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PROJLCT AUTIIORIZATION

Name of Country: Peru
Name of Froject: Small Hydro Development
Number of Project: 527-0226
Number of Loan: 527-T-075
1, Pursuant to Scetion 103 of the Foreign Assistence Act of 1961, as amended, I

hereby authorize the Small Hydro Development projeet for Peru (the "Cooperating
Country") involviny planned obligations of not to exceed Nine Million United Siutes
Dollars ($9,000,000) in loon funds ("TLoan") and One Million United States Dollars
(£1,000,000) in erant funds ("Grant"”) over a five-year period from date ¢f authorizsation,
subject to the availability of funds in accordance with the A.1.D. OYB/allotment process,
to help in finanecing fo-cign exchange and loeal currency costs for the piroject.

2. The projeet ("Project") consists of instutionalizing the smail hvdrocleetric procram
with ELICTROPERU through:  (a) the ecarrying out of feasibility studies; (b} the
installation of smali-seale standardized hydroelectrie installutions, primerily in the 100
to 1000 kilowutt range; (¢) the promotion in the target cominunities of incoire-producing
uctivitics using eleetrieity; (d) training of preventive maintenance mcenanics for the
small-scalte, standardized hydroelectrie installations; and (e) the provision of teehnical
assistance to LLECTROPERU,

KR The Project Acreement, which may be negotiated and executed by the officer
to whom such authority is dolegated in accordance with A.LD. remulations and Delogn-
tions of Authority, shall be subjeet to the following essential terms and covenants and
major conditions, together with such other terms and conditions os A.LD. may deem
appropriate:

a. Inierest Rate and Terms of Repavment (Loar)

The Coopcrating Country shall repay the Loan to A.LD. in U.S. Dollars within
twenty-five (25) vears rom the date of first disbursement of the Loan, including
a grece period of not to exceed ten (10) years, The Cooperating Country shall
pay to A.LLD. in U.S, Dollars interest from the datc of first disbursement of
the Loan at the rate of (i) two percent (27) per annum during the firct ten
(10) years, and (ii) three percent (3%) per annum thereefter, on the outstandine
disbursed balance of the Loan and on any due and unpaid interest accrued

thereon.

b. Source and Oritin of Goods and Services (L.oan)

Goods and services, except for occan shipping, financed by A.LD. under the
Loan shall have their source and origin in tiie Cooperating Country or in countries
included in A.LD. Geographic Code £41, except as A.LLD. may otherwisc agree
in writing, Ocean shipp:ne financed by A.JTD. under the Loan shall, cxeept &5
A.LD. may otherwisc agreze in writing, be finunced only on flag vessels of the
United States and the Cooperating Country.
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c. Soirce nnd Orirrin of Goods nned Serviees ((irant)

Goods and swervices, except for ocean shipping, financed by A.LD, undcr the
Grant sholl bave their source and oricin in the United States, oo the Conn: -ting
Country, except as ALD. may otherwise apree in writinr,  Ocean ohiwmiag
finameed by ALD. under the Grant shall, except os ALD may oliwerwise » ze
in writing, bHe finaneed onlv on flag vessels of the United States.

d. Condition Precedent to Initial Dichursement (Loan and Gront)

Prior to any disbursement, or the issusnce of any commitment documents under
the Projert Arreement, the Cooperating Country shall, exeept as ALD. may
otherwise syrree in writing, furnish to ALD, in form and substunce satisisatory
to AL, evidence that an official of LLECTROPERU has been named Prajoat
Muanaprer for thie Project,

e. Conditions Precedent to Initial Disbursement (T.oun)

Prior to any . -bursement, or the issuance of any commitment documents under
the P'roject Acrcement for the Loan f{inancced portion of the Projeet, the
Cooperating Country shall, except as A.LD. may otherwise acree in writing,
furnish to A.LLD. in form and substance satisfactory to A.LD.:

(1) A staffing plan for Project activities for the Oficinu de Tecenoloria
Aplicada ("OPTA"™} within ELECTROPERU,

(2) A maintenance plan for the instsllations to be constructed under
the Projert.

(3) A deseription of tie campaigm which will be carried out to pioinote
income-producing activities using electricity.

(4) A time-phased plan for the construction component of the Projcet.

(5) A policy statement setting forth the poliey according to which the
electrical rate structure for ELECTROPLRU is set.

(6) Fvidence of adoption by ELECTROPILRU of methodologiss aceent-
able to A.LD. for carrying out pre-feasibility and feasibility studies for
the construction of small scalc standardized hydroelectric instsllations
under the Project.

f. Covenants
The Cooperating Country shall eavenant that, unless ALD. otherwise agrees in
writing, it will:

'8 Carry out pre-feasibility and feasibility studies for the zonstruction
of small-scale standardized hydroclectric installations in the Departinents
of Cajamerca, Junin and San Martin.
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(2) Not use Loun 1unds to finance small-scale, standuardized hydro-
electric installations with a generative capacitly outside the range between
100 kilowatls and 1000 kilowals.

(3) Obtain A LD, approval for each subpreject to bhe financed under
the lroject prior to commencement »f construetion for such subprojret,

(4) Cause DLLECTROPERU to furnish to A.LD, at the end of the sceond
year of the Project and each vear on an arnual basis thereafter [or ten
years following th~ PACD, an analysis which quantifies the amount of
subsidy to the OPTA program and the effect of the subsidy on ELECTRO-
PERU's financial condition,

{. ; :
_ cde ot (.
Acting Assistant Administrator
Bureau for Latin Amecrica

and the Caribbean
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Date
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' .
1 /
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I. SUMMARY AND RECOMMENDATIONS

A. Recommendations

1. That a loan be authorized to the Government of Feru {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 3% thereafter.

2. That a grant be approved in the amount of $1,000,000 to
be incrementally authorized as follows:

FY 81 - $300,000
FY 82 - $200,000
FY 83 - $200,000
FY 84 - $200,000
FY 85 - $100,000

o an vmw

B. Participating Agencies

The Borrower and Grantee will be the CGOP 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 ELECTRCPERU a semi-autonomous agdency of the MEM.

C. Summary Project Rationale and Description

The relationship between energy and economic development is as
crucial in the developing countries as it was and continues to be in the
industrialized nations. The process of economic growth is traceable in large
part to the ~ukstitution of energy for muscle in the performance of every
type of agricultural, industrial, and domestic task. It is hardly surprising,
then, that prospects for growth in critical sectors of the less developed
economies are linked, at least in part, to the development and exploitation
of energy resources available to them.

Rural electrification has been given high priority by the GOP and
the Ministry of Energy and Mines has chosen the mini-hydro generation systems al-
ternative as the most appropriate for certain rural areas of Peru for the
following reasons: a) the relative isolation of .. significant portion of rural
communities makes grid interconnection unfeasible; 1) 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 option; d) the price of oil is
increasing continually; e) an in situ renewable energy resource is available;
and f) expected social and economic benefits resulting from electrification.
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The conditions of poverty facing the primarv target aroups
is detailed in the Mission's most re:ent CDSS. Employment generating
activities are seriously jeopardized Lv lack of dependable electrical
supplies, with the potential being largely untapped for agriculture and
agro-industry developme.it, small business establishment (e.g. retail
outlets, cottage industry), improvements in various crafts (e.g. carpentry),
and the serting up of public services. In short - the infrastructure for
suprort of enterprises and services is minimal or nonexistent.

Less than three percent of all homes 1n rural Peru have access
to household electricity. Eighty-one percent of households use kerosene
for lighting. The =zubstitution of kerosere by electricity reduces user
costs, causes less pollution and lessens demand and dependence on petroleum-
based derivatives.

Traditionally, these direct benefits have been more easily
ider.tifiable in the short term than thecse resulting from municipal or
productive uses. Residential electrification enables the users at initial
stages, lengthen working hours and tap into sources of information (e.g. radio,
television). Eventually, the users in many cases are able t¢ purchase labor/
time saving devices, primarily electrical appliances.

These basic examples of benefits accrued through household
consumption of 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
rrocurement of materials used to build and maintain the infrasctructure for
such enterprises and services. Productive uses, such as those discussed above
and others such as irrigation, will generate employment for that segment of
the rural poor who must supplement their income from off-farm earnings. The
municipal vses of electricity will facilitate the supply of services for
evening education, civil cenrters, health clinics, street lighting. etc.

These services will be more accessible to a larger percentage of the rural poor,
i.e. those who will not be in a position to be included in residential
electrification schemes.

