financial year. For 
1980 OPTA's budget fram these sources came to 51. 375 million, (ii) 
OPTA has also direct budgetary access to the Public Treasury. In 1980 
this budgetary source provided S/. 160 million. 

Thus, OPl'A' 5 total budget for 1980 ccnes to S/. 535 million 
(approximately US$ 1.85 million). 
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D. The OPTA - AlE SHPP Progr~' 

The institutional framework that is being put in place for the 
OPTA-AID SHPP Program will aim at a prompt and efficient program implementation. 
Special characteristics of that framework are: 

1) Introduction of a pre-feasibility and feasibility study 
methodology which will consider economic, social and environmental concerns in 
addition to the technical criteria currently being used. 

2) A strengthening o~ micdle management. 

3) Introduction of senior level engineers in all technical 
phases of the program. 

4) Improvement in project planning and execution. 

5) Introduction of experienced professionals in socia-economic 
sciences. 

6) A new emphasis on plant maintenance. 

7) A new emphasis on promot.ion of electricility for productive 
purposes. 

8) Provisio~ of high calibre consultants. 

On completion of the OPTA-AID SHPP Program, OPTA will have a record 
of experience and credit-worthiness to apply for further international funding 
(from agencies such as the Interamerican Development Bank and the International 
Bank for Reconstruction and Development) to continue with a vigorous SHPP 
construction and maintenance program. 

OPTA will initially contract the additional personnel. This has 
two major advantages: a) the time frame for budgeting and hiring direct hire 
emp.l0Y8escan be greatly compressed; and b} employees on ccntract can be easely 
replaced should +:.hey not be effective, an option not readily available in the 
case of direct hire employees. After two to three years all OPTA contract 
employees will be converted to direct hire status. During the same time frame 
the AID cont=ibution to salaries will be progressively reduced to zero. 

OPTA ~ill contract the following additional personnel to implement 
the proposed project: 

1} Two electricQl engineers. 
2) Four civil engineers. 
3) One geologist. 
4) Two economists. 
5) One environmental scientist. 
6) Eight promotores (50\ AID financing). 
7) Four maintenance mechanics (50% AID financing). 
8) One topographer. 
9) Two draftsmen. 

10) Various support personnel i.e. drivers, secretaries, ~tc. 

The costs for contracting the above professionals is includ~d as 
the GOP counterpart contribution in the financial tables in the previous section. 
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VI TECHNICAL ANALYSIS 

A. Introduction 

The conf iguration of small decentralized hydropower systems 
may take a number of forms depending on S:Lte conditiC"nS. Both head 
and flow will determine the specific turbine arrangement most suitable. 
TaD Ie 1 t·, shows typical applicatiun of various hydraulic ·turbines based 
on hf:ad and pawel." output. 

High head sites, especially with low flw, dictate the use of 
the Pelton turbine with efficiencies as high as 80 percent. This impulse 
unit spins at high speed L:onverting the total energy head into a ~i.netic 

energy head, through a contracting nozzle. The water jet imparts 
kinetic energy on a bucket-like structure which causes rotary motion of 
the turbine wheel. Table 17 shows a typical Pelton turbine installation. 

For sCJI11Cwhat lower heads, reaction turbines such as Francis or 
propeller ttlllJines may .be used Ci.S shown in Table 18. However, the'e units 
run slower, require more flow and are generally located in extensive 
civil work. At the other end of the spectrum, for low head, high flow 
sites, bulb or tube turbines are used. These units are generally installed 
in an axial flow direction and do not require scroll cases and elliow draft 
tubes cC(!1!l\only required willi Fran:::is or propeller units. Tables 19-25 
show addi tion.:,l technical features of SIT..:;.ll hydro inE'tallations. These 
are more fully discussed in Annex II E.xhi1)it B. 

There are still other types of units for specialized applications 
such as the Ossberger Cross Flow Turbine or the Straflow Turbine. These 
units and others, however, are manufactured in the developed countries. 
only a small nurr~r of companies are engaged in supplying and installing 
equipment but there are efforts underway to develop standardized units 
of the off-the-shelf varietyo Developnent of a manufacturing capability 
within Peru would surely accelerate implementation of SDH. 

For AC base load plants whi ch are canpletely independent cf an 
existing grid, a synchronous generator is ..:-equired. Whether a sa or 60 
cycle system, the speed of the generator must be constant and a sf€ed 
increaser may be required so the generator can run at its design speed. 

Another possibility is to generate DC current and convert it 
to AC via an inverter. A DC system is not sensiti.ve to speed, therefore 
needs no governor. 

For systems with no storage capacity, energy dissipating load 
control is required. Generally, if connected to a grid, excess power 
may be sold to the network and bought back when local demand exceeds 
supply. If there is no grid connection, excess power can be converted 
into heat and used in a process heat application. 

Dw:bg the ektr~chanical system developiieIlt phase, technical 
and ecananic decisions will be made regardi.rw:j a suitable design for the 
proposed site. 
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The electrOn'mechanical, tec.hnology and engineering construction 
methods for SHPP .u-e well developed and familiar to OPl'A. What is not 
being currently applied is the application of detailed methodologies to 
both prioritize SHPP sites freE a large list of potential sites and 
thereafter tv apply econcmic, social and envuonrnental criteria, along 
with technical detenuinations, in order to establish the feasibility of 
a specific project site. Thus, the teclullcal analysis consists of a 
det..a.iled metho::lolo:]y that has been designed t.o select the SHPP sites 
that will bte eligible for AID financing. ThA:: methodology has two 
major coo1l)oncnts viz, a Pre-Feasibility Study Methodology and a 
l"easibility Study Methodology. The :>Xe-Faasibility (or reconnaissance) 
investigation methodology has two objec~ives i) elimination of those 
project sites tllat are unattractive fran a technical, social, econanic 
or ecologicC'.l viewpoint. ji) prioritization (or rankinq) of the remain
ing project sitE!s using a cctnbination of social, technical and economic 
critem. The feasibility study methodology has been designed to 
investigate thoroughly whether, in fact, cmE: of the screened, prioritized 
projects should be constructed and .,.;"ha:." .steps should Le taken for its 
implementation. 

Thus, starting with a national catalog of possible SHPP sites 
(prepared under the auspices of the mIDP) the site selection methodology 
will first consider only those sites that are locatRd in the Department 
of Cajama.rca, JwUn and San Martin. Then, a prioritized list of SHPP 
sites will be prepared e Finally, a definitive list of sites that will 
be eligible for AID Financing, will be gene.rated (See Table 26) 0 

Detailed Pre-Feasibility Study (PFS) and Feasibility study 
(FS) methodologies have been prepared (See Annex II Exhibits A & E), 

what folbws below is a narrative of the salient points of both methodologies. 

B. The Pre-Feasibility Study Methodology 

The Pre-Feasibility Study Methodology consists of five step~, 
namely: 

a) Site Physical Characteristics 
b) Physical Works 
c) EconcmUcs 
d) Social, Political and Environmental Criteria and 
e) OPTAI s Pre-7easibility Decision F1C1W Chart 

The content of each of these steps will be described in turn. 

a) The Site A1ysical Characteristics are of three kinds viz 
i) power potential, ii) accessibility to camnunicati.on routes and iii) 
proximity to the sites of load demand. The power potential of a site 
is a function of the net head and the available flaw at a given site. 
Detailed instructions are provided on calculatin:; these parameters. The 
accessibility of the site to all cammmication routes (such as paved 
roads, all-weather roads, horse trails) and its proximity to the centers 
of load demand are also covered. 
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TABLE 17 

TYPICAL ~LTON TIJRB [~ ARRANGEMENT 
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TABLE 19 Sketch of a Small . Power Plant Hydroelectric 
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TABLE 2Q. 

FLOW DURATION CURVE OF WATER RESOURCES 
IN CARHUAQUERO POWER PLANT - CAJAMARCA 

PERU 

t------L----- -~----

\ I __ ~ 
", . l\. - j-; --

~--++ -.. --+-+----+---+----t 

1---+-_-+-'-......__ ~l ---.~__+-____1-_+__--+-__t 
::::: .:::-:: .::: -~ .:--:: .-.-.--.:~~r--.~ 
._.-- .. _-- .-._. ------- ---_. ---:-- .-"--.. _--- ~------1 

£XAMPLE OF A FLOW DURATION CURVE 

-8-



- 57 -
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TABL! 22 THE INTAKE STRUCTURE 
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EXAMPLE For a flow (Q) , 2.1 mill ana a n·.1 h.ad ( H.); 20m. find 

the pOlnl 01 InlersecllOn of Ihe ~er'lcal hne,lhat corrl!5pondr. 10 Q: 

2.! :li.O III. homonlal line. 'hal correr.ponds 10 H' 20. The grapll 
indlCXIles Iho' \he small hydtoelecl'lc system has a potential copacil~ 0' 300. Kw and thaI :h. prop.r t~PII of lurblftl for Ihll SItuation 
.1 a horizontal F ranCl1 turbine WI'h I runner and 2 dratt tuQei 

TYPE OF TURBINE 

RlGct;on Turbine 

{ Penstock } { Hor.zonlal 0.,5 
Propeller Turbll\8 Open Fwma Vlrtlcal CIlII' } { Runners w.tll '1&811 P05ltlOl1 bladu(prOpeller) 

RIlMlr5 w,th odJU5tabl. blader. ( Kaplan 

Reaction Turbllll 

} 
{ O~,_ } {One dratt tub. 

{ P,M''''' {-- ... - Two draft tubel 
Frantls Turbine 

Two IUNler } {one drota lube 
- Twa draft tubel 

Open Flume V wlttal QllIS Oft.r ....... - One draft fl,;': 

(Impulse T", bine ) { .... " ..... {o._ } JON nozzl • 
• T_ nol-tlll 

PlItOll T "'bin. Twor~ } {T_ nolllH 
Four ftOIZlei 

V.rtical all' - 0IIIr.-. - S..-eraillDlzln 

.11-
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HO'l'ES & 

1. Estimated costs are based on a typical or standardized 
turbine coupled to a generator either directly or 
through a speed increaser, dependinq em the t~ t'lrbine 
used. 

2. Costs include turbine/generator and appurtenant 
equipment, station electric equipment, miscellaneous 
powerplant equipment, powerhouse, powerhouse excavation, 
.witchyard civil works, an upstre .. sluice gate, and 
construction and installation 

3. Costs not included are transmission line, peO$tock. 
tailrace construction, 5witchyard equ1~nt, and daa 
.adification or improve .. nts. 

~. Cost base July 1~70. 
5. For a multiple unit pqwerhousc, addition~l station 

equilOent c:,st. are $20,Q0C)40$5B,OOO x (n-1) , where n 

i. the total nUlllber of Wlits. 
SOurce I u.s. Army Corps of Engineers, ·Yea.ibility 
Studies for Saall Scale Hydropower Additione,· 

July 1979, Volu.e 1, Page 4-7. 

-ft-
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TATILE :;)6 THE SITE SELECTION METHODOIJ)GY 

(I,lJ\LOG OF POSSIBLt SHPP· SITES 
(~lr~1 droft - prepared undtlr UNDP oUipa(,es) 

CATALOG 
~UENTATION 

------- -y----. --_._----------, 

I 

~~ 

CATALOG OF POSSIBLE SHPP SITES 
In the Deportoment:) uf 

CAJAMARCA, JUNIN and SAN MARTIN 

I 
1 

PREFEASIBILITY STUDIES 

\ ' 

PRIORIT Ill:. 0 LIST OF SHPP SITES 

, 
FEASIBILITY STUDIES I 

, 
DEFINITIVI:. LIST OF SITES THAT 

WILL BE ELIGIBLE FOH AI D FINANCING 

• SM .. 1 L HYDROELECTRIC POWEk PLANT 



Mantaro 
S .. bt.otal 

SOUTH REGION (Arecuipa-Cuzco-Moquegua, etc.) 

Machupicchu 
Ct..rcani IV-VI 
Charcani I-II-III 
Aricota I-II 

Subtotal 

NORTH Rl:GION 

CENTRAL REGION 

SOUTH REGION 

TOTAl 

SUMMARY 

40 
23.4 
6.8 

35.4 
l05.6 

140 

l,084.9 

105.6 

1,330.5 

"From "Plan De Electrificacion Naciona1", Ministerio De Ener,u 
Y Mines. December 1977. 
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b) The Physical Works enccmpasses i) type and size of plant, ii) 
app!oximate cost and iii) approximate power production. The choice of the type 
and size of plan~ (and its approximate pawer production capability) is 
dependent upon two factors viz the net head and the available flow. The capital 
costs of all necessary civil, mechanical and electrj~~l engineering works 
are hc\sed on the effective (net-) head and the plant capacity. 

c) The Economic section covers three major topics; a) the market or 
ckmdnd structure, b) determination of the project benefits, c) f. "aluation of 
the rro;ect economic feasibility. A demand survey f0rtn has been '- ',igned to 
est imllt,-' the household demand for electricity. vlhere necessary, this information 
... i 11 i:'E' suprlemcnted through use of ELECTRO?I:;RU I S demand model. Load and 
energy forecasts will be made using an average growth rate of 5\, although this 
figure may be modified as more information is obtained through community SUi.VeY5. 

Annual project benefits accrue from i)the sal€'. ,)f electricity to 
COI,5uml'rs 1n the public, conunercial, industrial and houser.olr. sectors and ii) 
tilL' !;U(l'lu;o benefits that reflect conSUiner vaJuati:-.l of electricity usage. 
Th,' income "rom the sale uf electricity and cost savings resulti;lg from the 
sl~'stitutlQn of electricity for other energy sources is calculated by multiplying 
th.' tilt'll ':lllnual comm(".nity consumption of electricit.y (stated in Kwh) by the 
\In It, ,·~ellill J price of '::!',ectricity (Approx. 2 US¢ per Kwh for rural areas).lI 
:\;; a :."irst at'proximation the surplus benefits are assumedto be equal to the income 
frorr the sale of electricity. Special studies early in the project will ~e 
airnpJ at refining estimates of the value of surplus hepefits. 

d) The social po~iti~"'!.,_and environmental criteria section of the 
ncthoJ8logy is desiqned to n,ake a preliminary assessment of the conununi ty' s 
involvement in the SHPF installation. Specifically, the ~ec0nnaiss~lce study 
invcsti'lates i) the comrr,unity's willingr.ess to ('0ntribute with labor to the 
con,;t"uction, ii) its rresent energy expenditure, iii) ::'ts future plans with 
resI",ct to the use of electricity and iv) a rough correlation between the 
(x~sting power ~tructure and any vested interest regarding electrification, v) 
the type of development which should be stimulated in a particular area (3table 
productive or protective), vi) the adequacy of water availability for area needs 
in terms of quantity and c:uality, and vii) the local interest and s~pport to 
uphold the environmental project requirements. 

Prefeasibility Decision Flow Chart (~able 26) indicates the order 
in which the technical, socia-political and economic sections of the pre
feasibility st'.ldy arE carried out ann tne critical points where decisions must 
be made to continue with the prefea~ibility study or c.iscard a candidate sub
proj ~ct entirely. 

C. The Feasibility Study Methodology 

The feasibility study methodology has been designed to bwestigate 
thoIoughly whether a project (that has passed the 5creening pre-feasibility 
stage) should be constructed, and the steps to be taken for its implementation 

Y After this documenc was drafted, t~iff increases were announced bi 
ELECTRClt'ERU. The intention is to usc cU"-rent average tariffs for rural 
us.'s 1n ::h'~ trefeasi."'ili~v s'.:ttd":e.s.. C::'i&~..E...j -i 4:'f&2'M &er.; s'p tnt 



source. 

(b) To execute technical and ecOllClllic studies of power systems 
ranging be't'.'lcen 50 to 1,000 KW for the generation of electricity which 
would benefi.t isolated populated centers. 

(c) To develop and implement norms, designs, and systems, as 
well as the standarizatian of procedures for the manufacture, installation 
and construction of hydroelectric plants to be executed by ELEC TRO PERU , 

(d) To supeIVise the implementation of works performed by 
the five Executir¥J units of ELECTROPERU and; 

(e) To act as the GOP cOWlterpart institution Ul foreign 
assistance programs. 

Its bt,,dget ccmes frar. 2 sources: (i) to provide a contUluous 
source o~trevenue for its activities OPTA is guaranteed by charter 15% 
of the/llevenueS of ELECTROPERU frexn the previous financial year. For 
1980 OPTA's budget from these sources came to 51. 375 million; (ii) 
OPTA has also direct budgetAI}" access to the Public 'l'reasury. In 1980 
this budgetary source provided 51. 160 million. 

Thus, OPl'A's total budget for 1980 canes to S/. 535 million 
(approximately US$ 1.85 million). 
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~. f t:xper ier.ce and credit-worthiness to apply for further international funding 
from agencies such as the Interame:cican Development Bank and the International 

oar.k f:..Jr Reconstruction and Development) to continue with a vigorous SHPP 
cc.r,st.ruct1oI; and maintenance program. 

OPTA will 1nitially contract the additio~al personnel. This has 
~"'iO major advantages: a) the time frame for budgeting and hiring direct hire 
emp1c1 '/t€scan be greatly compressed; and J:,) employees on ccntract car. be easely 
replaced should they not be effective, an option not readily available in the 
case of direct hire employees. After two to three years all OPTA contract 
emFloyees will be converted to direct hire status. During the same time frame 
the AID cont~ibution tu Salaries will be progressively reduced to zero. 

OPTA w111 contract the following additional personnel to implement 
the proposed project: 

1) Two electrical engineers. 
2) Four civil ellgineers. 
3) One geologist. 
4) Two economists. 
5) One environmental scientist. 
6) Eight promotores (50% AID financing). 
7) Four maintenance mechanics (50\ AID financing). 
8) One topographer. 
9) Two draftsmen. 

10) Various support personnel i.e. drivers, secretaries, etc. 

The costs for contracting the above professionals is included as 
the GOP counterpart contribution in the financial tables in the previous section. 
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I FEASIBILITY STUDY PERT FLOW CHART 

NOMENCLATURE 

Eoch line tolnna CI polr of ..... corTe.,.,.. 
to a Prooramlned ActIvity 
The durallon of lac II aC"vlf, Ia indicotld ., 
tM lone number on lac)! 1i"1 
(. o. till SHPP systlm eosti .. Ie ... ".. .. '.d 
II, lin. 9-10 and .,111 rlquirl 2 IMfI ... b) 

Th. hasll line IndIca'" 'N critl= ,.tll. 
Ss. .110 tabl. 1.1 



There are still other types of units for specialized applications 
such as the Ossberger Cross F1CAo/ Turb:Ule or the StraflOlfol Turl:line. These 
units al'1d others, however, are manufactured :in the developed countries. 
Only a small number ,')f cClnpa.r..ies are engaged in supplying and u.stalling 
equir:ment but there are efforts w-.idenvay to develop standardized units 
of the off-the-shelf variety.. Develorment of a manufacturing capability 
within Peru would surely accelerate implementation of SOH. 

For AC base load plants wr.ich are cCDplete ly independent. cf an 
existing grid, a synchronous generator is .:equired. Whether a 50 or 60 
cycle system, "the speed of the generator must be constant and a s~ed 
incr(:aser may be required so the generator can run at its design speed. 

Another possil:lility is to generate OC current and convert it 
to AC via an Ulverter. A DC system is not sensiti ve to speed, therefore 
needs no governor. 

For systen~ with no storage capacity, energy dissiI~ting load 
control is required. Generally, if connected to a grid, excess power 
may be sold to the network. and bought back. when lcx:al demand exceeds 
supply. If there is no grid connection, excess power can be converted 
into heat and used in a process heat applic.ation. 

Du.l:::b] t.he ektro-mechanical system developileIlt phase, technical 
and economic decisions will be made regarding a suitable design for the 
proposed site. 
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It consists of the following steps (See Table 27 and Table 27A). 

a) Socio-economic demand profile 

The socio-economic demand profile chapter provides the guidelines 
for the determination of the potential en~rgy demand, income distribution 
effect of electrification, and cost savings potential in the community to 
b<' served by SHPP, based on public facilities, productive activities, community 
energy use, family time allocation and community structure surveys. Special 
studies will be undertaken Gf the communities ability to purchase electricity 
'Ising domestic and productive appliances and equipment so as to avoid invest
ments in cormn.:nities where only a few can affo.:d to hook up even though many 
would save current expenses by doing so. This ~ssessment is also based on the 
community's population profile, its interaction ~ith its milieu, and its 
social dynamics. The demand profile for househola. public and productive uses 
will be estimated for the life of the Project. 

b) Technical Analysis 

The technical analysis consists of three major activities: 
1) description of the site characteristics and existing facilities, 2) 
engineering design and 3) assessment of the environmental impacts. 

The site characteristics and existing facilities description 
includes: 1) the location and accessibility of the site as well as on the 
characteristics of the river basin, 2) existing electrical service, 3) area 
hydrology, 4) area geology and 5) area topography; 6) generation of the flow 
duration curve and 7) the calcui.aticn of the prognosticated supply potential. 

The project ergineering description section includes the 1) 

site preparation, 2) the intake structure, 3) the canal/penstock, 4) the 
powerhouse, 5) the turbine generator, 6) the switch-yard, 7) other mechanical 
and electrical equipment and the distribution system. 

The feasibility study of each site for a small hydroelectric 
power plant will include an environmental assessment that will be conducted by 
the Agency of the GOP that has the necessary capabilities in this field, namely 
la Oficina Nacional de Estudios de los Recursos Naturales (ONERN). 

The environmental assessment will detail the impact of all 
physical actions related to the construction of the SHPP on the locale's 
ecology including flora and fauna. In particular the following effects will be 
detaih:d: 

Potential impacts on migrat01~ fish populations due to 
small changes in streamflow, temperature and other parameters and due to 
blasting activities. 

Impacts of sedimentation at the s~~dtrap and forebay. 

Potential impacts of access road and transmission line 
construction on wildlife habitats. 
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Potential health impacts of impoundment construction such 
as breeding ground for schistomatiosis. 

j· ... .!asures to minimize the environmental impacts should be detailed 
where pertinent. Examples of such actions are: 

fish ladders to provide upward mobl~lty for fish 
judicious planting of trees in the vicinity of the powerhouse 

to minimize the effects of soil erosion. 

c) Costing ~alysis 

The costing analysis provides guidelines on how to calculate 
direct costs (i.e. civil engineering, electro-mechanical and other costs), 
and indirect costs as well as operating and maintenance costs. 

d) Economic Analysis 

The economic analysis chapter indicates the procedure to calculate 
the Benefit/Cost ratio. The economic analysis synthezises the findings of 
the demand load profile, the engineering design and the costing analysis. 
The section consists of three parts: 1) the calculation of the sub-project's 
economic benefits, which includes the revenue from the sale of electricity 
and the surplus benefits due to cost savings and added productivity in income 
generating activities resulting from the introduction of electricity; 2) total 
cost calculations, and 3) an economic evaluation of the Project. 

e) Social Analysis 

The social analysis chapter underlines the criteria for analyzing 
the immediate and potential impacts of electrification by SHPP on the community's 
household, public and productive sectors. 

D. Feasibility Study Summary 

Two sites where OPTA plans to install SHPPs were randomly selected in 
oreer tc conduct feasibility studies a~cording to the Feasibility Study 
Methodology described above. The only criteria imposed on the selection of 
sites wa~ that one site be located in the High Jungle and the other in the Sierra. 

Tabalosos Project: The Tabalosos Project is located on Polopunta Creek, 
(a tribut~ry of the Mayo River) about 2 KIDs from the village of Tabalosos 
in the Department of San Martin. The Project would have an eventual installed 
capacity of 560 KW and, at full production level, would produce about 238 MWh 
in an average year. The Project area contains an estimated 1833 families, 84\ 
of the employed wo~kers are dedicated to agriculture, producing mainly coffee, tea, 
sugar cane and fru1ts. 

The Project consists of intake structure, penstock, ·power-station and 
transmission and distribution lines. Water will pass through a 0.5 met~rs 
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diameter penstock, 392 meters long. The power-station wi 11 be of standard 
desiqn and built of concrete. It will contdin two Hljl"i.zontal Axis Pelton 
turbines, one installed now and th~ second installed later; each turbine will 
lip coupled .. -. a generator rated at 280 KW. Pow(~r from the project will be 
transmitted to the villages 8f Tabalosos, San Miguel, Shanao and Pinto Recodo 
OV'2'r 10.0 KW tran;;mission llne, 13.5 KIrs. in lCC"lCJth. 

The construction Cl.jsts of the F'rojt'''::l inc.l . .I.-Ie the direc.:: costs of the 
civil works, contractors ~dmini~trati~e ccsts, contingencies, and profit, 
natio~al taxes, purchase and i'lstallation of equipment, of ELT:CTROPERU I 5 

engineering, design, manag~ment and contingencies COF~. The estimated cost of 
the project, at Augusut 1980 price Ie-leIs is $793,000. Annual operation and 
maintenance costs are $'~,256. 

A stu,,! of the potential environmental impacts of the Proj~ct shows that 
there ,He no deleterious envirorunental impacts. 

'lilt' economic dnalysis of the Proj eet indicates that at a 15% discount rate, 
the Project is feasible. The S"",nsitivity ATI,1ysis produC'r'd the following 
results: 

Price/KWH 

B/C 

~;urplus 

Benefits 

2.5¢ 

1.02 

Sensitlvi"::y Analysis B/C Tabalosos 

3 ¢ 3.5¢ 

1. 22 1.42 

100\ 100\ 

i~amora Project: The Namora Project is located about three kilometers from 
th" village of Narnora, in the Depaltment of Cajarnarca. It uses waters that 
are taken from the Namora River. The Project wo~ld have an it, ;;talled c:lpacity 
of 170 i(W and, at full f'roduction leve1., would ~~roduce about- 380 M':oJh in an 
average year. 

The Project area contain an estimated 25000 famili<:s, 70 of the employed 
workers ~r~ ~edica~ed to agriculture, producing ~ainly potatoes, corn and 
b?_ley ana raising primarily cattle and sheep. 

The Project consists of intake ::;tructure, penstock, power-station and a 
transmission line. Water will pass through a two food diameter penstock 83 
meters long. The power-station will be of standard design and built of concrete. 
It will contain two F:::-ancis Horizontal Axis Turbines; each turbine will be 
coupled to a generator rated at 85 KW. Power from the Proj~ct will be 
transmitted to the villages of Narnora and Marara over 10.0 KV trasmission line, 
25 Kms. in length. 
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The construction costs of the Project include the direct costs oi the 
civil works, contractors adminlstrat.ive costs, contigencies anj profit, 
national taxes, pu[\~hasE: and lnstallation of equlpment, a::d £L£r'l'ROf'ERU's 
t'fl(jln"ering, design, managerv,nt ano cO!"ltingencies costs. The estimated cost 
of the PrjeC"t, at August 1980 price levels is ~~421 ,000. Annual operation and 
rr;,uintt'1l3nct' costs Cl'Jne to $9,671. 

II st.H1y of the i,otE·ntLIl environmell'."l impacts of th,c' Project shows that 
then' arE n[) d.'h·lt'rious envirc:,1mer,tal l.mr"acts. 

Eht Economic AnalY~15 of the l'i"ojer;t indir.ued that a 15% discount rate, 
the B/e ratiC3 is 0.34. The Sensitivity Analysis p!0duced the fc.llowing 
result,,: 

Base Case' Price / KWH Surplus Benefits 

-----.--------------
2 ¢ KWH 2.5 ¢ 3 ¢ . __ --.:..( .....,,3¢::.,:)'--__ 2_u0c:...'+> ___ --.:..( 3::..!¢:.,.:) ___ 30,-O_% __ 

0.34 0.42 0.48 0.72 0.98 

The results of the above two studies indicate that, on economic grounds, 
,)ne of the sites is not lIppropriate for SHPP installation. 

The results from these two studies serve to underline the need to perform 
reconnaissanc~ pre-feasibility studies to prioritize SHPP sites, before 
'mdertaking fCi".sibility studies in order to reduce the probability of inappro
fJriate sites b,,·ir.g subject-cd to roo.ce rigorous und expensive feasibility analysis. 
Both the Missicn and the GTZ have recognized this need and have accordingly t 
designed measures to address the problem. 
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VII. ECONOMIC ANALYSIS 

A. Introduction 

'l'hc efficiency of decentralized SHPP as a source of energy for 
hundr~ds of small towns in the Peruvian highlands and Ceja de Selva is 
attributl:d to U,e isolation of the towns which rnfl~.I:S grid interconnection 
unfcasibll and there~y autoqe~eration attractive, tIle poorly developed 
road network which i:--c.:I·eases tne costs and decreases tht: reliahi}ity of 
fuel slApplies for Jiesel plants, til,: sharp l.ncrea:,.(·', in the price of oil 
which maKes the I,lanned average size hydro installat j Dn lower in total 
disc011nti~d costs relative to the diesel or:tion, and the existence (J[ an 
ir.-:;ltU renewab](' energy reSOUlce which can be tapped :t)y a fully develoPed 
te.:.imoloqy. A.ddi tionally, a SHPP h .. ls a bui 1 t-in cht.~ck against inflation 
because nf th~ low operation and maintenance costs involved. The implementation 
of hydro technology may als(, c:ontri.bute increasingly to the generation 
of foreiyn exrh~nge since an equivalent average size diesel plant would 
uti lize aPI'I"oximately 1700 barrels/year. 

The consideration noted above support the impiementation of 
specific: techno]v:y as a means of prr)Viding electrical energy. The economic 
justification f0! the Project is baslri cn the cost and benefit calculations 
given below on the program as a whole <Ill'.! on the cost effectiveness of SHPP 
verSGS diesel, the major alternative :>,)urce of electricity. 

T};c goal of improving the quality of rural 1 i fe is related to an 
l.mprovement of the production capacity of rural areas. This can be accomplished 
by increasing the efficie,cy of th~ productive apparatus and/or by increasing 
the availability of factOl" of production. Efficient production (a rt'source 
allocation optimization problem) is generally limited by its effecti\-e 
constraint, be it labor, capital, technology or management. p~ adequate 
supply of lew cost, reliable and continuous energy is a necessary, though 
not a sufficient, condition for efficient production, required for ~he 
realizatic,n of the Mission's strategy in Sierra Social Programs and High Jungle 
Econonic Growth. 

The remainder of this section develops the economic analysis of 
the Project, based on benefit-cost models. The objective is to review and 
analyze the cost of program implementation as well as the benefit stream 
accruing to ~he provision of continuous and dependable electric power. The 
Project's benefit stream is a fUnction of the social rate alternatively of 
the opportunit1 shadow rate for urban consumers, surplus benefits and/or 
resource SU·J':'n~:s. The economic costs of the program are defined as the stream 
of values required to produce the hydroelectric power, which include the 
following: construction and capital costs, engineering desing, technical 
assistance, training, 0 & M, and other related costs required to keep the 
plants in service and strengthen OPTA's program. 
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B. Cost Eft~ctivenes; SHPP VS. Diesel Generation ---'---------------
A tJYfJothetlcal cost roml'arison bet .... pcn a small hydro plallt clJ1d 

an eq\llVdlent 2C)\' KW (hesel I l;H1t is t,. ',i on a (,otential site in Laramate. 
The cost figurE:":' used df" fhJn\ rrPi I!':.:.!uy study conr:1',\ct • .j in early l'J79. 
Tt\l~ fol !nwir'l 1: .,~,t'rate~_ ~h(' ':Ist aggregates for the ',,;0 options. 

cnN',: HUCT.I i~ lIND OPEFATING '~TS (200 KW CAPACITY PLANTS) --------

~tir.~. F 1 ;f,ed .,:ost f- ~r::.~t\iISJ Costs Plant r i ; , 13% 17% 

Hydro S22S,61S1 S 3,385 30 years $25',034 $245,393 

Diesel $ 44,000 S43,'P,( 20 yeal, S352,639 S:'CJ1,262 

Fixed costs for the hydro option inc~ilde civil works, l",:lstock, 
electro-mccha<lical e'luipmellt, 10% for el'.C]iIJeering and administl'iltion and 
10% for c'ontingencies; op~rating costfo ·nclude opera t ::1g and maintenance costs. 
Fixed ':;osts for trot' ,::iesel option incL~de the diesel tl!(l(r)i' .1nd civil works; 
01", rating costs (assuming 3,(,' hrs/yr. of operal on, or a total annual 
energy production of 600,O(l:~ KiTh) include clif's<~l tclel, transport I lubricants, 
rna intcnanr.e and <)peration. In t ('rms of cost curnponents, a d i, ,'sel installation 
h3s lower lnvestJTlPll' costs and higher ol'l'rating costs rela~ l'le to an 8('1':;1l 

capacity hydro i!'stallation. In order to compare the C,),;L~ of each altl- ["native, 
the present Jiscounted co,. t. of (-,,<,h .... as calculat:!G utilizing discount rates 
of 13%, 17% (see last two columns above). Tl~is analy'~is indicates that the 
most economic option is the hydro installation. The hydro option becomes 
even more attractive when the c1seful life of the two options is considered. 
Since benr.fits to be qained are presumaLly not affected v; the kind of 
generator used, we c.l.n conclude that t:", hydro optic:! is preferred over die~~l. 

C. Bene tits and Costs 

SHPPs are intended to serve both economic and s0cial aims. 
In evaluating the economics of the Project, it .... ill be useful to consider 
these two aims individually so that each can be separately assessed. The 
proposed method for calculating the benefit-cost of the program inr.ludes only 
the types of benefits that are readily quantifiablo. 'rho nor-quantifiable 
benefits will be assessed at a later stage. 