Project beneficiaries, all residing in relatively isolated areas
in the Sierra and high jungle are the target groups identified in the CDSS:
independent markec oriented farmers, qgrarian reforrm beneficiarics, campesino
communities an- landless/near/rﬁ?gﬁjg%or. The impact of investment in electrical
supply infras:ructure for this group is twofold: First, it will raise the
standard of living in rural areas through the provision of modern conveniences
which are often one of the principal factors affecting rural-urban migration.
Thus it will provide a counterweight to excessive urbanization through public
lighting and household uses. It will also provide productive enterprises with
cheaper and superior forms of rnnergy 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 certain electrical eguipment, transmission
lines, posts, labor, etc., and increase demand from rural town commercial
outlets for electrical appliances, water pumps and other production related



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 througk the developmert of an institutional base capable
of providing reasonably priced, hydro-generated electrical energy for social
and productive uses in rural towns in the sierra and high jungle. The
Project will be implemented by ELECTROPERU through the Office of Applied
Technology (CPTA). The Loan will finance studies, equipment and construc-
tion of standardized small-scale hydro-electric installations normally the
100 to 1,000 KW range located in the GOP's priority areas. The Project will
concentrate 1ts activities in the Departmentsof San Martin, Cajamarca, and
Junin where the GOP has determined that the greatest development potential
exists, and where other Mission regional development activities are underway.

Tne 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
making these decisions is designed to identify those sub-projects which meet
minimum technical, economic, social and environmental criteria.Application
of this methdology will determine the size plants and in turn the size
communities where the economic and resulting social benefits from the Project
would be jreatest. It is estimated that approximately 28 small hydro~electric
plants with an average capacity of 300KW will be constructed. Tctal plant
capacity under this project 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. FEstimated installed capacity per household will be approximately 300
watts.

The $1.0 million companion grant will serve to strengthen an expand
ELECTROPERU's ability to implement its small hydroelectric program. Through
the provision of T.A. and training, the Grant will assist ELECTROPERU to
cvaluate the potential for small-hydro plants, conduct feasibility studies,
ensure that standard operational programs for operating and maintaining
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 productive uses of elec-
tricity in the Project area.

The Government of Peru (GOP) will finance the cost of the pre-
feasibility and feasibility studies (US$0.7 million) provide personnel and
support services to carry out the promotion activities (US$S0.1 million) finance
aprproximately one third of the plant construction cost (US$3.4 million) and
provide maintenance support (US$0.24 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 embarking on a new high priority, small hydro-



electric program and has requested AID assistance in the design and
implementation of this program. The Missicii feels that given the high priority
attached to this area by the GCP, a significant AID assistance package would
have a major impact on establishing program policies, geographic focus, eite
selection methodologies, 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 regional developinent efforts, namely the $15.0 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.

Finally, both the GOP and the Mission anticipate the emergence of a
national capability to manufacture the required turbines, generators and
other essential machinery for a small hydroelectric plant. Investment of this
nature can only be encourage through the assurance of a growing demand for
this equipment. A significant AID loan will prcvide much of the nacessary
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 before,
the following 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-scale
standardized hydroelectric installations normally in the 100 to 1,C00 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 units from ELECTROPERU, while OPTA will
be the entity supervising civil works «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 practices 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 Project
in service from the day that construction activities begin. Thus, all the 28
plants should be in service by the end of year five of the program. 9.0 million



will be provided from Lcan funds to cover the partial cost of plant
construction, which will include: 1) civil engineering works (US$2.5 million);
and, 2) generation, control and other types of equipment as well as machinery
(US$6.5 million). The cost of individual household connections will also be
funded. The financing for this component will be complemented by GOP funds.

2. The Grant

a. Implementation Support for Promotion Campaign

The provision of electricity especially in rural areas, does
nct automatically lead to utilization at levels sufficiently high to approach
full realizaticn of its potential. The Project includes au educational
component desicned to inform and train the target communities on how to take
advantage of electricity to expand the range of their economic activities and
increase rural productivity. Local technical assistance will be provided to
train rural promoters who will work with the Project communities during the
first year of operation of the small hydroelectric power plant in each site.

A detailed training curriculum will be developed to equip the promoters with
the necessary technical and pedagogic skills. Peruvian 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 implementation of such promotion campaign will be engaged on
a short-term basis for the design of the program curriculum. This consultant
will also conduct the seminar in which eight promoters, who will support this
component, will be trained. AID grant funds totalling US$100,000 will finance
00 ~f the salary and cperatinn costs of implementing this component. This
amount will be complemented by GOP funds in the same amount dczcribed below.

b. Technical Assistance

$870,000 in Grant funds will be provided to fund 102 person/
months of U.S. short 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 for all of the
following technical assistarce 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 report
to the Project Manager in OPTA. His responsibilities will be to assist
ELECTROPERU with Project implementation including development of personael
and technical assistance requirements for the program, recommendations
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 obtzining estimates of
electricity demand in typical sub-project sites. During year 2, the economist



will spend three months in Peru assisting in the preparation and analysis
of the first grcup 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 beern provided to finance four person/
months ($40,00C) for an environmental impact analyst to work together with
the economist oo implementing the feasibility study component and training
an EILFOTROPLRU counterpart,

4) AID funding has been provided to finance six person/
months (5%60,000) 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 Proiec ‘n years two, three
and four.

5) AIL will finance four person/month . ¢, for a
curriculum development specialist to assist OPTA in th. - . of a training
program for the energy promotion component,

6) AID will finance six person/months ($60,000) in year one
to finance an energy p.anner to assist OPTA in planning the implementation of
its national minihydro program.

7) AID funding will be provided to finance six person/
months ($60,000) to assist ELECTROPERU in updating its pricing poli<cy, billing
and collection methods. This assistance will be provided during year one of
the Project.

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

9) Finally, $402,000 hes been provided to finance an end of
Project evaluation to be conducted by a team comprised of an economist, engineer
and sociologist. This evaluation will be carried out during the last three
months of the Project.

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 preventive maintenance mechanics will be hired at the
beginning of year 3. 1Initially, they will receive a four month training program
on all aspects of system maintenance. The program will prepare maintenance
personnel who will have the responsibility for maintaining the turbine-generator
systems and being on call to repair defective machinery.

Project Components Financed by Peru

In order to achieve the objectives of the Project as described
above, the following components are planned to be financed from the Government



of Peru (GOP; —ontributicn,

1. Pre-feasibility Studies

A preliminary estimate oI the hydroelectric potential of many
of the proposed sites has already been conducted. This information, developed
with the assistance of the UNDP, will be combined with available economic
and demographic information and utilized 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 Junin, Cajamarca,
and San Martin. The pre~feasibility studies component which will take 20
weeks and will cost zpproximately $200,000, will be paid for by the GOP as
a portion of its counterpart contribution. The output of the pre-feasibility
study comoonent will bea list of B0 sites prioritized according to anticipated
social, e conomic and technical benefits. GOP funds will be utilized to carry
out detailed feasibility studies on those sub-projects identified in the
previsous 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 counterpart
contribution.

2., Promection Campaign

The Promotion Campaion on 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
implemwerting this component. These funds will cover the costs of the four
promotional teams composed of eight promoters as well as other salary and
operations 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 provicded 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 supervision costs of this corponent.

Charges to Project beneficiaries 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 amount 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 triennium 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.



D. Summary Findings

The Mission has found the Project to be administrative-
ly, tachnicalily, socially, economically and financially feasible and
consistent with the development objectives of the GOP and those objectives
set forth in USAID's (CDSS document,

E. Summary Financial Plan

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

A, I.D.
Investment Category Loan Grant GOP TOTAL
I. Studies (pre-
feasibility and N
feasibility - 700 700
II. Implementation Support
for Promotion Campaign 100 100 200
III. Construction 9000 - 3360 12360
Iv. Technical Assistance 870 - 870
V. Maintenance 30 240 270
Grand Total 9000 1000 4400 14400
69% 31% 100%

F. Project Development Committee

1, USAID Staff

George Wachtenheim
Douglas Chiriboga
Alberto Larrabure
César Espino

John Davison

Lee Twentyman
Edward Kadunc
Steve Whitman

2. TDY Assistance

Capital Development
Agriculture Office
Engineering Office
Capital Development
Controller

Development Resources
Capital Development
Regional Legal Advisor

Willy Flores NRECA
Donal O'Leary NRECA
Cora Shaw NRECA
Jack Fritz DSB/EY
Dave Adams LAC/DR



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 related considerations, such as
regional diversity, population growth and migration 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
example, the Andean mountain ranges that separate the coastal plain, the
central Peruvian Sierra and the jungle regions in the western Amazon
basin offer both the | promise of vast hydropower reserves and the problem
of extremely difficult natural barriers over which the electrical energy
to be generated by these resources must be transmitted. 1In additicn,
much of the potential petroleum resources in Peru are located in regions
that are remote from centers o¢ demand. Most of the undiscovered oil
rescrves are believed to lie beneath the Amazon rain forest in eastern
Peru, while most of the petroleum is consumed in urban centers on the
coastal plain and in the Sierra. This example highlights a situation that
will present difficulties to energy development in Peru, 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 potential reached. Thus, secondary energy forrs
the most feasible of which is hydro generation of electricity, will have tc
be implementesd in order to meet Peru's energy requirements.