The minimum amount oE benefits relatod to an electrification 
program can be measured by the amount of revenue collected from the customers. 
Generally, however, total benefits are in excess of the minimum amount which 
is paid for electricity. This is because: 

a) Electricity is cheaper than alternative sources of energy. 

b) Electricity is of superior quality to the alternative •• 
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c) Electricity makes possible new and extra activities. 

~s such, total benefits equals the amount paid for the consumer 
for electri~al inputs plus surplus benefits. Surplus benefits consist of 
one or mort: of the following: 

a) Cost savings rel~llve to the alternative source of energy. 

b) The value of ~ifference in ~uality. 

c) The value of any extra output or activity generated by 
lower costs and or a change in quality. 

Based on th::'s 2.,lproach, the total economic benefits of each 
project will be equal La gross power sales, plus tt<:! surplus benefit 
associated with: 

res idential, corrun,~rcial and I,uhlic lighting 
provision of municipal services dependent on electricity 
the use of electric motors compared to diesel engines 

There is no doubt that such surplus benefits, associated with 
the availability and the reliability of electric power, do exist. On the 
basis of the relative cost of kerosene and electricity, and the degree of 
illumination obtained from electric light (soe Cost Savings Analysis), it is 
reason~le to assume that the surplus benefit of electricity for residential 
costumers is at least equal to the minimum benefit measured in terms of the 
revenue derived from that group of beneficiaries. * We therefore assume that 
the surplus benefits will be equal (100%) to the amount of revenue to be 
collected from power sales; consequently the benefit-cost analysis will 
include such surplus ryenefit calculations at both pre-feasibility and 
feasibility study stages until a more precise estimate can be obtained. An 
economist will be contracted early in the first year of the Project to work 
specifically on this problem. 

* Residential Light~ng Cost Savings Analysis: 
Illumination Factor 21 1 KWH - 2.08 liters of kerosene 
Cost of fuel (kerosene) 2 ¢ per lit~r 
HH lighting/HH electric consumption 0.60 
Average yea~ly usage per HH 555 ~n~ 
HH lighting factor 555 x 0.60 333 KWH 

or 
Summary: annual fuel costs 

capital costs (annualized) 
replacement and parts 
sub-total 
lighting costs: 333 x .025 
housewiring (annualized) 
replacements 
sub-total 
Net Cost Savings 

~/ Source: toR£CA- !PD. Wash lnqtcn. ::.C'. 

333 x 2.08 = 692 liters 
$13.84 
$12.60 
$10.00 
$36.44 
$ 8.32 
$12.13 
$ 5.00 
$25.45 
$10.99 
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It is assumed that electricity will generally be preferred 
over other types of energy even if it costs more, because of quality 
difference. The value of this difference, however, is difficult to 
determine. Clearly the additional amount of liqhting associated with the 
use of electricity represents part of the surplus benefit. Although 
this surplus benefit is uifficult to quantify, the additional lighting 
hours dod hjqher degree of illumination represent an improvement in the 
sta~dard of lIving of the rural households. In most cases this also 
implif.'s that schoal age children will read with more comfort and for 
longer hours (i.e. surplus benefits .).s a result. of education). For some 
households this wi 11 also mean extra workir\u hours, and hence more income 
from handicrafts, repairshops and other ,~oductive activities (i.e. surplus 
benefits as a result of increased 'g~t~y income). 

Based on the general level of income of the rural areas of 
Peru, and the economic prospects of the three departments, it is most 
likely that electric appliances and electric tools will be used after 
electrification. Therefore, the most immediate change in the village will 
be substituting of electric bulbs for candles and kerosene lamps, with a 
resultant increase in labor productivity. 

D. Economic EVuluation 

'I'he economic evaluation includes the economic benefits associated 
with both power sales ann assumed surplus b'3nefits; costs uGed are those 
associated with supplying the power and strengthening OPTA' SHPP program. 
To evaluate the desirability of the SHPP Program, the expected benefits 
will be compared to the expected costs. Future Denefits and costs of the 
~rogram are discounted to give the present values. The benefit and cos~ 
streams are calculated over a 25 year period. Twenty-five years is used as 
a conservative estimate for the purposes of this analysis, experience 
indic~tes that SHPP's last for 30 years or more. 

The following additional assumptions are made in order to calculate 
the economic returns of the program. T0tal operating and maintenance costs 
(0 & M) will be equivalent to 1.5% of total capital investments per annum 
during the operatir.g life of the program, the economic value or benefit 
per KWh sold for all plants which will be 2.5¢ (shadow retail rate); energy 
sales will increase at 12% per annum up to year 10; and surplus ben~fits 
will be measured at 100% the value of revenue to be collected from power sales. 

Based on the assumptions discussed in the precee~ing pages of the 
Section and the data summarized in Table 32, Table 28 indicates the estimated 
annual bene:its at 2 ¢/KWh, Table 29 indicates the estimated annual benefits 
at 2.5/KWh, Table 30 presents the estimated annual costs of the Project 
and TablA 31 presents the results of the benefit cost calculations. 

The rate schedule will be simple, so that explanation to the 
consumer will be easy. A minimum bill (i.e. 46 KWH/month) per household will 
be recommended. Currently, ELECTROFERU delegates all billing. ~nd collec~ion 
to its regional offices. 

Meters for residential connection are not included in the costs of 
the prosram because of the high costs of each unit{approx. $120) compared to 
the per capita cost of the whole program (!;i5~); instead "limitad~)res" or 10'0\1 

camp fuses will be installed in each household and cOmrnElrcial unit, thus 
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TABLE 28 

ESTIMATED ANNUAL BENEFITS 
(In thousands of $) 

Surplus 
Benef.i.ts 

168 

356 

544 

648 

726 

813 

910 

1010 

1019 

1019 

1019 

1019 

1019 

1019 

. t) 19 

1119 

1019 

1019 

1019 

1019 

1019 

1019 

1019 

Total 
Benefits 

336 

712 

1088 

1296 

1452 

1624 

1820 

2020 

2038 

2038 

2038 

2038 

2038 

2038 

2038 

2038 

2038 

20': B 

2038 

2038 

2038 

2038 

2038 

* Total P.W. Benefits: 6,764 

P.w. * 
15% 

221 

407 

541 

560 

546 

532 

517 

499 

438 

381 

324 

287 

255 

218 

190 

165 

143 

124 

108 

94 

82 

71 

61 
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TABLE 29 

SHADOW RETAIL RATE BENEFITS 
(In thousands of $) 

Energy 
Sales 

210 

445 

680 

810 

907 

1015 

1137 

1273 

1425 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

Surplus 
Benefits 

210 

495 

680 

810 

907 

1015 

1137 

1273 

1425 

\596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

1596 

Total 
Benefits 

420 

890 

1360 

1620 

1814 

2030 

2274 

2546 

2856 

)192 

3192 

3192 

3192 

3192 

3192 

3192 

3192 

3192 

3192 

3192 

3192 

3192 

3192 

11 Total P.W. Shadow Benefits: 9,345 

1/ P.W.-
15\ 

276 

509 

676 

700 

682 

664 

646 

629 

613 

59B 

526 

450 

399 

34~ 

292 

259 

223 

195 

169 

147 

128 

112 

96 



!'·.BLI:: 1 

4 
ESTI"'lATED A..N~WAL COSTS 

(In thousaw1.s .;;) 

YEAR CAPITAL COSTSli ---'-'-- CGUNTERPART CO~S~T~S_~_/ _______ ~T~OT~AL~~C~O~S~T~S __ ~P~.~W~.~(~1~5~\~)-_2_1 

2 

3 

4 

5 

6 

7 

" 
.. 
.. 
25 

590 

2560 

3060 

2060 

1030 

400 

750 

1445 

1060 

745 

990 

3310 

4505 

3120 

1775 

861 

2502 

2964 

1785 

882 

2! Includes O&M costs 

y 3G'l ,)f Grant funds are attributed as direct cost to the sub-projects financen 
by the loan. 

iI These figures are deriv·:'d from Table 7. 
Costs which 2.rt° basc':] c,n actual costs of a 200 KWH plant, just. completed by 
[LECTRO?ERll. Since costs/KVn-I oeclines as ?lants become longer this represents 
a conservative estimate of costs. 
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TJ\RLE 31 TRR CI\LCULflTJON 

YEAR Total Total Net Annual P.W. P. w. 
Costs Benefits Benefits 18\ 17\ ------

1200 ( 1200) ( 1016) ( 1026) 

2 3450 (3450) (2477) (2522) 

3 4645 445 (4200) (2558) (2642) 

4 3260 918 (/. 342) (1208 ) ( 1250) 

5 1860 1417 (443) 19~) 202) 

6 17C8 1708 633 666 

7 1921 1921 603 640 

8 2152 2152 572 613 

9 2410 2410 543 586 

10 2699 2699 515 561 

11 3022 3022 489 538 

12 3384 3384 464 514 

13 3598 3598 418 468 

14 3838 3838 378 426 

15 4107 4107 342 390 

15 4408 4408 312 357 

17 4745 4745 285 327 

18 5122 5122 260 302 

19 5545 5545 231 283 

20 6019 6019 219 259 

21 6019 6019 236 223 

22 6019 6019 158 193 

23 6019 6019 133 163 

24 6019 6019 113 138 

25 6019 bC.~q 96 120 

Net: 463) 124 

IRR = 17 .21\ 
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increasing the probability of a large percentage of hook-ups. ~ 

As the system matures, iilcreasi ng averaqe consl:uni)tion ana. 
diverslfying trade, farming and other productive activities ill the area, 
there \,i] 1 be a need to review the tariff and its relevance to an improved 
consumer classi fication. 

Technical Data 

Averaqe Plant Size; 
Estimated Annual Energy 
Generation per Plant: 
Average Lost per Plant: 
Total No. of Plants 

Estimated Installed Capaci ... y 

8 Plants at end of Year 2 
16 PJ.ants at end of Year 3 
24 Plants at end of Year 4 
29 Plants i'l.t end :If Year 5 

300 KW 

1,050,000 KWh 
$400,000 

28 

INC. -----
2,400 Kw 
2.400 Kw 
2,400 Kw 
1,200 Kw 

CUM. 
2,400 Kw 
4,800 Kw 
7,200 Kw 
8,400 kw 

Estimated Annual En~rw Generation (At 40% load factor) 

Year 
3 8,400.000 Kwh 
4 ·'6,800.COO Kwh 
5 ?S,200,OOO Kwh 
6 29,400.000 Kwh 

SOURCE: PFS Methodology NREC 7\-AID, Lima l~flC 

Shadow pricing}/ Benefit/cost ratios are calculated using the 
2 ¢ per Kwh social (st:~'sidi zed) rate and 2.5 i per Kwh shadow rate (the rate 
for urban households) representing the market or real price for Kwh. The 
economic analysis utilizinq the shrtd0w ratE: qIve,,; a better dpproximatior of 
the retl.rns yer.erated by the proqram, from a national perspective. 

Results of Tahle 31 Benefit Costs Analysis: 

a) 0.75 at 2 ¢ peL Kwh 
b) 1.04 at 2.5 ¢ per Kwh 

The ratios compare the present value of future cash revenues to 
the present value of the original capital costs and all other costs incurred 
during the give year proqram along with 0 & M costs. (See Financial Analysis). 

V For the discussion of th~ equity advantages of flat metered charges, 
see AID J. Tendler's paper. 

~ Following the completion of this analysis the Peruvian government increased 
the electrical tariff such that 2.5 ¢ Kwh shadow pr~ce is approximately 
equal to the actual price. A real shadow price would be in the range of 
3.5 - 4¢ Kwh. 

http:16,800.OO
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Under alternative b (B/C 
feasible. 

1.04) the program can be considered economically 

c;p('(lun 1il\ ot t.he l")ITi(!n AssistcH1C2 2-nd Relate,,'] Programs 
ApprOI!ri.ati()ns Act, 1')7'), r('(I\\irE':'~ tli.JL A.I.[I. apply to ('l'ltain water and 
related la.nd re;-;ourcc cnnstrllctir,n l'rtJ]P,ts that it. suppcrts, the standards 
and criterid u~;ed In determ'itllnq tht.' feasibility of sim11aI~, federally 
funded pni]L'cts i.n the Lill'teci Stah's. S('(tion 611 (0) ot the F'J\A, as amended, 
requires the dl'i,ll C3t ion / i nsotar ae; \.rac!icabl e ()f the !'.Ej~l:e~_~_,! 
Stand3.rds (1'J7]) of the \~'atfJr Resour:;['s Council. 

'1'1,,: Mi::;,.,](llI wi 11 i nSUI t' thLlt theSe: ncquir--=lne;,cs are met in 
subst::mct' . Thl.' "ust.-beneflt. andly~;c,-, t 1.1 be: i"re[,an,(j for all sub'projects 
which involvl" C()lltruction will sho'", di:-ocr~untl·d total lJencflts (Jreat.er 
than di.s('()Untl'd total costs, Tlie· form and I'c'sult of +,hcse analyses will 
constitute .:le',omplishment (If the ~:iUL':,tdlltlVF.; PCOnOll' . .i.c <1!!cllysis rt~'lu:iI'ements 

of Section ('l1(b). In cldditiCJfl/ U:p tW() f(:asibility studies i'l"rfoY'::'2cl as 
part of trl!.' l!ltt:.'n';lVl' rE'v'lew dl'monstrdLi' VIJ:CTW,!'i::HU's c'apdLIllty to use 
the sub-l'roJc'ct me t:h:lclolc"J/ ulcorl'cr:lt,d in t }\is PI'. Envi rOI,m(,Tltal c:oI,sidel-ations 
in project "(J!]eL'llt and Ijlll\.'ldl dc.si(!ll have 1,,':11 a,jdrt'SSl'd in the Initial 
Enviro:'1D,,,,nLll [xaf1,ind~l()n ,lr)(\ WIll Iii' fully intl'ql'.lted it! the detaih·d 
planninq ar,,: imr,lf'meIitatiell1 of ,'ull-i,r"i(;c~: ci)!1structiu;1 activIties. This 
will cOll:-,tituL,· jl,l!ll]!'),rl t .! the.' 'i'ilJ: .. La:'C:I' ·)t ti" ('IiVI1T)!illll'!!ldl cnncc-rns 

porti()J\ ()f I'IJ~~!", le~:.._~-,-,~.:c~.t::_ci!2.ddnls. 

ThE' t1.isslon c(;l'cludes thdt a,lhvrence to the sul:::-project analysis 
methocloloqy '<Jill ensure that the f.'linclplcs emvudled in t.he applicable 
legislation wi 11 be me t for each 5uli-l n)j (:ct. 

1. Total Costs (ln~ludlng Grant) 

2. % of GOP Contribution 

3. % of AID total fundln~ 

4. No. of potpntial o',.licticiaries 

5. No. of estimated HH connections 

7. No. of '--"pP's 

8. Estlmated lnstalled capacity 

9. Estimated annual generation 

10. Cost per KW of installed capacity 

11. Average HH consumption per year 

12. Average cost per Pre-feasibility Study 
(80 sites) 

13. Average cost per Feasibility Study 
(Approx. 35 sites) 

$14,400.000 

31 

69 

265,000 

53,000 

$ 55 

28 

8,400 KW 

29,400,000 KWh 

$1,723 

555 KWh 

$2,500 

$14,286 

http:1o:ll,.lt
http:erfor.r.ed
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VIII SOCIAL ANALYSIS . . 

This ChaFter pI.esents scme elements for the discerrnent of the 
social impact.s of electrification bv the SHP!> Program. 

a) An overview of the spatial distriJ:>ution of Peru's 
p0pulation. 

b) A dc:scripti.on 0;: rural energy consumption pattern. 

c) An asseSSIDellt of tile iIr.i.xwt of: 
i) household use of electricity 
ii) rublic use ot electricity 
iii) tJlL: role of w(~nen 

d) General c:onsideJ:ati(1ns for tJH: promotion of the productive 
uses of elect.ricity in tJle servic(:: CCJI1llir'.mith's. 

A. Spatoia] Di~,tributi()11 Df Ule l'Cll'U] aLi-on of Peru 

'1'h<.: pOl,ulation of 1:'cru is inl:'JulaJ.-ly ,lisb:ibut(;d tlrroughout 
the te.rritory. witli a stTonq r.1iljratory flux toward 
the cities of greate.:: ecoIlornic 01:owth 10' >ltcd ';'1ti1e Coastal r£"]ion. 
(Tables 33 and 3 4 ) • 

The uncheclwd 'jrlMth of cities causes the uni:al<lIl('cd develor_ 
ment of tiw terciary sector and t.lie wl,iL'l.-utilizatiun of rHInal! resources, 
reflected in law incomes in the urban sector Q One f)f the ;;''1ffilediate 
effects of the pauperization of the cities is tJ1e ovE:rcrowcL.nq of 
marginal population around cities-w;licll offer jrtlJJlic 5CIVlCPS ill t.."te 
areas of health, SCl-'ools, housi.ng, elcctricit.y, potable water and 
drainaye facilities. Thc:~:;c senrices an: available to d minimal. 
proportion of tilt: rural populil.tion. 

Only 1/4 of the total population of Peru has electricity, 60% 
of the conswners of electricity reside in Lima Hetropolitan Area. 

B. Rural Energy ""onSUlTlI,tion Patt2rns 

According to the results of the Project "Balance ~!acional de 
Energia"Y, energy consurnpt~ion in til£; rt!ral a~(as is in traditional fuels 
such as firewood, dw¥J, and ayricultural wast.::. ,_.'oal utilization is on 
the decline. commercial fuels such as kerosene and li~ified natural 
gas are in greater demand, particularly for cookin(j lJliYposes. (See 
Tab18 35 ) D 

Traditional energy supply and demand patterns are frequently 
integrated into ccmplicated agricultural c:.nd socicreconcmic systems. 

!I Ministerio de Energia y hUlas - PrCXJrama de Naciones unidas para 
el Desarrollo, Lima, 1978. 
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In many a(jrarian ecosystems, aln,ost no i-l'Jri<.:ultural prO<il:.ct is wasted 
(not heID] put to scml.; productive use) and fuel is prociuced either 
jointly or as ctn alternative to otiter vcd.id outputs. In t.he transition 
flc:ml tra,.1iti.undl tel mo::krn land tenure sy:::;t~t;ms, fuel-·colh:ction rights 
are sClnctllnl S lo~.t. l"L.le] 'jdt.!.,,:ri.rll.1 is t:!l.~ca.lly '-,'UF:L:n's work, QI,d 

women ar,; 'jL:lIClc.dly n. spunsij,l e-tor \l;3iJl<j it .i.ll '·\J .. Jh.uI':J. 

deJ:-.d.LtLc1 ciS -.:1 11 .::JuJt (Jt' l.::-.. cJ.d-( 11...;.::t...riJltj ':·'.JL- (.(.\Jri.'1.,Lt.l~_tdl. l"jJ'l)!J~(:S. 1tlis 

can lead nut Ulll.~' t:,.', tlle u~,'.: (J1' ,.lWl1j :,ud :::TOj! r'·.c:i,j~li.:s t,·" I:\t':L,t Lasic 
energy neLlis, but. alsu to shell: ta:jt.:s c,f \'Iuud fux: ,-,U ... i.:l '2~s".ntia.l purposes 
(e.g. hous,ulI'j). J Ii SOIll£' art:·as of tJ,L his!. jw,qlt;, l!(.>t:wltia.l t.environ

mental dama'J'. s ot ttlis Lutu!.e cClHI>nm.isc: till: ""oil d:l,l w,-,t~e.r. !teSCJW:C'2S on 
which fut,ure foryJ 1,ru<:llCLJ.clB (\F:I)f,.:nds. 

1"\.:(:1 :JdtlkJ'in'J lS cU. i1.(1)01 toJd .. ,untl.iJJul.')'. L.J ,,+")r('st~ci~:ion, 

but c::"eci.ri.H.] ut. land lor "'-'jri,.·ultur.l j'Ull'('~'l.S cin.: c:.1nlll'tc,l qra":inIJ 2Ie 

at least ilS iInlJort<U)t. \\'ha.l .. ever tJl' ,,,,UeilS, iC!')I'.;:LaT .• ()n turn.:::; Ul£: 
n.u:al pOl,ulntioll tu ::;l,,·,r.d CIS m'J.< It !is .: ',l" c,t it .. s tiIHL iilid/or 

income obtaini;"J iUL:l for U)(J}_u~J. (dUjr,,:u:t, 1'" ")0 

Fuel s.icHcit.y <,i.l.ll affect u'Jli,uJtLD~a.!. i,~u,;uct_ivity by forc~ 
people to stop USi11':.1 a!.imal <JUH':.I uTili cr')1' Itsi(l'''li..::~ ,'3 futilize.Is and 
soil conditio!lcYs. III SUl"IL: alea~; tJd.s is y,.:t (jf p,i:,U1: Ln'l,ortanC:e, (i.e. 
in tiw c"'jJ. _~~~~lvil,> wlli 1.( ill alCdS 1.;1 It! ,.,: tJJ\~ sui 1 is lJ()()L' it reduces 
productivit.y ncu:)o:uUy. (i.e. tJl',' ;:ji.:.23~). 

The Ilk1<.Jrlit'cl:'!'·' of th,s'-,: cnvi.l:,.)lUfV. \d'i cust~ is not known with 
any precision, but WE.; do ]a-CTw tJl.at tiley 01 ScI'.i.OllS o.nd t.h)t tlle 
increasin':.l UnS::;UXf- Df pc'pu1.a tion on l't'SOL. (:es wi Ll 1:,n.:vcnt tJw 
contD1uatiun ,)1 ccnt:1..uic:;;-old fuel gaLheri:·l<.i and u::3Q'Je Urcii"ticcs. At 
rhc CUITC],t. ;:ate of d<.:forcstatiun, thL' t.l.'()l,i.L:al ioY(;sts ufkvE:loping 

coul".tries, : ,-illicit IlOW 'CYVt·!' half of their a9~jn!(FJ.t.:' .Land dL'ei::ls), would 
LlisiiPl'C:·..u in a.1,,) ,t f,1J jcarCJO (!1U'Jh,lrt, 1. ',-,:). 

Thl' ~:.lir'P 1)r, ',lrarn at+:.c:mI,ts tu bxin9 clt <.'tricity to isolated 
rural cor.ulIunitics in tilE: count.ry. The AI;j SPOHSOl"L,d proqram is concentrated 
in the dq.artrn,,"nts ot ,Junin, l'aJarnan:a (:.jil~.J ilrhi :~an Martin (Ceja de 

~). 

The SHPP pI'og;-aJYl. recogni:u,s the; fact tilat the lack of a reliable 
and inexpensive energy source is a clcb.::rrent to tlle devel0!Illent of the 
productive capacity of the popu.lation, cUid fulfill;,., tile needs for energy 
of cD ir,crcasing popUlation in a context of cisin9 international uil 
prices. 

Prujects and prCX:Jrams to de.s lCjne d the supply of and decrease 
the demand for woodiuels (firewood and cnarcoal) are especially 
important in the m01;ntainous catchment areas of agriculturally important 
river basins (like the Ceja de Selva) and in arid ,'Uld semi-arid zones. 
(i.e. '.:he Sierra). 

http:4ocri.on
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A n energy source that pennits the utilization of 
modern tedUlology at low monetary an.i environmental cost is necessary 
to upjrade productivity and liviThj standards of the rural population. 
Hence, the SllPP program i::; cxpt:ct..€d to have an imrJC\ct OI1 practically 
every facet ut the liv'.·s ,,1' ti1(: ')<2nefi, idrif's. 

EVl:i1 U10U'Jtl clL·ct.Ji,::;ty i::c nut d 1,.-,,",1 ill it,sel', population 
qrowtIl ciI'd T"od"rni:c·oti.)Il virtu,llly lcqUDL' UlL' u.':;( of , .. ·l,'ctricicy and 

mechanh:dl tIlt l']Y. 

i'r.,:,l.lJ)".:; rUl cd cl'" criLLl.ation L:}:l-cri",Il':' j,a~-; S)-.00.-.11 tLat its 
first in11'd(·t J,o' in Uk! suiJstituti()[! "f }.L1U5CilL' ,-,-!lll '.Cillol I.e:;; .i or clect:ric 
light. LI •. ·" trio ~i.,/,Ll.H'J i:.:: worl' C££i(l, •. :nt, (,1' ;cUI, l i •.. ,} ,[ucility, less 
expensive dn: i,d~; flU i,ullutiull effl:i::ts em ',,1nc.tll ,nc'Juse,l :U)(J:'S, 

esrx:cially ":Tinlj tJlt:: cold SCaS(lll. BcttL:r Ii'Jlltin,) l'rc'\,lides more hours 
in til,) clay fm' h(;lkiJt~J arl'} studyin(jo Tilis is Ll·U\.' lur }X)Ul private 
and rJUbli(: USleS" 

i,lit. Lh c:tJ:·ie.·ity i"" morL U,an li,)ht bulLs. 
provide!;; the ~,i'Jil quality Cl!C}"J'I souret.' nCe;(;c-;.c;ary te. 
facilitates tlJ.:: i.nt.roduc:tion of the tccrmul (M) les tJl3t 

Electricity 
power machine::. It 

up:rade 
autl-'fUt in Lrudlity and (pantj.ty in lL;ss [Jnki\l:~:tion time. 

i) l'ro.:iuct.iv(: USt.'S (li F l,_,'.tri. it v 
----.------.-.--~--.. -----.... 
111 tJl~: rur.:.tl ,11,;3.:.' 01 h·r-d., ,.;.jl:i. 1 .. ,ll:\.u.(; i:-; Utc· main 

economic Clctivity ot aLll<Jst,ll "~Ll" ~'''l'ld.jti. Jr;. Lema scarcity, 
anticuatcc:l me'aIlS of 1,roc!ucti ' )J1 an,! iJ. lii'.Jh r'abc u: 1".11,uL'ltil:;.n growth 

in d context of UluavUT:able nua l,1UXb-.lil irh'ulilt: ,list]~ibution 

l,lacE' the ~'Il:\P"'~iE2 in 3. ,'itlldtiUI1 ell: endemic :',N,·tty. '~his situation 
necEHiitat.::s tC',,'Ymi:::al irJllU'v'ati,-,n ~() Ultjd 'Ne .11l-~ .:tll.: i rOlLlL t.i':".t:~r alld 

off-farm cmr,Jnymcnt crcati,-)n 1.1. order t.o L'i; J":":' t: [' ';1 .:,: .. l,rl-; (it' 

:i'Jlrp-~ of tht rur":ll 'I-li :l1:1+ i"n ('21': tt'll: l:.r{"Jl ,-,:-.: ),;,1 

UIl- £ CL'IT\ ill'i:J c1 t.io!;· '(t.(~l1' 1::; the :. anci.aq St.: dS 01 J and also 
allows for intLnsi£ication of farl1lin] l'l~il,;ticcs t.l.) such (rops as 
vegetables. Electricity ('::l.n l:)(:: ",sed t.o power irri1Jation pumps at a 

lower cost tJwn tl1Lrnal uI>crate:Q r,lant.s. Y.ills 2..111.1 'jrin-.icrs can IJrepare 
animal [UO]. 

electricity. 
,,"ouItr; ianns C!.n be llluniIlaU ~ Ll.;,! ll'.atc 1 'with 
Pi.:rishclJles~::Ln be stored in rcciricJclat,cu clii'lTUx.rs. 

On those tarr,s wi"lLl'C; .1ni:'l1.J.l ,Hid cl'jl'lculturdJ WuSQ is 
beinC] usc.] for h,·atID; and ~o()kin'j, electrical dl'I!liaJ1ces cauLI allow 
them to be r(:dllocated to fertilt::c til',: soil. hrh'.cre the V("Jctative 
cover is depleted in sea:cch to:::- fuclwoocb, n(;w (:U()kirlt, fuels would 
reduce dan<]C'r of soil ,·'rosion. 

'1'J1.(; l>ossibility of milk refri(J';ration and IJrocessing 
plants in the corram,mity increase the fanner's possible saurces of incane 
and jobs, and, potentially increase animal protein consumption in the 
canmunity. 
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Non-agriculturdl. IJl.oductive UScG oj L:le~:tI:icity pravjn.::. 
fanners with an altelf1a.tjvl' II) fflrTnlil'l <In,l low,'r» 

their dl:i:>endcnce on f1uctuatirl<j ?Tlarket i,ri.cL'S. ''']102y do require var ... ~.ng 
deyrl'eS of sk.ills ,mel. d\::lllal l ility (,f financin,) tLf' o[,fration 2nd pur=hase of 
appr'0l-,l:iat.l: maChDll.r'j' '. 

'l'ln,' iJ!t:.J"f)duct..ion u! TIldl,:hil,',lY will 1 acilitate the 
inltiatl"il I! ')"Jluirdlist.liaJ d""tlvit"i.,,,s (".'j. saw lu.lls, ci:J..nreries, 
mills and ~i.l1)s, mL:3t 1,1 u,,;.o:;;i.rli-J, 1 rUlt l'lt.",l,rvinJJ. 

~>_:11tu..L1. b'u. .. _i;l,{·;:;s \il,~Vt;:.l0ljrh" t wou1,'~ L·c !'r.l\~. fl.lra..led through 
lonqcr op,,-,l'atin'J nours an:! L:1E.ct..l'ical <.(piPillt.:Tlt i.lJl, bakc;ri<::s, XI~,tail 

and wh01t.:5tilt., S!l')l'S, :U.°t: l!\dkL1'J: 'JdS pwn1'!:;, b.:",i."j.:, ",kin; Lind others. 

'j'ill' "itid w.Ld pX'[)<!ul:t.J.vitv of 0",1, ,:1"",,'1 (1 L";,. lillllht.::r
jacks, \'r...irl~llt,r:_;, wL'J,hl.', 1;\l:.:li..\Jlic's, t,tt_'j.:L1.~.J' j.dtl"f \,'('(1\/\1 .. , SCLU:l

stresst" S, tai1.ol;;, :cl ,()el1ld.kL r s, il;;C! tlkl t",lU1L'j; c;, i)u t.' Ik:X' co) w iJ 1. b, 

imp":'oved with tilC: ut:Ll.izdtic)n of L,lecr-lil: 'to,)ls. ':'jlLi~ vIUJ]. will also 
Lccornc 1(":;,; ::itJ.-,,:, TlUOU,,; • 

'iOt.~Lo,;, LL.:~;tdurani:.s, TI1£lrKet kitcllCn.:; wilJ !:x:ncfit fram 
hiyher quality liqhtl.n<]. 

A traininq I:anponent 
must be i.nte<jrat.cl to t.lI.::; :::iliPP l'roqram to adviL:l: tllt; COIlUnW'l~ty on !low to 
use their resCJU.rCE'S, provid~ pe:rtinent i.nfOrJi1iltion on approrriate 
technoloqy marketinq, di.strililltion an..! final'tCinq possibilities fOl' the 
implement?-t:ion of tIlL' cOI1UTluni ty IS proJ t.:( ts 0 

the jC!lnar"i 1,," t..ld.lit:iop,-~~ UkL'iY,Ul l'W',ll u~,.a::;Q initially (;lL',tricity 
will lx.: ust.:d to :u.bst.i.tutJ." f..t:luSL'l'" .In-i 1-cin,LL • ..;, liU.Lllly 1: '.'X li']f; t lllg 
purposes. Li'JhtlJl'J dU-jmer,ts ~'he tirn.t: .wid naLUlc 01 activities tl.at can 
be pcrfcllTI,:!d ill t.h(, hnusc·huld, (.'.1. n';dliil'j illl' ",iu ;ational and 
entGrta.inIncnt. lJUl:l,u:";t,.::i, tILi ':.-u()d anJ tCKtill:::" 11')o..iu~:tiur. lul' bot. ;,-,!told 
consurr,p'lion and D1CCinL 'j',nLration. 

Electricity dl:..;,) ,111<)\015 t.h.L' :..;ubs·.:itutio.u at t.r:d..iitionaJ 
tecrmologies for el"Cct.l'ical aIJpliEU1cL'.s wluc!! save time- ar,d effort. in 

T 
the pc:r·f():r11.i,L1Ce uf dant;:...ti·.,; uutif-'S. -he ch.ie1. u:.;' , uf '"nenlY at t-.. c 

basic needs lcvc 1 is for ,::uokin(J (includ ing the b(;ilinq of water, 
baking and Lrew:Wy 01. Leverages). l"ocal an..:l rc.:'jiorwl lxoblems in the 
supply of traditional cookinq fuels (firewc:xxl, dung, crop residues, 
charcoal) as explained above have increased their cost in time and 
cash for Peru I s rural population. 

http:performa.ce
http:i-RL'tXIuct.on
http:varj4.ng
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iii) Public Uses of EL.:ctricit.l.· 

, ,The availabil~ty of electricity in the corrammity will 
.iJnprove the 11.vu":J stand.:c:d IJf tJi.C whole populatiun. Zlectricity 
not only a~.l~s loniJe~ opC:1.atinq hours to public services but penni':::; 
the electr~f~ciltl.oL ot stora,]e, puml'Ln'-J, cooking :ievices at lower 
monetary ancl cnvil ululu...ntcl:. cost. 

,. Tile \..!.P']Y :",Jill] of li9htinq and lerl:]thening of school's 
OP~~1:.L"1(,·l hcnl.rs extend Ll~' ructch of education facilitie.s. The avail
abl.ll.ty of c LectrLity Li'Jhting improves conditions for t'1e provision of 
eveninJ classc::.;. The,;<.: ,Hlc.' mOl'.' accesiblc to l:JlWllilll.i ty :'L:'mb<::rs who are 
~ccupied durin:! tJiI':; day. Hence, evenin,] classes can be nr<]anized to 
:unpart fOll1\al or H:)))-!\)n:lJ~ education for adult lit.clOlcy classes, 
awa~l'~'cSS ,('C:<UJ:SI':S lJ1 llt.. ,:LL tit, Hutxi tional education, chila care, and 
tral.nl.IlC] HI a:rts and, crafts. 

llcalth 

. u.!ll'jLr 0l"'.:Lutirllj ho..us, iJnprov,.! tll(: accessibility and 
effe..;tivenes~ of health posts. The installation of electrical c,quipnent 
such as refr~'Jlr:!t')rs Ll:n'jthe:;'. the life and effc:~:tivene~;s of many 
medications (c .'j. dntiuI ~diL'O::' ) • 

Hu.rkE!ts and otrwr community l~enters 

11arkctiJl'j tacilitics would Le up<JrcL.ied through lighting, 
as weJ..l as through tlHc' proviion ot el,::r-t-ricity for cutting, star.ing, and 
refrigeration of perishables for butchers, dairy rarrnr;rs, restaurants, 

etc. 

The ust..: of Community ('enters, diners, store roams, assembly 

halls, becane more attractive witl1 better lightiJ¥j. 

Public Light,~1. 

The lighb.!1eJ of public places (pa:rks, roads, streets) de

creases the danger of dccidcnts for pedestrians and drivers g 

j<.uxal Exodus 

In addition, the attainment of improved living standards 
will not only stem rural exodus but attract some emigrants back ta the 
rural ccrmnunitYa This will alleviate cro.vdinc.j in urban housing a:.1d 
transpJrtation, ana :i::..:-r..:.rn skilled and unskilled labor to the cOWltryside. 

iv) The Role of WO'l\en 

WOl.-,en in rural PeI1l assume and perform an .:important role 
in production and marketing. As h'.Alsehold org anizers, they determine 
the disposal of cash incane (partJ.culal.·ly in i.he Sierra where male 
migration is widespread), procesn the food, and perform tho..; danestic 

chores. 

http:refri,,crlt'.rs
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As agricultural producers, a woman's contribution to the 
family's agricultural lilhor (e.rj. sowinq, harvestin~l) in the Department 
of San Martin is 60~ that of the male hecld cf houseliold. She must also 
p",rform the ;iome:;llc' tdsks (.'.r,. proce~,sjn'l (1<rrirlllturAl rJrnnucts) and 
prepare lhe ITtl,I-,j'l'/ mCdl HI the field. In ddclitloll, wh, "'arries excess 
produce to ]",'dl rnarfJ·t!C withir, th .. re<jHJfi. 

[j"ctrici r '; In the household will irnllrove womer,'s wOlking 
conditic)[)s. Thf;Y will be able to perform their domestic duL,cs in an 
improved ~nvironm0nt. If electric appliances ~r0 acquired, women will 
be able to make th~l r ta,',ks less burdensome. The utilization of t ime-
saving devices will permit wom~n to undertake and explore new activities 
(income <jC'n('rat1111, cl~ild (;,'vP]of,ment, traininq, (. ,Llcation, leisure). 

FiY in ',:, :-is 111'1 fonds W0I.1.'11 dU'.Jment the: value of thl,ir 
l'I'O.IUC;li.'f"i, ,)nd ,'an 1ncrt::il:-iC th"'lr lrl'..:ome by marketing it. 

Throuc;h t1lt' prov}s ion of credit and technical a.ssistance 
worren will contribute to the community's !'roductivc US!' of electricity. 

Y According to information on women in Tarapoto. AID P.P. Peru

Development of Sub-Tropical Lands, Ja. 31, 1978, p. 56. 
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Table 33, 

DlSTRIBt1I'ION OF THE POPULATION 
(Census of 1940, 1961 and 1972) 

roPULATION PERCEN'rAGE 

TOTAL URBAN RURAL 'l'CJI'AL URB. 

13'538,208 8'058.495 5'47CJ,713 100 59 .. 6 

9'906,746 4'698 A 178 5'208,56B 100 47.4 

6'207,96'] 2'197.133 4' 010, fB4 100 35.4 

RURAL 

40.4 

52.5 

64.6 

SOURCE: Censos Naciona1es de Pob1aci6n 1940, U61, Y 1972 

Oficina Naciona1 de Estadlsticas (ONE) 



Table 34 

DISTRIBUTION OF THE URBAN POPULATION ACCOP~ING TO SIZE OF CITIES 

SIZE NUMBER O~ CITIES PERCP1'J'AGE OF CITIES 

(THOUSANDS INHhBIT~S) 

1940 1 ':.161 19n 1940 1961 1972 
CD 

'" Less than 2 47 

2 2.5 75 1.2 
176 242 4'j.6 29.2 

2.5 5.0 126 3.2 

5 20 110 311 7.8 23.1 

20 100 1 23 27 23.2 21.6 14.0 

:'00 1000 1 2 8 31.2 6.6 19.0 

MorE'! than 1000 1 1 42.6 43.0 

SOURCE: OIicina Naciona1 de Estad1stica {ONE) 



- 87 -

Table JS 

RURAL roPULATICN COOKING FUELS CONSUMPl'ION 

FUEL 

Commercial Fuels: 

Electricity 

Oil 

Kerosene 

Gas 

Non specified* 

SUB-TOTAL 

Non-Comrnercia1 
Fuels: 

Charcoal 

Firewcod 

DWlg and 
Agr icu1 tt.".I a1 
Waste 

SlJ""B-TOTAL 

196.'" .. 

POPULATION 

6,659 0.1 

3,577 

354,858 7.0 

4,582 

116,802 2.3 

486,478 9.~ 

46,161 0.9 

3'732,183 73.2 

834,857 16.4 

4'613,801 90.5 

* Includes dwellings without stoves 

SOURCE: Balance Naciona1 de Energ!a 

RURAL POPUIATION 

1972 

POPULA'lION 

7,873 

434,473 

23,866 

9,497 

475,709 

4'089,419 

868,494 

4'957,913 

% 

0 0 1 

8.0 

0.4 

0.2 

8.9 

75.3 

16.0 
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IX ENVIRONMENTAL ANALYS I 5 

The developnent of SHI'P's will have different enviroJ1ll\ental 
implications for the two sl'.pes of the country: 'the Pacific. dry ..-nd 
the htlant.i.c wet. 

',~he Atlantic slope is generally wetter as a c,tore rnifo:.m rai.rlfall 
distribution. It is spaIsely popul'"tedi in many ~-,laces cO.1.c:izat; ::m is 
Onl.y begi.nnincJ ":0 occur whereas in others vast 10' ... land areas ilre . till 
enti.rely uninhdbi":.ed 4 rhe general envirorunental C0:l.c:erns of this 
partie ... of the country ~eal with the direction and quality of th€ 
colonization process into the hinterland ~s well as the correct 
intensification of a~ric.llture in the fertile intermontane valle}l;g 

To the degree that SHPP's are used to fortify the effort t:- establish 
stable and productive rural enterpri...;es tl1.it will be conservativ' of the 
resource base, the envirorunental abjectiv.:!s of this Project wi l] be met. 
Where SHPP's are put in areas of sponta.'1I~ous colonization, wherE little 
or no control is exercised over proper :resource use and managemErt, and 
where land use capabilities are generally :maIginal, the.! will be doing 
a disfavor to tl.e maintenance of envirorunental quality. 

The dry Pacific slope is generally drier aud characterize(. by a 
having a morz m"rked wet.-dry SE'3Son. Where agriculture car. OCClI it 
normally is dep~ndant upon the use of irrigation. since this portion of 
the c011ntry is in essence entirely developed, the problem is nut one of 
dirf~cting land development, hut rather tl.e intensive use of the better 
agricultural lands to take pressure off t'1e more marginal hilli uplands o 

To the degree that SHPP' s promote the in+.ensification 0'; rural 
indt..stries and enterprises and improve the lot of small farme:s without 
entering into conflict witl. more hC'l.sic water supplies, they '",ill be 
doing a se:r.vice to rural develop1\~nt: cU1d at the sante time pr Eoting a 
better overall en·,iromnental quality. 

The small hydroelectric po\'!er plant project will have several 
impurtant benefits directly relatable to the environment. It will 
encourage the organization and advancement of the hydrameteorological 
data collection service of Peru, which is actually very deficient. The 
Project will permit ELECTROFERU to incorporate natural resource 
professionals into its organizational structure under OPfA, thereby 
giving them an envuonmel1tal analysis capability. spin ()ff effect 
will undoubtedly occur producing a more generalized env~ronmental 
education benefit t~oughout otlter parts of the organization, perhaps 
even to the large scale hydropower projects divisior! wne-ce currently 
environmental consideratior~ aren't being adequately incorporated into 
the plaruling and developnent of works. 

Finally, the rural populations affected by the SHPP's will receive 
scme environmental education and t.eclmical training and will have the 
opportunity to manase and 

http:enterpri.es


The dil:ect, environment.al ll1,pacts of construction and oper:ation of 
SHPF facilities fundec:l Dy tilis pr()(.]rcr.:r, are expected to be relatively 
ml.nOI.-. Most SllPP's will Lc constructed lill diffcrent str!:ca.Illb, in wi~qly 
scattered 10< at:i')l1s, at,,: tilL'l,·foJc; will l·robaLly L3Vt. nu signl.ficant 
additiv(: c.'ffu. t 1.1 e,hll facl.li t.y is foulvl tu bt.' c.ll\linJluTI0Ht;ally 
accel'tablt.~ 1t t,,·',) ',)1 lh<,jJ'\'.: ",llPI' lc.,,;iliti's arL tJJ i,· lh.!vc181Jf::d on the 
S,:UllL st1:earn, ,L'tc'C, a 1 (' n:·, ide ,. :t.1 I", sh'."liJ J b' 'JiVLll LiJ Uv:, rrJ:::;siLility 

Of ':jr':.E,t,L'J i:jnifil.ancL' t, aqu,:Jtic l!:cSCJUr,c,;" in t_hl~ PJ:oject a:t::f!a 
are inJiYl:ct. Lrfc.l.,t.s arisiruJ fIU"il the Lll'ovi::"ion 01 eJectIicity. Regional 
development.s fc)llawin i ] f'lectriti<.;at;ion ,0\.,.2,J includc inc.n:.'=:lSF;S in the 
hlIDlan population (eiUlt.;!' by pn,li'l,)t:i,Y<J irrrrnicjrCition or St;UiUll:Ul'j t,migration), 
aqricultural (irrLjat,ion) dct,i\Tit,ic~;, L;V",;t.n,~; IJTo,:lnc:tiCJll, 2.1,:1 
industries, Ltn)' of "'hi.ell could. 1!,),(. ,-'.t,,<nt. consec!:uenc(:s t,I,' tJlc" vla'cer 
and land usc pel tt.C:L'l1S jn tJ IL reJ i j', 'ulation increases ~.lJ Uk l'<3'j ions 
served 0" ::J"i.'P electricity will Cl,c~d". d greater demand for puLible 
LlIld/or .1.1,t i'J"'U,,')1 water ciJ,,~ water' b:Lcib!lc·nt. Si' .. ,J.L ('llmmmlities tllat 
presently h"v" no drinki:ng or l,",iste wetter tl'",ab~\,nt facilities may 
enCCluntc:r D1CI.'eaSD1(] l'robleITIS "'lith wat.erborne disca::ics as thE;. population 
incroas(cs tJl, ',JJility of U18 environment to assimilate their wastes 
cleLrea~;,_.s. :.oimi:,:.L'ly, :i.nl:nased B(:cd trJI:' irrir.:u.tion ",ater or food 
fishL..j IT"-'J OCt~U1JS a.n tnciirc(;'t l'l:', suit_ uf rural elL'ctrificatioI1, and may 
add W'W~ :cl'tab~" st.resses to limited n'SCllu:.c.:es. It is of 'jreat 
importa!l:e that dil:terent pro.;rarns whil.h c:f fL'c:t land and water resources 
within d region be coordinated so that. !'J.C:Stcnt un projected additive 
impacts l.:an be identified and nutigatcJ at all early stdge in the 
p' anning process. See Annex I Exhiliit 1-' for a revised lEE. 
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IMPLEMENTANiON PIAN 

A, imlemn~tation Ar agmnts 

The 1oi]e:t will J, j om"tintted over a five year period. The 
Loan Agreea*nt wi i to si, d tr-r 25, 1980. It is anticipated loan 

that the -' rtdhti i i : I 1 m , The. mWv s aftry slcrln the/alreement 
and ELECTL~OVPi- wil1.1 V j -- i>4j . t iiy'Urj & )5~tc fir-m to 
provide the rjujin e t&i , L ,sOizt,W iain that. . .1 

The roi of kBWi~ . in Jqct ijlIk Lt 01w1ii be ctrie of 

close coordination witJi tjii io tIm(nageat) At; 
assJstinj tUu ' .1 pX iue:unt and 

contracting activities Wo cInau ctig ir the final Project evaluation. 

Monitorimb will scu d. by a USA[D Poject Go(.Xmittee 

with the followinq i . ;ponsldi.it.es; 

1. Prouject Mcrnc ,flli. t I, Lroject MuIag forfor the Pro:ect 
will be assigned lr(rn thi. nbssioi's Capital Devulojfakmnt 'ivision of the 
Devulopmrt..nt 10:-souT es Offin u . Th(- T,'-Ject Manager will, work closely 

with the Oi'A Propoct Manajer apd,. t'ilt te-Ilmnica.l assistance contxact 

team to imsuie thlat provisions of the AJD Project -jreement and 
Implementation letters are met. A mentbea: of the Mission's Engineering 
Office will wurk los -y with the AID Project Mainagey duoirm Project 

implementati on. 

, Cc .. Annual heviews, Joint anruua reviews will be an 

essential feature of Project implementation. Tl!t i -viEws to be under
taken by AID and the GOP, will be carried out on tlree levels: a) an 
assessment of aggregate consedences over time; L) a ruvic w of the 

administrative structure and functionang of Whe snm-ll hydroelectric 
program; and c) an evaluation of the impact of the iiydroclectr ic 
program on Pi jec.t beneficiaries. 

3. The Evaluation Officei from the Pr(ejram Office will 
coordinate the annual evaluations.
 

4. Th]:.Missiol) Controller will review disbursement/reimburse

ment requests for co-l ormity A.I, .] regula, L n Afld will unsure.iLh 


that adequate financial controls are foliowed. 

5. Aditional ission offices, such as the Executive office 

and RLA, will be called upon as appropriate. 

B. Reporting 

The following reports will be required to assist the Mission
 

in monitoring the Project:
 

i. A quarterly report from OPTA on activities anO counterpart 
expenditures ccmpleted and projections of activities and counterpart 
expenditures for the next quarter. 

http:ponsldi.it.es


2. OPTA will develop an annual implemntation plar which will 

jirclude a projection of project activities for the cxauinq year in addition 

to an annual operating budget whicl, will ixb:lude inter-alia GOP counter

part allocation and A.I.D. local cui 1ery r(,fuilfmentso 

. ai]. aI ,,[ s- pla; at a, ti.vities rox thecompleted duxrinj th, 
1'- auutii it -'xt,w.LJIli Ull sssiant of theccundrkq ycar. Iin. 

1..institutional statuat els .X 

C. Disbhia ,ert £) 

No ,_leviati )n fo Ai estal)'Lished disbursement procedures 

is antic ipat> I. Matte ials &iu equ 1 ijint iLxrocured in the United States 

or other Cie l c unitiits will !aid thxuough A.I.L.'s standard 

letter of f clurntalet!/Ia-ki(iedit pro edure. R.eqpiests to open 

wii f'1 nt arc aplipo,, i.ate C Ltific ation th]at theletters of. ivmtam unt 
for P_ a axt- eligible for financingitems listed aur:: i em-'Jed th. a t -_%d 

under t .*- (oi,r j raltt. lisbtursim ur for local cu.rrncy costs will 

likewise e mtaic in anL est.aldished xIniuici withi CPTA. 

ScheJo l Ma I on 

9/80Loan AgIreement signed 
1/81CPS met 

Contz.actj for te:nical assistance 3/81 

Long tern advisor ,1 K,,<1(.flList 
5/81 

Hiring local persuonnel 	 1/81 
2/81Prefcasibiii ty stuly cxqp:)nent begins 


Feasibilit study 1 b×ugins on four
cmipo nt 
6/81sub-pr ojeccts 

Procuxtnerit s}eKialist arrival. 9/81 

Construction act'ivities bc'jifl on four sub
10/81projects 
10/81Promotion calpaijn beri.u-s 

1/82Annual Evaluation 
Maintenance program begins 10/02 

1/83Annual Evaluation 
1/84
Annual Evaluation 


Final impact evaluation 7/85 

PAC-all Project activities completed 9/85 

D. Procurement Procedures 

will be the action agent for all procurement underELECTROPE.U 

the Project. Procurement is based on ELECTROPERU direct procurement
 

for all materials requirements for contract as well as force account
 

construction. ELECTROPERU has developed a capability for host country
 

procurement through the many large Hydroelectric projects it has previous
follow AIDly implemented. Procurement of all goods and services will 


regulations with regard to source and origin and competitive bidding
 

requirements. No procurement list is included due to the ICI design of the
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Project. Each approved feasibility study will include a detailed 
set
 

under the Project.seivices to be procuredof 	 specifications for goods and 
do 	 all procurement.

OPTA will utilize ELECTROPERU's i rocurePment offi(e to 

off i e has a-i oxinately 10 years of experience in 
ELECTROPERU's procurement 

the mini hydro size to
the procurement for pro] ,c-tb O fin c)m 

$200 million ,ro1ect.s. It zir;TR(111FFII wil I receive procurement assistance 

t ho first. set trffeasibility studies 
(grant-fundcd ) start ing as soon is 

are complete i. 

contracts
For the AID grant-funded technical assistance, host country 


the capability and experience to
 
are envisioned. ELECTROPFRU has 	both 

host country conttacts. An estimated 102 
develop, ±iegtiate and implement 

person/munths of U.S. hosrt and long-term technical assistance is envisioned
 

for the Project. 

E. 	Evaluation Plan 

Two types of evaluations will be carried out under the 
Project.
 

1. Yearly (Output Level) Proqress Evaluations 

AID wil1 hold a yearly progress evaluation in JanuaryOPTA and 
in 1982. ,PTA's progr-ess refport for the preceeding

of 	each year starting 
-,zrall review of prog]ress in imple

quarter will be expanded to include an 

iF as Lasis for di caSS ing the

ive i (menting the Project. This i',p(	!t w]]] 


vs. a. p f rio,' , tire. of and
tiess AID 
targets for output achiew-ement 


t Ai .L;Ova] 1 iV, s- andr, in
 
GOP inputs; (PTA cimt Ta:i t 

aT, ,I ! j , t ,t e:'0i, vem-.nts. 
general, any implementat i n } c t -t 


, annual - ,aluations wil monitor
 
In 	 the later years -)f t h cjiet , 

t) 	extend
improivement in CPTA's ist it tina]l -[ahiity to c. ,inue 


ai as well as the (completion of physical

electrical service to rion l 

project outputs.
 

Ica_l" t I r- n2. Imlja va 

a. state f t fAlt, 

of impact evaluations of ruralThe state of the art 

dealt with in some detail in a 	recent AID
 electrification programs was 

distinguishes betweena-tJvitit.s.I/ That reportfinanced evaluati on of NcCA 

w: i,, attemt t., estaltlis1t causality between rural 
Type I impact stu-4's, 

and Tlpe II impact studies which
and meot ot-> t ics,electrific.Ition 

&V1 nc (,ff an,,p sit ow: -rante-	 amon,-i the target,<can be., 
- lut i t rne e''i attril ttai to the

wh h : with,populatioc out. toeli ii ati, o - s ifimp'aft s'tu,-, I s a is
introduction of rutal 

th!v i,) r t- t ha r rist itcS-negative
date havw. 1 n lf I1 -. -tiIi .. 	 A 

) I:, I a rI 's r'cli,ri ".. t ' ! ("',
and posit Lve - nited , a - / of 

.1 	 f, r m-t/1,-n fitcIt rbener t and lilt ; i,t,' tof 	 the Mt(jitui , " n t ] 
i w, t' 0 rural c tri

analysis; (Put are ,uftti i(ert to) s,1i, st 
ficationn... (ha ;)..positivt,'b f 	 ts 

recently approved ruralEvaluations planned as part of 
to 	move closer towards the Type I analysis.
attempting
electrification programs are 


thE Prcgram
1/ 	 Development Alternatives, Inc. An Evaluation of 


Performance of the International Program 
 Divisicnof NRECA. 
3
 

Prepared under Contract No. AID/otr-c-138 , January, 1977.
 



b. impact Fvaluation Strat 

It is cdi fi' ul(t, if not imipossible, to try to design 

an evaluation strat*p w-I.i i w~i, axi5wtrz within the project*at 

implementation [ )O t a I ia:" !. V aestion ob.ut th e impact 

of rural el>t t t1 nIjk at >nit WLad ixicieased 

links L*etWut-1.LLico . A t ~, a aid PitnJ-i at , ;iiia ved 

health, &i, r.isfnj inJ m, S k,OX ki s XII ;-LIa. :j itu. levels) 

A:coxdinjly, t-i lvojct evcajoatlon 6tIateyy will. 

focus on a more ±iited nb]e-tve. d)cumntiing arialysiivg the rate 
of adoption of electaricity ftr ordxiuc'tive pux'poses 1y low inccmue rural 

residents and asse$sJir tlit,, diiect impact strategy. 

c. Iact Evaluation P].an 

Shortly after signature of the loan agreement, USAID 

will request frcru DSB the sei vices of an evaluation sxcialist, to 

design an evaluation methi-oqdooy fLii ~ i.c:ntinq the stratbegy, 

collection instflmX nts a-id a a ,i'lCl t i lt arid st.,rae pjo c: ss. Phe 
data collect-i i i :ess will be *:ksir ni t : jihL-i"IiA's no mal 

operations to tt.L airmum ,a po-.i:L i' C t-, mjriize data 

collection TostsTha eval~iati,.)n sl - ia List wiII t1:mi lo al. lersonnel 

in the data c tion lrcx'e~hi s a1..jt.1, 

CIA will o~m 	 its foln , tI., At1'iI al L costs 

nata s-' 1L as , 1U-,.s(rit productiveattendant to patiin;j badci.e 


activities (farmiiiii ottaJL i iVUuJtCi.Ls, , t , ojjations)
 

production vcd.,1umi and a(k( aid JAltuitiul [: I, t c tril ication
 

in tlie pro -u tiv, piocesses. As these data willt I col]i (ted thirough

out the life Uf te project, the ccn-nunitiea s-; yV p will. iave had
 

electricity i r fnfT, one to +our years. Thi.: ietlcatiaol l esiin will 

match tl,(.:sc isers against families th-at don't ,<i. ,etricity and 

those who live in villages that will not bte I,.tri I cJi tr the 

program for c:.,Yitul rirpos-s. aomsoi;sono1s wi;j mad with 

families who 	 were OPIA customc'ys before the proselt be iaxi. 

Near the end of the project, All. will requ&:st the 

services of a firm specialized in evaluation to caxry out the impact 

evaluation. This contract will involve a samplt: survey of users for 

varying periods of time, analysis of the data and preparation of the 
evaluation report. 

http:uJtCi.Ls
http:L*etWut-1.LL
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AGENCY FOR INTERNATIONAL DEVELOPMENT__"_'_ 

t2,N, 
r , STA.TE1 4,t 1 4.N Tn PF'Q!I 

C/o AMERICAN EMBASSY11 

LIMA, I PERU 

CABLE. USAID/LIMA
TELEPHONE 286200 

ANNEX I 
Exhibit A 

CERTIFICATION PURSUANT TO SECTION 611(e) OF
 

AS AMENDED
THE FOREIGN ASSISTANCE ACT OF 1961, 


1, Leonard Yaeqor , the principal officer of the Agency 

in Peru, havinq taken intofor International Development 

account among other factors the maintenance and utilization 

fiianced or assisted by theof projects in Peru pir Vlo y 
r'y id t. Peru- (ert ify 

Kurces 
United Statecs, 1i() hw. o1, thaaL in 

has both the financial calalilit y Anld the humn 

capability to effectively mainrtai ani ,tclie tl 
-

capital 

;mal1 tyd-roelt-r t I m t 
assistance I .roje't: 

iml lel 1-t, 1. ,di of
This judgment i basc g, the 

the previous projects implementtd in !'eru, and the quality 

of the planning which has gone inLo this new project.
 

Deon 9m Yaeg
 
Director, !1AIID,/ eru
 

Date: September 4, 1980 



ANNEX I 

Exhibit B 
4AdIo LE ICS Page 1 of 2 

ON|lIOlNt ifiCANiA I !INiAWIAS 
Lima, '4I.Ifl 

OFICIO W)"t? 9c)-8 -EF/ 75.02 

Sefor 
Leonard Yaeger 
Director de la 
Agencio para el Desarrollo 
Internacional - AID -

Presente 

Tengo el agrado de dirigirme a usted, con el objeto 

de elevar a su consideraci6n una solicitud para el financiamiento parcial 
del Proyecto que hemos denominado "Desarrollo de Mini-Centra!es Hi

droel~ctricas", mediante un pr~stamo de US$ 9'000,000.00 y una dona
ci6n de US. 1'000,000.00. El valor total del Proyecto aciende a -
US$ 14'400,000.00 por lo que el Gobierno Peruano partic'par6 con fon 

dos de contrapartida con la cantidad de US$4'400,000.00 o sea con el 
31% del valor total del Proyecto. En Ioque respec t a al pr6stamo, con
sideramos que 6tte debe ser a largo plazo (minimo de 25 aflos con 10 aros 
de gracia) y con tdrrrinos concesionales (2% de interes para el periodo 
de gracia y 3% durante el pago del principal). 

En cuanto al contenido del Proyecto, debo semalar 
que contempla lo construcci6n de aproximadamente 29 plantas hidro-elec 

tricas ubicadas principalmente en los Departamentos de San Martin, Junrn 
y Cajamarca, con rangos de potencia que oscilan entre los 100 y 1,000 
kilowatts y con una capacidad de planta total de 8.4 M. Se estima que 
airededor de 53,000 familias ser6n bereficiarios directos del Proyecto, 
a un costo de US$ 55.00 por beneficiario. Como Agencia Ejecutora se 
r6 designada ELECTROPELJ, *nstituci6n que cuenta con la responsabili 
dad y la capacidad para Ilevar delante el Proyecto con ia debida dili

gencia y eficiencia. 

El Gobiemo del Perw considera de primordial impor
tancia la ejecuci6n del Proyecto propuesto, el que constituye una alter
nativa 6ptima a las fuentes convencionales de generaci6n de energia 

./ 

http:4'400,000.00
http:14'400,000.00
http:1'000,000.00
http:9'000,000.00
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el6ctrica. El proyecto contribuir6 al desarrollo socio-econ6mico 
de las 6reas rurales que se beneficiaran con la ejecuci6n del 

msmr3. Por Io tanto, solicitar'a por su intermedio presentar a 

In Aqeocia para el Desarrollo Internacional -consideraci 6 n de 
la aprobaci6n del firanciamiento para el proyecto "Desarrollo 

de Mini-Centrales Hidroel ctricas". 

Al anticiparle nuestro amplio inter-Os en el re, 

ferido proyecto . en espera de una resoluciin favorable a nuestra 

solicitud, hago propicia la opartunidad para reiterarle Senor Direc 

tor, mi m6s distinguida consideraci6n y estima. 

Atentamente, 

Manuel Ulloa Elt'as 
Ministro de Economia, Finanzas y 

Comerc io. 
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DFAFT PROJECT AUT-MRIZATION 

PF<RU Nime of Projt'eI : .Small Ilydro DevelopmentName of Country/Entity: 
Project 

Number of Project:
 

Number of Ioan; 

1. Pursuant to Section 103 of the Foreign Assistance Act of 1961, as 

amended, I hereby authorize the Small Hyiro Development Project for Peru 

involving planned obligations of not to exceed $9 million Unli'c States 

WitedStates Dollars in Grant fundsDollars in Loan funds and $1 million M 

over a five year period from date of authoriza ion, subject to availability 

of funds in accordant, with the A..D. OYB/al]lotmont irmcess, to assist 

for the Project.in financinq foreign exchan e and local currerny coots 

2. 	 The Project c nsists o: institutionalizing the small hydroelectric 

the carrying out of feasibilityprogram with ELECTROPERU throuo: (a) 

(h) tLh i-I a.llt ijn of small-scal, stan, irdiz"I th';Irolectricstudies; 

ranqe; (c) traininginstallations, Irimarily in the 100 t" 1000 kilowatt 

of target communities in the productive uses of electricity; (d) training 

for the small-scale, standardizedof preventive maintenance mechanics 

(e) the provision of technical assistance
hydroelectric installations; and 


to ELECTnPERU.
 

The Project Agreement, which may be negotiated and executed by the 

authority is delegated in accordance with A.I.D. 

3. 


officers to whom such 

followingregulations and De ;ation; of Authority, shill I(. ubect to the 

otheressential .rmrn: of c v innt: and majoi conditi ,', i ther with such 

and conditions as A.I.D. may deem appropriate.terms 

4. a. Interest Rate and Terms of Repayment
 

Peru shall repay the Loan to A.I.D. in 	U.S. Dollars within twenty

(25) years from the date of first disbursement of the Loan, including
five 
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a grace period c; not to exced ten (10) years. Peru shall pay to, 

A.I.D. in U.S. Dollars interest from the date of first disbursement of 

the Loan at the rate of (a) two percent (2%) per annum during the first 

ten 	 (10) years, and (b) thine Ictent (K ) per ,:nrum theroafter, on the 

and unpaidoutstanding dinbursed Pala--" of the Loar and on any due 

interest accruec thereon. 

b. 	 Source and Oricin of Goods and Services 

Goods and services, excupt for ocean shippin'j, financed under 

the 	Loan portion of the Project shl- have their source an origin in 

941 ,,r Peru, except ascountries included in A.I.G. ;enqrda. ic ( o Te 

A.I.D. may otherwise aqe in writui,. ocean shiqwint financed by A.I.D. 

under the Loan foition oft h Projesct siali ave its source and origin 

in the United States or Peru. in tn rvices, except /or ocean 

shippino, financ'e unh r H, loa t t,,.,rtjou of It, Project shall have 

their source and origin in the United tjtes oi P' ru, uxc, t as A.I.D. 

may otherwise agree in writing. Ocean slilping financed by A.I.D. under 

the Grant portion of the Project shall have its source in the United 

States. 

c. 	 Cundit-icns Precedcnt to initial bisbursement (Loan and Grant) 

Prior t,) any Aisbursemnt, or the issuance of any commitment 

documents under the Project Agreement, for activities financed under
 

either the Loan or Grant, Peru shall furnish, in form and substance
 

satisfactory to A.I.D.:
 

1. 	 Evidence of adoption by FELCTROPERU of methodologies 

acceptable to A.I.D. for carryinq out jr-feasibility and feasibility 

studies for the construction of small-sc-ale standardized hydroelectric 

installations under the Project. 

2. 	 Evidence that an official of ELECTROPERU has been named
 

project manager for the Project.
 



d. ('end in, "W -W~ Q y.1 W I oiwr. 

Prioz to any d i. .ii . nt or ti i q;;ut:nv of any Con.,,I t lict
 

dcl Wiv u ix c' ; ' Jr art ivit:ic; unicbr th'e
unld, t U, P , it, financc 

Loan, Pviu ;ha1]J I urn i.h, ii Inl irmand ,; ; €:t satisfact.ory to h. I.D.: 

1
1. A stoffing ryo for pyojrc t activitiesJ fOr the Ofi cinm
 

de Tccnologla Apl icada (O'A)within h1.LU2T*}'LLU.
 

2. A maintnan'wr plan fo: t rata]]lotion constructd under
 

the P ojc ct.
 

3. A dcecriptioi of the canymiqc to promote the productive usce
 

of ]lectriJcity.
 

4. A tmcd-l,,wsed 1an desci.ihini th: co: n;Lruction c=unent
 

of the Project.
 

C. Covenant,; 

1. Peru covenants that pre--feasibility and feasibility -tudie; 

for the conntruction of smal]-scaN ntanjardized hycoclectric instailations 

will be carried oat in the Do],LwrtLnunts ol Cajamarca, Junin and non Martin, 

except as A.I.D. m.y aqrne cl nor-se in writing. 

2. l'cPru (ovenantv ihit uxci 't as A.I.D. way otherwise agree 

in writin , Lmail-,uca w, standa rdized iydrolectric installations with 

a generative C;ipY.a t y uLtsjdo t~Li rciniyt UVtween 100 kilcwatts and 1000 

kilowatts will notbu financed under the Woan.
 

Assistant Administrator 
for Latin American and 

-NOT AVALBL[ COPM the Carilbean 
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LUUNIkY LIILLK.LIST 

L15 tvJ Ut OIare, stwutory .r UP icbt! lII1:rI IY to FAA funds, isnd tlien criteriafi rst, ItLer 1 apl If 
4plpil-rile to individwal fund ti.ur(c' Utireu.oent Astanl:L a;d Economiiic SuppoQrt FuNd. 

A. (,i ,iki,_i Cii T~kIA F~II bcik N! . . I

1.i wCj T_16, Carl It UL c th''.iia Thi. LIrit otOf Stt hdS not',.. ati Duj'Jr 

tit! n'Icdy If nut, na thr L'cpol tIiit if 

111~t24i COWfl~ltit pat Lvi 1 ') I t 
v',AatIu, uf ii-te.rnatiwioIly it:ujpiicu
 

iul.I.A r ihts?
 