Pop.lation growth and trends in rural-to-urban migration will aiso
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 increasing
the electricity available to the Peruvian population at large, generally
benefit urban centers not the rural population, which comprises AID's
target 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 program aimed at decentralized power
development the AID target jroup will be further disadvantaged as compared
to coastal residents. The use of commercial fuels will -crease, both on
an absolute an relative (pesrcentage) basis because the urban population
relies primarily on these fuels and can be expected to continue to 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.



Although the abundance of its indigenous energy resocurces
offers Peru a wide variety of opportunities, realizing them has been
difficult in a fiscal climate characterized by economic stagnation,
spiraling inflation and a large external debt., While Peruvian gross
damestic product (GLDP) grew at an average aunual rate of 4,5 percent
in the peraiod 1970~76, the Peruvian economy suffered at the same time
a sequence of international and domestic deficits that were accompanied
by high inflation, falling production, and overvaluation of the Peruvian
currency isol) in foreign exchange markets., These internal economic
and management problems aygravated by declining world prices for Peru's
principal export (copper) and a large and growing external debt, brought
the Peruvian economy to a virtual standstill.

liowever, since mid 1978, the Govermment of Peru has taken
strong measures to remedy these economic problems., Among these have
been: efforts to cut imports, public sector budget cutbacks, a reduction
in the real money supply to reduce inflation, and continuing adjustments
of the currency €xchange rate. Peru has also succeeded in restructuring
its external debt so as to relieve pressure on its balance of payments
problem over the short-and medium~term. In addition, prices of Peru's
exports have recovered since the beginning of 1979, and Peruvian oil
production 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 for the last year. The recessionary trend of falling
production appears tc 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 energy
resources in the broad context of a continued improvement in the economic
situation and a return to sustained growth in productive potential.

B. Peru's Economic Development

Regional disequilibrium constitutes one of the main factors
constraining the development of the Peruvian economy and is manifested
through various physical and socio=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 the territory, Spatially these two factors do not manifest
themselves with egual intensity, thereby resulting in a disequilibrium
evidenced tlirough the existence of depresscd, densely populated areas
basically dedicated to subsistence agriculture., The economic development
of the country has consequently been concentrated in a few areas, primarily
Lima, other coastal centers, and some mining centers and commercial cities
in the Sierra and Selva. Approximately 7 million people, including the
focus of AID's development efforts, live in the rest of the country, and
are dedicated to activities of very low productivity in econcmically and
socially depressed and 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 regionali
development canmittees or organizations 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 its most recent loans



and grants, and is described in detail in the latest CDSS,

The continuing migratory flows out of rural areas in Peru are
due in large part to the lack of adequate in-situ infrastructure which
permit rural area development. The result of the continuing migrations,
rather than amelioratinyg rural poverty, has over time transplanted the
problem to the large urban centers where pueblos jovenes continue to
expand at an alarming rate, generating a series of socio-economic
problems both at the point of origin and in the new habitat. An
i vortarnt element of the basic infrastructure package which isolated
rural populations must develop in order to complement efforts in basic
health services, education, housing and in improving the productivity
and profitability of farming, agro=industries and commerce, is the
development of efficient electricity supplies and other energy sources.

while the process of economic development is associated with
internal migratory movements, internal migration is motivated by economic
opportunities available in different areas, which is in turn related to
regional basic infrastructure and natural resource potential, By
embarking on a more balanced regional development strategy, the GOP
intends to complement its continuing rural infrastructure investments
with the provision of efficient electrical supplies and other energy
sources. These will improve the quality of life in the rural areas and
provide a basic input required to fuel intermediate productive
technologies in rural areas, where the main source of productive energy
is still based on animal and human power.

Eneryy consumption in Peru may be categorized into the following
socio-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 the 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 in
the large cities, the result of migratory flows which have intensified in
the past decade. This group consumes energy through tic use of
electricity and keros=ne 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 ana kerosene, The principal
indirect energy consumption for this group is diesel for trangportation,

(4) A marginal rural group constituted by a very dispersed
population without stable work and whose energy consumption is almost
entirely direct, through the use of lower quality woocd (branches) and dung.
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Approximately 808 of the total energy investments in the country
have been concentrated in grcup 1, The impact of these investments has
been the intensification and consolidation of the export-mining and
urban~industrial sectors, Three quarters of the remaining 20% has served
to supply the energy demands of grxup 2 thereby indirectly (though not
intentionally) contributing to the migratory flow. Intensifying invest=-
ments in energy projects located in areas where group 3 is located will
serve to help stem the migratory flow, stimulate the develcpment
potential, and increase the agricultural productivity and value-added
prxessing 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 livimng on the last two groups are
located in relatively isolated areas on the higher elevations of the
Pacific and Amazon watersheds and in the high jungle region., In general,
isolated population centers on the Pacific watershed are dedicated to
agriculture, cattle raising and mining. In the lower areas, the
population is mostly mestizo and becames progressively Indian toward
the higher lying areas on the mountain range, On the high jungle in
the Amazon watershed the majority of the population is mestizo, having
emigrated fram the Sierra and Ccast. Resocurces are exploited with
difficulty under unfavorable conditions due to lack of adequate infra=-
structure,

The variety of purposes for which energy is required in rural
areas 1s surprisingly wide covering both household and "productive"
uses. Enerqgy avaiiability is necessary to meet the agro-industrial
demands which develops from local agriculture, and to expand craft
industries and commercial activities, e.g. refrigeration in shops and
services, motive power in workshops (carpentry, welding and repair shops),
water pumping, wmills, 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 through this the level of rural incomes., With
the resulting increase in rural incomes and improved infrastructure,
commercial activities would also tend to increase., The increased
agricultural productivity, the growth in agro-industries, commerce ad
level of rural incomes will in turn create future increasing demands

for energy.
L/

C. Pertds Energy Resources and Consumption

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

1/ The following section provides a brief sumnary of Peru,s energy
resources ard consumption. The information presented below is
tased largely in the Joint Peru/USA Reports Vol I and Vol II,
Annex 1) of the Peru/USA Cooperative Energy Assessment; The eee
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such, its energy demand is relatively low, ranking 44th worldwide in
energy consumption, In coal=equivalent units, Peru's energy consumption
of 580 kilograms per capita represents approximately 6% of the per

capita energy consurption in the U.S, Since there is a direct relation=
ghip between energy consumption and income, Peru's demand for energy is
expected to increase as the standard of liviig improves.

In 1976, energy development represented 30% of total publi~
investments. The energy sector employs 19,000 workers or approximately
0.3% of the economically active population, Large amounts of capital
have been required to develop Peru's energy system; in 1976, the
corresponding ficure was $334 million or about 2.4% of the GNP,

Petroleum, wood, hydroelectric sources, natural gas and bagasse
provides for Peru's energy requirements (See Table 1).

Table 1*

12
Primary energy consumption in Peru (1=Tcal = 10 calories)

TYPE OF YEAR Annual
ENERGY 1965 1970 1976 Increment
t of % of % of (%)

Tcal Total Tcal Total Tcal Total

HYDROPOWEK 2,868 5.8 4,107 6.6 6,158 7.3 7.2
NATURAL GRS 5,056 10,2 4,598 7.3 5,332 6.4 0.5
OIL 30,049 60,9 40,782 65,2 57,285 68.2 6.0
COAL 224 0.5 373 0.6 402 0.5 5.5
WOoD 7,538 15.3 8,798 14,1 10,190 12.1 2.8
BAGASSE 3,611 7.3 3,851 6.2 4,601 5.5 2.2

TOTAL 49,344 100.0 62,509 100,0 83,968 100,0 5.2

*  Source: Per%/USA Cooperative Energy Assessment, Vol. II, Annex 1,
Pg 7a
«ss Political, Economic and Energy Profile for Peru prepared for
the U.S. International Energy Development Program by the Office
of Program Management Support, Argonne National Laboratcry; and
a report prepared by the Lahmeyer = Satzgitter Comscrtium for
the German Society for Technical Assistance (GTZ) entitled
"Develomment of Alternative Energy Sources, especially for
Rural Electrification, Part 2",
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As o0il prices continue to rise, the ¢ conomic rationale for
substituting renewable sources of energy improves for oil, Peru
appears to be in a camparatively favorable position to make 1 relative-
ly smooth transition away from an econamy whose energy neec are pre=
daminantly fueled by hydrocarbons to one that relies more heavily on
alternative energy sources, through utilization of well=established,
available technologies, In the shorte-term, a significant portion of
the current energy requirements in remote areas can be met by taking
advantage of under utilized hydropower resources available in these
rural localities, Assessment of the feasibllity of utilizing other
renewable energy resources to meet longer=term demand should be
carried out similtaneously.