'illik 48b1. Ilds It Lbe' Jr:ci11I1,id uhal it jituL Lit.uci 6cO duturiiniicd.
 
tit: j)UvdriuiV recIi l~Iit L 1 10'. Ii I ud lie UGliI 1,Ia! aik active ncircoticS
Fntf L1U4,L~ 
Lu taie de~qatte Stus tO PIFcVVOL 'Wi LUt1L tQiILLUJ. pruyraun with USG support.
d~ru.ji aid other Loiitrc1 ~d I,,L,,(ms,. (,,, 
dti lcLd by the Cuiipretiensiv ji u Aluu,, 
Prevci.tiunii nd Contrul Act ,t '0/U) LPi'UUtcd 
ur i .'csed. it- wfiole or III port, II r. ?
 
kujiitry, Of traiispur ted tilrut',001 CLUUIuu'Iy,
 
fruri tUc q -sold 1ile~aI ly vI tion 11w )ui i
 

dILtIu- ut ,u~Ih country tU U.S. ,clun 
pcrF.uihc! ur tneir Otepteiints, ur Iffuw
 

vitLvri tie United Strites Urlawiuliyr
 

3. ffA ~. 620() ItU aS~I~tLt I% t Il L*i.!L,1Ly Ut SLate has so
 
a j)Uwcl 'c0t, ias tiie ',cruary of OAtc tii~ILd
 
uvcl'ri I,:it t t t i 't lot coni . by tic
 
ILtria t I Oii.I Cvvwii 1st iilvo~ iieti If
 

4. itOF .g .u 620 c) If d5 1 tiI,.v Is tu uci li knuwnk. 

dILUbto or 111Lhid Itltund] gd roii tr oii Ii'
 
ijtit L, U.S, Citizell fur I od- ou -ci v Ii
 

lurini,..icd ur ordereo -4,icre lua) "'~ii .I i L1cII
 
hal., iacuu. tid aVailable: I eya rtiiitd ie' a1d
 
(b) Jcul. i riotd.ldor coritc..cd by ,UuLII 

I 6A.cfi(ct I It i~siSIiIC fIs to (;()GI, ib t oiy Liwarc Of USG
 
d youvci'cnf. haS Itiluidling juverfiiictl rt( ~i,-iL lu cLqae
itL, ,mt 

atjcnice or subdivis ions) takci aUly actlI toriLV- in 
 u~~llrtul uad
whiLii hu. the~ ettet of natiUl I n .i iiI vichiIuIdt.hIrgdd 
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INITIAL ENVIRONMENTAL EXAMINATION (UEE) 

Project Location : Peru 

Project Title : Mini-Hydro Energy Development 

Funding : FY 80 Loan: $9.0 million 
Grant $1.0 million 

Life of Project 	 5 years 

IIE Prpraxed by 	 Frank Zadroga 
NRECA Environmental Consultant 

Date Prepared 	 August 1980 

Environmental Action Racomunended: 

The USAID/Peru Project Committee has undertaken a complete Initial 
Environmental Examination (IEE) of the Project environmental :mpacts 

and has arrived at a reccrmmenCation for a negative Determination. 

In view of the fact that the individual projects to be financed under 

the Program have not yet been selected, the Comnittee believes that 
it is not feasible at this time, to conduct any further enviroranental 
analysis. It is instead recommended to include in the Program a 

technical assistance cmaponent to strengthen the GOP capability for 
preparing environmental analysis on a case by case basis prior to
 

individual project approval.
 

Concurrence:
 

I have reviewed the Initial Environmental Examination for the Mini-


Hydro Energy Development Project and concur in the reccmmendation.
 

Director 

USAID/Peru
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I, PROJECT DESCRIPTION:
 

The purpose of the Project is to promote rural and regional 
socioeconcoi.c develolp~ent, by complementing rural infrastructure 
with electrical -supplies for household, productive and social uses 
and to contribute to the substitution of oil in the generation of 
electricity by caking advantage of the hydro-power resources 
scattered throughout the sierra.
 

Loan funds will finance studi,,'s, civil works, electro mecha
nical equipment and networx systeds of a number of standarized small 
scale hydro-electric installationb in the 100 to 1000 KW range in 
regions where AID is concentrating its develoixnent efforts. The 
typical parameters of the proposed small hydr-oelectric projects are: 
Falls in range of 100 to 300 mts. with flows in the range of 200 to 
500 Its. per second and the expected average size is 300 KW. 

The Grant funds will strengthen and expand the GOP implement
ing agency (ELECTROPERU)'s capacity for developing and operating 
Mini Hydro-electric plants and systems. 
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II. 	IMPACT IDENTIFICATION AND EVALUATION FORM
 

Impact
 
Ident ification
 
and 

Impact Areas and Sub-arleas i/ Evaluation 2/ 

A. LAND USE
 

1. Changing the character of the land through:
 

a. Increasing the population __M 

Nb. Extracting natural resources 

L to Mc. Land clearing 

d. Changing soil charactei' 	 L 

L2. Altering ratural deionses 

L5. Foreclos ing impoitaHit uses 

N4. Jeopardizing man or, his works 

5. Other factors
 

B. WATER QUALITY
 
L to M 

' _ _LtoMwut _
1. Physical state of 


L to M
2. Chemical and Liological states 

L to M
3. Ecological Lalunce 


4. Other factors
 

l/ See Explandtory Notes lui this lurm. 

2/ Use the following symbols: 	 N - No environmental impact
 
L - Little environmental impact
 

M - Moderate environmental impact
 
H - High environmental impact
 

U - Ucknown environmental impact
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IMPACT IDENTIFICATION AND EVALUATION FORM 


C. ATMOSPHERIC
 

L
1. Air addtives 


L2. Air pollution 


L3. Noise pollution 

4. Other factor's 

D. NATURAL RESCLTCES 

1. Diversion, altered use of water M 

2. Irreversible, intfficient commitments L 

3. Other, iactors 

E. CULTURAL 

1. Altering physical symbols L 

2. Dilution of cultural traditions M
 

3. Other factors
 

F. SOCIOECONOMIC
 

i. Changes in economic/employment patterns L
 
1 

2. Changes in pcpulatin ilk M 

3. Changes in cultural ptterns M 

4. Other factors 
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IMPACT IDENTIFICATION AND LVALUATION FORM
 

G. HEALTH
 

1. Changing a natural environment 	 L to N 

2. Eliminating 	 an ecusystem element L to N 

3. Other factors 

H. GENERAL 

1. International impacts __ 

2. Controversial impcl:s N 

3. Larger program impacts 	 N 

4. Other fact ors 

I. 	 OTHER PO IbLL IMPACTK (nof listed ubove) 

nons 

See attached Discussion of Impacts 
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III. Discussion of Impacts:
 

A. Land Use:
 

1. a) SHPP's will have little if any direct effect in increasing 

local populations but indirectly, through better public 
services, marketing, rec-reational and educational facilities 

and increased dnpiryment opportunity, ther by occur inmi

gration to the ccrmunities or surrounding areas. The net 

effect will be a moderate ijnpact. 

b) The use of water for hydro power 	 generation is non consumptive 

other forn of water resourceand no inter-basin diversions or 
extraction will occurr. Other resources will not be directly 

affected. 

c) The SHPP requires some land clea:ciig for the site prepara

tion and penetration of thie access ioad. under optimum 

conditions with ctmifunity cooperation in the protection of 

the watershed no further clearing should take pl ace in the 

area of the site. If proper protection is not provided 

rapid colonization and clearing will occur by means of thi 

access road and could extend to a much larger area. Some
 

land clearing will also occur in either case away from the
 

project site by the new colonists that will be drawn to the
 

The impact is judged as being frcm light to moderate.
area. 


d) The impacts of construction will cause soil disturbance only 

on a small area at the plant site and along the road. Those 

areas that are cleared as a result of th Project will also 

suffer from changing soil characters to lesser or greater 

degree according to land use practices post deLorestation. 

Overall impacts will likely be little. 

2. SHPP's will in no significant way alter natural defense systems. 

By means of indirect effects such a: clearing and altering of 

hydrologic regimes that could happen if the hydropower site and 

its access road are not adeqaately protected, the natural defense
 

system of the watershed could be negatively affected. This could, 

however, have to occur against the recommendations of the project
 

and the overall potential impact is considered slight.
 

3. SHPP's are not campetitive in their use of water and with proper
 

site selection, planning and project design the majority of the
 

possible conflicts can be avoided. The impact here is light.
 

B. Water Quality:
 

The operation of a run-of-the-river 	SHPP that does not utilize a
 

large impoundnent will have little or no effect on water quality.
 

Diversion of water through the SHPP will have little effect on its
 

temperature or on the concentrations and ionic forms of dissolved
 

gases or minerals. Those aquatic organisms, such as downstream
 

migrating fish, which are impinged against the intake debris screen
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or passed through the penstock and turbine, will suffer 
mortality. In most instances this impact will be small, 
since SHPP's withdraw small amounts of water and are 
located on small streams that do not support large numbers 
of aquatic animals.
 

SR'bP development will have a yjreater impact on water quality 
ane aquatic biota when the design of the facility involves 
impounding a substantial volume of water or diverting water 
from another basin. Inter-basin (inter-watershed) dliversion 
has the potential for introducing water of inferior qua±ity 
(contaminants, di..ease organisns, different physical/chemical 
characteristics) iito another stream. impoundment of water 
for store-and-release types of operation can cause a multitude 
of impacts to water quality and aquatic resources, including 
altered temperature regime, decreased dissolved oxygen levels, 
increased concentrations of ammonia, hydrcjen sulfide and 
chemi-ally reduced icnic fonTs of iron and maniganese. An 
impoundment constitutes a physical barrier to upstrea-m and 
downstremn fish migrations, facilitates uptake of contaminants 
into the food web, changes structure and ccuiposition of the 
aquatic biological coununity, and may promote the development 
of nuisance aquatic plants. In many cases, these factors
 
would result in a moderate impact, even on small streams. 

Construction of the SHPP will introduce dust, eroded soil,
 
oils, greases, and other ccnstruction chemicals into the water.
 

These potential impacts can be controlled easily and, due to the
 

small size of the SHPP, the resultant t tic, turbidity, and
 

sedimentatian effect,; are expected to he minor.
 

C. Atnospheric: 

Although the SHPP's will not be directly responsible for air or 

noise pollution effocts, the indirect effects of the growth and
 

industry resultant from the electricity will cause increased 

levels of noise and air contaminants in the urban centers. 

These effects are considered little.
 

Construction of the SHPP facility and its access road will generate
 

dust and noise. Because of the small scale of this project, the
 

impacts are expected to be slight.
 

D. Natural Resources-


Since SHPP operation does not consume water or significantly
 

alter its quality, alternative water uses will not be hampered
 

in most instances. However, water will be withdrawn from a 
stretch of channel downstream of the int ke structure and up
stream of the discharge, and the possibility exists that flow 
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might be reducal during czrta-in times of the veer, hb- hrt 
of thenecessary to svpport aquatic life. The affected section 

stream could Parve as a source of water for irrigation, human 

or livestock consumption, industrial uses, or dilution of
 

domestic seRevage or industrial effluent£:. These users might 

find the quantities of water available to be limited during 

all or -?art of the year due to SHPP diversion.
 

Population growth resulting from the provision of electricity 
will put greater demand on natural resources (greater need for 

water and arable land; fish for human consumption; greater waste 

disposal problears) . 

No major irreversible or inefficient coritments of land or 

water resources are anticipated as a result of te SHPP develop

ment program. 

E & F. Cultural arid Socio-Economic: 

Although the net social value of SflPP development is expected 

to be positive, there are some negative ramifications of the
 

program that should be noted. If the provision of electricity 

to a village promotes significant immigration of people from 

other areas of Peru, dilution of local customs, language 

patterns, and cultural traditions may result. Increased popu

lation in general will put greater daniands on food production 

capabilities, as well as create greater needs for drinking and
 

wastewater treatment facilties. Small conunities that presently
 

have no drinking or wastewater treatment may encounter increasing
 

problems with waterborne diseases or simple availability as the 

population increases and the ability of the environment to
 

assimilate their additional wastes proportionately decreases.
 

These problems may have unanticipated social ane economic conse

quences, all arising as a secondary effect of rural electrification,
 

G. Health: 

As with water quality impacts, the operation of SHPP facilities 

per se is not expected to affect humran health or the transmission 

of waterborne dieseases. However, SHPP designs incorporating 
inter-basin diversions cr water inpoun h unents can promote water

borne disease problems. Water contaminated by human sewage or 

runoff from livestock enclosures could, by inter-basin diversion, 

introduce diseases into a previously unontaminated stream.
 

Water inpoundments provide increased habitat for disease vectors,
 

such as mosquitoes, and alternate hosts of human and animal para

sites, such as snails.
 

A secondary effect of the SHPP program on health is population
 

growth, ,:hich entails increased risk of disease epidemics result

ing from inadequate drinking water and waste treatment.
 

H. General:
 

Because of the small size and scattered location of the SHPP faci

lities, no international, controversial, or large program environ

mental impacts are anticipated from the proper planning and imple

mentation of this project.
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SELECTION OF SITES FOR THE CONDUCT OF PKE-FEASIb.iLITY STUDIES 

The Commission for Small Hydroelectric Power Plants (CSHPP) of the Ministry 
of Energy and Mines has identified (in 1974) over 1,000 ccmmunities, with a 

cumulative population of nearly 2 million which could be served by 

approximately 800 small hydroelectric power plants (SHPP). These hydro

in size from 50 to 900 KW with an average sizeelectric plants would range 

of 200 KW. For the '*0 - 1982 triennum, the CSHPP has identified 88 sites,
 

with generating capacities ranging from 100 to 900 KW, where small hydro

electric power plants could be installed. 

In its first full year of operation (1979), the Small Hydroelectric Power 

Plants Program included 39 sites in a variety of activities ranging from 

preliminaxy studies to putting into full operation. Currently the Planning 

Office for Applied Technology (OPTA) of Electroperu is using informally a 

n.mber of technical and socio-econcmic critera in the selection of sites 

for the possible installation of small hydroelect-ic power plants. It is 

the policy of Electro1*ru that service areas located more than 20 kms. 

from the national grid are eligible for particilation in the S-IPP Program. 

This policy is based on a detailed economic study that compared the cost 

(per Kwh) of supplying electricity to service areas located at different 

distances f on the national grid with the cost of providing the scame 

service through a SHPP. For service areas located more than 20 kms. from 

the national grid the marginal cost of supplying electricit/ froum a SHPP 

was lower than through any alternative system. (Egoavil 19'9). 

The teasibility or reconnaissanw e investigation methodology, that is 

described below, has been developed with- the specific objective of enabling 

OPTA to Frioritize systematically the selection of SHPP sites. In this way, 

OPTA will be able to optimize the use of the numax, and financial resources 

currently at its disposal. 

Additionally, a pre-feasibility study is designed to reduce the chance of 

will have to maximize the potential forunfavorable findings, thus, it 
In general, small hydio projects are justified
identifying attractive sites. 


economically on the value of power that can be generated ani tie benefits
 

sources of energy. Figure 1
relited to the substicution of other alternative 


is a sketch of a typical small hydroelectric power plant.
 

This manual is mainly based e;n historical reconnaissance studies and technical 

uPTA and U.S. (5overnme. . entities such as the Internationaldata uppliud by 

Programs Office and the Idaho operations office of the Department of Energy). 
asThe pre-feasibility technology encompasses a number of technical (such 

site physical characteristics and physical works), economic, social, political
 

and environmental factors. in the following sub-sections, these factors are 

discussed in some detail. The interrelationships between all the technical,
 

social and economic factors are shown in Figure 5 (pre-feasibility decision
 

flow chart). 

a) Site Physical Characteristics
 

The site physical characteristics are of three kinds:
 

i ) Energy potential,
 



a Small, Hydroelectric Power PMantFigure 1 A Sketch of 
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ii ) Accessibility to Coumnication Routes
 
iii) Proximity to the Sites of Load Demand
 

The discussion of site pnysicai characteriatics will tzeat each of the 

above three itens in turn. 

i ) Power Potential 

The power potential (P) is a function of two variables 1) the net 

available flow (Q), according to the followinghead (V) and II) the 
mathematical formula: 

P = 7.5 Q.H where 

P = year-round availability of energy (KW) 

Q = the available flow (cubic meters per second) 

1 = the net head (meters)n 

by treating theThe discussion of the energy potential continues 

net head and the availabie flow as separate items. 

The Net Head ( 

+
The net head available a . any iparticular site is determined by 

deducting from tne gross head (the difference in geodesic elevation between 

the water 1evels at the intake px)ints and the tailrace) the head losses that 

as the water flows to the turbine and from the turbine. Theare generated 

penhead losses _ae causei privn:ijiply by friction in th, Leadrace and the 

stock (See Fig. 2). Cfthi miscellaneous head losses include such factors 

and sudden expansion onas trash rack. losses, intake losses, bends 
of the turbine and veloc-ity head losses on thecontraction losses upstream 


downstream sidu.
 

Losses kleadracw (I /300 - 1/1,000) of the gross head;ce to 

penstock 2rictxo<n 1)sss S cc-Ap.e to ( L50 - 1/200) of the gross head.
 

Miscellaneous losses r tnge 0.2m 1.0m (No-aki, 1968).
firmi to 

As a first approximation 

H (1 1
 

n g 300 50) - 1.0 = 0.976 H9 - 1.0 where H - the gross
 

head (meters).
 

The available flow
 

Just .s the net head (1n) is site specific, so also is the avail

able flow t Q ). A two-step hydrolic analysis is usod to calculate the
 

available flow:
 

1) iAn appjropriate r ;cord of flow vers-is time period (year, month, 

day) is cnerated. In statistical terns this record is called a time series.
 

2) A flow duration curve is generated.
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The methodology for preparing a flow duration curve is first to 

rank order the time series by daily mean flows according to magnitude. The 

rank ordered values are then assigned order numbers, the largest beginning 
with order 1, The order nui-hers are then divided by the total number in 
the record and n-il.tiplicd by 130, theraby representing the percent of days 
that a paxticular mean flow has been equaled or exceed< d lu-:Lj period 
of record analyzed. 

The flow duration curve represents graphically the results of the 

above analysis where the flow (Q) is plotted against the percent exceedance. 
References to flow duration curves are usually made as Q5 0 , Q3 0 ' QIO etc, 
indicati-ng the flow values at the percentage point subscripted. Fig. 2 is
 
an example of a flow duration curve. Q values are good starting points 
for sizing equipmient (Gladwell 1980). Ideally, a flow record of 5 - 10 
years should be available. For the sites of small hy,'-oelectric 
facilities a 2 -3 year record is acceptable.
 

ii ) Accessibility to Coumunication Routes 

The accessibility of the proposed site of the small hydroelectric 
system is an important conideration. The location of feasible existing 
communications routes (such as roads, riding trails, navigable rivers etc.) 
should be identified. Coummunications routes with neighboring communities 
should be described. The importance of the neighboring ccmunities and 
their distance from the community under study should be detailed. 

Where pertinent, the locations of possibl> new comnunication 
routes (such as roads, access trails etc.) should be identified. Topological 

and climatic characteristics thaZ would impede access to the proposed site 
should be specified. 

The exact location of the power house should be indicated in terms
 
of the distance to the nearest point on an existing road.
 

iii) ProximitLy to the Sites of Load Demand
 

It is important to indicate the distance of travel (in kilometers) 

of the transmission lines from the power house to the center of the demand 
locale. This is achieved by tracing a profile of the terrain over which
 

the shortest possible accessible length of transmission lines can be 
located.
 

b) Physical Works
 

Three aspects of the physical works will be covered:
 

1) Type and size of plant
 
2) Approximate cost, and
 
3) Approximate power production
 

In the following sub-sections, these items will be dealt with. 
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1) Type and size of plant and its approximate power production 

The selection of the type and size of plant is dependent on an inter
action between the net head available and the flow. By following exactly 
the instructions provided in Fig. 3, the most appropriate site specific 
turbine can be chosen, and its energy potential can be calculated. 

2) r_2_xirate cost 

The approximate capital costs are estimated by first using Fig. 4.
 
They include turbi-ne/generator and appurtenant equipment, station electric 
equipment, miscellaneous powerplant equipment, powerhouse, powerhouse
 
excavation, switchyard civil works, and upstream slide gate and construction 
and installation. Second, multiply this number by two to cover the cosL of
 
transmission lines, penstock, headrace and tailrace construction plus switch-. 
yard equipment and dam construction or modifications. 

c) Economics 

Three major subjects will be covered in this section: the market or 
demand structure, the economic and financial determination, and the perspec
tives to identify other development projects and productive uses in the area. 

1) Demand St-ructure 

The proposed small hydroelectric power plants (SHPP) program for 
Peru has bot-h economic and social aims. Most of the economic benefits derive 
from mee*inig the demanr of residential consumers, small businesses, and the 
farming community. The potential beneficiaries of the project, therefore, 
are not only village households, but also conercial and agro-econamic 
entities such as shops, landowners, Irrigation pumps, small mills and other 
productive units. 

As part of a simplified methodology that will enable OPTA to quantify 
the load on a future SHPP, the socio-economic aspects of the service area 
will be described principally in terms of the potential demand and the usage 
of electricity as an alternative to traditional sources of energy.
 

In deteiminLng the demand structure, the factors listed in Table 1 
will be considered. In the absence of detailed information, Flectroperu's
 
demand model will be used. Electroperu is combining the results of census 
data taken in 1961 and 1972 to project population growth profiles. Census 
data are also used to correlate the aimiber of households in the demand area 
with its population. 

The survey form for the SHPP (Table 4) will be used to generate
 
data on household consumption and expenditure of electrical and other forms 
of energy.
 

Using the assumption of an average pe. capita load factor of 60 
Watts, the following population load chart will be used as a first 
approximation for demand estimates. 
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Estimated costs are based on a typical or standaxdized
1. 

turbine coupled to a generator either directly or
 

through a speed increaser, depending on the type turbine 

used. 

2. 	 Costs include turbine/generator and appurtenant
 

equipment, station electric equipment, miscellaneous 

powerplant equipment, powerhouse, powerho.use excavation, 

switchyard civil works, an upstream sluice gate, and 

construction and installation 

3. 	 Costs not included are transmission line, panstack,
 

tailrace construction, switchyard equipsent, and da 

modification or improvements.
 

4. 	 Cost base July 1978.
 
S. 	 For a multiple unit powerhouse, additional station 

equipment costs are $20,O000$58,O00 x (n-1), where n 

in the total number of units.
 

Source: U.S. Army Corps of Engineers, "Feasibility
 

Studies for Small Scale Ilydropower Additions,m 

July 	1979, Volume 1, Page 4-7. 
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No. of inhabitants Demand
 

500 - 1000 30 - 60 KW
 

1000 - 2000 60 - 120 KW
 

2000 - 4000 120 - 240 KW
 

4000 - 6000 240 - 360 KW
 

Source: Aftel Nozaki (1968) 

Load and energy forecasts will then be made using an annual average 
growth rate of 5% (Nozaki, 1968), For example, the demand load of a 
community of 2000 inhabitants, with an annual average growth rate of 5%, 
will be, after 10 years: 

10 
120 xwh (1+0.05) = 195.46 Kwh. 

Table 1 

FACTORS TO BE CONSIDERED IN MAKING THE DEMAND SURVEY
 

1. Current number of inhabitants 
2. Average household size 
3. Average current household expenditure on energy other than 

electricity
 
4. Number of projected connections 
5. Number of small industrial enterprises 

6. Number of corrmercial establishments 
7. Number of schools, health centers and other coarunity services 
8. Current and projected demand for electrical energy 
9. Average monthly KWh consumption per household 

10. Basic assumptions for the survey 

2) Benefit and Cost
 

Benefl consist uf revenues plus surplus benefits. Revenues are
 

the nrnruct nf taric" times estimated electricity consumption in each year.
 

Costs consist of total capital cost!; plus annual operating and maintenance 

costs. Both will be projected over. the useful life of a SHPP and discounted at
 

15 percent.
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3) Surplus Benefits
 

The introduction of electricity into rural areas has the
 
potential of providing a variety of economic benefits. In the case
 
of resource savings, surplus oenefits result because some previously
 
used energy resources have been substituted by electricity not for
 
residential lightning but also fjr cooking, appliances, equipment
 
repair, entertainment and productive tools.
 

This aspect of ruiral electrification will be dealt with at
 
greater length at the feasibility methodology level; however, it is
 
clear that to achieve income redistribution and employment generation
 
within a community, promotion of the productive usage of electricity
 
for small shops, farms, and service units will be required from OPTA
 
to support the SHPP program.
 

Additional surplus economic benefits derive from the role which
 
the availability of electricity can nlan in promoting improved agricul
tural productivity through irrigation, through the expansion of agro-
industrial enterprises and through the creation of job opportunities as
 
a result of the diversification of economic activities in the area.
 

Because of these considerations, the preliminary screening
 
model will at first value surplus benefits at 100% of the value of
 
predicted power sales. As stated in the text of the Project Paper,
 
this value will be changed when a better estimate is made available
 
early in the Project's life as a result of a special study for this
 
purpose financed under the Project.
 

4) Economic Feasibility
 

A project will be considered economically feasible when dis
counted benefits exceed discounted costs. The benefit-cost ratio analysis
 
will use a discount rate that represents the social rate of return on
 
capital. An example of this computation forms part of the case study
 
described in the text of the Project Paper.
 

The proposed methodology will rank alternative sites according
 
to economic returns. A preliminary determination of project feasibility
 
may be made in part on the basis of the benefit-cost ratio.
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If the ratio is greater than 1, the project will tentatively
 
appear to be feasible, and further evaluation will then be recommended.
 

If the ratio is less than one, 
the project will be eliminated
 
from consideration.
 

Projects will be ranked on 
the basis of the benefit-cost
 
ratio and feasibility studies perforned in that order.
 

5) Projected Subsidyrequired from ELECTROPERU
 

A projected subsidy calculation will indicate the degree to which
 
each plan is expected to pay for itself. Such calculations could take
 
the form of 
(a) discounted revenues divided by discounted costs (both

denominated in currency units of 
constant purchasing power -- i.e.,
 
excluding inflation) or (b) cost per per Kwh versus average price per
 
Kwh charged to consumers (both discounted and denominated in constant
 
purchasing power currency units).
 

6) Identification of Links with other Development Projects
 

Electricity is 
a basic element for the adoption of technologies

which widen a community's range of possible economic and social activities.
 
Thus, a SHPP project can have a synergistic effect on development projects
 
in the area. Therefore, in a reconnaissance study, it is necessary to
 
gather information on ongoing local, national and international development
 
projects in the SHPP catchment area funded by development entities.
 

In the private sector, this information is inferred from the
 
responses to the survey form for SHPP. Preliminarily information on develop
ment programs that are funded by national and international agencies is
 
available in a report published by the National Institute of Planning of
 
the COP 
(INP) entitled Evaluaci6n Global de la Cooperaci6n Tcnica
 
Internacional recibida durante 1978 
 published in October 1979. Later
 
editions will be used as 
they become available. If necessary, such
 
information will be supplemented from other sources (such as INP),
 
especially with regard to new projects. 
The donor agencies can also pro
vide information on specific projects that are envisaged or are being
 
implemented in the SHPP catchment area.
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Them, Table 3 can be used to identify the linkages between the
 
developuant projects and the supply of electricity in the catchment area.
 

d) Social1 Political and Envirormbental Criteria 

This subsection deals with the methodology for integrating social, 
political and environmental impacts into a reconnaissance study. The 
methodology is designed to analyze the target ccwmunity's capacity to 
capitalize on the benefits associated with SHP electrification (See 
Table 3 Socio-Economic Impacts of Electrification by Small Hydroelectric 
Powez Plants). A methodology is developed to make a judgement on the 
effects of the installation of the SHPP (and all the associated civil/ 
electrical/mechanical works associated withi an SHPP system) on the local 
enviror went. 

i) Social and Political Criteria
 

The SHPP progran takes as a basic premise a high degree of cormunity 
participation in the construction of the SHPP facilities. To this end the 
coumnuity will organize a "Pro-electrification Coamittee" which is 
responsible for coordinating all pertinent coumunity construction with
 
Electroperu. The committee is compased of representatives of different
 
sectors of the cotmunity.
 

The organization of Pro-electrification Cclittees follows a long
standing tradition of rural collective work organization in Peru (called 
faenas). This tradition is still very much alive in tle coTmmiunities of 
the Sierra and the High Jungle. 

A methodolocgy has been designed to sharpun Eluctroperuls perception 
of the community's in volvement in the SHIP program. The methodology 
consists of four steps:
 

1) Compilation of available data from COP sources such as census 
data.
 

2) A social and economic survey will be made of the commanity 
using the supplied survey form (Table 4). 

3) Tallying the results of the survey.
 

4) Integrating and analyzing the results of steps 1) and 3). 

The survey will be conducted at the municipal office. 
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A 2 day-lung survey is appropriate and realistic for a pre
feasibility study, the survey should be conducted in the vernacular 
language of the interviewed be it Spanish, Quechua or another indigenous 
dialect. 

The survey is directed to different sectors of the population: 

1. Farmers
 
2. Public servants (e.g. school teachers, nurse) 
3. Tradesmen 
4. Craftsmen 
5. Businessmen 
6. Professionals
 
7. Political figures (e.g. village chief)
 
8. Regional businessmen 

An adequate number of representatives of each of these sectors will
 

be interviewed.
 

TALLYING AND ANALY7ING THE SURVEY RESPONSES
 

Once the survey has ieen completed, the results are compiled for computing 
the community demand load for electricity and for assessing the community 
participation in the SHPP Project (Table 5). 

The survey results will 'e analyzed to answer the following questions.
 

a) Does the SHPP Project lxnefit exclusively those who hold the highest 
political, social and econotric ranks of the community or does it also 
provide service to all econo Wc sectors? (identified by their monthly 
expenditures in energy resources). 

b) Is there a correlation betweeA The number of people participating 
actively in the project (through cash donations and/or participating in 
the faenas) and the number of potential hook-ups: 

c) Do the members of the Pro-electrification Committee (created for the
 
organization of the faenas) utilize their position for individual political
 

or economic gain from the SHPP electrification?
 

d) Will the creation of new opportunities for enterpreneurs, skilled and 
unskilled labor, and surplus farmers automatically improve the stardard of 
living of the poorest sector of the community? 

Finally the survey results are checked and correlated with the data that 
has compiled from GOP sources. 

General Environmental Criteria for Prefeasibility study 

The prefeasibility study for each site for a small hydroelectric 
power plant will include an environmental assessment that will be conducted 
by Electroperu, the GOP Agency that has basic project development
 
responsibility. More advanced and detailed analysis of SHPP's at the
 
feasibility level will be carried out by some other independant institution 
with recognized capability in the environmental field, namely La Oficina 
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SURVEY FORM FOR SHPP
 

N=G of community: 

Name of representative:
 

Date
Sector represented: 


Electric Service Availability: None 

Diesel _ _ Other 

Sector willing to contribute to the project:
 

Labor (man/days) Money $ 

Materials 

Economics: Energy expeiditures for household 

per month 1. lessthan $ 2 

2. $ 3-$ 4 

3. $ 4 -$ 6 

4. $ 7 or more 

Number of sector electrical hook-ups
 

KWH (ino)
Projected h/h consxuLnption 


Value of Demand ................ $
 

Affordability
 

Imediate and potential uses in the sector within the
 

household (lighting, cooking, (entertaiwiEent)
 

Cottage industry
 

Agroindustry 

Small businesses 

Agriculture
 

Public Services
 

Foreseeable drawbacks _
 

Evaluation:
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SUmMARY OF THE RESULTS 

Population Current 
2ECTOR total hook monthly 

number ups average 
energy 
expenditures 

Farmers
 

Public Servants 

Tradesmen
 

Craftsmen 

Businessmen 

Professionals 

Political figures 

Reqional businessmwn 

Totals 

TABLE 5
 

OF THE COMMUNITY SOCIO-ECONOMIC SURVEY 

Participation in Projected Uses of Electricity 
SHPP Project imediate future 
man/day $ 
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some otherNacional de Evaluaciz de los Recursos Naturales (ONERN) or 

designated professional group. This approach will both assure that Electro

peru develop an internal capability of and sensitivity to environmental 
assessment but at the li tsm a 1A&vidt f a ci-itlcal &-... --

analysis of each proposed SHPP by a capable and independant second party 

with power of mitigation or cancellation prior to the initiation of 

construction. 

There is a common tendency in Latin America to colonize forested hinter

lands, to expand the agricultural frontier, to improve economic conditions 

and reduce rural to urban migrations. When adequate analysis is not made 

of the potential productivity of these n w areas and orientation given 

accordingly to the colonization rocess, however, frequently the expected 

riches of the new frontier quickly turn into degraded and eroding waste

lands that in turn take their tcll on small colonist-farmers. In the wake 

it is also normal to find depleted forests, fish and wildlife (upon which
 

the colonists have had to subsist) and perhaps the initiation of watershed 

disbalanced that will likely yet worse if land use does not improve. 

In Pert, new colonization efforts and a "conquista" attitude prevail
 

throughout the Ceja de Selva (high jungle) and Selva (lowland jungle) areas. 