Over a six month period during 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 demand and supply options which are now or
could be available to Peru over thet interval, The description of over—~
all energy demand and supply in Peru is vresented in Annex II Exhibit G
and is a central portion of a comprehensive information base on which
the Government of Peru caa base future energy plans and policies.

Annex II Exhibit G discusses the state of the following energy
supplies: (1) fcssil fuels, (2) geothermal power, (3) solar energy,
{4) wind power, end (5) biamass, A discussion of hydro-power and
electricity follows,

Hiydro Power and Electricity

The theoretical hydroelectric potential for Peru, as calculated
by the Ministry of Energy and Mines in 1979, reaches 206,108 megawatts
(MW) distributed among the principal drainage areas as follows: 29,257
MW Pacific drainage, 176,287 MW Atlantic drainage, and 564 MW Lake Titi=-
caca drainageg Taking into account the short term estimate achievable
hydroelectric resources are about 30% of the theoretical potential, or
about 58,000 MW of which approximately 3% i8 currently utilized, Thus
Peru is a country rich in hydro=power resources, which are currently
exploited in a very limited 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 thLis region is
remote from the main lcad centers in coastal Peru. Presently, the
only transmountain diversion of water is from the Mantaro River and
Marafion River of the Atlantic Watershed which supplements Pacific area
supplies,

The electricity supply sector is composed of EILECTROPERU, the
public sector enterprise charged with system operation and project
execution, and industrial enterprises which produce for their own
utilization, ELECTROPERU has five operating regians: the north central,
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north, southwest and eastern regiong. The north-cential region which
includes Lima accounts for 87% of the electric energy demand. The other
regions are served mainly by smaller isolated systems, The most
significant autoproducers are Southern Peru Copper in the south~western
region an. CENTROMIN in the Central regian.
Yy

The total electric power generation in 1975 was 7,486.2 GWh,
0f this total, hydroelectric power generation represented 73,1% or
5,470 GWh, fram 1,397 MW of installed hydroelectric capacity. Fossil
Steam generated electricity represented 16,1% or 1,205 GWh from an
installed capacity of 342 MW, Diesel generated electricity represented
9% or 673 GWa from an installed capacity of 416 MW, Publicly owned
electricity generation facilities produced 62.3% of the total, while
the differencz was accounted for by plants associated with upecific
enterprises, Only 4.32% of the total electrical e ergy supplied by
publicly owned facilities was produced by power plants of less than
5,000 KW during 19276, the equivalent figure for specific enterprises
is 9.,52%,

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

Electricity Cansumption 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
Commexrcial 0,25 3.4
Agriculture 0.16 2.2
Fisheries 0,09 1,2
Total 7.40 100.0

Expansion of the electricity generation capacity for the period
1979-1980 is projected based an the utilization of hydro=electric re=
sources by a planned added capacity of 1,520 MW, which will be implement=
ed by 480 MW of coal=fired generation capacity. Table 3 below shows
Peru's total installed electrical power capacity for various years,

1/ GWh = Gigawatt Hours
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Table 3

Total installed electrical capacity

Electrical Energy Installed
Year Generation Capacity

G t h

igawat ours (GHW) Meqawatts MW
Hydro Thermal TOTAL Hydro Thermal TOTAL
1965 2,668 1,338 4,006 693 604 1,297
1970 3,821 1,708 5,529 923 754 1,677
1975 5,470 2,01e 7,486 1,397 962 2,352
1976 5,731 2,036 7,7¢7 1,397 1,076 2,473
Annual
Increment 7.3 3.6 6.2 6e7 4,7 5.9
%

Source: PERU/USA Cooperative Energy Assessment, Vol, II,
Annex l' I-:gn 9.

During 1976 approximately 4.2 million Peruvians, or about 25%
of the population ised electricity. 60% of this group is concentrated
in Limp, and the remainder is located primarily in other urban areas,
Thus, 3/4 of the total populatibn, 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 Energy Conservation Policies

The Oficina Sectorial de Planificacibmn (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 guaranteeing
of the nation's energy supply in a timely manner to ensure that the
energy needs for national and regional development are met, Other
energy policy abjectives are: X

1) Minimize dependence on external sources of energy.

2) Maximize diversification in resource use,

3) Promote regional economic development through promotion
of the location of certain industries in the interior of the country.

To meet the above stated objectives, the OSP has set the
following general priorities:
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1) Develomment of hydroedectric resources,

2) Augment the proven hydrocarbon resources,

3) Develomment 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 eaergy policy can be discussed
under the headings of resources, production, conservation, investment
and finance, prices, technological research, envirommental conser=
vation and human resources,

1) Energy Resource Development

Special emphasis is being placed on the following:

= Augmentation of petroleum and gas resources through a
more vigorous exploration program,
- Development 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 through:

1) More efficient industrial use of energy.

2) ©Substitution of hydrocarbons by other forms of energy.

3) Using a pricing policy to pramote the rational use of
electricity.

Financial Planning and Investment

A national energy investment program will be prepared to
satisfy the energy demand while optimizing availlable resources such as
financial, different energy sources ec,

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 same reinvestment capital. The pricing
policy in Peru is also designed to encourage the conservation of
energy. (See for example Electroperu's pricing pelicy for household,
camercial and industrial usage of electricity. Annex Il F.) Peru's
tariff structure although providing subsidized energy to remote villages,
places a high price on mining, industrial, agro=industrial and urban
user~ of electricity. This policy in addition to being an important
energy conservation measure has the effect of providing Electroperu
with sufficient incame so as to provide for a small net surplus at the
end of the year 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

Regsearch is being conducted to identify the most efficient
uses of electricity in the industrial sector (such as the mining, cement,
paper and jron-use industries) particularly in the utilization of waste
heat (for cogeneration),

Envirormental Conservation

Envirommental conservation is being pramoted through the
use of technologies and energy sources that have the least negative
envirommental impact.

Human Resources

A systematic training program is being established 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 pramotion, The GOP however
is aware of the need to implement such measures and can be expected to
continue to strengthen its energy conservation policy.

E., GOP Priority for Mini Hydro Development

The GOP has given high priority within the new planning cycle
to rural electrification, given the significant social, and econamic
benefits which result fram such a program, The Ministry of Energy and
Mines (MEM) has reviewed the various alternatives for accomplishing
this abjective and has determined that generation of electricity with
hydro power is feasible both from an economic and engineering point of
view, Additionally, an analysis of the potential hydro-power sites
indicates that a major part of the sierra and high jungle population
centers can be supplied with electricity fram hydrogeneration, since
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the potential sources of hydropower are distributed in nearly 1,000 high
river basing, located nzar population centers in those areas, The
previously cited figure of 58,000 MW of achievable hydro=el:ctric
development potential includes projects of over 30 MW, though not
potential cxploitations, located in the high points of river basins
where high falls with small f]owsff?%quently encountered, The typical
parameters of these small potential hydro~electric scurces in Peru are
falls in the range of 100 mts to 300 mts with flows in the range of 200
to 500 lts. per second. 1t is possible to locate power plants of from
100 to 1,000 XW, the size range the proposed Projact will finance,
under these conditions. The MEM estimateg that i complete national
small=hydro program would require appro.simatelv 800 small hydroelectric
plants averaging 200 KW each, at an estimaicda cost of $1400 per Kw,
requiring an investmeit of approximately $225 million,

The magnitude of potential mini~-hydro development at a national
level as determined by ELECTROPERU may be ascertained from Table 4 show=
ing the number of cammunities,population, and the minimumm energy require-
ments Dr domestic use these cammunities have, As this table indicates,
there are over 1,000 comwinities inhabited by nearly 2 million people
which could be served by small hydroelectric plants ranging in size from
50 to 700 KW, According to the 1972 census, there were 5.5 million rural
inhabitants in Peru. The communities which can potentially be served
with systems of the type proposed under the Project, thus represented
approximately 3€% of the rural population in the country.