It is in these areas where many of the new demands for public services in 

the form of roads, schools, electricity, etc. will come. It is most
 

critical that the GOP develop an organized and rational procedure for 

promoting such colonizaticn. Basic reconnaisance information concerning 

slopes, soils, climate, forest resources, etc. will permit the government 

determined what is viable and what is not, on a first order approximation, 
and therefore orient its credit, roads, school and educational services,
 

etc. to the specific needs of each zone. Not to do this is to open the 

floodgates to unwanted wastage of natural esources and unnecessary human 

misery.
 

of public services, can play a decisiveSHPP, like many other type 
factor in the promotion or deterance, success or failure, of a rural village. 

will therefore (etermin'i, or a reconnaissance level, land u'se
Studies 

areas where colonization
capabilities and general resource potential for those 


is occuring and SHPP's are being requested, to determine if it is justifiable 

that these areas be opened up and in what way. It is likely that some will 

be determined rich agricultural and/or forest resources areas and should be 

opened up. cther3 may be too steep with poor soils, and too wet and should 

best be kept in protection forests. In these later cases SHPP's should be
 

negated at a prefeasibility stage.
 

In determining SHPP prefeasibility for already developed Sierra and 

Coastal regions, prefeasibility considerations should basically be based 
upon points 2 and 3 of this section. However, in special cases where 

sites have little or no resource productive potential or are located
 

within inherent protection areas because of their steep physiographic and/
 

or extreme ecological conditions, similar criteria as mentioned above
 

should be applied and SHPP prefeasibility determination should be negative.
 

It is a primary objective or prefeasibility analysis to, on a first order, 

distinguish viable and non-viable projects. From an environmental point of 

view there are three basic considerations that should be taken to permit 
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pasing on to a feasibility stage: 

1) Should development be stimulated in the area and if so what 
type of development will be stable, productive, and
 
protective of th4 resource base?
 

2) 	Is the available water resource of the watershed concerned
 
of adequate quality, quantity and regime to meet project
 
needs?
 

j) 	Is there adequate local interest and support to uphold the 
environmental protection requirements of the project? 

1) Of special concern in undeveloped nral areas is the early establish
ment of productive land uses that will be sustainable and non-exploitative
 
of the renewable niatural resource base (soil, water, forests, fish, wild
life, etc.). In certain areas, for example, local .:ural industries should
 
be based on agriculture, while in others their resources make them most
 
suited for forestry on fisheries.
 

2) For all sites the availability for adequate stream flows to ensure
 
efficient and reliable hydroelectric power generation is a fundamental
 
criterion that must be satisfied at the prefeasibility stage of site
 
evaluation. Recent, accurate records of streamflow and sedirient discharges
 
for a minimm 2 - 3 year period must be available in order to determine the
 
appropriate size and type of turbines and to predict the daily and seasonal
 
availability of water for generation of electricity.
 

Streamflow and sediment recording installations, suitable to the 
conditions of each particular site, should be installed as early as possible
 
for all sites that are to be considerd for SHPP's. At the time of any 
given prefeasibility determination if the required 2-3 years of base data 
does not exist for any given potential site. That site will be deferred
 
from consideration until such information is available. 

Every effort will be made at the prefeasibility stage of identify
 
all existing or potential public and private water users (including minimum
 
flows necessary to support fish and other aquatic organisms) that affect 
flows in the stream. The location of all water intakes and discharges in 
the 	affected area, as well as the respective flow rates and nature of the
 
affluents, must be developed. Only in this way can potential water use 
conflicts which might prevent S11PP development be identified and resolved.
 

It is important to determine at the prefeasibility stage if the 
proposed site is near or in a protected area that enjoys special legal status
 
or if its land use capability is such that it should be declared as, or as 
part of awildlands area. If a protected river or area (for example, a 
national park, a forest reserve, a wildlife preserve, sanctuary, or refuge)
 
is chreatened by construction and operation of a SHPP, it may be legally 
impossible or unreccmmendable to develop at that site, whatever the projected 
be benefits. S'milarly, if the existence or habitat of any rare or endangered 
plant and animal species are threatened by SHPP development, the site may not 
be feasible frcgn both an envirormental and legal stand-point. 
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3) The local ccau.ity (ies) to be benefited0 ay a SHPP should be 

involved in the planning and development of the Project as early on as 
possible. It is important that they be in agreement with the Project and 
support it in all its ramificatins, with respect to the environment it may 

be rncetiy fo. the local people to provide lands for the project site 

and roads right of way wayp for certain projects a protection watershed will 
thp GOP will have toneed to N5 established and the local government on 

provide these lands, forest guards and other minor resources for assuring an 

adequate water resource for the SHPP. Such potential requirements as these, 

although not yet fully developed at the prefeasibility stAge should be 

discussed with the camnity and an affirmation of full cooperation (if 

possible written) should be received frcom the community before proceeding 

on to feasibility stages. 

e) OPTA's Pzefeasibility Decision Flow Chart 

Figure 5 is a decision flow chart that has been designed for the Planning 

Office of Applied Technology (OPTA) of Electroperd for conducting a pre

feasibility study. It shows the order in which te technical, socio-political 
and economic sections of the pre-feasibility study are carried out, and the 

critical points where decisions must be made to continue with the pre

feasibility study or to discard it entirely. 
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FEASIBILITY STUDY METHODOLOGY 

INTRODUCTI ON 

The feasibility study methodology has been designed to investigate thoroughly 

whether project (that has passed the screenin,' e-feasibility stage) should 

be constructed and what steps should be taken for its implementation. The 

feasibility study methodology consists of seven parts: 

1) Potential energy determination (including a cormunity profile and a 

demand forecast).
 

2) A technical analysis (that will generate a complete description of the 

site's topographic, geologic and hydrologic conditions, the existing electrical 

service, the u e2 of water upstream and downstream from the proposed site, 

plus a complete descriptio. of all the civil and electro/mechanical engineering 

activities related to installation of a SHPP and their associated environmental 

impacts ). 

3) A costing analysis (including detailed information on all civil engineering
 

works, electromechanical costs, indirect plant costs and operation and maintenancE
 
costs).
 

4) Economic analysis (including detailed information on the ecormic benefits
 

accruing to the project).
 

5) Institutional analysis (that describes in detail how the project will be
 

managed and includes information on how the participction of other governmenU. 
entities within and without Electroperu is optimized). 

6) Social analysis (that describes the expected social benefits from 
implementing the project) and 

7) Environmental analysis (that reviews all the favorable and unfavorable 
envirornmental impacts that result from the installation of the SHPP). 

a) SOCIO-ECONO.MIC DEMAND PROFILE 

This section of the feasibility study methodology will characterize
 

a community in terms of its current socio-economic milieu. Subsequently, the
 
following information will be generated: 

i ) An electricity deLand forecast. 

ii) An evaluation oi the short and medium term socio-economic
 

impacts of electrification in the community with a special emphasis on the
 
project's impact on women.
 

The following assumptions have been made:
 

1) A PFS has been carried out and the site has been found suitable 
for the installation of an SHPP. 
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2) 	 The cocuzsnity at-large is favorable to contributing to the 
constxuction of the SHPP. This is rnxfirmed by checking the results of the 
PF study survey to uee if the number of man days of work offered are sufficient to 

perform the civil works assigned to the ;cvmunity. 

3) The methodology takes as a frame of reference the socio
cultural milieu of small isolated cammunities that are located in the Sierra 
and the High Jungle. 

i) 	 COMMU[NITY PROFILE 

To assess the socio-economic soundness of the S:IPP, the PI'S has 

provided, grosso modo, the profile of current and future energy use. At 
the feasi),ility stage, the study requires an in-depth analysis of the 
ccumunity.
 

The 	 feasibility study vill consist of two steps: 

A) 	 Gather data from the following sources:
 
1) The results of the PFS.
 
2) Supplementary census data.
 
3) An in-depth survey of the locality.
 

B) Analyze the data, and where pertinent indicate r:ssible 
adverse impacts. Further information is given below on the data gathering 
and analysis steps; 

A) 	 Data Gathering 

PART 1 - The PFS Qives data on the
 
- size of population
 

number of inhabitants 
number of households 

- length, travel time and means of transportation 
(e.g. by truck, by automobile, by horse, on foot) 

- projected improvements. 

PART 2 - The survey antinues by collecting data on the 
community's population, public facili';ies, and private sector econcmnic 
activities. To achieve this objective, the community authorities will be 
interviewed using the procedure outlined in Tables 1 to 3. 

PART 3 - A cormmunity's social structure and distribution of 
power may tend to block certain activities and facilitate others, inhibit 
the formation of certain types of relationships and foster the development 
of others. 

Hence, the study will investigate the distribution of the 
community's social structure in terms of economic and political power in 
order to identify the actual ultimate beneficiaries of the project. In 
order to gather relevant information to perform an assessment of the 
community's social structure, key information sources in the ccmmnity will 
be consulted. The results of these findings will serve to identify the 
sample for the family interview. (Use Table 4) 
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PART 4 - In order to evaluate the foreseeable impacts of 
electricity a a family's allocation of time to household, leisure and 
ocooinic activities, selected famiieki will be interviewed (using the format 
in Tables 5 and 6). These families will be chosen according to the follow
ing cxiterial 

- land size 
- off-farm wealth 

- political power 
- education 
- migration pattern 

A representative sample of families will be interviewed.
 

The interviewer must be able to spe&!k the vernacular of the site 
(e.g. Spanish, Quechua). If pobsible he/she will be a person known to the 
ccmumlnity (e.g. a local nurse, school teacher or social worker).
 

B. ANALYSIS OF TFH DATA 

The data obtained fron the prtD-asibility study, the national
 
census and the feasibility study survey are used to answer questions related
 
to the use and effects of electricity.
 

It can be assumed that the lighting of public facilities will
 
benefit the whole community. The survey will also indicate if electricity 
will upgrade the availability of public services, by extending their operating 
hours, by expanding their premises, and/or by adding new ones. The consolidated 
results from using tables 1 and 2 will indicate in which services improvements 
will be made. 

The introduction of electricity will allow for the adoption 
of time-saving devices by industry, commerce, artisans, the agricultural sector 
and by households. The extra "free" time generated can be used for income
generating activities, individual development and leisure activities. The 
consolidated results from using tables 3 and 6 will point out what activities 
can be mechanized to optimize the use of time. 

The evaluation must also prioritize the appropriate actions 
that need to be taken to promote new productive uses of electricity in the 
locality. These actions can include: appropriate technology information 
and demonstration sessions, vocational and technical training, organization 
for commnal purchase of grinding mills, water pumpts, cold storage plants 
for fruits and vegetables or medicines, etc. 

The consolidated results from Table 4 will serve as a basis 
to assess the income distribution effect of electrification. This is done 
by checking whether a positive correlation exists between those persons with 
economic and political power and the envisioned expansion of productive 
economic activities. (Table 3). 
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TABLE 1 COMMUNITV SURVEY
 

DEPARTMENT:
PROVINCE:
DISTRICT:LOCALITY: 


TOTAL
CHILDREN
FEMALE
MALE
POPULATION 


a) Subsistence 

RURAL b) Minifundistas 
c) With )5 ha. 

URBAN 

TOTAL
 

AUTHORITIES (include p4o-eteCt'4iiCdtiOn COmmittee) 

ADDRESS
VEARS IN SERVICE
POSITIONS
NAME 


a) Subsistence 7 x 

b) Minisfundistas 

to the SHPP: c) With>s5
6mities inte.e~td in immediate hook-up 	 d] Urban 

ha 
Indicate mumbVtL o6 

IILL THIS SYSTEM BE REPLACEV
SYSTEM
YES/NOAVAILABLE SERVICES 	 BV AN ELECTRICAL ONE AFTt
 
ELECTRI FICATION?
 

(DIESEL, OIL...,....)PUBLIC LIGHTING 



TABLE 2 - PUBLIC FACILITIES .SURVEV 

PUBLIC FACILITIES 
75 . 

~ ~-

50,,w. Z5 w. 
/N €)- "I 

A,
N / 

4'Wi4,41d 

4"IlL FEW FACILITTT 
BUILT OR OLV ONE[S 

SERVICE EXPA'4VEV 

AFTER ELECTRIFCAT|oyeA,, pCo, 

SCHOOLS 

CHURCHES 

HEALTH POSTS 

MUNICIPAL OFFICE 

POST OFFICE 

POLICE STATION 

COMMUNITV CENTERS 

JUVGE'S OFFICE 

MOVIE THEATER 

BANK 

HOTEL 

PHARMACY 

WAREHOUSE 

COMMERCIAL ESTABLISHMENTS, IN THE LOCALITY AND NEIGHBCRING COMMUNITIES 0 w 

RETAIL SHOPS 

UIOLESALE 
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1) L0Q.TM.C UMACHIMERV USE . TOTAL PR. DUCTIO RVLNVE 1979 RtVENU 

AG RICU LiuRE 

CATTLL RAISING
 

bovineA
 

01Jinea an~d goats
 
auque 4da
 
INDUSTRIES 

IN:)USTRIES IN NEIGH6ORING COMUNITIS
 

IN THE AREA (PRIVATE OR PUBLIC)
2) SOCIAL OR ECONOMIC DEVELOPMENT PROJECTS 


CHARACTERISTICS
TYPE
SITE IMPLEMENTING AGENCY 


pe{opte ,40totvedl
 

3) WHICH OF THE ABOVE PRODUCTIVE 	ACTIVITIES WILL CHANGE IF ELECTRICITY
 

HOW WILL THAT AFFECT THE JOB MARKETI
IS BROUGHT TO THE LOCALITV? 


(or havo access to, e.q. borrow) 
sufficient
 

4) 	What percentage of people have 


resources to buy the appliances/equizpment 
needed to electrify these activities?
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SOURCE 

TENURE PATTERN
LAND 	TITLE LAN 

RfE CORPS 

Nabe. oJ LandtAA peaAaxtA 
Numbe& oJ tnidasundi-itak (eA thian 5 ha.) 
Numbea OJ eOm4,nv,,n 

Ot ei4, (e.g. uroan) 

DISTRIBUT ION OF OFF-FARM WEALTH
 

6am.tie noes-aq-ticutugatNumbeL' o6 own4.ng 


EMPLOVEF paoducti.ve tatLp .46Q6.
 
N~umbuk ommu.niy'A notabtt4 (e.g. dectoo, judge.
 

AULNICIPAL 


potii~dcat teaden.6).
 

- Vt(.,j. urban) 

PERCENT
DISTRISUTION Of POLITJCAL POWER 


d it 	LocaL eowmitee,.MLNICIPAL Pteentage o6 6ami-¢te 4ep .e6ent 


EMPLOVEF PeAcentage o6 6amiieA which inituence tee eomUaLMUtA
 

deci.ion making pkoce.4. 

MIGRATION PATTERNS
 

Size 	o6 mg4a:iZcn 6Lux
MUNICIPAL 

M*atiox 6eahol&EMPLOVFF 

Length 06 aba6nat/4d'y 

iqa toAq LaboaSexuat distk4bution o6 
kate: Fei,,te. 

LOCAL SCHOOL	 #A
EDUCATION- LEVILTEACHER 


I o6 men and women w th pi4.maxy eduction 
t(.onday educa.eztiot o6 	men and wower, -Ch 


men and women ;.h hkghi& education
t o 
% oJ men and women with vocationat edueation 
% odj ,.teate poputation 

LOCAL
 WAGE 	 KATLS IN THE AREA 

kI Y	 LOCAL AVATLAJLt$PRICE
TVPE 


Iday

CdJkptteeC 
 /day
Waso Iddy
utkitted woiikeit 


http:paoducti.ve


TABLE 5 - -OMMUNITV'S ENERGV USE PROFILE
 

IAME OCCUPATION 	 FAMILV :NCOME RESIDENCE PRESE14T ENERGV USE IN SI. REQUIRED SERVICES TYPE Of 
SIZE NUMBER OF SERVICE 

0 -~e 1ndu~Ati.a 
W -V ,e d -W Pubtic 

W .od 0O 	 Vom:1 -4 WS 

Subsistance (S)
 

Minifundista (M)
 

5 ha ( 5)
 
Urban (U)
 

* Does your fanily 	have (or have access to e.g. borrow) the resources required to purchase 

these a ppliarces? 
* Are you willing and able to pay for hook up? 

. 

4TA 

TOTAL 

4 



1e.r4:x ItFAMILY TIML ALLOCATIONTASLE i'Xilit B 
Paqf 9 4 

NAIE i MAN 
FAMILY SIZE, 
LAND SIZE: 

(Namt Paoduct6l/IAGRICULTURL 


t4an4.flt 
hakveatA.nq
 

otheA 

GARPNING
 

PkOCESSING
 
-Th iTn 

ANIMAL RAISING
 

vicuVIa. e'ta,,,ail)auqueniJdA (.g.aae,. 

6he ep
 
goata
 
poutt4y 
other 

DOMESTIC 
wateA 6etcht4nq
 
6 4ewood gathc'L -g
 

dung collectknq
 

cookzing 

a ewin g 
other 

INVUSTRV
COTTAGE 

kn 9-Ek-4ft z 

candte ma.-n.J
 
wood cA'v1nVfl
 

MARKET I NG 

AFTER ELECTRIFICATION?WILL YOU MECANIZZ
THE A60VE ACTIVITIESi.WHICH OF 

(e.g. borrow) sufficient resources 
to buy the
 

2.Do you have or have access to 


equipment to electrify such activities?
 

.I 

http:hakveatA.nq
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Role of Wen
 

In 	rural Peru the woman is the family member who spends the 
most time in the housey therefore, she will be the family member who will 
benefit the most from electric lighting and from the use of mass 
conmnication facilities (such as radios), for entertainmwent and education. 

The rural wcman has the primary responsibility foc 
i) domestic chores (cooking, washing, food processing), ii) gardening, 
iii) raising small animals, iv) undertaking selected agricultural activities 
and v) transport and marketing of produce and household crafts. Specific 
actions can be identified from her usage of time (Table 6). Time intensive
 
activities such as water fetching, firewood gathering and dung collecting 
will be eliminated or reduced if electricity is used to pump water for 
drinking and small-scale irrigation (through elft ctricity powered water 
pumps), and substitute traditional fuels for cooking and heating.
 

Possible Adverse Results
 

ihe PFS methodology has been designed to assess whether 
electrification may affect negatively some members of the community. The 
newly collected data from the feasibility study allows the planner to sharpen 
this evaluation. 

For instance, the demand for the services of candles, fire

wood and kerosene merchants will decrease as substitution for electricity
 
occurs. They will therefore be adversely affected unless provisions are
 
made to facilitate their entry into different activities.
 

Another adverse impact can stem from the competitive use 
of water. Where the water flow is insufficient to meet both the SHPP and 
upstream irrigation demands, it will be necessary to arrange fy the rational 

use of water and, possibly plan for the construction of a dam.

ii) Demand Load Forecast
 

The results of the survey will also be used to forecast the 
demand load for the community. 

The followi-g list details the step sequence in maki.&g the demand 
load forecast: 

1) Calculate household energy use for the whole ccmmunity.
 
2) Calculate community public energy uses.
 
3) Calculate industrial and commercial. energy use.
 
4) Calculate agricultural energy use.
 

5) Calculate total energy demand. 
6) Calculate average household consumption 

i/ 	 Ing. Octavio Mendoza Montesino, info. Interno 047-79 (26/12/79), 
"Planificaci6n del Caudal Hidrol6gico de la Central Hidroelectrica 
de Izcuchaca", Distrito Izcuchaca, Provincia Huancavelica, 
Departamento de Huancavelica.
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7) Cost aavinrqi jar household. 

Stop - Calculate h/h energy use 

X number of families at subsistence level 
Y = number of minifundistas 1/ 
Z = number of families with more than 5 ha. 
0 = number of other families (e.g. 'urban') 
a = proportion of X whc would hook-up 
b - proportion of Y who would hook-up 

d = porportion of 7 who would hook-up 
1 porportion of 0 who would hook-up 

a) Calculate average consumption of electricity for families for type
 
x, y, z and 0.
 

X = average consumption for family X
 
c 

Yc = average consumption for family Y
 

Z = aveldye coobuiittion for family Z 

0c = average consumption for family 0
 

Table 5 indicates the prognosticated use for each type of family. 
Table 7 is used to determine the required energy capacity for each kind of 
appliance.
 

b) Calculate total h/h consumption = H
c 

H a XX +bYY + dZZ + 1 0 0
 
c c c c C 

Step 2 Calculate community public facilities electricity 
use (= Cc) 

a) Use Table 2 to determine the energy required for all public services. 

For drinking water, assume a demand of 20 liters/inhabitant/dar< 
Calculate C by multiplying the power needed to pump a liter of water by the 
total annuai water consumption. 

Step 3 - Calculate industrial and commercil demand (= Ic). 
Tables 2 and 3 will indicate the establishment which will be hooked up. 
Table 8 determines the energy required by typical scale enterprises. 

_/ These categories are only indicative. They will vary according to the 
economic base of the power structure of the specific community. 
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Stop_4_ - Determine agricultural elecricity consumption (+ Ac )
 

kor irrigation (see Table 3) 50 m /ha/yeazr-2. 

For animals (see Table 3): 40 liters/animal/da#Y 

Calculate Ac by multiplying the power required to rump 

a liter of water by the total annual water consumption. 

Step 5 Calculate community = Dc 

Step 6 Calculate average h/h consumption. 
= 
Aug. Hc Dc
 

-IT 

Step 7 - Cost Saving (Affordability) 
Present monthly expenditures in energy souces likely 

(candles, batteries, kerosene).to be substituted by electricity 

a) Average expenditur by surveyed familis S1. 

(l) Average Hc/month Kwh 
(2) Rate per Kwh 5 S/. 

b) Average h/h monthly expenditures (ix2) S/. 
c) Cost savings = a - b 

GROWTH OF THE COWMUNITYTHE DEMANDESTIMATING 

In order to calculate demand for electricity by 
household, commerce, agriculture,
 

initial year estimates will be extrapolated according 
to
 

public services, etc., 


the growth factors developed below.
 

a) Population growtI-i. To forecast the population growth rate of the community
 

the following elements are taken into account:
 

- Total population growth (Crude birth rates minus crude
 

death rates)
 

- Plus net migration (influx to the poblado from the 

casarios minus emigration, see results of Table 4)
 

Apply the following formula for calculating population for year n, where
 

P = total population for year n 

Po = population of year 1980
 

r = the population growth rate 

x is the difference between n and 1980 

/ O. Chaquea Blanco, Opcit p. 21. 
0. Chaquea Blanco, Op.cit r. 25. 
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TABLL 7 - V[9AND LOAD FOR HOUSt"-OLV ITEMS 

Light butbA i5, 50, 15 oI 100 w. 

to 100 W.) to W.FLUOktACCtt Lamp IequLa.tnt 

5w.Radic 

14 W*Te.ttvi'on (18") 

100 W.Btende4 

35 w.Fan 


Sewing machine 	 100 w. 

300 W.
Saiatt ctotheA .4on 


at. Viabiti daZJ de taA si'toSOURCE: 	 0. Chaquea 6a1ico et. 

cen.t)atez hkdueUt-Ci'caa en Cotomb ia, Fundae.i,6& 

Maxiano 06pd-na Pe4ez, uogotd, Octubke 1979, pqk. 

21 and 23.
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ACTIVITY REQUIREV CAPACZTV (Kwj 

CARPENTRV - 15 

8AK-RV $ 

CRAFTS 1-2 

SMALL SAWMILLS 15 - 30 

10 - t0
 

FLOUR MILL 3 - 20
 

GRINDERVS 


0.5 - 6LOOmS 

COFFL GRINDER (COMMERCIALJ 5 - 30 

QUARRV MILL 6 - 30 

6 - 60ICE MAKING 


IRRIGATION PUMP - 100 

-5
bRICK FACTORY 


ALbLkGU (20 guea6t) "5
 

I I
RESTAURANT 

5 - 2oVEGETAdLE CANNING 


I - 10
OAIRVY PkODUCTS 

$ - t0MILK (cootL..9 and p&l-evapoat.oit) 

(tcpajA) 5 - 15ELECTRICAL AND MECHANICAL WORKSHOPS 

t - 100GAS PUMPS 


SiLOS 

SOURCE: PROGRAMA REGIONAL PE PEQUENAS CENTRALES NIVROELECTRICAS
 

DE OLADE, R.QU.RIIENTOS V METODOLOGIA4 PARA LA IjPLE-

MENTACION MASIVA DE PFQUENAS CENTRALES HIVROELECTRICAS 

EN LATINO AMERICA, VOCUMENTO PE TRABAJO, QUITO, 

26 DE JUNIO DE 1980,. ANEXO VIII. 
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So, x 
P - P (l+r)rn 	0 

b) Prognosticate the economic growth rate of the comunity. In order to 
calculate the economic growth rate of the community, g, for the 1979 and 
1980 production figures that result (see Table 3) from the field survey 
will be used. To obtain more prf:cise estimates, or if locality production 
figures were not available census data for production growth in the region 
should be consulted. The paramenter g will be multiplied by a number B 
(beta) which accounts for the added after-electrification economic impetus 

and its multiplier effects. T',e determination of B will follow criteria 
set by Electroperu in response to GOP policy. 

c) once the paramters r and g are calculated, the formula that appears 
below will be applied for determining the total demand for year n. The 
following assumptions are used.
 

H 	 will grow at rate g 
c 

A 	 and 1 with growth at rate ( g)c c 

C 	 will growth at rate r
 
c 

Calculations for year n
 

1) The number of h/h is P divided by the average family size in year n
 

n 

2) 	The average family consumption is calculated thus:
 

x 
k,I + g
 

cn C
 
If 	 = if 

3) 	 The total h/h electricity consumption in the number of n/n times the 
ave rage Hic for year n 

4) 	 The electricity cmand for productive activities (A I ) will grow for 
n toyear 

(1+q)X
A 1 Production initial year 

cn cn
 

5) The electricity demand for public services (Cc) will grow for year z 

to 

(C cn) Cc ( -4r)x 

6) 	 The .otal dem±nd for year n will be
 

(cn) =H + A +cn + C 
cn cn cn cn
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COST 	 SAVINGS ANALYSIS METHODOLOGY 

Tha following guidelines provide a basis for quantifying cost-savings that 
result from substitut-4q electricity for kerosene and diesel for households 
and farms respectively. 

1. 	 Residential Lighting 

a) Assumtions 

1) It is estimated that a pressurized kerosene lamp provides light
ing equivalent to two forty watt flourescent lights. 

2) A pressurized kerosene lantern requires one liter of kerosene 
for six hours of operation. Thus the daily operation of one lantern will be 
equivalent to 2 x 40 x 6/1000 = 0.48 Kwh. 

3) Kerosene lamps have an average life of 3 years. 

4) Light bulbs will be replaced 2 tines/year. 

5) House wiring depreciation: 5%/year. 

6) Interest rate: = 15%/year. 

b) 	Illumination factor
 

1 liter (kprosene) = 0.48 Kwh 
1 Kwh 	 = 2.08 liters 

c) Economic Retail Price of kerosene per liter 

wholesale price per liter S/.
 
indirect subsidy
 

economic wholesale price
 

b. 	 Technical Analysis
 

The technical analysis consists of three major activities:
 

1. Site Characteristics ano Existing Facilities
 
2. 	Project Description
 
3. Environment Impact
 

Each ' these activities is described below uider a separate heading: 

i) Site Characteristics and Existing Facilities 

The site characteristics and existing facilities are discussed under 
the followhIg headings 

1. Sit. Characteristics 
2. Existing Electrical Service
 

3. Area Hydrology
 
4. Geology 
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5. Tojk:,r;,hy 
6. Flow-'uitti(Au Analysis 
7. Pr ,t -:icAttd Power 

1. SITE LAPA ikCI J':iST 

A narrative that duscribes the site in general terms will be provided: 

I ) ! ocatiii (z1Tov1h:e, bepartment, distance to thu nearest town
] ititie andi lk niti*:<iol.;
 

1 ) ,, si . to '-he site in terms of existing and possible future
 
coimrimuncation routtes (s,'L also section 7 a) i); and
 

1I1- ;,)~ t :isti s eo. the river basin (topsoil cover, rainfall,
 
r-unof f, ujI(:ri r -0U1YI I e. 1 ii s
 

Wliuru * .uttott tht existiig electrical service will be described
 
in detai!. in rti , the following item-ic will be described fully:
 

1) 'hihe i h
 
2) "hi El, ctri' al generatng system (including the electromechanical
 

ctiuilpmcnt, thu Hn,: (plus all pertinent instrumentation).
i tor, 
rio system (including thu instrumentation and control 

'I" tr,an(l 1,)r the distribution system. 
I- L'tiibution system (including the op.erating voltage and the 

3. AJ~±7L :Ydl. 7. , 

This .ii'' should include i) the Name of the stream and all connect
iij t,:hmu:7 , ii) The Area ol the watershed at the site iii) All 
Major L5 a: ti ,:ear water at the situ and upstream and downstream from 
the sit(- iv) Th j i,-iaxiiuianu minimui, stream discharge Liid v) The Name 
and currunt ust ot .tny impoundment, lake or reservoir in the catchment area. 

it ,~ '11] , i; l(be iiw d on: 

i) l~,±onr iirtcipitLLi,jn ii) Tiie Location' i streama gauges 
iii) The Ltnqt,, ettision and correlation of the pre :ipitation and stream 
flow r:coriis. 

ivrdlc:xical studies will be developed to the highest possible 
level of co.Ai~idoc The preci-ion of the hydrological studies has high 
leverage on the dusign and the cost of the civil engineering works and on 
the eiect-ro/mechanical equipment. 

4. GEOLOGY 

A study of the site geology should be made with particular emphasis 
on the following topics. 
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I'xhIibit B 
I. i. I|! * l ',4 

1.. Rock *ud T 

2. Joints 
3. ra,%vit 

'. t~is~ri p)ttfntial (iii tierms of a Richter iragnitude earthquake 
at a given distance) 

6. Foundation conditions. 

WI 1,,tt Jl" i *nt, I ii .,id/or g iophysic,]1 :surveys will be canducted 

to /'1ity tt, 'jIt , ,i ,(thJuI'/ (! LII :ife. 'Tho, rport of thc (jeological 
sit.! stud'/ S(.1 1;, LI i (wwi n ,,r r fite) th, corrective ri;eventive 
•ctions ti t ,I.I,. -, uk (Lunsur, th c(,ntinuei functioning of all civil 

ene4 ncrn ijWirl < awf: )ela withi the ;Ifl''. Hxaniples of such corrective/ 
pr~~i~V~. 1 i l 1< the 1o.wi'j (Urcllai I Daz, P.9) 

1.) A.l I ii, LiJ el,ii liallies to ruduce tI possibility of laind
sli, ea. 

v- a cover areas are 

to luldslides. 
2 v) J i tai roe with c,,nci ute in that prone 

A tol,(j.I g .l,d urvy will- be mad, of the site and surroundinss of 
the. proposed hil'. . pejal attention will be paid to the proposed locations 
uf i) The i 1teIciLities (including tie diversion barrage and sanei trap), 

Li (1 on it, Theii) (I ad ii,( i .t, ii, 21) meters wide ( ac sidth of iii) 

Forejay, Jv) 'he, I &nstocck and v) 'The jower house. 

je, p,:|,)rt LAI th topcxraphicii survey will include the following 
(IocUllcit 1 t Jo11: 

i. i ,,',(r. 4J: Pnap and al elevttion profile of the entire SIIPP 
systm (i rum tIi intike point to the end of the tailrace) using a scale of 

i I. ,.iTo q ni; 1, , , k y el miiits of ti,. .1IlP u.s.inj a scale of 
]:211 (1t 1: I 1..; Ll:f tk t., :iit iLies, thi. I orebay, tie penstock and the 
JpoWl2r Jl(t ) . 

3. ilotes on those gqographical features (and their exact locations) 
that will I i :t te aon structiun ind functioning tuez systems of 51H1P (such 

aS (JIJOl i- ii :lt , .ivines, ]ar )e boulders, etc.) 

c,. 1.1, W-, ,A T1,iI ' Al,,AYS 1 

analysis characterize 

flow that is -vailable for the generation of energy at the headrace intake 
point (See Iilure 4). The methodology for conducting a flow-duration 

A i]low-imiatiuiis undertaken to the river 

analysis is first to prepare a flow-duration curve. Second, using the
 

information provided by the flow-duration curve, a flow value is chosen 
for calculating the prognosticated power. 

The methodology for preparing a flow duration curve is first to 
rank order the tijne series by daily mean flows according to magnitude. 
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I<Ei-:I~iL×iii ,t BB$
I- vi( 	 )( (Ai 'A 

All ;iU pzti},,,r.,tLiO ,tiv±Ltn shll Ilxu (oiLdu(tlted by the 
contractor unde.r tht- ir#:ction ol llectrojxeru's te en(int:r. 

1t192 lt'' i i ti| :.ill l . ,I i , il. Wiii [ " 
i.tA' r,, I Uf '1,v 

,rid trec..n; i ri,, t.,,,:,t .Irtas w'it.rt tlb , vi i ,itli,, ,itivi w,)xP:; will be -irried 
out. Th to :rain wit b1(-e '. iltpbi I:( ,;Jn( nLIt '111 , :tit. 