In spite of the potential demand for electric service, isolated
small rural communities locate’ in the sierra and high jungle frequently
can not be etficiently incorporated into the national interconnection
grid projects of the Ministry of Energy and Mines hecause of the high
construvction costs of the transmission lines needed to sexrvice these
camunities relative to their limited demand for electricity., Most small
population centers have thereby have not been considered when expansion
of coverage by electrical service has taken place, contributing in this
way to the vicious circle that demand for electrical energy 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 common techno=
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 inadequate maintenance and operating conditions, the increasingly
expensive cost of fuel, and the lack of an adequate transportation net=
work which further increases the price of fuel delivered at the plant,

A hypothetical cost camparison between a small hydro plant and
an equivalant 200 KW diesel rlant is illustrated using as an example a
potential site in laramate. The cost figures used are from preliminary
study conducted in early 1979. Table 5 illustrates the cost aggregates
for the two options, Fixed costs for the hydro option include civil
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CNUMBEE OF POFULETICY CINTEES AND REQUIFED I1ICTFICAL POWER

Fopulation Centers (1977)

Size Number c¢f Number of Power Flant

Total
(in population) Towns Beneficiaries Size (in Kw) (in KW)
500 to 1,000 571 L12,735 50 28,550
1,000 to 2,000 348 472,03€ 75 26,175
2,000 to 1,000 1€z ICTERN SRCTN 153 24,450
L,000 ©n 6,000 €1 289,758 200 18,350
6,000 to £,707 oz 17€, 780 550 13,600
§,300 tol4,0f 1€ 152,11€ 700 11,260
SoTit DL lEs 1,93%,561 121,67¢
Source: MEVM, Commission fcr Srmall Hydroelectric Fower Plants, November 1379
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TABLE -5

CONSTRUCTICN AND OPERATING COSTS (200 KW CAPACITY PLANTS)

Present Discounted Clost

Option Fixed Costs Operating Costs Plant Life ~ 13% 17%
Hydro $225,661 $ 3,385 30 yre ¢251,034 $ 265,343
Diesel $ L ,000 S43,636 20 vrs $352,629 $ 2¢1,2862

YA
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works, penstock electro-mechanical equipment, 10% for engineering and
adrinistration and 10% for contingencies; operating costs include
operating and maintenance costs., Fixed costs for the diesel option
include the diesel motor and civil works; operating costs (assuming
3,000 hrs/yr. of operation, or a total annual energy production of
600,000 KWwh) include oil, transport, lubricants, maintenance and
operation, In terms of cost components, a diesel installation has
lower investment costs and higher operating costs relative to an equal
capacity hydro installation. In order to campare the costs of each
alternative, the present discounted cost of each was calculatad
utilizing a real interest rate of 13% (INP recammendation) and a 17%
rate (See last two columns Table 5)., This analysis indicates that
the most econamic option is the hydro installation, The hydro option
becames more attractive when the useful life of the two options is
considered,

Rural electrification has been given high priority by the GOP
as mentioned previously, and the Ministry of Energy and Mines has chosen
the small hydro 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 camunities makes grid
interconnection unfeasible; b) the poorly developed road network
increases the costs and decreases the reliakility 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 contimually: e) an in=situ renewable energy re-
source is availabley and f£) expected social and econamic benefits
resulting from electrification,

F., Project Rationale

1. AID Assistance Strategy

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 strateqy are as follows:

. a. Social Programs (Sierra emphasis) ~~ efforts in health,
family planning, education, and nutrition directed primarily at the six
million rural inhabitants of the poorest region of the countrv.

b. Sierra and High Jungle Economic Growrh ~- programs for
food production, agricultural development, rural infrastructure and off~
farm employment designed to increase the on-farm value added component of
ag;icultural production, foster agriculture-related economic growth and
raise incomes of the rural poor.




- 23 -

c. Coastal Urban Basic Human Needs -- major programs
in P.L. 4B0 food aid and basic services through the HIG Program to
assist the urban poor population which has suffered a severe decline
in real income as a result of Peru's current economic c¢risis.

It is, of course, the Sierra and digh Junqgle Eco-
nomic Growth component within which the Mini-hydro project forms an
important part of the Mission's development strateqgy. The Project
has been developed to maximize its economic development impact by
institutionalizing the use of economic selection criteria in sub-pro-
ject selection and by focusing on a decentralized, low-cost approach
to energy production. The Project is compatible with other current
Mission projects being implemented within this category, including:
Sub-Tropical Lands Develospment; Rural Enterprises I and II; Rural
Development Agri-business Fund; Research Extension, and Education;
Improved Water and Land Uses in the Sierra; and Integrated Regional
Development. The Project will also have a beneficial impact on sierra
social programs such as the Integrated Primary Hcalth Project and
Mission sponsored family planning activities. The Mission believes
that the institutionalization within the MEM of the capability to
apply economic techniques to the selection of rural energy sub-projects
and the institutionalization of the capacity to design, construct,
administer, and maintain a decentralized energy system based on the
application of the mini-hydro technology is justifiable on its own
development merits, ¢iven the anticipated impact that this Froject
will have. It is however, the longer term synergestic effacts that
a mini~hydro develorment program has, when comtined with other AID
and GOP projects witiin 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 relationship between energy and economic development
is as crucial in the developing countries as it was and continues 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 domestic
task. It is hardly surprising, then, that prospects for growth in
critical szectors of the less-developed economies are linked to the
development and exploitation of energy forms and new ways will require
time to break down the economic,cultural, social and institutional
barriers that generally impede technicological change. Thus, while it
is necessary to develop reasonably priced, small-scale diversified
energy sources, which are adaptable to a range of needs as well as
physical and cultural environments, by itself this is inadequate to
assure accelerated economic growth, especially in the agriculture sector.

Much of the phenomenal output of agriculture in the
United States and other major food-exporting countries can be traced
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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
wages in manufacturing and services increased the cost of this input
to agricultural production. A recent report 1/ which examined the
energy demands of agriculture confirms that this is also the case in
developing countries. Thus, it reveals a much higher degree of net
energy”usage and a closer correlation of 2nergy application to pro-
ductivity than had been anticipated.

Agricultural expansion in Peru is limited to tropical
forests and poorly or infrequently watered, high plateaus, mountain
ranges and desert lands, environments most unfriendly to agriculture.
Increased energy inputs will be required to overcome these limitatioas
in order tc achieve the increases of food production required to satisfy
rural needs and an expanding urban population, even more than they 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--
ing, radio, television, food preservation, space heating, coolirg)

liey will not contribute immediately to improvement in national eco-
nomic productivity, except for the backward linkages related to svstem
installation and the purchase and maintenance of househcld appliances.
Utilization which produced development through the improvement of agri-
cultural productivity, the more efficient movement of cash crops to
markets, brings in manufactured consumer goods at lower costs. creates
farm services or off-farm employment copportunities have the most
siqnificant impacts.

Electricity will not profoundly affect theeconomies of
developing rnations unless it is dependable and cheap, conditions which
large hydro-generated electric plants are usually able to fulfill,
where topography permits and plantiful water supplies are available.
Yet relatively small projects using water flow as a direct source of
energy or to generate electricity can also be attractive in economic
terms, even where there is no possibility of large-scale plant develop-
ment. In these cases, small dams can be constructed by iocal labor
with local materials combining long life with minimal maintenance
over a considerable range of construction scales. Projects of this
type also have major backward linkages in the national economy, which
are often overloocked by policy makers.

1/ Pimentel, David, et al. 1973. Food production and the energy
crisis. Science 1982: 443-449.
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While Peru is attempting to pursue an agyressive 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 areas such as Lima, Trujillo,
and Arequipa. However, these programs seriously tax the country's
financial resources base. Thus, by assisting Peru tc reorient and
expand financial resources appropriate for the impoverish 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 and
Mines which has chosen the mini~hydro generation systems alternative
as the most appropriate for certain rural areas of Peru for the follow-
ing reasons: a) the relative isolation of a significant portion of
rvral communities 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
option; d) the price of o0il is increasing continually; e) an in situ
renewabl= energy resource is available; and f) expected social and
economic benefits resulting from electrification.

Ten years ago a proiject 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 rather the re-
sult of the availabilicy 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 mini~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+*ing, while the
substitution of kerosene by electricity reduces user costs, causes less
pollution and lessens demand and dependence 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 uses. Residential electrifi~
cation enables the users to at initial stages, lengthen wourking hours
and tap into sources of information (e.g. radio, television). Even-
tually, the users in many cases are abls to purchase labor/time saving
devices, primarily electrical appliances.

The basic examples 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 benefiting the rural poor. Additional benefits result
from local procurement of materials used tou 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 employmenrt for that segment of the rural poor who must supplement
their income from off-farm earnings. Additionally, the municipal uses
of electricity will facilitate the supply of services for evening edu-
cation, civil centers, health clinics, street Yighting, etc. There
services will be more accessible to a larger percentage of the rural
poor, i.e. thouse who will not be in a position to be included in resi-
dential electrification s<hemes.

Project beneficiaries, all residing in relatively iso-
lated areas in the sierra and high jungle are the target groups identi-
fied in the CDSS. Thess may be classified as independent market orient-
ed farmers, agrarian reform beneficiaries, campesino communities and
landless/near rural puor. The impact of investment in electrical
supply infrastructure for this group is twnfold: First, it will raise
the standard of living in rural areas through the provision of modarn
conveniences which are often one of the principal factors affecting
rural-urban migration. Thus it will provide a counterweight to excessive
urbanization by providing electrical power for household uses and public
lighting. It will also provide local enterprises with cheaper and supe-
rior forms of energy, thereby luowering their production costs. This
gives rural industry the increased 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 certain
electrical equipment, transmission lines, posts, labor, etc., and
increase demand from rural town commercial outlets for electrical ap-
pliances, water pumps and other production related equipment for farm,
agro-industry, cottage industry, commerce, and home uses.

(a) Forward Linkages

The major development impact resulting from rural
electrification through a mini-hydro program will result through the
impact of forward linkages to the target group. This Project has been
designed to assure that these lirkages 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 the selected regions by: 1) the incorporation of a program for
productive uses of electricity for the towns participating in the
min.~-hydro system; 2) a sub-project development methodology which
maximizes the development impact by a careful site selection process;
and 3) locates sub-projects in regions where coordinating off-farm
enployment incentives under the Industrial Bank's $20 million Rural
En-erprise Fund have been successful, but constrained by the lack of
electricity in the Project areas secondary towns.

(b) Backward Linkages

The Mini-hydro Project has been designed so as to
maximize backward linkages as a result cf sub-project construction.
Some equipment 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
li1 ~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-
tionalization of the small hydro-program has taken place and investors
wil’ be confident that there will be a continued demand for their
egiipment.

3. Relaticmship to Other Mission Activities

This Project will directly complement 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 area. 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 benefits expected from these projects, since energy constraints
hinder increased farm productivity, the development of agro-industries
and the expansion of commercial activities in the three departments.

a. Sub-Tropical Lands Project

The Sub-Tropical Lands Project is centered 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 slaughterhousis) are already being
developed and the provision of inexpensive electricity will greatly
enhance expansion possibilities as well as efficient operation.
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Specific activities being executed under the Project
which will benetit from the provision cf hydron-generated electricity
are: (1) the establishment 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 Prcoject 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,
is 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/improvemrent--electrifica-
tion will facilitate the storage, distribution and sale of agricultural
produce and allow more flexibility of workirg houses: c¢) transporta-
tion terminals lighting would allow more free movement of »roduce 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 agricultural 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 geuerate increasing demands
for reliable and efficient sources of energy for productive activities.
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Increasing the supply of energy will simultanecusly 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-
merts 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 exterd throughout Junin, Cajamarca, San Martin. It
is not difficult to see the rather straightforward linkages possible
betw:-n Rural 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 Rgri-business Fund will finance
various small and medium-sized agro-related industries such as coffee
processing, canning of fruits and vegetables and tanning of animal
hides. Industries being developed in San Martin, Cajamarca and Junin
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 electrically powered processing
equipment may be introduced; and, <¢) the Improved Water and Land Use
in the Sierra and the On~Farm Water Management Project, 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 lack of an infrastructure base in
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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AlD-sponsored activitizs alresdy 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 hLealth, education and nutrition; and to stem migration toward major
urban areas.

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 Program. The German Government will channel DM 5.0 million
through the GTZ (The German Agency for Technical Cooperation) over a
period of 3 vears beginning in January 1981. German funds will be
disbursed in the following manner:

1) DM 2.0 million will be used for the construction 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: agronomy, 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, solar, biomass, etc. The pilot pro-
jects are to be constructed and evaluated by regional universities.
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III. PROJECT DESCRIPTION

The 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 rural poor by increasing the productive uses of hydro—electric power
in rural areas; () Lessening Peru's dependence on petroleum for the
production of zlectrical powery and (c) Amelioration of the ecological
congequences produced by over harvesting of trees for firewood,

The purpose of the Project is to promote rural and regional socio=-
econamic development through the develnpment of an institutional base ca-
pable of providing reasonably priced hydrogenerated electrical energy for
social and productive uses in rural towns in the sierra and high jungle.

In November, 1978, the Ministry of Enexrgy 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.l/The 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 campleted while the rest are still in the study and development
stage. Future activities to be developed within the program include a
significant expansion of small hydroelectric program, In order to
provide a more effective administrative structure to carry out these
activities, the GOP established an office (0Oficina de Tecnologifa Apli=-
cada, OPTA) within ELECTROPERU charged with supervising and conrdinating
the execution of the program,

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 within ELECTROPERU through a rational investment process based
on pre~feasibility and feasibility studies which determine the location,
and capacity of the systems to be installed, campletion 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
normally fall 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, 2/

The number and size of small-~hydroe plants to be constructed under
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 and B contain the proposed pre-feasilkility and
feasibility study methodology which is designed to identify those sub-
projects which meet minimumm technical, economic, 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

1/ shortly after its formation the MEM approached AID for technical and
financial assistance to fully institutionalize the program.

2/ 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 contemplated.
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gsince OPTA has been focussing attention only on technical feasibility.

They have not incorporated economic, social nor environmental considerations
into the site selection process. Applicaticn of this methodology will
determine the commnities and in turn the plant size where the economic and
resulting social benefits from this Project would be greatest. The Proiject
Development Committee estimates that approximately 28 small hydro-electric
plants with an average capacitv cf 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. 1/ The Project will directly benefit 53,000 families or
265,000 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 3ssistance and training, the Grant will assist
ELECTROPERU to evaluate the potential for small-hydro plants, conduct feasi-
bility studies, nnsure that standard 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 intensiva review the Mission
learned in discussions with ELECTROPERU and the German foreign assistance
representatives that several areas originai., contemplated for AID financing
are currently being addressed under the ongoing C<rman energy program. These
include an intensive technical assistance effort to develop a national energy
plan, assistance in research and pilot demonstration activities in an alternative
energy program focusing on wind, solar, biomass and biogas energy and the
construction of micro-hydroelectric plants under 100 KW.

A. Project Attivities 2/

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 productive uses of electricity, installation of Mini-Hydro
Systems, maintenance of these systems and technical assistance. These activi-
ties are described in more detail below. Sub-projeects 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 than one at the feasibility study stage will be approved for
financing under this Project.

1/ Including costs of pre-feasibility studies, promotion and maintenance programs.

2/ See Annex II Exhibit H for Lcg 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 has already been conducted, This information,
which was developed with the assistance of the UNDP, when cambined with
available economic and demographic information,will be utilized by the
Project to undertake a reconnaissance/pre~feasibility examination. The
purpose of this examination will be to prioritize ths 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 studies
is explained in general terms 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 persornel fram OPTA, the Project implementation office.
These activities will be carried out under the general .lirection of the
Program Manager, an OPTA official, who will designate four team directors
who will have day to day responsibility for carrying out the pre-
feasibility studies, Each of the four pre-feasibility study teams will
consist of:

(i) 1 Electrical Engineer
(iL) 1 Civil Engineer

(iii) 1 Geologist

(iv) 1 Envirommental Scientist
(v) 1 Economist

(vi) 1 Topographer

(vii) 1 social Scientist

The pre=feasibility studies camponent, 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 of 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 consultants will make the final selection of those
sub~-projects that will be considered for in~depth feagibility studies.
Selection will be based on objective criteria and consultation with
Departmental Develo “ent Committees, Because the return to democracy has
been recent, the ful.we role and composition of these committees is not yet
clear; however, every indication is that the decentralization process
will continue and that these cammittees will play an increasingly
important development role at the departmental level. While ELECTROPEPU,
as well as representatives fram other Ministries, are members of each
departmental committee and are therefore instrumental in defining the
nature and location of investments to be made in each department, these
committees 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 Sectiom IV and Annex II Exhibit B) on those sub-
projects identified in the previous component containing the highest
cambined technical, social and econamic returns, and which are approved
by the Departmertal Development Committees,

Approximately 36 feasibility studies will be carried out
by the same four teams that canducted pre-~feagibility studies, Each
feasibility study will take approximately four months to complete, and
will begin in year 2 and end in yvear 4 of the Project, The estimated
cost of this component is $500,000 and will be funded by ELECTROPERU as
a partion of its counterpart contribution. AID financed technical
assistance will be provided through one long=term project advisor,

(60 m/m} who will initiate activities at the beginning of the Project,
and through 42 m/m of short term technical assistance, The long=term
advisor will provide general administrative and programmatic advice
to ELECTROPERU, while the short~term advisors will provide assistance
in the areas of economics and envirormmental impact assessment for a
period of four months each working with the feasibility study teams
during the initial stages of their work,

3. Pramotion of the Productive Uses of Electricity

The provision of electricity 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 camponent designed to inform and train
the target cammunities on how to take advantage of electricity to ine
crease econamic activities and productivity.
In order to implement the component, local technical assistance will be
provided to train eight rural promoters, who will work with the target
communities during the first year of operation of the small hydro-
electric power plant at each site. A detailed training curriculum will
be developed to equip pramoters with the necessary technical and
pedagogic skills to accamplish this activity. The pramoters will be
contracted by OPTA and xepart to the OFTA Project Manager, They will
have a minimum of a high school education, and or appropriate rural
experience,

Peruvian specialists in small industry and farm develop=
ment, crop storage and marketing, home econ..nics, nutrition, anthro-
pology/rural sociology and a consultant with previous experience in the
implementation of such pramotion campaigns will be engaged on a short~-
term basis for the design of the program curriculum, This consultant
will subsequently conduct the pramocer training seminar, AID financed
short~term technical assistance will provide a consultant for four
months to assist in curriculum development, In addition AID grant funds
totallirgy US$100,000 will finance approximately 50% of the salary and
operation cost of implementing this camponent, ELECTROPERU will finance
the remaining costs of this camponent,
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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, incliuding the prevailing production
and the techniques utilized; (b) the available natural resources in Junin,
Caiamarca 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 development; (e) marketing and
distribution networks.