Thu (ni-r'li. trt will E-ntiud( l(J.itse[l (A the Xt ocaioiln oi the 
key strl tuF. s ot t(i, :, I P itI :; tii 2 ii ke },iii, ti sandtrap, th head

li Lui, I oreb~r 1!i' the- )YW' *J 

Tt'al ,iy, ,:; L ldiL :Ai, . I cons2 c:,ch ofi con : tutIC tu ' nne 
Ltuse stru:ct whk ,sibl t 1 -i- r\ I., I: ntot: , I'lt i iccess t.y shill crosS 
thee f)LItn,; , ,i Ciny it lie '.I:'' i ''ts suchl ; t±c headrac-e. Of 
_, r tLicul i r ', :; .r r aft trail thou1,t. ili rI - :ti.,i '(:t' -s, 1s.: tween 


b ty anI t 1 L.
I'r " 

I I, U"I , --Lvi it - incicu(,t excavatir)n-., cuttings and land
l i ire n r, .11Ll1, uLi: it watf'. !lows Wi] be bypassod or 
Jivert i I (usin i Lt ; y ]Iaciliti's) to (ti surt tlhat aI I earth-moving 
activ'it:L : vi . , . t under , ry coniditions. : ial note will be 
taktn (.)I thc I101:injg n:;i heratiui 

I ) I,1n ri i_!n sh 1.1 .0,tconit ii or no :. idual vueetable 
i,tt cr. 

H ) All r[th moviiig ;h,. i IA: conductt ed in a ranner to conform 
to the ivil engt ,(ie Lfnj den.iin suI :licitioilL 

J1 ) (: 1 etit.i 	 frtxi earthAll e::e. itaterial resulting the 
moving activities. 

2 'i ii1l I'I',t: "iT 11Ii} 

ilI-- intau 1t-.Lctul co(,;ist of 10 elem nts: 

I. 	 The -rin, ;, (- mipqete or partial, fixed, temporary 
or seaosnal) 

2. ! ivur bottoins :, 1 ice gate 

3. Coi i tL eI -lltri 

4 . Ax.<itt ci 

). I*i II , - i.n1 

7. k:a:nlL Lap l icarnc 

B . :;2ti LAways 

9. 	 u'.J tr 0 , 
10. 	 11, P],, t.ct I, 	 I 

Thle den jqn of the intake structure depends on the following 
factors:
 

1. 	 Location (e.i. at a curve or in a straight stretch of 
the river channel). 

2. '1he Site Topogjraphy (slope of the river bed, valley width). 
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TI 
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1 

Fine ,r°ling
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3. The PP duL-i; z, 1j ~ ti 	 Ie':tiir 011 
the brragtu. 

4. 	 The Patio ot th :;Ii isiGx, ! L the maiixumn 
and mininnun Lv.-r -ws. 

5. Matr idis t1 w.l, L (quantity, iruquene Jid i/, 
I mat rials traisxrtutd l, ta rivwx sucn is 

1 l"tinj I> Sils1 t, t 

I . pi, raeters, o 

std 	 'ljirdize, ilita - : 2li II , i I I I jIk , :OW ve:, d , IOr
 
conceptualiz:d Ar;,in, 
 is ".Aiadhl Lhit iiUWS tLo etu "lnuctions of all
 
the elements ti t I up in itk,- strur7tui, (;4 -mure 9 ) . Also. te
 
lollowinyg quid*line ,i I beI !. wed in
"I du:a. !i ing the dif ferent . ients
 
of tde int, ike. t uctur(
 

11c Walra,]u W'il I bu coristructed )I iastered concre.t. ,uid 
iiclude a s!pilway. IN cases Y,- ru the Sll'i 11.m in approximately , qal to 
the d~ry Stdn~qu tiver f1 M, LhI irraip -in irqd temporarilyTh i.. 	 L-Sinkj 

!J ) Iiv:r 	 1 ,at h,'Thu 1, BoItlu.l, !(ktice will -:oizAjm designed t, 
control ti e entry of It)ii( dli 1(1u] lers into L p lHP;P systmin. Tie gate
control handk1, wi I I U, So l.d I tiha itiA i:; n1, -. vrotable dur , j H times 
of maxil MI r AIL 110W. 

II) 11wi Coil" iT tL 't , wi ' ! he 30 ,t. dLu level i 
the! antci iwciulnr, and oil utl .ic' iot Leuq.th c. ' (!nsurt .hd the alxiuni . n;er 
i ,W 	 vulocity ,t tis jxiLt .i.. 0 111[./VAelMi . 0,e teW t rivers W K 
sierra whi il tend toi y- tomn , be),ilI *,; ti,- cun'iret platL orm will 
be jxuro ted by d coars, scr .n A 2" banw ", ted 20 cw. lpi:t. In areas 
where floatiig trees aud debris abound in timeus of I Loi, lini , (su-h as in
 
the higi jun.i],.) a pu' t v 1wrrier,,. I. be C'i Lrue Lu-I alJoVu tUle
 
concrete l.]_tJ ,n11,.
 

\') i 'Floor ri ite(:h,11LL1 1d will si, ' si,2 / towards 
the river bot-.i,; ,;1Inice ' !t--. dal, shial1 ]w, mad o_ :11olib'L or stones Set 

iii (mc riCietc. 

V) Asn im'wtali Ar viniusLy, Lt IiiL .-. i .. ioucated in 
the barrage. 'itey can ALsc, Ut Located at Lh, ,kus )I thu( inLechambe-r and 
of Li conci -Lcu plLlron. (: t j' i (UAu 9 ).*Thu Wi LiL1 'ldiet 	 ajilWdy 

1dm . 013'(L) die mat ot " o. whtere 
L, 	 20 no ters ior every ni3/second o tii liI2 hsin flow 

, : 0.5 Iwetrs for ,very m3/sooxnd At tUp BaxiIur.l riveLr 1.oW; (the access 
bri Ige height wil I be 1.5 mutis above th,, e'rest ol Cil !,niliLways). 
i3 = 0.2 meters for every M3/sucnld (A the 2axi-tiiun Iiv, flow (i tiis 
case the acco:st bridgte height will be 2.5 mitcqrs abvu thie crest of the 
spillways).
 

VI) The Sandtrap will be K'sigred to ensure that no alicles 
larger than 0.3 mn. diameter will be caI nid out into the tailrace and 
beyond. This is achieved by designing the sandtrap for a maximum water 
velocity of 20 cm/second. (See Figure 10). 
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irus.i,_n tkt: r.,u latidd: 


reduced by constucti'j - fi prot l least e2U;. 


1.11 l inl UIl I el UJ, barravj, will Lic 

rdJU (Ato dt ')0 height)
 
upstrean Irum thu barrag~,. ( iour 9
 

3.Canal, ?t-unstuc 

This :;, 'tioi cov:rs all the civil engin:cring works that are
 
put in plIce btwt: die outlut of the intake structure and the power
 
house. It is divide mi three parts
 

1 ) T.Iiv ll ,r oj l)tdj ,:. It: . ,i, j
 
11 ) '' !'"eL.y' I(.:sig1 wii.,
 

I I ) T'i{ i ,rn: t )ck1 l~ui gnji~
 

The Ileadrace D ill 

Ti le,w I -_jli will eli, 'nl; two) '.ihjuctivus i) movement of water
 
with thu il1 Jiutl-i j!)Ssible head [ )s ; ad ii) ke)inig the headracu construction
 

costs to a 1ILLiiiIII11I
 

Ill eli,] let : il'i ipra(tii i, Ui(u,: , OLJ 1 iViU 11-,, , imqilishcd by using a 

hea(racu witI oLtroI-n:;d,i, UJll tioxn a sloplx betvotn I and 2.5%. 
Erosion w, UL It idi cd:e .linitl¢ i:: miui:i;i:e'. if ti,: wuter velocity is 

mirniitaixw,, wiLli1, c( ti t L imit:;. !', cxami itlu, Ioi , (-()ii eutt-li ,ii-dilead
racU - 1 I, i>:i:o: t;c-mf, nmt l ve I ity a .;i.: i ( o iy) v.,iter is 1.33 
mete :;k',on, . 1 uu,1 'i - us- IDo al- uiati(I g Li je key dimensions 
()I tu hUi.uace. L, ,, 8, 9, 10, 11, 12, 13, 14 uid 15 of Nozaki 
Ii C.) will h used or tieji VI ltul needed,ealeuttn ' wI lcreteol the 

surlocti al e (o:0I i ()Jlcr(etu lining ald i We of xcavation works.Volume tie 

Thu boa:.l), sij iv 

Table 15 e: No;.abi (1 )68) will. be ut;('d to caLcul.,Ate iil the critical 
dimension.: of ti:<: lo-bay. Knowing tle V,'1' design i luw rate, we will 
calculat, ti ,'alues of 33 diflerent parmuters ranjinq frm the diameter of 
tie. ;>('nsto(k t,- thle water vLcity as it leo.ves the forebay anid passes 
til ougtiI LI 1Jn seereen on tin. wAy LO the :Ilstock. 

The Pelnstor k I.',c i, l: 

Once the Iptnsto;k ;iameter has been ealclaltUd, it is rounde(d up to 
correspond LI to e diaumet(er eL eoUi:w-Fially availabl( tubinig in Peru. Nozaki 
(1.968) h , vrepar, d a series of qraphs for calculating i) the water need 
loss iln Lie es ii) tle thickiess of tie penst'ock iii) the weight of 
the penstock nid ) the dime-nsions of the xnstock ;upport:; (Sec Table 
of Nozabi). 

4. Powci h ,use 

Nozaki (1968) has prt>pared standarized dusigns for constructing power houses 
for generating systems of up to GOO Kw capacity. Table 18 is used for 
calculatinq th-e area of thu poworlhous,. )nce this known the full powerhouse 
dimensions are: calcujatted using Tables 35, 36-1 and 36-2 
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PRINCIPAL DIMENSIONS 

(IN METERS) 

FLOW TYPE B HP aH 4 u 

PrimAry .80 7.60 1.50 1.50 9.00 0.25 
WO I/a 2. 10,20 1.80 1.60 9.00 0.30 .40 x .40 

1.40 15.50 2.36 2.90 9.00 0.45 

(oo 11A 
Prmary 1.80 

i.40 
4.80 
6 . 

1. i .10I . 303 
L.5:, C' 20 

d 25 40 x .40 
_ 1___.0 8. 0 . 0 .9 3. 50 o'. 5 

0xiia 1.50o 
1.40 

4 .80 
6.20 

1.10 
1.30 

1.10 
1.30 

5.00 
5.00 

0,b 
%.45 .40 x .40 

Auxillar 
1.00 8.60 1.60 1.90 5.00 60 

f00 1/j 1.20 3.10 
1.00 13.50 
0.50 J4.30 

0.70 
0.85 
1.00 

0.70 
0.85 
1..410 

3.50 
3.50 
3.50 

0;.5 
0 .10 
0- 40 

.30 x 
,, 

.38 
. 
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5. Tfurbine-6ene :ator 

The turbine-gjenerating system is designed by the contractor that
 
wins the competitive procurement. The following data are provided to the
 
contractor by Electroperu.
 

'Taurbi.e 

i) head ii) flow rate III) materials to be used in cunstructinej the turbine
 
system and iv) control systems v) fail-safe options.
 

Lelow are given typical material specifications for turbinus (Electrperu 
1979). 

The following i.arts shall be cox.st1ucted frm cast iron i) the spiral case
 
II) thie r(!ejulation ring iil) the outlet draft tube IV) the base plates V)
 
thiu case Land head of the shaft bearings etc.
 

The turbineL axis will be constructed frm forged steel. The turbine rotor 
will be constr'cttd from cast ciucome nickel high quality steel. A 
Tov,,:einor will be provided with both manual and automatic control options;
 

a turbine speed tachomete~r will also be incluaed.
 

N)th souid and visual alaris and an ait-matic shut of i capalility will be 
,vov/diid to indicate high temperatures cund low pressures ii, the lubricating 
oil. NAn autcnnatic shut off capability will also be provided for th1e 
s.ituatio'n when the turbine's speed tends to get out of control. 

tcne rator 

'11U cpacity oL the alternator is provied by Electroperu. Usuatly, the 
alternator will be aim-looled and will be coupled directly to the turbine. 
The generator will be required '-o meet a specified KVA value at a specific 
tcmpcratur, rise, power factor, t.) Iertz and a continuous overload rating 
ol1 a slxcified percent. 

Station service power will be supplied at a spefi ic voltaqe ti-roujh 3 
phase fry-transformers and through circuit breakers 1i sxecified 
c apabi liti -s. 

Where necessary, the generator will be connected to a power transformer 
iocated in a small yard near the power house. The trnsformer rating 
will be specified. 

t. SwitchyaXd 

Circuit breakers will be of the air magnetic on vacuum interruptor 
type as approp-Liate. They will be rated to interrupt thc maxi-mum xpected 
fault rurrent and will be used to put the unit on-line during the normal 
start-up sequence and to taka the unit off-line. 

7. Transmission Lines 

Table 23 of Nozaki (1968) is used to calculate the voltage and 
the diareter of the transmission lines' conductor once the demand load (s)
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Aistunoco (s) a' travel to the electrical eneigy market are known.
and thu 


Environmental impact
 

ty'rps 0o! ,tential tlivLrolTluntl inpacts that
Section 1 ,iscusscs thU, torshjuni~ K.! ,wh;i",=<[%,ni A ,eva uatiI tin t u_an-ihii.tty a:!i i[Pisite 

in this sect:oil prt,v!i-L,-s s: g,5:LstionL tor the
du%,bLujuicnt. o k Lin't 

' to asSOSs 
typ- 0! ... tt s -)u'lA !t <c olit , t:d anI ,, 

thL- relauhv-c vki ii- I9 tditsu i.q-uuLs aL a -iven LM- Moot U1 the 

is at thu Lii 01 IttO-Ohyetha t i.., iL t-"i 
llDUCUSSa1 In!.Y *t Vi 

n U0 ."PS, .,-t, am.usuull/ 1'. iubkl' MLinui hy 01niii i 

popl in uooII lit 'Jofncis,
Isiblicadigus A by ontc tiny al,'io[-iaLm 

uitJi . T:O:' ittMlum .-V. 1 t-i :n,;cklistunivrviti.: , "r ] owal 

,- over - wj.di

dr, MMt:i, ,< t6 KIulre-a:nt thL fli n1ill inlLi orition 
Lu cuunLzry, inl rtain instances,range ol lattia sits iuoCttud OCross 

ar . iti.l'a1_ tunustitfs liLy needparticular 1awtor: "ay ]m i.lqprori. 
impvarolirietIijiiacts
to be au2,iin urvier tc, uindrstand anti I .oict tMe 

ot t1nk sitc 1 moInt.vloJ 


1) Art. ,_-) 'o :iL (1:0',,., it JA)- wh~ich showt x!}hi maps available j]ib 

jid .womny~i wnt:s an,1, i, 0 watbr ,iio1. lit is
the location )::t. ,-;!iPP ULty 

i eU voirplanul.'Il thc i. ditciCUL' 0(il 1th .!Il r I 

the sLt aw_ wtrshc d vailable?2) Axc low-It l ..rial photolraphu ol 

£low ito avL ibl I ItL11icbuI., 7-1'rs ill eer to3) Are struam 
- 1:Iiabi.[ ity ',f SIIPi) Lion? 

ensure both nulequat.t. l1ows in th. stili .It 

c Yail -ll intunsity4) What r. infali data ,:xists for t]i. tW; .2.-. 

valies also u:-iot: 

5) l1ow mueh water will be withrawn ior SliP.P opration anu whcre will 

the intake, and dichau- c structures bL. located? 

6) WlaL are te alt-nte woter uLe., in tle. area? 

l.t 'rriinu LOCaViOti ali wdtnr intakves .)r ., ir thethe nd 
Iin ratui and naturt uif effluents.affected areas and da<termceinc 


t.. L. ..C-,(fr e:xlUrIplC,7) Ar there implortant wuti~uids t.t cOLl 


drained or filled with scdimiunt) by MOnlLruCt:tioD -'j.- opoiation of the SHPP?
 

8) What other water boai's (laks, ,cesrvolr:s, ocj jru associated 

with the surface waters of the study area:
 

What special geologi (geomoryhologic or to -tolincar) relationships
 

might exist bet-ween these.' (Consult i.UK publi:a.;ti-,ol ).
 

9) According to the Life Zones (Ecolcxjical) mp o. 'eru what Life Zones
 

occur in the watershed Lunier study.'
 

What runoff distribution could naturally be expected from each Life 

Zone according to water balance ass.imations? How many effectively dry months 

are there in each water year? 
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10) is there a map of actual landI use for the area. What are thu
 
predominant lanid uses. If not, ca. the information be obtained from air
photographs on field rec onnaisancu 2
 

11) Arr tlt!rC land usC claililiLty or land use potential maps developed
 
for the study Mea; iesource use potentials e:xist for
qg'neral a What the
 
watershed of col,- u. 1
 

12) Is tnu . site nU a 'itu t, l ee-a (pircs,.wrvc, sanctuary, refuge,
 
dedicatea artua) tact may a, IIIi< I KO>.j1i> -ation:
 

13) Are streamnt waters nua. .hu siLe usea, for rish spawning, nursery, or
 
feeding areas, or as m.lati route:s;
 

14) Aoe rare , anuJel, cr c(rmercially recreationallyany on or important
 
species present 
4i tje Pu .Lof. 

15) What are the prin<:ipal aqiuatic species present in the area affected
 
by SHPP conitruction arid opclation?
 

16) W"rwt specics ai: harvested for sport or commercial purposes in the
 
area? what is the harvt at leveL and seasonality of har-vest. Whac fishes
 
are harvc ste<] i11 tta: ..i or., toai by the loa,] , cuumnity?
 

17) !-au Ul luie Aiy }1_1,.- L5iKII.; i:L.. l or mali-Li , i) unviroimaental 
stress- in thc aea; 11U,. any !unc ,vlu unts ,iUc 12 for tLe area that 
might add additional str.-sscs. hai actorice an,, if possible, (quaantify 
th.ese stresses. 

18) What is the: natUre ,nd siZe: of ... t strea. 
What is the b.u l a ot La st-ruo. 

availci, 
dissolv-,J, soids1 salt, rutLieiLt, ani .- ;olwec ,yjen it. ve is, or th-e presence 
of to-:ic rtat,_lials or di --; or).nrsr 

19) Are any water r,:iILLy data .u...>.Ln r temperature, 

20) What proje stud or_,. tivu rrillj ,(ctiv-ti(. s occur in the sLudy aiea? 
A-re thes- !. ait or tun,.l rid-nds anr- iiow are wastes ,wlud: 

.) Ar(n tn.h:r any unitje.: plant design featLur .-, (irrdoundnent, trar.s-basin 
diversion) i. would necssitate spec.:ial consideration witi regard to 
enviru mntal sits. 

22) Wha. Ere the possibilities for avoiding, reducing, or mitigating 
envirori-notal impact.r of SHPP site development bv adequax prior planning? 

Resvonses to all of these requests for information shoula be provided. 
If no infonation is _2-ailable for a particular item, it should be expressly 
stated, along with a list of people contacted in the search. If certain 
information is critical to final asscss-ment and could be generated with 
relatively little time and resource expenditure (i.e. field checking), this 
should be done. When all available information has been assembled, the
 
significance of environmental impacts arising from de-elopmxent and operation 
of the SHPP should be judged by competent people with experience in 
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environruantal impact assus- mints (See lroject ActivLties sec .ion o: tho Pro

ject Description) by weigidnij th-e cost of irreversibl.e impactz or preventat-ie 

and miticjative lasures ajain:5 the bjnelts of lectx-, it/ ccn i.e ":orrmmuity, 

In qeneral, due to th, m]l s. alu al Pif: devclopner~ts .piticat<d 
monetary quaititi,:ations of ;nvirL oR!uI:t.-. cotsii IA hatits a. a not justified. 

However, tol C1-ti 1 iIfl.jctxs tjat n1vo].vC t .'. saivu (01 tstj f.it_ and that 
thereforc: hay a : ii(iivt1i thLu anc<t-j tiivt or hon at, uptanice of a given 

-tjesite, it may ,., .:ia lu t') ( sts 0 , or its. 

c. COc{xIfI:OJ AC.AA,.] 

Thu, osting sasis is ,oviint into two sections: 

i ) i, t a, 1nijit Plant costs (jii:,luing Civil Engineertrig Costs 
and Elect r<-r, inni:ol (oots) plus tie indiruct Plant Costs. 

ii) upcL a ting anll Miaj.nt(A lCt. 'Osts 

d. DIR]dCT i'IjX Ct' 

This su]t. cctLion inludus the Costs of the Civil Engineering Works and 
the Electxo-w.:tch-iical and Other Costs. Each of these items will be dE.alth 
with separate y. 

Civil LxltineeriM_ Costs 

It will 1be assumed that the Civil LngineUriLvj works will be carried out 
by a co0tt n iis- t.i:i uji i arvisio nmut drown fr(xom t'VA'ssit-
staff. ' v11 ntiues ritt{ costs t, -hey i-e.lude tileTu: i. al,: -. L;.iii_. 
direct cost (,cVl wr-ks, conlti actor' s ;' 3: , , onti, ".cc ' s I)roflt, 

purchas: t,.. r.:ttllation: cqa 1rnent, 201 .ifltJwtR it.; ,.i t ccosts such 
as man aei:tt., so' tryis on, contia,_tiU 3.J & M. ,i.o h tiat.s of 
quantitis will 110 calcuiated from t~ht t1ro]t plpr a.n:tt unit iprices or 
lunnp s1ll asts wil.!l be o'timatef 'or . .. ltu ,i . 

contsa.stor l ivi 213 1i.; lo I wot1 K:; ai:, jt Lo inptitive 
bids. Eacit crntract(t is i.,aizi.y ti rt'urn to int rojeru a iorm similar 
to Tatl I TI ii( pital _st ril.,..tt capa. iLy1 icmuxed by 
Electropx:ru s,,le] w.til t ieu.,ortu_; .uritaiy .z, 1.ptIiaim recent bids 
for s.lTI_ar plant_,:. 

Electi >-M,.chaicol and1.r o.-t, 

Electro-rtechanical cost:. art, provided on an itmiizsd bas_s by competitive 

bid accordingi to instructions s6ippliad by Electropura .See Secton "Tu..bine-Generator"I 
and acctlrdlii to AID r nions. mn- again , utrop-ru's withexperitnce 
recent bids for simiiilar equijaaent will be used tu judgL. time reasonableness 
of the Lid sale p1ice. 

Prevalent Electropcru policy w.ili . used to calculate the engineering 
and design costs plus the managen_.. costs of the project. lhe transportation 

and installation of all and the e±ectc.o-mechanical equipment will also be 
allowed for. To allow for ,mfore-een construction problems, changes in design, 

http:n1vo].vC
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TASLE 11 
 BID FOR PERFORMING THE CIVIL [ENGINEERING
 

WOW'K.S FOR A SHPP
 

Contutac tv A1 Namne 

P401 ect 

Ptan~t Capac4q 
Kw________________ 

Av. Anqnlaf Lneiq~q _____Kwh Dt
 

V4JLec~t Co~tk
 

I .Pzetm.nai'y wc i kA
 

7. Tenipo'tciy ckvt woitka 

4. Intake 

5. Headutacc 

6. P4e4ute ca6e and aandtap 

7. Pen~tock 

S. Puwe4 houze
 

9. SP4.lfway 

nd4t Co4L,6 

13. SubotCo (4temb I1I.#71 

14. Cunngnce. (204 06 4Hems& 10 + 13) 

16. C qn tkac t o, pi o 64 (154D v6 ttm 14) 

19. lotat 1U:. # 15)coata 17 
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TAbSLE 12 ELLCTR0PUW COST ESTIMATE SHEET 

PVu j ect: Pate.:
 

Pt.an~t Capacity: Av. Annuat Ene4tg K&vh
 

Ve64C '14.pZ40n: $ 

2. Statkcn c('cti.caf vqutpMenvt 

3. Mi.4cettaneo~tt powe, ptant equipmnent 

4. Tnam466,un ferie 

5. [L'ne.e )t4fl arid dv6,4 J& 

6. Managjement
 

7. Con'Lu"ctci Co~t6 Op'~rm Tale 7.16, Line~ 19) 

S. Subtotaf
 

10. Totale j-n~taed res (4-eria b*9) 
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errors or omissions in CstimatiJlj valuus, d (ontinjcxicy A)I 0,Ln(cc 20j will 

bc added on dl osts. Tdble 12 is an -xa plu oi a coSt estiMate: sheUt that 

is used by Eleetroptxru. 

i) 	 o tinj nd Maintnance Costs 

it is LtL tuopru' s experience tiat 0 & M Costs are approximaately 

1.5% of thle dirt, t investmient costs. 

I; A>'dl'Sd. 	 ECON(MIAN 

I ntroduc t i1)n 

This (hapti.: ,rovidcs the guidelines for the economic analysis of the 

feasibility iav.,tigation. The prefeasibility study methodology has outlined 

the proi: ei:. calculate the Benefit/cost ratio, and t], Wet 1*re-sent 

VI]U. j! _. " 1] 1k i tisih in Tho feasibility study 

will Iollow a mit detailed t'iehodolc~jy tor calculatl.ni thcst valuts. 

The econoii. alys is syitjiusizu tiith I iitiiinJs (A L, socj t(-c'n(Ynic 
load profile, tb. tfnji0,(rc i lsig, tiw ,i.viro1Di.:tal analysis, -I the 
costing aaaiysi jt of tis metl , xjy. TiLis :,,_,ction consists of 3 

parts: 

I) a(l datii; 0, UL,2~ POi t c it. B. lik:fits 

2) Custs aluiati~i 
3) An Economnic Lwvl]satii,(Ann to! i'l()3jct. 

i) 	 Calculatio n.c the T oje(t EcononTlic Benefits 

Assu~rijtior. s 

The Iollwinq assimpntions are i..ade: 

1) 	 Elfct. icity is of suiperior quality t-han other sources of energy 

used by the corminuity. Tis J ;roun!c. upon a) elctri~icy's capacity to 

power -,achinery wi4c h requii c:onstant flow of aierjy it a liven voltage 

(standarizt- in Peru at -100 volt-s per phase), h) tl .-triiaL lightinj can 

provide 1Liguer 	 i .c) > 1i 1i1i 0/ , 1 i : fii I 

renewable s )rce of e.,rqy -- is less !,trimuiital to the .ilvi-orunent. 

2) All c tiit will Ibe- basci on loc l cUt ui Lien 

converted ro !V.:*. !)]]arS. 

3) A planninq horizon of 30 years and an opportunity cost discount 

rate of 15* have been set by Electroperu. 

Benefits
 

The 	benefits will come from the following sources:
 

- Revenue from the sale of energy, i. e. this will be the produi. f 

the load and the arplicable tariff stn-ctuie. 

- The cc,,t savings (surp~lus l)uiEfitS) dur to the substitution of 
other energy sources 

1/ 	A final calculation of the degree of subsidy required by the plant from ELECTROPERU
 

is included as part of the Economic Analysis.(See also Annex I Exhibit B page 11).
 

http:calculatl.ni
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(thermal or fossil) by electricity (See Appendiz 1). 

The present worth of the total benefits for yeax (B ) are 

calculated as follows:
 
-n 

+s tn Pt +sxn >~s n Y+S n .Z+ Son MCcn+ICYQ (1l'r)13n t nD cn+s.i P 


Surp I us I teii f i tS
Total Benefits Revenue 

Where B = Benefits accrued in y,.ar n (G) 
n 

C = Cost savinqis in omm-inity IILli( scLrices activities in year n ($) 
cn
 

D = Total demand for year n (iKwh) 
cn 

I = Cost savIncis in th, irdi:kt1 al sector in year ($) 
cn
 

X = # of families at subsistence level that would hook up 

t llat woulI hook-ul,Y = # of minifu-ndistas 

ha. that would hook-upZ = # of familit-s with more than 5 

U :- ff U )l r T..t ,, . (^ . u ,ar) that woul(d hook-up 

r 	 the ii L ,( tl I t : 

year n yxr iJrrigation iump ($)
Sin= Ave. cost saings ii: 

($)a =V. Ave. cost savings in year n *ir shallow tuhowell pump 

s xi = Ave. cost savings tn year 11 fur h/h in catejory X2 ($) 

s = Ave. cost savinqs in year ii for h/h1 in catejory Y ,1) 
yn 

s = Ave. cost ca'injs in ye-ai ii or h/h in, catejory Z ($) 
zn 

IJ y dIr f for n/n in category 0 ($)AVC 

t n = l( cLi lt tatitt in V:AI 1 ($/Kwh) 

Pi 44 <' c - irrigation iulris 

t # ot tu,,'w,'l i,unja3 

The total benefits ov,r the planning horizon of 30 years (B) is 

Son A .c >, As 

calculated as follows:
 
30
 

B 	 T, 11 

n=l n 

ii) 	Cost Calculatinns
 

The total costs for the project will be the present value of all 
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expenses incurred over the 30 year planning Yorizon of the project.
 

The total costs are calculated as follows
30 0 5C:
_9 .0 1 5C i 

Ct + (-r)nr 

n=l
 

Where C = Total ijstalleti cost (Table 12)t
 

C i = Difre,_t invcstirtznt cos~ts (Tableii 

iii) An Economi, f'v.iluation of tJh, Proje.t 

To evaluate,the dsiraLility of 
an SHPP project at the feasibility
level, the ,.xixote I ie.r.its arx coumi ainl to the expected cost. The Net 
Present Vaut, M Uh hnof it anA uot streams, the Benefit/Cost Ratio and
 
th,! Internal ),ti 1 'tU:n w L] !t: L i .te 


Net_ ,s-it valu.: Th'n in f vau oi un invcstment today is higher than the 
same amua ot 'o,y in t ii . it 01 or, the expected benefit: and
 
costs will i . lt. I at a I U which reflects the opporturity
 
cost of ca01x . ,1 , 1 i, wl I . 1W. ,0 .
 

The i eIi'i.l t,/ t -1ti " wil I . ratio of tJe discountid benefit and cost
 
values over a pdadili ini,2 '
 

Table 11 so W IhJ th, vcouiohic data can he assembled and processed to
 
calculate the lbenuf t/s
t kitai,. Figure 14 shows the feasibility study

flow chart .,nd Figure 4A rives the 
 twasibility study organization chart. 
Table 15 des' ihes Ltc, ,vni in the MiiKT flow chart.
 

e. Social iMndl,is . tiohdoloxj 

lntroduntion - Tm 5ocial impact of cl],ctrification by SHPP on the 
community '.;sPi,we'rful, .wrvasivu an difficul.t to quantify.
It is Powriul niuaus,. ,i n-i.' prt,1 ntial t.hit is ,fwino t-, the
~omnunity ti aU~ i) tk multi, u: i triity-1,b<_. t. rnoAcjy, ii) the 

enlar am,.nt tw ral_ s;,] t n of ij i ,1 i,, , , < .i social), 
as Well a-1. u . t iVIl" . , V, .1P PiV 'L "l .efficl, nt M: 1 . -,. u n ti 'lt!- nwa, )tJL,.r .n{t},o....i. ,!jy~.. 
Pcrvasiv. :' ' t_ - t , i ti n . : , i ,,PP if!, 1 11 . ions of a 
community', %'ucia l., ipliti al, ton0.0, nviro'aiwn.a! 't the local,
regional nation i, jt. i 1. itit, lev..:is, Myh, u .aot isiin! 
Non-quantitiable due to t, prvasiven.ss of the ,:P cts of electrification, 
which tLi, stno rgji.ti. .lMy witLn othir ium, "t:, 01 L o ial and economic 
inWrastructurn to yieli :sults that ar< uniq u and sit'-sr'ecific. Further
more, the statr of the art in a methodolo<y for quanltifying social, political,
environmental effect, in any milieu, beyond lirst-stage economic effects is
 
primitive and controversial, and cannot be 
applied in present-day Peru with
out inccrporate nat:ional cultural, criteria. 

http:prvasiven.ss
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TAZ 13 _7AL_ A::9, :A T 

S c 7- PW TotF.1 S .es 5urplus 7 WFact-r 3os-s s 's Costs Benefits Benefits 
 fits
- I 


YEAR I 

YEA. 2
 

IA, 3
 

YEAR 3 C 
.. .._ __ .. . 

Disc-un'.t ,tE =
 

Benefit Cst Ratio = 
 PW Total Benefits / PW otal Costs
 

z
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expenDses incurred over the 33 year planning 
 horizon of 	 the project. 

The total costs are calculated as follows:
30 15C 

C = C 	 < (l+r)n~
 
n 


=I
 

Where C = Tot1 i-istall :1 cost (Table 12)
t 

C. = 1)irtt inlvestment costs (Table 11) 

iii) An Economi, EvaluaLi,)n of i Project 

To (-aluate th. Iesirability of an SHPP project at the feasibility
level, the expt cttd b,iieiits arci comiairc, to the exrcted cost. The Net 
Present Vale, I the Lrif it, and o<st streams, the Benefit/Cost Rat.Lo and
 
the Internail of1 -twL.n be cilcul ited.
o will 

Net prcst-nt valu: T7 ltic value of an investmert today is higher than the 
same amount i.t ii,,/ in tilt' I-uturi. Th*,refore, the exnected benefits and 
costs will lI i.t. it a racte which reflects the opportunity
 
cost oic t i l ",1
. I, I I irw !,I Lu UI ",. 

The S.n(iit. :,,-t- ,atio wil. .B, th ratio) of the discounted benefit and cost
 
values Over ~ru0 ~ 7i, ) o1 0v
 

Table 13 s-1,ws how al] the t-(oMnirIc data can be assembled and processed to
 
calculite thie beneflt_/ls:3t .it 'o. 4
Fii-ie 14 shows the feasibi] .ty study

flow chart and FI'uLiru 14A ;ives the i.isiility study organization chart.
 
Table 15 desir 5F s do e'vunts in the PERT flow chart.
 

e. Social 	 ,mlsis , tilocolcxy 

Introdc Lion - rnt ocial impact oi ,Iectrification by SHPP on the 
commv nity is pow.rlul, ptrvasive an( aifficult to quantify. 
It is Powei l because 01 inm1, nse potntial that is offered to the

community th ough 
 i) thu oio;tin of l,.cricity-bsed ttichnology, ii) the
 
enlaxge-it of the realm 
 B (notn pivitisp ,tivi arid social),
 
as well ;is 4il) tilt, :ciV1 i:i tn : 0, monin! :7; with 
 a more
 
effici,.nt allocatin ot Er. ii ot,hr 
 dcnrgy !,,: impact is
 
Pervasiv lx-bcaustu of til, 
ir. ,111:tio of an SiIPP iff( ct _, i].].dimensions of a 
cormnunity's (social, i.litli w, econor;i, -nvironnoetal) at the local,
regional national and int,.n,lti)ial levs,. hl. lnpact is 
Non-uantifiable due to the pervasiveness of the effects of electrification, 
which conbine sunrgiticilly with other elem,_lts oi Lh social end economic 
infrastructure to yield results that ait uniqile acod site-specific. Further
more, the state of the art in a methodolic~y for quantifying social, political,
environnental effect, in any milieu, beyond iirst-stage economic effects is 
primitive and controversial, and cannot be applied in present-day Peru with
out incorporate national cultural criteria. 

http:effici,.nt


TA- 13 CCN:'- TAAON Z-iART 

YEAR 1 

YEAR 2 

YEA? 3 

4 

Fact :r :osts 
-

::sts 
-W Total 

Costs 
Sles Surplus 

Benefits 
tClT

-inefits e 

YE;A- 3C 

Disc-ant.,te 

Benefit C-st Ratio = P Total Benefits / PW Total Costs 
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The methodololgy for performing the social analysis at the feasibility
 
stage begins by making an heuristic distinction bevween :mmediate and
 
medium term imracts of electrification by SHPP.
 

Medium-term or potential impacts axe reflected in changes in local 
customs. Theze changes include:
 

I ) The kdoption of time-saving devices such as e'-2ctricity-powered
 
machinery;
 

I! ) The allocation of ergax.ic energy sources to c-her uses (e.g.

animal dung for fertilizer) or their conservation (e.g, a slower rate of
 
deforestation and depletion of coal resources) and
 

III) The initiation of new activities 
(e.g. agronklustry, audio-visuals
 
for edu(ation); etc.
 

This following sections provide the feasibility study methodology

criter..a for analyzing the immediate and potential impicts of electrification 
by SHPP on the a) household, b) business, and c) public sectors of a 
community. 

The Household Sector electrical energy will allow household dwellers to
 
spread their activities over more hours in the day. This time will be used
 
to increase production, leisure, Dr educational acti, ities. In the medium
 
term this can lead to increased income, social power or education _chieve
ments. In summary, electrification will allow the household dweller to
 
improve his/her standard of living. 

The Private Sector - Again, in the private sector, the in:troduction of
 
electricity will allow the extension of operating hours 
f-_ industrial and
 
commercial establishments. By substituting for thermal energy sources,

electricity permits cost-savings and a sounder environment. Potentially,
the availability of an inexpensive source of ene-gy encourages the develop>
ment of productive econcmic activities in the area, such as agroindustry,

small businesses crafts, trades, services and f .rms. Table specifies

the activities that benefit from electricity in each of these categories.
 

The Public Sector - The immediate impact of electrification on the 
public sector is the provision of lighting in public fazilities. Longer
operating hours are feasible improve delivery of the service to an increased 
number of people. Illumination after dark irtproves public safety on the 
streets for pedestrians and drivers. In the medium term, artificial light
ing permits the organization of evening classes for people who are occupied
during the day in areas such as adult Titez acy education vocational train
ing, nutritional education, and technical craining. In the long run, if 
productivity and living standards of the community axe upgraded, the 

http:ergax.ic
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the attractiveness of migration to urbcx, areas may be reduced. A . nconitant 
impact will ne to slow the unchecked growth of already overcrowded cities. 

f. Fnviormntal rjact 

Mini-hydrz ist.al letions (.PP) will require the diversion of streamflow. 
bependiiv Uj *u ,W ,f avai.L&)le and the design flow of the hydroelectric 
installation, LhA. >,u<t may vary from complete stoppage ior a certain 
distanct )wJ A y .i a isiplt-, rLi u(tion in stInc.S ow. "i c neraI, flow 
disrul'ti n aii [ h,, ot lalaav 1ci fe' -irytr r c JorTs aoni smaller 
steams (ill h 1i.ly th., J.eria an i sta zlno< ]zs mr the 
wetter Atlantic s ' , )s ej f>iya ni,dSeva 201. or I.ar'- Seva a.ni 
Diversions wJ-1 noa r I . from a minimum of 200 tit5 /s,/L( vAn t a 

mIAximul.m o' ca1-ii ! J, ! .1i.(-)I '1t 

The ax oiofisct, a bat.k into the eti eam will likewise cause 
flow disqrvi'ion impacts n ieased luw-i wal i jive rise to lie 
forces and possible channel degradation in the form of hank erosion, and 
sedimentation effects. 

1. Sedimrentation and ,ib't - . . 

Sedirilittiori impacts ayie i.o tcint from two points of views 
fron -ne point of view of sediment ]:adL in the strn:am and their impact on 
tihe feasibility and maintenance rd thi,<turbine (i.e. sediment causes 
turbine pitting and accelerated w ar), and front the poiint of view of sedi
ment iipacts due to project construction and operation. 

Diftc ,tt mini-hydro equiplaent installations have variable 
sensitivities to -sedimcr t *amaages. Water weels, foi. example, can withstand 
heavy sediment loads with few adverse effects. 'Purbines, on the othicr hand, 
are much more subject to excessive wear and pitting when coaxsegrained 
sediments are entrained in the generation waters. In general, however, it
 
is most i-.,sirable to maitain as high as physical water quality as possible. 
This can b, attained by the developme-nt of a watershed maragemernt plan in 
whicih the la-d use i-n tle ttachuments are made to :uit tle lanId use 
capability and through a strict control of the construction impacts d the 
project (road building, cutting of th< canals, (-tc.) In.:mation on 
sedimient loads is an important criterion for bothi - ., ily d termination 
and the design ot the engineering structure. Til, _uatiication of suspended 
sediments should be: initiated early on, prior to prefeasiility analysis. 

The impacts of turbidity and sediment transport effect both the 
biotic community in the stream and the physical aspects of water quality. 
High sedimxent loads fore close certain water uses sucl as potable water and 
irrigation. Where impounctrent or decreased water velocities occur, 
sediment loads will drop out and fill up engineering structures (irrigation
 
canals, xeservoirs).
 

The sediment discharge of a basin in related to several factors
 
including climate and geology. Also proper land use is of utmost
 
importance in maintaining erosion rates as close to thei: natural geologic
 
rates as possible. When improper land use occurs, espc.c.ally the
 
deforestation of steep lands and subsequent establishment of grazing or
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agriculturc, U IobiolI ra ts a r.: tjulk IallV dcculerdte(I andll iJflkt Lt t di sp) 
in th stream i.1s enjtl]k .111 in:rune. , d. 

Sedrjlwntatlorn an & ifiipa; o oi -y Ldryinglci avelst: ts anlati. j uisms 
rock or jis a ve] S -f~aW1.3 <i i. , Iottei s otiiling Lana, sIa, 
bottcji-Awull] , 1.sls, I 3;., a0,11 1,,u)tec-id la. b <han,singlquat 

the textu"l iit.. Rti .,rt"- L t d :, S Ik: 1i taUl1 V 1i. ]1' : 1 JSu a
 

L, tii.shift in tii, K p wit , 1 . , til ii ;t. Iutn it 2 axj'dt I .tO, 
general , 11 i,-it .e na 1t, su < t. Za V1 t i.i nI . a r od ified
by (1) !--I, i,.; i atk, o si.,iiment tz~ p t ,2) t : e xi y, tur
bulenc,,, an: I I ox1 tUl -tL, aid iL uLt , y magnitudeatt-s t , cud (3; Fi and 
of naturall.y ()(,*1 I1 J , Ysi on oAtI seI in IIt dipositi r . 

2. Alt- i-it.- Watocr Uses 

t:j; ,t- t oliation of . __PP idots not ( onsuit. water or significantly 
alter its ajitility, the major impact with i coald to a]te.1natt watfer uses will 
result Iro U, fact that wat-r jis te:mnorax3]y i.v ztud frolm tho strtam. 
This rait possibil ity triat- oth-i usrs wiii}li with (.aw water fromi the 
section ("d LtC atAt.ahi aflft. t.:. by t hi Iyi i ', P :iow th '.IJl, intak

ve i i a(-() I. 1- d nstructul, Jin! Lt(-. .ail wi.] .iL LEjI,'lat.( Kjuanltities during
 
all or lart o2 t-re year. The a-. ie>t s Lion (if Lli( st, -w could serve, as
 
a sour,-'(- ()f wt ! . iii. -t ia> I oO)U ilViL o't( .1 consIu111 t.io,,n, indtust-rial
I'l 

USES, o Ii t- .i u. O h, 2t.1, -... . ,. j .ust ii f -i.t . n a .itior, 

it is T-ollporl ic t toi mainitai1.1 tel 1,0. iii I 5, .I 01 1 LIii- StoI:am in 
order to t si V if '- i..I -fti oIga~j 


migratioiL; o fishes. i1rior to 1ulii i t-1 t, .-;.ii.lity )f JltP! -:Jte
everiy .ffort must he Ihult to identit-/ 1]. (.ax3stin-i ('a lk)ti-tiai ait 1 nate
 

I_.LUr &hi,aLL i l-i u n;is s oid ai]_],.A 

watr ust-is I 1.-solvE any vatt-.i - n_ ,, S 1... 0i u A , tat I ,n thoe 
constru 2tion an .peiation ol the SHP. 

Under -citain ircunstaices groundwater r souicus cian Ix depleted by
 
a SlIPP. Whie divcrsio , ,ccrs IrnionL i ifilu(nt st. an tone uitL is above
 
the water taLL- a U1i , . contrilut.(. , tigout..,twai su[) i I i it is
 
likely t 

1 
I0t localized imlpakt:- w,.li Ii ,.- i g auwat, - v.rcic in that
 

stream lxtwe1n the fi,,. ts ' live -r1 ion an, a _i.3h- . ouldIli! Tiiis 

affect water qvailability in wellt n<h in thu str-tit Iiarnel kUeru would be
 
no baseflow recharge) and hampe i -s ): wate, for dcm.-sti_. ot-Iumrlption, 
irrigation, etc-. The - rt: potcnLially .AfetLcd 1,, 11.-L tTk-, ,ui iipict, it 
was mentioncd pr(violisly, is d eunited by point; . :ivei dionl o water from 
and recharge to the stream. 

In cases where inf luent struam conditions occur baseflow recharge to 
the stream channel will occur rapidly and no neyativo impacts will occur. 

A global analysis of all water uses within the basin hics to be 
carried out to identify points of possible conflict. Wctur uses can generally 
be categorized into cons'umptive and non-consumptive uses with irrigation and 
hydroelectric power generation represeriting respectively these two cases. 
A primary constraints is the amount of watcr available for use in the stream. 
Important considerations involve ti-it points of ex-raction or diversion of 
water, the poiuts of discharge into the receiving waters as well as 
alterations in water quality that might occur. Based upon the interaction
 



/0 jt 4.E I I 
Ix)Ii)I .it 

I Pp I ',4 

I'l J4 [Ijik trtdiul t- A 'i ULv5 t-fii- I ;L~~' 1 ! dei liU1jMA , Ut14-' 1 A ,L'tt 

)eqirxiij w, Or . ordex1 <it. llJl-n by the totalti, ,,r .. Arum-r, v divided 


annt'!r il 1, .'Id hi 100, '- oy the
"1i 1'' imni Liplic 1y thl ,IIljr' t;flt 

pul .'. lit )I di, y'; t ,At i ik.i t , lii Ill'i i 1 .1 (m h ] i I .S W iqu.-Itd (,I, (:Xc ,IAOd 

{tur i, thL l' 1 , I i('c)1i, dIa alyzed. 

t I , l li i,(ll l 1 V'' r e prc s 1cc'i- j t n.n, ly tjif rer oIts of 

Lill. .I~i ' -I*,/P ; win( 1l t1,( I low ( )) s PlOtte I -3,1iii, 't iruuuit 

tkx( (1:111,,: .I ' tAL'L to I o!w ,iui i'il (-orVuSL ; 'lt- usudliiy lkad us 

ij c LiLn t.; -lowVa I1 i.: at ti : . :rc Untapointu 

ui iripl I. i. I i ii l],)w di-:jii lIu curve.
'I i 

Th,rcr lJilL:; .l 1.1i c~t r i ; a fiurl I.inji cj ULit I-low value at a 

jriii<hter::iin ,1 i;iI: I, ui!.tnt l×rctLiti c f0> (i.ij. 120). 

7. I'.A;Lo<iA:L" 

iT]I{r Oij~iO~C:t;l . power is calcul.ated in terins of the net head
 

(1; 1,, Lihu aviiiLo,! i low ( (Q) jccordin, to the2 following FmAthematical
 
j,,hnu]...
 

i't 7.:, Q, i i W] Ite"r
 

I' year-x oun! iviilabil-ity uf ij,.wer (KW) 

(,) - Lhu av,;.; IcL i]ow (cubic iimters jxr :econd) 

II : the s: t icil~ touters) 

Refer to :;Acti,., :I A.].t.i.) for further details on calcul-ing 

the prognosticated p )w\.r of the -AiPI. 

Nh. i: :;ri i I.,, will be made under tlh,, following headings: 

;ite ii <riaratiin
 

Intake L:Jructure
 

( .i ,il 'un,,;toL-k
 

4 1 rIOlks(
e

hwh 

6. ,, wLtc Ily ilv 

7. 	 -tit i .'.i and electrical equiim, .L 
. ljjj , i ut]_ol. >!y-3teim* 

1. SI l 1LIA.JIJ\] IL 

The siZU prej),rati)nI consists o thc- following activities: 

I ) SiLo lcaring 

1 ) location of th key structures of the SIIPP 

IIi) !,"inql down tt:porary access routes 

IV) Ear thi Moving
 

V) 1,isposal of land clearing residue
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of thiese factrors ce-,tain cxnbinaLions of water uses on a given sty-am can be 

compatibu whereas othur (vuji-nations will )nt be coalalitibic,. 

Legal constraints .9flneirninl w.ta, use Inave to I)-- consid, red to 

determine priority uses dfld water r.Lfht-s aequied by prior water users. 

Depending upon Ut>- points if etra itrirI andidiskharqu of wa txrs, it may be. 

necessary to ai i ly ,,i an ,-ssi ins t r A;i-i-' p ulot,cts. 

In a- .:, impat (an IA exi. tA A to Ix latjer in "asus of complete 

use a') thai sut~i fjkwa'' so In "i><es wivcnr kOtih wat(T Useis DI, a' ci-t 2.Ld with 

the SHPP that ar t oioi JI.a- in'; ,t wata? tuality, such a's Lrliyations. 

Thus, althouk-h th(e by u (X I 'atli, use mav nIot in itself alter watel quality, 

the occurenc( i ss -ilIition fiect aivo higher coraentxatio 1L >-ontaminants 

downstream - y :k-fur. 

Water us(: ctoIif. ts are much m>x- i:]y to occur in tie i:oastal and 

Sierra regions becausu ot thte relative s;caricty of water here aind the cormnon 

practice of iijation. 

The u;e o! water for hyLroclcat-iri generation is non-consumptive and 

therefore in the case of SHPP's very little if any IPass of water will occur. 

The spatial. iit tibution of tne watei vo] umcs in the river wil be altered 
and analysis shoul i x-e diect i to ass, ssiaj water tiuality o: shortage 

impacts in the srtth of ri7cer bt twk<:j irversion anA I iiscbarqe points. 

,.loa tontrol 

S2iPP, beclase ot the wvcry small %; uInt soi water involvet, will have 
little or lao ( I. t in e 4thu:r miti,:ritii, u incri-asinij f11 uo flaws. Cly 

for thos,: unusual a OS,s vin, ic inter-ba i''-t anster an],/or TnTiaunaent are 

involvedJ mireol :.n its o j "Ipa ts may lx rted. 1 ltpsUOK ii :it . ul. i -tie I i a)

rate fl',:, flows whu, as intei-basin tlarnsfcr which wouli Iplesollt ne.t loss 

of wate lx a m th, nrt.ng basin, -)uL' have the ,:t 01 li li orcing 

unusual xvnits in ti ier.tiving basin and iilly in, casin flod flows. 

3. Water I)uaIl-itX 

Operatiori of run-of-the-river a;iP faciliti,- -- i size included in 

this prograr, will iiave little or no utffect on water puality in the streams. 
Such wat i a-V a.- L,_ . j , nt .t Ins ,')f lissolivedaI i.. tI, -umj .'ure "]'I 

Id -t .i' i.,. the 

penstock and tU:bie.. wbi tuhbiditV an: ;usx- (A soli:is is1v. the 
gases .if-la nI & Wi.L hot1,iv0tr- lX I r5,I-< oulh 

diverted waters may IA, iui,. in tho;.: plant desirI. hi h incorporate sand 

and seJivxcat t g., ; .. h - a .;at~i- : a t ,bring v 

waters. 

Dizect water qua]it, impa, ts a' ct:1, iwverit t.ose sites whose 

designs include; (i) divrsiur. jt wat-t lrom SOUW'CL or wAtershed to 
another, or (2) creation of a su.st.s.tmal impoundment ill water above the 
intake structure. Diversion of wat,.- fIam anothler source to augmaent existing 

flows will introduce to the receivin- .trcam water with different physical 
and chemical characteristics, aid the possibility should be considered that 

this water will be of lower qiiality than the water in the receiving stream. 
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For cxam.l,, it i.,lw-augqmntatiol. wct(, is taken Irurn that: vJin-ti (it MUnuS, 

processij fAlijt es, (2 Inlujtlial Ul:; harjes, it may ,ontail elevated 

con(-,ntratLonLa of. heavy mi tais. turbidity, or salts. Watt- draining land 

devoted !o irriatioi. andil tf 1SIVC! a,jl icultu.L frequently has elevated 

levels of teilj, iature, tu-r'Liity, iis.-olvtd minerals arid plaunt nutrients, 

P-stic idt, 'A 1 -i h,1i,iA(: S.. 

Antl,, I way i wii i wat r quality may 1w-degra1di2 in the stream 

contaiJjtj tht :-! ta ility is by physi:al and chemical p.ocesses which 

occur witihiix a war,t imjxn:ment. The moist .mni-,n evui>., Lsjxcial'ty in 

relatively d-:ep, sheltered reservoirs, is that tl-i: watr will. undergi 

thermal stratifi ation. N.t only does this have tht-e et:, t of --Xeating 

water thdt is warm,!: at the surt aLe .n. :! - r at tht: bjttom than the 

normal stre:ai temiy'-rat.urc:, but it results in a A, ,f l.lotoidissolved 

oxyqen i lvs al, , reater concenttations of hydo.0en suPl i and reduced 

ionic forms -A il - anuj, an;anes . Al sAl imipoun ,:mert etects can lead 

to a serious (legzidlation of downistitar U r quality. 

indirect of ievulolmyrnt an 

water qualit should be I. lonsiderlnit -rtial growth tha.t the provision 

of ulectricity will promiote cnuld result in a jxuatt! :.emaiwater 

Fiially, the efecuts mini-hy, r, _tti d 

or 

(industrial , ) or a u1e( line i-n water itiality keff luent lischarges) 

Similarly, poKpuiation jrtwth f,.I,.i1n tect.liriiit ion :ouli crrate a 

greater demand f,..: sufae, witer -I d it.h C )nsuiltl 1)1 an i f or the treat

ment and dilution of tt ,. : aite both theJOTDc v-.st 'inis growtn ou] i r 

quantity and piality of Vlti inl the ,it--amns of tii:, area. 

4. lmnatit to A.liatVioru-anisn> 

There i f nal'/lt i il 53 i iia Ut. t-'taS 01>,1 nisii-if that 1mist be 

consider2 i when valuatutig tit o i LI-O-y it a bd1 [ site. ,,umc- impacts, 

such as tu .)int, v A ta ity, at pAtefnt.L l pXonL ells i,)r any type! of facility 

design, wniieas ot hers, -u, h a., intt1 i ce with aL 3ti, am migration of 

fishes, . i ,:t-ially ol - , , , ice watet issiMpu n.jed for a store

and- Ic1a '' p o 1 T. , ti.,n will b)ri(t ly i iscuss important 

effects tjiat ' i,,j l:1 It.ol an have kf1 aquatic 

' i 1;i)? taIit 'III L ,i, . 7 i ."1lsm6 - e , r z il into the intake 

structur, ali4lIxto; iivei wMt. I W1 jLIS1i t-la )U;o ' toiji~flS Let . being 

discha-ged ba k int) to e rt>,-ivi. strIV. -'i " --!, iiunS it.-enab: 

organisins, Lli i i i t.it ts nKt ,:,,and fish egjJs,:. El,,i,,: 

larvac: aa j i --3, at,  t i iU] :"I i! xt i j ,2 SUIt, changes, 

turbulence, :-, ai lo! ci-es, ai)icasion ,.i ,t tL'e w. ils <,f ..: tuk, and 

contact wit]h the tuibiie iLai,-s. Most t t t-ObXkne m, ftality have 

dealt wit :i ,, I tjl,: t I. at.: /;, 

or increa:i,,- tlrlmine i.untiutr eI .,': it I,, ised tot)bui, retality.sp 5 lk 

Lowest mo,tc lit-,., cu tu in ui, ak etf .c -,cy,when t,. Line .I t 

and at 1 .. , t r n.i, t., l. 4Lt Y- i.-; t: p . !t.mortA il 

Orga-nisms wila.h alt tc) Iar, to pass tl-ouoh the intakc debris 

screen, ve-t cu )t avoid the flow, u. i-e trapped against the screIn in 

a process calLa/ impingement. These s-o;als, ccimrliy downstream

migrating fish such as trout and salmon, eventually suffer mortality due
 

to asphyxiation and physical damage.
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T.mporary diversion (i watt[r iot- hydroelectx i w cllru tiCnZpwe 
resfultL. l de( ruazed f low In that pox tilio of then ivI lowrist-.z i1m: x Ut 
inta)'te stj uctutte and upit.i t.dx of thu tuibiaO dischar :ridu low -- L:n
flow c:onditions, this 'a. t:sult inl d iUkant: ijii ritual fiow 
availab :- to Supt at i ist Wiud ii ctutil- "at, yt i.sh,LrI animal s 

snails, I amas .l.1, stet, of ix I A arr. I iVU
ttLat a iv,. r ,xtas tlt' may dry 
up 'xrt:,_tely t1.... m-.A i[t. )tivW1XW:u ai. ram i4t , , I tulting inmIJ 161 
a i/oss ti i s, otu7, ojasms Ciro a pot,-.'tial L1< kdc) lu ipstream and 
't:_vrstrewl : j ; Li.sh. 

Maniy fi. , unduigo _ asunal upstrean miliatiiHs 1AiThe $jdwrmfraj. 

use of a dam as a means of imp.)xuuini or <1iveitrn waiPFi i a fa ility
 
could S2riously haridex or ptevent tn-<se rnijratlons;. '.e possibility for 
such ].initation ot rejA OJU ive 1;tntLial. "Alc,:r Li1 ortant or
 
endangemd uis:, s-< ies shoula - .on, i-ic-1 a,ii: a..1.ility study.
 

Ma interiarit dredeqigi, U) mi v iLmvcnt dt isits I aim the sandtrap
and the area ai omni the intake Et uct-ui . ill. <:sulit ii, tt_.mpoi ary increases 
in suspeidAd matt r 1 a]. an,! tui ty, low Ji~slvei o.Iven t,.nsions, and high 
concentiations of diss)1vi 111111. ii $ m toxic c('ltmii.WJt.. I d 1 cjed
material is all. w, i to e,t, fL i ivv jii i a,ra, e ilt iL1 sand deposition
 
and the alterati. of. ., 1.
a) -it.c L,, !;Lbtat ks 1_,;ult. Increased
 
turbidity cal. :a_, . t t ty. iti * uati
. Iatd U, a.leasih. 
sunlight pearRtm . T C_ t .... it isualiy-l<:, 1ia. idiq- suspended 
solids cQnohmji t t .- (' au:,_ stO, i:a-t to IUmt.i .rinilsils by logjinlj 
their (jilJs iI ii1 S,"I , :,Ow ILss ,Lv ,A oJ:y'J'Aij]m Vcls or Itigili 
.orhexmtx at i,.,ds ., 0 *,)[ 5. t a.'. wi]. I sul.t in sti ess ,'a idath t.) jaua
ti. Uiota "ir.t I- , - i , ' ,)i di edge, I sc ,imnr t _an -TrmCter
 
iymttom-dw,.. a * ai i 1, ,, dlterI t[e bm this ca'uunity
 
structue 111 , t: ,i t- xtail al I c mV)ition of tte substrar. 

Lvaliuat-i. at_, ,.;,- ts 16 t-Si- iU11-y icLaL l.a, stcure s that
 
contain I:C:umi
ld.]y,i. , it ationaliy raludhie ajlu,iLii sTx:i ts, uo. species 
that en.. i i*L l:,.; tti .. L. tiu t. i, . a .n,erc status. For 
examiije, ,. st.:',-i t at 5Lti<i t. 't 11 . j.)d 1i.f o th( Ilocal
 
c:mmuity ust 1: ,al . i, 0d .. .; I at, ty-. aq., t . s. rii 
 d
 
in this s , t.i , , as ii. t. L i mIt.. Lt i..i , -i., ,tqt -, m 


it should al.O P .. 111 h .i.t ly i' sit. wii
14 ) iaJ a; L * A,..It.,t
 
streams that a-v. a Ly 10' catu .a )W, S. A.. ]
jtt a dry season. 
Diversion -)i pal irtioni u, t. s f. .5t.. itu, tion will Furthder 
reduce tih: aibli ty o t a smt t' ,. a ,. ,rtUAL± fic:, and therefore 
may r .t , lip a .- " ti t t I ml., : cod ovjlmnisns. 

5. Water bornt -i -as, and am a tLi. 

As with AiteL T,, jty iLmtpacts, p.eration Of a ,i'i IAciility per 
se is not ->] :t tl 1ic 0 t- . i(t an m[tiSsi )fL 'i wat. PbL,i La sc s. 
Although t. SA ,ii, J .1:,if, ity t-' Wat L 1, vm,,,V . mci " im u 
turbulent f1,1-w thiucuqh a head: and [.nsto<k may .. r-duccd relative to 
movement of t-haL same par-cel ot wat r )v._. th, natural streambed, this 
factor will probably not be signifi.air. Ln most cases. 

Facility designs incorporating inter-basin (water-shed) diversions 
or water impoundments can, promote water borne disease problems. Water 
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~ fL~i~ntdby human ,iewualu or rtakot I I rrwn J.ive.,Atix K cnic ciui r 5 can sprudLi
 

a Wi1Jt'I. Ai' i i. t 5, irili,I thcty coul,! ILn irit.rudu. '.d il~to a ij v.i a l'I
 

uncontaminated 6ttdam iy r.att r-bas.tn iv~rr ions. Tb. ii weme t ,' water
 

int.( hyd! t.I iii:<I C S(e V.)i r (31-1' 6srvival :i.f(ase ogan smis,
SiLii, (4 

s in "t: tiusk IC1, t. )IS wh±ltw di t , -it t, 11-pi-c l t.t.I. - watfr in a
 

stcealI tuabu Ith , su.nIr{ ntL 1WI,1-tf tl )i, 3.1.atii J. '.d Co1
t-

eliminyatt.: ill I - -t rv)i i .-- , 1.1 , w L rij , ,1U Ilts ill 'Vitl, easedt.r inc 


habitat i . di, v, t , 01 - LL111 j9aj.Tk Of
V, , i OJt 

hwnaiil iI pai 7ail - t-- ~ '1'n 3 .ll'! I ies 6U 3 i.'-3

ilnii, t, f t :1':t tve!V ,li. , ,. tiir inci leuc:t of waterborne
 

diseases anni par asit.s must liso IA; ta.k, i-ib,5 a(,-count wh,-n -,valuating a
 
site. Provision z-')t' tli'ity t) a may to increase
0± ,iliunity lead an in
 

the human and/or Livesto, K piiulatiort, Aii t resultingrc increased risk of
 
s lit- of
disease upiduvid wooui c ssit.. tic installation adequate drinking 

water and was-t.. toz'atment laili.cs. 

6. Const-rue t iin lm .'t.S 

The t uctl SIIPP oxc.L uctio on tdie aquatic enviromient fall 

into two t at.-jorit s: (1l tu bJiity anl sedixientation, and (2) water 
quality dcgrs,-Latl'ill. ()it.tiUn ot a ro,,l to provide Licess to the site, 

as We-ll as ol:i-,ii- 'lt ii t i n rffhI b. V. . ai (nulit of L S tPP 

f acility, wi. ti r'- , in i 10 tai o~ t I S U. 1i- I sil, 
Unless mitijatimo mcasol ,-U1t t .: i, 11 c th, .,.. t tllI c likes 

to retain stoimlwal.,(r run.'tI .-. ,..I ly - v t1.l lit! W Ash't I. to tce 

streams. Ti.: ctffC 'ts ufi tl rso tant : Si -s in t.i r'ijt,', suspendedAS 

solids, and s ldim otat i)I on afiai..i -... I}.ihisin., . I ' . ,.. "iL d. 

in addit-,i, uil rere, s ss, ni , i wa.;tWAa 1i, k-:(;oistruction 
of tlic conci-tx-: -,vals id turbmnie buildiljl imay 1- ,r ro tsie steuams 

and seriously dc wci quality, , ic illy Uut I ,w ilowwLci -. grltitions. 

The toxic efte,t of these Jhemical w~st, .' wltAi ' .,. stress or dt.ath to 

aquatic an Lma .s. 

sirii.tiiat sI rt 

limited to -,cJimt.intation and t-iL jdit. ,- cits on riicv o water c*n the 
openJn oS1. ' -SS 1iltL) soM( tilm.:-, Vi1il, ,1di d,' :, t , AI potection 

zones. The i iijin a iitijatau'n aspt t..s i acit , i .Aoulifd the 

Tb 5 jihy.s al impi tS (f -onstiui tin ,t s 

iiu Ja 

constructioI' sit-, nclut.ini the acce. -cid bavf i 1-i a,' lit- !iscussedbn 

under the aJuai-)i inmpa.ts. Asso iat(e ,i'.al i"l u,!.- downstreamnIt. IL 

sitation and pernaps J.ni'reased S,.JLtr:.t ci.iLs ill tJl.t ideA, S , u:h 
occurrancus will have ilebative el. cnts ,i ,,wnsto-w water ci well as 

SHPP operation anad rnaintenan- ', . osts. osua]ly shI- . 1,d.1ility and 

erosion piubllens are s'iort.-ttiiiu i1 pi 7,. I -.v-Jc.ti.I in ,.iU:I - ltrol 

practice-; atrcmi toy,-t. !-ry t.) wLnd cli .. t' 3 hat'- lo ','...t.i iinsl',wtr and 
in genur,.4 l<(ss t* fucLivu wicietas in hnnh-i 'A-1 f.I re.ins otly 

occurs profusely uaid almost s:i 1taneously it Li.1 is siitiert stability 

to permit rootini;. 

Road construction providing access to the site is normally
 

responsable for iauch more earth movement and disturbance than SHPP site
 
preparation activities. The magnitude of the sitation impact, which will
 

http:inmpa.ts
http:laili.cs
http:r-bas.tn


ANNEX T 
Fxhihit R 

1In Vi4 of A4 

lincirdl y effect stream hydrogy and auatic rommunit io, can he rcineed P/
 

sound engineering prartices of road construction, especiallv a- th'., affect 
wate. control and site stat ii zat ion. When properly on'trutev and 
stabilized a road may (ease to produce significant amourts of sediment in
 

a short time r erixd (2-5 years). 

The potent ally most detrimental long term im-pact of ioii c-e riv ii ioln 
is the o-enin ap of forest Frotection and critical watersohed arean to
 

spontaneous w<:onizatiom. A common occurance in Latin American water resource 
development Irojects has Leen that colonizatiun and its resultant. erosion and 
torrential hydroloqic .ffe.ts hav, cmp let ely st oj yed the ,raolects. The
 

Anchicayi hydirolectric I reject in Colombia is an excellent example of where 
the investment was lost by reservoir sedimentation a very few years after
 

construction due to colonization in the headwaters reqion of the watershed which
 

was made acres ible by the ;project roal. Spontaneow; colonization of marqinal 
protection areas producns innum rua imj acts on soil, water, forest and wildlife 
resources both on-Aite and wwn rceam. 'Ivr eer pov ibihP, in orde.r to avoid, n 
such impacts and to insure th use ful 1 it, of the downstream SHPP, cont ractual 

areementz should he developed with th- be nefittinu communitien so that they 

help develop and implement a watr-,hed !rotectinn pi-an. For virgin forested 

watersheds the best aIroac" wuld rrvAectiori volvinq local forest guards. 
Where the watersheds ate aiready ptu] ated, the ;Jan should tie oriented toward 

Iromotinq roper soil a nd watkio in serv,.ti n prac t 1 es and] comp atibe landuse. 
In either cas (rToriu ity itv,]vtmont will be imlvrt-int to the success of the 

Iroject and the involvement of the community in such watershed management
 

activities will have h.n-f i ial social effects in promotion environmental 

education and awareness. 