The promoters' tasks will consist of three parts: Promotion of productive
uses of electricity for pumping for irrigation and potable water 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 for food processing cottage industry, cooking, hvgiene and
storage. The emphasis of this activity will be to improve iacome generating
productive uses of electricity. 1/

Tihis training component will be implemented during the first yeer 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 OPTA office, the
promoters will be responsible for:

1) Providinyg 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 on the 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 populaticn 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 SHFP {(Small
Hydro Electric Power Plant). Each team will be responsible for field work in
3 communities during 9 months of the year and follow up work for the .;est 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 .AID financed Rural
Enterprises I and II projects. The fund created by these two AID projects
combined with counterpart contributions totals more than US$20 million.
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production of goods and services, This
will be done at the beginning of the construction st ge to allow time
for regsearch on site specific sclutions, Representatives of formal or
informal institutions (e.g, Ministry of Education, traditional leaders)
mist assure adsquate coordination with authorities,

b) The classes will take place duriny the evening hours
when the adult population is released fram its daily duties,

c¢) The promoters will speak the vernmacular of the site.

d) Women will be hired to do the promotion wark among
wamnen in order to maximize the impact of the program, since access to
wonen by male extension agents in rural Peru is difficult, The esti=~
mated cost of this camponent is US$ 200,009 of which AID will finance
50% and 50% will be financed as a portion of the GOP cantribution to the
Project.

4, Installation of the Selected SHPP's

The Project will finance the complete installation i.e,
civil works, mechanical equipment, control and electro-mechanical equip~
ment and network systems including household connections for approximate=-
ly 28 small=scale, standardized, hydroelectric installations in the 100
to 1,000 KXW range., The expected average plant size is 300 KW, As
stated earlier, quantity and sizes of plants will be determined through
the application of the feasibility study methodology.

Where possible actual construction of the small hydroelec-
tric plants will be carried out by the five existing construction wnits
from ELECTROPERU, with OPTA being the entity supervising the construction
of civil works and plant installatlon. Where necessary OPTA will
contract private firms for actual construction and field supervision, a
procedure which they are currently utilizing for some on=-going projects.
Short term technical assistance (6 m/m) will be provided for develcmment
of standardized equipment specifications and procurement assistance.
Plant construction activities will be 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 fram the day
that construction activities begin. Thus, all the 28 plants should be
in service by the end of year five of the Project,

Carwnities will supply local unskilled labor. WwWhere
contracting for coustruction or supervision is required this activity
will be carried out by OPTA using GOP counterpart funds, Off=ghore
procurement will be carried out by ELECTROPERU in accordance with AID
procurement regulations, AID will finance a U.S, comsultant to assist
ELECTROPERU in the preparation of technical specifications and iden=
tification of appropriate equipment., This consultant will spend twa
months in Peru beginning in year two, and two months in years three,
four and five for this puypose,i/

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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Typically, the GOP experience in bnilding SHPP's has been
that the costs of the civil engineering warks account for approximately
37t of the total installation cost of a SHPP with the equipment and
machinery costs accounting for the other 63%., These figures were
confirmed in carrying out the two feasibility studies done for PP
preparation, Thus, 37% of the total SHPP installation budget has been
assigned to the civil eingineering 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 came
fram GOP funds, US$240,000 has been budgeted for GOP financed
supervision., Of the US$37,53 million for the purchase of equipment «nd
machinery, US$6,5 million will be AID financed and US$1,03 million to
be financed by the GOP, This camponent includes individual household

Charges to beneficiaries will initially be on an ummetered
flat rate basis. Over a period of 2=3 years, households will be convert-
ed to a metered system the cost of which will be initially absorbed
by ELECTROPERU and amortized by the beneficiaries in monthly install-
ments, Flat rate charges average US .2 cents per kilowatt/hour for
rural households which is substantially below current estimated costs
for lighting by kerosene(which is also currently subsidized by the GOP)
and candles, The Project anticipates average annual usage at 555 KW/
hours per household or an annual charge for usage of US$S 12,00, 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 Ecomamy and Finance is
to reduce this subsidy through a series of rate increases over time so
as not to cause undue hardship on the target group. See Econamic
Analysis for additional irformation regarding affordability and usage.

S5« SHPP Maintenance

Four turbine=-generator preventive maintenance mechanics
will be hired by ELECTROPERU at the beginmhg of year 3, Initially, they
will receive a four~month training program on all aspects of SHPP
maintenance to be conducted by a short-term U.S, consultant. They will
have the responsibility for maintaining the SHPP turbine-~generator
systems and will be called on to repair defective machinery., In addition
to financing four person/months for a U.S., consultant in machinery main-
tenance, AID grant funds will be utllized to finance 50% (US$30,000) of
the machanic's salary and operation costs to implement this Project
canponent, GOP funds for this program came to US$240,000 of which
US$30,000 corresponds to salaries and expenges and US$210,000 are budget-
ed for spare parts. The projected SHPP maintenance fund over the triennium
of year 3 to year 5 cames to more than 1,5% of the capital costs of the
installed plant, which is a lewel in line with current GOP policy. The
preventive maintenance mechanics will in turn train selected commnity
representatives in the day=to~day operations and basic mainteaance and
repair responsibilities,
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6. Technical Assistance

The Project includes 102 person/months of US short-and long
term technical assistance. The Project Development Committee anticipates
that ELECTROPERU will enter into an institutional contract for this technical
assistance, which is described below. AID funding will be provided to finance:

a) A long-term Project Advisor (5w/y) for the Life of the
Project at a cost of US$450,000. He will report to the Project Manager in OPTRA
and be located in Lima, but will have responsibility for frequent site visits.
His responsibilities will include the following: (i) assisting OPTA in the
developrment of personnel qualifications and selection standards for the employees
to be hired by OPTA under the proposed Project; (ii) assisting OPTA in the
technical preparation of pre-feasibility studies and feasibility studies; (iii)
reviewing all studies 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 perscn should have an
MS degree in Electrical Engineering and. at least 10 years of experience including
experience in Latin America. He should have at least 5 years of Project Manage-
ment experience a% a minimum level of $2.0 million per year and should be fluent
in Spanish.

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

¢) Four person/months (US$40,000) for an environmental impact
analyst to work with the economist on implementing the feasibility study
component and for training an ELECTROPERU counterpart.

d) Six person/months (US$60,000) for a specialist in design and
construction of hydroelectric plants to assist OPTA in the procurement of
appropriate equipnent and spare parts. He will spend two months working on the
Project in years two, three and four.

e) Four person/months {(US$40,000) for a curriculum development
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 finance an energy
planner to assist OPTA in planning the implementation of its national mini-hydro
program.

g) Six person/months (US$60,700) to assist ELECTROPERU in updating
its pricing policy,billing and collection methods. This assistance will be
provided during year one of the Project.
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h) Four person/months of financing (US$40,000) will be
provided to contract for a hydro=electric maintenance specialist to
assist in training four preventive maintenance mechanics,

i) Finally, US$40,000 has been provided to finance an
end of Project evaluation to be conducted by a team camprised of an
ecanomist, engineer and sociologist, This evaluatiaon will be carried
out during the last three months of the Project.