Land Use and rIprit 

SHPP dpopot., have an increased
ir mnt will effect of promoting development and 


populations ir tc area of inf] ance of the project. Constrution of a hydro

installation should consider lani use capabilitv whpre relevant for the drainage 

area fetinq the Irolect. K- many cas-;, it ma! be advisable to declare a forest 

reserve, or some other caic",y -f wi >lar, thar will a<sure tie required 

protection;. Or tights-If-wavtip atr i r.al inIludina riqhts to reforest or 

in some other may staili iz, nt,, A is ,i]no n rpescirv. 

Ira-i Iasci a- irt z i rsheA 1mriqrtAc. I 'i a,- tirc - -,rrllfex 

series of impacts that could far ,utw, ant th, ttn; .i , t imract.. of -HPI

construction anI qratich. Th, Ion, term ima, , whih asically have to do 

with improper land use and do.tforcstat - . of steep ccplanXi< watershed degradation 

will lead to erosion and s -dir-ent dis,,n inw., tc r.nciai low reimes arid 

decreased dry season base flowF. Thes imlsacts w I I have, npat iv effects on 

plant nperation and maintenance costs "I will thi!/ ffe t the FHPP useful life. 

The pritmotion of proper land use ic t i r; t ar,.a is an activityY. that 

offers multiple opportunities fEr benc t itn . Pot atI' w-it r ,'411 1i C:,-- 1 ecreation 

areas, forest reserves with certa in restricted i1i,ili t ies of wood product 
extraction, and other compatible users could be rom-,ted ;o that the coimunity 
appreciates and t~kes advintage of the multiple use possibilities. 
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it is Qvfr-w.-y inpc~rt.nt that tiw. cc ;n'ty 7l.w~clrw YhClfli 4npIi
 
of the relationships h tv.-en propter laii,! uS: anrd -he maiLtcnana , f i. good
 
water quality, quantity anil tia gi(jam: .teelink c. ,j sibility toward
 
the manaumelrit and pi ott ,ton'f "Uti3 Own wat.t.rshed".
 

WIth kIt- t t) Oi)Vrall lanld use, iL1tVt rsiLleC 1iid ir11 !eparle 

C> It:: i. J.r 5ecc~mnittm~ lt , <s~.1 C will r.t' itj,)rtalt & ilElt l of
 

install]ati' i tlt r"P im'MxrtaJ)t ' r wert
i )rl w'tTal ,r in i the 

CI vtirsrilYwild k 1J a, %- Litti, JpdIllty (Af si ta will 1"t - 1 :V_ r 

dama(je,t ,I 't'tt If r t t,t .e in ui. r.t, ti : 11I.. iat n f soil
 

and mine ial V ald impactLJ as il, 1
i* 3ui1 ti su* u_ L ti, 

p~revirv l-,, woui ld Ystit.utt- irevt sibLe and itreparable c(;imittmtifnts.
 

7. Va iai!, s 

''I.:cn,.'lO]1L r.tal ds~t'tpIcIti oL dtveolf {rne:t di.i:'ussed in the 

preceding CC. t ins tave: iA based on Uk, i, jtua.rize: Itst. of a ron
of-"lle-L ive, small apa.ity (rU00 Kw) hyChotle tric instalJati,)n utilizing 
hign aulit.u ic ads and t-w -lo%,s. it s ansUIT tati a±l thte majority 
of poth_'otJi] CIi)1 wilA1 z ', K-'iIt sb axtii m uiwent or inter
basin (int.tt),-water _Lt.J) IAi v' si-SI tO s.:11,_sfui Jeve loIluent.Of It 

is re coljrli,'.t w I ttt si; t ifi. t - w 1 . x uill itluire mix-L.].ications to 
this gerluraB,: i pla.. Ci so.t-1.1)11 I Li).S thJL.potential environ
mental im t I to .: 1:1) . , S 

Inter-fBasi.i, Wat.-I i7iv, rsi In 

Inter baiS]lIv iiains .-- or water, wlitI:h include such works as tie tappirg 
of water iduj otht.ia sta;iding bodies (intidtj-ndant or another'c1W. water in'I 

water shC ), th,: L t )J wat tram tJ e Atlantik ,J.)i- t . tie' I ifi 
slope, o si111ly th 0 tra.'Sl;r U1 water 110m rLe a ,:) U r . ' ].l ar-]SOclIt 
wate s'i,x,I)t aml ItheT , inval iably invci.t s a lit ]<s. Of watu:l Ix lA thu donor 

basin ani a niit .afr to thc tecij)i elt 1asin. it' 12;t 1 0 u, . 'i-ils and 
losses c w- t, may 1*2 pot'§tiv: or ne)t-.C'; i ii. u;,IiL.lwater- ut , water 

abixidan(, n. Ittlh iasein: tI itt 

EffJts (4 tintt -bas ii, wALLtr liv ai,i ,ri )n Wt.ut Iuity in the it.eL:eivinq 

stream or tht- -:;prea< of water-borno ,i.<uses a arasJ s.; j~v:I t-dy 

r ,i .... To t exttnt_tW ' izit - Lasi.ni.K- diversion 

requires -i1iti.constru, tion caials and tCSs xoads, the environ1 of 

mental impacts (sediamntation, water tquality, eiiects an aquatic biota) 
will also be increast'd. 

Water Impoundment 

Creation of an impoundment to ensure adequate yea-r-round availability 
of water for S!1PP operation has a rncdxr of significant envirornmental . 
impacts, many of which are more serious than those associated with operation 
of a run-of-the-river facility. The impounded water inundates terrestrial
 
habitat as well as stream habitat and potential sl-wning sites for riverine 

fish. Aquatic organisms adapted to flowing water in the unimpounded stream 
will be replaced by species which are adapted to life in a reservoir 
habitat. Depending on the particular situation, this change in aquatic 
community composition may be either beneficial or detrimental from a htuman 
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use standpoint, and its dusixdbility must be evaluated or, sit-sp'uific 
basis. 

Storage : water in a resexvoir will result iii water quality cm.r.jes, 
many of whi, ., ,,. ! t-etert.ionj 0( water within a 
reservoir in, ] as' to ux!'osii time a dquatic kA iCLii1. ta , oltaminnlts 
and may oat:iji a t. acute6r ai'A r' t to., :' ts. Bic

acciumlati )! . X- hie-iRca. tJiroughl tlt: Ct&UaLi I KtAl ciill Mi also ie 
increas,: by i ,udm inmil Wri tII, q ai nt.tt iitLi<i : 

U.,~~- Ii 11Pts,~liC 

operaticn, may pi.sclt cli im a ;aLi Lir oc il~sts _ ,i- ;:. Jatoiin<i .ish
 
and WOuid tU! i.ir iii t1 u ,itla A ii 5 <1, ,10 . . unser

m,i1 c , tiF; 1 LL!i iW I c aingo thes e :1 i ,T o ii /_a/L . A I y, Ic-,r tjt 

migratinI f - ... a ' oit, a !LcJVi: t ! i i V r!-11l ii.[ wut. Ii'Int5 

delayed iix-B tn 10 j, t~ 0 it.( ti l 1 i/ l 1if0i..! a i ciii 

One Biol..x-ixcai t-1 ect ) :,rvou i . tti.1, whau Iiiiti r<a; t.i Inal
 
relevai-t.' tj> il \ rt atNlik ciii iitihaui.i. i,, VIa i , ' iii: cite USE-zS, it
ib' t: 

o x ;1iaiC. quat.J Janie/ rvthe problem a Mlnyt. i ils dai: lapidly 
colonizei d L." ati pl 'tnt (SuI I as W.Lr rit o _ ted, sub?ly'A (,-I 

mersed v<,, ta t. i (su n as B]la,vies). r, t onl y - ti.a si have profuund 
Lit.: i fuiilty, 

SHPP in'take strs turi, in-vease Joss, svcrp, w,,tcr 

effects on Aaiatii iona 1 but al:o tjiy - tAL IhJ the 

ri-~pratia from 
t reS(i V''ii' Li 2 itn ive wit- v;iI-itl I )L~i i bcuorUp . 

di.seas.-. vaS I I . o/tSi i' kdI . i v.1ta ) J nI I' ,ar s, d ij d It , vJC'1 u,e s 
v.,, i ,I-, y 

res( rvoi - I ,i I V.i/i, O; Ji <. .... t1 ii t.,, a 1,i • ..aints, 

(Such as is: ,, ;wi I i Iivsto(k V.utrih ) t i f 
ti" Indtali 

as W(-l1 as i i '1,13 !h]iIti hi n a. 1ii ii,, li t , , y ,iIeat 

densities, air.! t!c ir subsequke.nt /ie:corip,)Sitio ,)i ' 1. o* .,xins can 

siqnifican lC .S25ga( t-he water quality. The devel qm int a: -::c rssive 
growths (,,. nuisanyce: aquatic: vegetation, and >I( cost o- its sumbs(:-quent 
control, must be given serious consider atlion when e ua niT tile Itcasibility 
of a SHPP site, especiallv those locatke I in warm , liatt,.s r low attitudes. 

The fa.t that impoun i.eits .t tain , t.:Iimcits LunpJii Li A teed1a a more 

conservative upstruam lani use it -, camaturt sitatiun )f the icservoir is 
to be avoided. Approriiate .. or icnwatei j.nedi itA,:tment Crcte measures 

should be conditioned to the constru,LiiL e1 51. ii,,-but. 

Downstream impacts of. impoundnts 'ri take u~tc iorir of ither phenomena 
other than already oll quality kioticthose ,ater quitioncI, dr,,! communities. 
Degradation of reaches of stream chanrm I be-low t2-. , Ja:, may le(au to bank 
collapse, undercuttino of bridges and <thur structores, ano the initiation 
of headwater erosion into ajace nt hil.ly or mountain i-gj<ons. Changes in 
the normal flow regime of the river thirough reg-ulation can lead to the 
haulting of flooding of riparian agricultural lands (with negative effects 
on fertility), variations in ground water 1evuls and in/and migrations of 
the salt-water fresh water interface or. coastal area. Even beach formation
 
of adjacent coastal areas may be impared by the reduction of river sediments.
 

By slowIng down inflowing water, reservoirs act as sediment and nutrient 
traps. Low4r water velocities i. the reservoir decrease the sediment 
transport capacity, and suspended material settles out within the reservoir. 
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This has the e~ct of (1) decreasing the useable volume oi the reservoir 

(which ma rcq-.;-- pci'sth -rz 

erosive potential of water leaving the r servoir (which i-.y ricsult in down
stream erosion of sandbars, strI.urdbard.s, .ocks, and briJ.;,, abutments). 

Because quiet wate:rs in the impoundrient i nrmrt tfLn gt 5wLJ u. aquatic, plants, 

inflow'inq nutiutLo acI takt n. into thf. flr od \,".b .m taL d within the 

reservoir, tbt-riby decreasing the fertilitj of donst,:eam watirs. 

kR3uilatdOl(. wnich iesui Z tin ofi uw Iv~aif id c,.ii0"l to 

optinaifz u.P Iii-ation wi I1 ause w t.t ;.,-l : ]U tuatiuns oO i _c.1 y 

and rx asoial Iasis are O. f rxix r low. ['his havewhi', oi runi- -i.tural . cain 

effects on .iysialk, hmic a dbi ol ical oocnsss WU witin . 

an doins U t hse ts alto ratio..resuiv Vit A .4 i R rv'rxji' M impa 2wluloe 

of the; tnL omzi aiym., l 'IL' ~d"ria 1baslk ;cl > iah-i;, altered 

downstx.-,irc t_ >1011,u anr vojpurn i tit%. ~sjAwi~nij . b itccat S HPP 

installations t2>." to robLdi .; e bu 1LIeel i Ii no i, ILt 

potential st.iousness or ult c d wattI A,-'ti 1u~ts htu, at ta es will be 

directly related to tJe size of the imjundmeit and it- releases. 

Size of the- A,'Tot 

As with Post nn-inauced strt sses, the maqnitn. aCi , a.. a u ental impacts 

resultinm LrCm KlPP develoF-'nt is yurnraily ruI>te, ttj', s . or the 

facility. That i , a 100 Kw facility is likely t, so, hw.x noblens than 

a 1000 Kw facility, simply because lhe amounts oj CnM.ro. .:ton i-teadl, 

watershed disturbance, grading ard diverted water ain I s Lor tim smaller 

facility. Of equal importance, hoever, -4s the amoiott of water diverted 

relative to the total flow in the sLaiil. A 10() w ,.Iuit ey Hi, a greater 

impact if it withdraws a proportionally amount ol thc fi)w i- i o a small 

stream than a 1000 Fw plant located on a larqe river. 'h ;irdfirance 

of environmental impacts can vary seasonally; a 100 Kw i&iP vi 1.v, little 

adverse impact during igh stream flows in th(, ra.in' , a,,;n bIL .nLay represent 

a significant stress to the aquatic system during tWoe ut iow low. These 

variable conitions must be considered iuring the condiuct of tm feasibility 

study in order to arrive at a reliable uvaluation of unvironiental impact. 

Farming
 

a) Diesel vs. electr'c pumps for irrigation: 

Lo4 Lift Pumps Ass ritions:
 

1) A single pump set driven by an :lectric motor is considered to 

have 150% more sustained capacity thian lisel driven sets of similar horse
power rating. 

2) The pump set is usually replaced every 6 years.
 

3) A single phase 7.t H.P. electric motor is replaced every 10 years. 

4) A 7.5 H.P. diesel engine is replaced every 6 years. 

Additional information:
 

- average pumping hours per year on season
 
- fuel consumption
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- fuel cost and electricity ratA-
- maintenance costE, including tuplacemrnt, iabor and other costs.
 

ESTIMATED ANNUAL COST 

DIESEL MOTOR ELECTRIC ENGINE 

Motor/engir.ne annualized cost $ 	 $ 
centrifugal pznj; set annualized cost $ 

fuel/el;ctx:.city cost per yax $_$ 
maintenance -ost per year__ 

Compare 	 total costs $ $ 

b) Shallow Thbewell 

As sumxpt ions 

1) A sinjle motor driven shallow tubewell is considered to have 140% 
more sustained pjuming capacity than a diesel. 

2) The 	 pump, pipe: an,' tittLn ;s are replaced ev(rry 10 years. 

3) A sixgle phasc & itP motor aiui contactor is replaced every 10 years. 

4) A L 	 HFP diesel cnginc is r~<iaced every £ years. 

Additional inf rination: 

- average pumping hours per year 
- fuel 	and maintenance costs 

Annual Costs 
[T)n, ,; I Lict tic 

well and 
Mot, 
Ys-' 

r Enni ne 
$ 

centrifugal ptnp _ _ _$ 

motor/engine 
electricity/

maintenance 

fuel 

$_$ 
__$ 

$_$ 

TCYrAL 

P.S. 	 s = average cost savings per tubewell pump 

economic wholesale price S/. 

distribution & marketing 	 S/.
 

economic retail price 	 S/. 
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c) kerosene lighting costs pr year 

ec-r r ric x 365 liters 
capital costs of kerosene lantern 
(annuali2ed) 
replacement & parts 
total cos ts,/year. 

S/. 
S/. 

S/. 

d) electric lighting costs per year 

electric ity (.02 < 0.43 x 365) 
light bulbs !xj n-iture per year 
capital costs (wiring, i-vters) 

(anriual ized) 

total c osts/year 

S/. 
S/. 

S/. 

S/. 

e) cost savi-ngs p(r hu)ubehkld 

total kerosene costs/y-ar 
( - ) total electricity costs/year 

n.=t cost-saving s/year 

S/. 
S/. 

S/. 

P.S. 
Let s xn = Ave. cost savinijs in year n for H/H in category 

s yn = Ave. cost savings in year n for H/H in category 

zn 
= Ave. cost savings in year n for H/H in category 



POWER SALES FCR SELECTED SHPF 

Localit'v',-rovince Actual Urba:D. installed Sales 
Population Service Capacity (GwH)1/ours (FKwr
 

Otuzco/La Libertad 17,21K 24 312 .433 


Acobamba /Junin 9,802 24 220 .496 

Huanachucc La Libertad E,92K 24 17.- 5E 

-h u- ibar7,a /Areaipa 3,7C, 18E 2I240 

Tayabar-ba T Libertad 4,30, 14 30 32: 

Hayzh-.c - -iberto 5 7 " 1lZ _."1 

Cascas Cc:L-"-ZS 2a a.arc- 6,322 12 24: 3 

PonaarabL Anczis' 3,4C0. 12 22E .2CE 

o -a- ,Ayacichz) 5,502, 12 19D, .236 

Ayabaca !Piura 5,200 8 200 .237 

Ht aroch6ri'Lima 3,200 6 320 .114 

1/ Estimated Population growth: 2.5% per year.
 

Source: Electroper, Divisi6n de Estadistica , Lima, 25 de Julio de 1980. 
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DISIG'J OF TRAPEZOIDAL CHA4NE LS 1ITH A WALL 

SLOPE RATIO OF 2:! 

± 6 rhickneta oj the Conctete Li.ni.ng e 10 cm. 

Ht 
tt 

IH/2 4, L ___--

Veocity 

v (m/,6) 
a nd H ow 
Capact 

Slope 

la 

L_ 

the 
rPneO 

e 

__C_ 

0.23 
0,,56-o6 

I 
i 

14 
1, 

_ 

I 

V 
6 

C. 26 
2_5 

F 

6 0J 

6. 
5-

L0 U 

2 

7 
P 

§ 

1. 
0.7 

R 0 F I 

v 

31 
373 

L E 

0 

730 
3 10 

S 

.. 

_ ___ 

0.35 
.- .

v 

_] 21 

2 

/" 0.37 66_ 0 4 2 10 5 046 . . 6 5 " .47 200 0.T 33 J 

2 .5 1 No 0.89 160 0 99 250 1 13 4 C ___ I I t ____5 0 1 3 8 0 l 

o to ' dt h L 0 35 0.45 0.50C.60 .70 . 

eight H 

.&&tance betw~een 
hannef Fjpe ,d 

imenaon.6Wate He4qht.,_trA Hk!,qlk t I 

0.45 

0. 10 
" 

0 .35 

0.55 

0 .16 
". 

0 39 .. 

0.60 

0 .13 

0. 47 

0.70 

0 .20 

0. 50 

. C 

0 .20 

0 .60 
_ 

get C4o66 Section A 0.180 0.252 | 0.355 0.425 0.600 

SBoundary L 112 1 3 1.58 1.72 2.04 

ydkauf.ic Radiuh m 0.295 0.190 0.225 0.747 0.2 94 

2 cm) with chan9ge in the channet stope and the kindNOTE: The dimensions F and t change aLzghtty (. 

04 1.iine UL694. 
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Paso Jefe, U..E.R. Norte 
J-efe U.E.R. Cantro 
Jefe U.E.R. Sur Oaste 
Jefe U.E.R. Sur Este 
Jefe U.E.R. Oriente 
Jefe do Si:.tema Interconectado 

Asunto .ThANSCRIPCION DE LA RESOLUCION
 
MiNiSTERIAL N0 0S5-79-EW4DGE QUE
 
DICTAMINA LAS NUEVAS TARIFAS DE
 
ELECTROPERU
 

Ref. .Telex GE-1877--79 del 17.07.79-. 

Nos es goto diftirzios a Uds., raniiindole.; adjunto, ta oopia Oficial de 
la nueva esfructura tarffarla ue nuestra Emp~resa, ai fin de que se 51,-von d1
fojndir en kas O~icinas Zonoles a su cotuqo y ie pi-ocada a lo aplicacldn do 
dichas tailfas a partir d.!l pte. mes, ir-ito a los ahonoidos comunae ui como 
a' Sec.',r Industriol Mayo,-, d~t conforrmdad a to di~puaasi mediante nuastro 
teIc,.\ de la referencia. Le uiccenos ncita. qje, nn la's nuevas toifas, nose 
han (mp~cificado los cuotai mcenwules de Alu-nbrado PMbico; en efecto, se 

manttndrdn los monto, fiicsdos mac4iante to Resoluc-I&n MnIsterial W 0533-7.7-
EM/DGE del 21 65, soeernbe d,:) 1977. 

Con refiac.16ii a nuestro Ielex d5 to referencia, (es reiteroros qup, el Pliego
 
Tocifaric I-A Alo u.s upiicable -ni las locadidades dr~ Pu~xdIpo, To-apolt 

yobrba; y, L-1 Pliegjo Toritarlo 111-A, sAo e:; aplicable en to ciudod de 
Iquitos, de coriormidia3 3 Ia Re-Aluct& Ministerial N* 0551-79-Etv/D -E, 

cupa copia czdjuntm=~. En effctoa, en las den-6s localidades, a nivel nocio 
nol, se ciplivirhn las tarifas N~s: I - 11 - fit y IV de Ia presente Rmsoluin, 

puqn lai reloci6n especIficada e~n '1a Resoluzi& MinisedI N* 032-78-EM 
DGE del 19 de enero de~ 1973. 

do aod-acremmoy 
observacionai s-e~iodas, a fin di, qLiC nUfttra fochurari.6n se efectCe en formn 
correcta, hujo respr~abilid-:d de coda Jefe de Unidad de Explotacl6n. 

&r v;rtW & exp~kesto, sc~ sirvan tar de-bida ir-ta da !as -

Atenlamente 4 ,/ 

Ad .)Uend.vao(R.M.0552y 0551-79-EW/DGE) 
BKt/AWR/nap.4.GG


Cornerc. 
Tarifas. 

http:fochurari.6n
http:17.07.79
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fU's ENERGY RESOURCES AND CONSTRUCTION 

1. Fossil Fueis 

PEIT.OPERU's (the l!:Ieuvian 'tat. oil Company) estimate of Peru's 
broken down as follows:total retroleium r erves in rillion barrels, 


measured reservs -W ,00 millioni ba-i ,ts, ixidicatd reserves 160 million
 

barrels and- inl ired reservus T') mii]I ian bcrrcl]s. United States Geologic
 

Service (U-St%) specialists who partj.' ipated i-n the {1A)l's cooperative
 

Energy Assessment e:stiat(A idnt: I _ ltusurves it I bill ion baxrrels,
 

the difference beiong ac(cAunted fI- izixicipally by tU!SL,,-.IS "stinates
'higher 

of Jlie potential for st:onda.ry o' rry iJ" tu Tia Lardi Basin. Piru shifted 

from a net oil expovrter to a nut oil iiulorter in thtu lat-e l)C,0's, however, 

with the discovery of thu, new fi.d . -I tje :cmletiofl of th: tracns

and thle ,th~in : 1 . itomcdstic ujxtionAndean jipliiie 	 a ii r i ii, 
, 

once again exceoeded dkxesti.. c'onsuJ, ,t ion 'si mi -!' . Unlss addiitional 

outiut, it . .t, at Pe u's oil productlonnew discovuries increase 

will peak at ].1 muill.ion bari 1 ' - an (l.r r in In levei off at 

.iatiiaily declini to ajpronjllatu70 million bbl/yr by thu a Lad s ni 

million bhl/yl by ti, yn.:a 21)00 AdUSC tdie f1)ftlal laoI timftely 10 to 15 
to 5 yi ars, thu U'S, siu-ciaI'istsbetween exploration and tio 1-odo 1 

that Lie I iirdu tion thrugJh early toconsider rti:t .i, I th-le 

mid 1980's is irrevuirsibI,. ilowi v,, , t li:ato.i' ventures in the next 

10 years could revers( t' a ii i 1..; [.a),tion rates by ],;J0's. 

t ' kowled -: 1otiix)oletMA1ABased on i, .t,.t .<ai i 
1')85.reserves in Peru, tJ'.ccoauU"r I -- I,- - i 'i<it i- oil until 

iio -i ix-r year,Currently, dtlestic i ' ,,i t' l ' -P,aL mil bU-rr-el-s 

andfbr th- ast dcam ., it 11d; b Ici)wiiai t -I, alnnual rate of 

4.6%. Expected doin ti.? tn , &',ie is stimut,.I at 1.17ao: I ax00 

million barrels p r Y. Al. 

Uaturlal ,a cia : :::;'} .	 $i t [y sou~lrce,I:k]B{: 	 ci~r 

iu.Utioni if r:-UJ issupplying 0.4. o -, ' to 


to a;i ' tiv .. ' .,i -: vit: <uY, :t i2.o :u.ction t about 72
expectesi 


billion cubic pr 'r, an .. tinatuu 5, iecline r year. Peru'
feet f,. ,o 
gas, rIu , iai v fr.i: tli Tarxi basin, is used primarily fornatural 


fertilizer irodu' ti 1n.
 

Measured Reserves: 'I'hat part '7 th idified resource which can be 

economically extracted uing istine t4 rio1 .ogy, and whose amount is 

estiuiiated from geo1i: vil e uportt ,irectly by engineering 

measurements. 
-

Indicated Fs s ' a zsr. t2bet 	 inctubIe, a1 , itional re._overies in
 

measured rvus) whic ejineering
known reservoir (in excess of tjihu 

by
knowledge and judgement indicate will ix. tcon mically available 


not such a pr(xjrarl is
application of fluid injection w-uthiur or 
currently installed.
 

Inferred Reserves: Reserves in addition to demonstrated reserves 

eventually to be added to know fields through extension, revisions, 

and new pays. 

http:st:onda.ry
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coi baoit- an. re[port to occur in li of Pk.ru' s 24 ,.ipat

mynt and incluac cual r nwnn" in ruiity ircn liinita, to a.nthracite. 

Although tJ*it i , wr,., La piot At, iL:. ,)i I]tt] 1 , UI _chLC vlu(,, in 

central ( ^ ,u:an ta. ,tu~niuji ,:, ' .2 , Pena (Alto C hicama and 

Santa Vail -y) , Wi :zi Li.rker tJiai , aL _:tA r at r. port.:d ii tm,ny 
,loclitit 0. .JI s A.s i,, t:r 1nt]y wri.,r w, tiv: ,.xploration5,! 

anul ot i . sit. a u: -r'. a 0.2 . :a'., , ii I is wou]l 2o .. rax 


to have L 12r.,..t ni... . o. ,.. 10 uL_ di-trctly
'A" as
 

fuel .4, 'Ior pr, , -sslI -UtO:. _a i , .Al IC Joki-n,]}L. t .
 

.... ittctm;t U::'Ii " Ia _r I.. ,surV S on A 

national Lasis ,,cor:w t . ,' . s 1 >ropUinri. Onep 

unveritiai 1, ustisatu: ,W w .. tu6 .,r uu bil-i on ton- o,' coal r,- rves;
however, t:c . IJ i _iiJ 1.,_ .... '. to t,. im sigjnificafnco in 

tern'o of .aie ,1 ra mt ,'art xiget, Tiu .lack of 
basil Jatdj P iM .S .... t I. I ! , -r Ed eXlP. .ationJ -iUd , 


pro.jr,/t> t.) t _: n.-t. I i ').hl ., l exist.
 
,7rr i it , a , is S..-.cd rit d out i,. 

ovur 40 .i L'O- ., .. 'n ixinaciai c.q ity h) not allow 

for furtLe .z:o'wiu, Tim. i .L.', oi <roU's coal r s0iu.s ar
curlit]y ,i ; . I ...1. )dl1 c,-a . , ' .I , d-J ]. .or
 
coI:Ulc1> -i ! :i . s,. , , -, _./ . - r,' . aUunt . i. i.
tiua w, 

prciiuk..,L. In An i i 'j u 1 . .,ntract 
in a joint t' , ,. , , 2. Lnj-l_ cnn.r )f 
Switzerlan" t -Qxry w t. Q uo thi_ AitO hicama 

coal ai W , n Y- Min _i o: ,w 119oj'.ct 

includ L.. C t l.l 200 

megawatt. t a.w.r tons of coal per 

day. FN ... :_. " , " .ts of 

eleit!icit', :L_,., L i.lait would 

provide un, fly w =l - -. . s-2.jta-U: tau 

Bayov u-i.r, w- y, U ]: -n... , .. : 3 f,Ur. ntly under cons

truction and iL "..;,, L -9, 

2. fLn, . . 

:-.:-h:: .. : ,.. - t ':" , no-, % Ju, .- installed geOotLtermal 

powex ca,..lt- .i- . 'ou, 'tryn is locatrd in a 
highly volc,.an. I I , i- . ,ol.-.ic, la, 

Metalurgi"i i t- ' -- .. ,.voluatiin, dtA,-loping 
and utilizinq at. ,.,- ,iX .I , aC-. i ,Oi -':I 

geothermial int tn. 'n "I . te ....... r n r the 

production of ... 1" Aux UC r0 :_Txi to 
200 0 C and At ,it ci. ;i. , i 

assistance naar. .. . . ,..rgy Qrgoi:" . A,')w s 
carrying on a y.. w z 01C- 5 ous .a n h e, 
volcanic cone : ... ,2,fai, z a.. 
Peru-USA Ln,ergy .. n ... L t ,: lni .r.tn.tion o1 a 

geothermal eur.gy ,. ,aIcwaticn an! icsource uvaluatian1 
beginning quite soon n -- t zo ,!avc d.,ntraton plant operational 
by 1988. 

http:volc,.an
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Solar Energy - No ccmprehensive summary exists of Peru's solar 
energy resources by season and/or geographic location. The National 
Metereologic and Hydrologic Service (SENAMHI) has maintained records on 
bright sunshine duration at 78 sites, but these data inadequately 
describe the potential solar energy resources because of the following: 
(1) the easter and north-central regions are no sufficiently 
represented; (2) the data do not describe day-to-day or year-to-year 

variations; and, (3) the data, in order to be useful, must be convered 
into energy units. Preliminary information suggests that the Sierra 
has the highest potenLial for solar energy resources exploitation
 
followed by the jurgle and coastal areas. 

Although, solar photo-voltaic systems could be used to provide 
small-scale electrical generation for pumping water and powering 
communication ucquim-tent in rural areas which do not have small hydro 
energy resources, the basic limitation of current photo-voltaic 
applications is the high production cos of sola± cells and the need for 
expensive battery storage. This option will beccme, attractive as cell 
production costs decline to a level at which the cost of photo-voltaic
 
generated electricity is conpxetitJve woth the cost of isolated diesel
 

or hydro-gernerated electricity. 

Wind Power - Wind turbines may be used to generate electxicity 
for uses similar to those in which solar photo-voltaic cells are used. 
Additionally they can be used directly for pumping water. A difficulty 
in evaluating wind energy potential is that a proper national resource 
evaluation locating windy areas does not exist, although some coastal 
areas, such as Piura, have been using small wind-powered water pumps 
for several years.
 

biomass - This general title encompasses a large variety of
 
potejtial resources including vegetiable and animral products and residues. 
Peru has fairly abundant forest resources, most of which are located in 
the jungle zqion where the population density is low. Approximately 
70 million hectares of natural forest and l0(, tlousand hecta-es of tree 
plantations (9'Y* ofZ the latter is cueslyptus) exist in the country. 
An estimated 99 of thao nat.vo iorests and 60 e1 the lumber mills are 
in the juangle region. ThL. p)tential use o1 biCmeLss on the coast is 
limitei ULcaust of the lack (,I sufficient .,ricultural wastes, poor 
soils, desert conditions anri the ireuat distaniccs between the needed 
sources of vegetable wastes anid the Tdustrial and population centers. 
In the Sierra the eucalyptus -ould be used to produce additional fuel 
for domestic use through th-e commrcial production of charcoal and gas, 
although the reii-;Ling residues will not prov>ie for bio-fuel conversion. 

The two main non-commercial energy resoure s utilized in Peru 
are wood and animal dung. of the total amount of energ, consumed in the 
country energy produced from wood represents approximately twelve per
cent. While the infozmnation on the ainount of energy producea from 
agricultural wastes and dung is scarce, during 1976, approximately 43% 
of the population utilized wood and dung for cooking. The use of these 
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1965 and 1976 withnon-comoercial energy resources declined between 

respect to cmmercial energy resources, i.e. their growth rates during 

this period have been 1% and 4.2% respectively. An explanation for 

rate of growth of non-ccumercial enex-gy is relatedthis relatively low 
in part to rural-urban migration and to th- increased use of kerosene 

as a fuel by rural populations. 
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Investment Category 
 Loan Grant O f' Total alloations to implemnt the 

(Thousandsi of U.,S.D eI1 Projeet. 

I. 	 Studies 
-Pre- fea ,it, I ity' 	 2, C 2 - Feasi I ty 	 500 500 

I - f i-,restd at os Supp}ort Too
 
fr Sopis Il
 

-	 oral ion pnenI-
 100 1LC 200 

!II. C2 tstct icn 

-	 isiS ssivnsiecins Workn 2500 2090- 4590 
- - gUi I t'.rt and Ma eioy 6500 - 1030 7510 

-	 It l - - 240 240 

IV. 	 T, "hnii "- i Assisace- 870 970 

V. 	 Mliietenance 
- Orperaton EP enses 

1 
30 0 60
 

- Opace part: 
 - - .r 210
 
Grand 'rotal 9000 4400
10O0 14400 

69% 31% 109%
 

1/ 	 Ineludes; 60 ne'eonths of Project Advisor, 8 m/months of Econimist, 
4 M, -nth: of tnvironarntallt, 4 m/monthn oC Curriculum Specialist. 
6 ,mnnth of Energy Planner, 6 m/months of Administrative Specialist, 
4 m/months of Maintenance Specialist, 6 m/months of Procurement 
Spoviatist and 4 m/mnth of Evaluation Tecnician (total of 102 m/months). 
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