Iv. FINANCIAL PLAN

The total cost of this five-year Project is US$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 US$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 typiiil cost structure for a 200 KW small hydro-electric
power plant.
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BOURCES AND APPLICATION OF FPUNDS
{In thousands of U.S. Dollars)

A.I1I.D,
Investment Category Loan Grant GOP Total
1. studics
- Pre-feasibility - - 200 200
- Feasibility - - 500 500
1I. Implementation Support for
pPromotion Campaign
- Operation Expenses - 100 100 200
I1I. Construction
- Civil Engineering Works 2,500 - 2,090 4,590C
-~ Equipment and Machinery 6,500 - 1,030 7,530
- 3Supervision - - 240 240
Yy
IV. Technical Assistance - 870 - 870
J. Maintenance
- Operation Expenses - 30 30 60
- Spare parts - - 210 210
Grand Total 9,000 1,000 4,400 14,400
69% 31l% 100%

1/ 1Includes: 60 w/months of Project Advisor, 8 w/months of Economist, 4 w/months
" of Environmentalist, 4 w/months of Curriculum Specialist, 6 w/months of
Energy Planner, 6 w/months of Tariff and Financial Administration Specialist,
4 w/months of Maintenance Specialist, 6 w/months of Procurement Specialist and
4 w/months of Evaluation Technician (Total of 102w/months).
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TABLE 7

REQUIREMENTS OF FOREIGLN EXCHANGE AND LOCAL CURRENCY

(In thousands >f U.S.Dollars)

A.I.D.
Investment Category Loan Grant GOP
FX LC FX LC FX LC TOTAL

I. Studies

- Pre-feasibility - - - - - 200 200

- Feasibility - - - - - 500 500
I1I. Implementation Support

for Fromotion Campaian

=~ Operation Expenses - - - 100 - 100 200
ITI. Construction

-~ Civil Engineering Works - 2500 - - - 2090 4590

- Equipment and Machinery 6500 - - - 630 400 7530

- Supervision - - - - - 240 240
IV, Technical Assistance - - 870 - - - 870
V. Maintenance

- Operation Expenses - - - 30 - 30 60

- Spare Parts - - - - 210 - 210

Grand Total 6500 2500 870 130 840 3560 14400
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TABLE 8

Investment Category

Studies

GOP

Implementation Support

for Promotion Campa‘gn

GOP
AID

Construction
GOP
AID

Technical Assistance
AID

Maintenance

GOP
AID

Total

(In thousands of U.S. Dollars)

Year 1 Year II Year 11X Year 1V Year V Total
150 350 200 - - 700

- - 25 50 25 100

25 25 25 25 - 100
250 400 1000 1000 710 3360
500 2500 3000 2000 1000 9000
275 175 165 165 90 870

- - 220 10 10 240

- - 10 10 10 30
1200 3450 4645 3260 1845 14400
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TABLE 9

TYPICAL COST STRUCTURE FOR A MINI-HYDROELECTRICAL CENTRAL

Power = 200 KW
Water Flow (Q) = SO0 Lts/Sec
Altitnwde (H) = 50 mts.

(Thousands of Scles)
1.0 Construction Works

1.1 Land cleaning and access road 5/. 270,0
1.2 1Intake 18,639,5
1.3 Derivation canal 7,369,2
1.4 Sand trap 1,318,4
1.5 Chamber 1,440,2
1.6 Pressure conduit 2,172,9
1.7 Power housc 2,789,8

Sub-total (1.0) S/. 34,000,0

2.0 Electro-mechanical Pauipment

2.1 Turbine/altornator S/. 14,100,0
2.2 Other equipment 4,A50,0
2.3 Transmission Lind 25,150,0
2.4 Distribution notwork 12,100,0

Sub-total (2.0) S/. 56,000,0
Grand Total (1) + (2) sS/. 90,000,0

uss 300,000.0

Cost /KW 1SS 1,500.0 <~

1/ This cost excludes the cnst of pre-feasibility study,
- feasibility study, promotion, maintenance and supervision
which bring the total cost per KW to USS 1,722 as previously
stated.
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V. INSTITUTIONAL ANALYSIS

A, Mini-hydroelectric Centrals Cammission

On November 29, 1978, the Ministry of Energy and Mines (MEM)
by Ministerial Resolution N° 1182=78-EM-DS, declared the implementation
of the Mini-Hydroelectric Centrals Program of the highest sectoral
priority snd created the Small Hydroelectric Centrals Commission to
formmlate, direct, approve and evaluate the above-mentioned program,
within several months of its creation the Vice Minister of the MEM
approached AID to solicit financial and technical assistance for a small
hydro program, The Compission lead by OSPA's General Director, is
camposed of representatives fram the following institutions:

(a) Ministerio de Energfa y Minas (MEM)

« Oficina Sectorial de Planificaci®mn (OSPA)
= Concejo de Asescramiento (COA)
= Direcci®n General de Electricidad (DGE)

(b) Empresa P@blica de Electricidad del Per@ (ELECTROPERU)
= Oficina del Programa de Tecnologia Aplicada (OPTA)
(c) Instituto de Investigacitm Tecnolbgica (ITINTEC) and
(d) Compafifa Hidrol&gica Andina (HIDRANDINA)
B, ELECTROPERU

ELECTROPERU (See Annex II Exhibit B for Organization Chart) is
an autonamous public enterprise within 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, ELECTROPERU, assumed the entrepreneurial activities of the State in
the elactricity subesector with full responsibility for construction,
supervision and operation of the nation-wide power supply system,

In 1976, the Peruvian power sector completed the process of re-
organization
This entity
has responsibility for system operation and project execution, A
substantial proportion of the total generation is wroduced in captive
facilities of various industrial, agricultural, and mining enterprises,

ELECTROPERU has five operating regions, The north-central
region including Lima accounts for 87 percent of the electric energy
demand, This region has two separate interconnected systems, Electro=
lima serving the metropolitan Lima area, and the smaller Chimbote-Tru-
jillo system, The former is an extensive interconnected system with
principal substations linking 230Kv transmission lines to each other
and to generating plants, A 220Kv link between Electrolima and Chimbo=
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te=Trujillo is plamnned. Other operating regioms and their principal
clties are shown in Table 10,

In the main these regions are served by small, isclated
systems, In fact, ELECTROPERU is responsible for the operation of 250
isolated power plants,

The captive generating plants associated with industrial and
mining enterprises are not comnected to the ELECTROPERU system, The
largest of these is 8Southern Peru Cooper in the Southwestern Region with
a maximm demand of same 315MW followed by Centromin in the Central
Region with a demand of 130MW,

Table 10

ELECTROPERU OPERATING REGTIONS

Operating Region Principal Cities
North Bayovar, Piura, Talara
Sauthwest Tacna, Arequipa, Puno
Southeast Cuzco
East Iquitos, Pucallpa

Electric Load Growth

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

The median estimate of total electricity production in 195¢ 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
3
GWh x 10 Percent
Industrial 2.16 28,1
Mining 1.86 25,2
Residential 1.25 16,9
losses 0.78 10.6
Other 0655 7.4
Public Authorities 0.3 4,0
Commercial 0425 3.4
Agriculture 0.16 262
Fisheries 0,09 1,2

Total 740 100.0
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TABLE 12 GENERATION MIX 1975

Fuel12
Cepacity Energy Produced Btu x 10
Type MW Percent GWh Percent 0il Gas Bagasse
Diesel 416 17.7 673 9.0
Gas Turbine 202 8.8 138 1.8 17.8 2.3 5.0%
Fossil Steam 342 14.5 1,205 16.1
Hydroelectric 1,397 59.2 5,470 73.1 - - -

* Highly approximate.

Capacity expansion plans for the period 1978-90 are based for the
most part on futher exploitation of hydroelectric vesources supplemented
by substantial coal~fired generation.

capacity, 1520MW are hydro, 480MW are coal.

Specifically, of the planned added

additions over this are shown in Table 13.

-

Planned generating facility

TABLE' 13 PLANNED GENERATING CAPACITY EXPANSION 1978-90
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
(addition)
Hydro Restitucion 200 1781
Hydro Yuncan-Paucartambo II & III 1983
Hydro Charcani V 135 1982
Hydro Sheque
Stage 1 150 1986
Stage II 150 1986
Stage III 150 1988
Hydro Majes
Stage 1 272 1984-86
Stage 11 192 1990
Hydro Olmos 370 1985-89
Coal Alto Chicama
Stage I-I1 240 1982
Stage III-IV 240 1984
TOTAL 2000
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Table ® 15

PRESENT PRINCIPAL HYDROPOWER PLANTS
PERU .*

NORTH REGION (Chimbore-Trujillo, etc.)

Cagacitv-Megawatts

Canon Del Pato 100
Cahua ___ﬁg.
Subtotal 140

CENTRAL REGION (Lima-Pisco, etc.)

Chaprin 5.4
Yaupi 108
Malpaso 54.4
La Oroys 9
Carpapata 12.2
Pachachaca 12
Buinco 260
Matucana 120
Callahuanca 67.5
Moyopampa 63
Buampani 31.4
Ingenio
Sicaya Huari:cca
Mantaro 3z
Subtotal 1,084.9

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

Machupicchu 40
Charcani IV-Vl 23.4
Charcani I-II-III 6.8
Aricota I-II 35.4
Subtotal 105.6
SUMMARY
NORTH REGION 140
CENTRAL REGION 1,084.9
SOUTE REGION 105.6
TOTAL 1,330.5

*From "Plan De Electrificacion Nacional”, Ministerio De Energis
Y Mines. December 1977.
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Electricity Genaration

In 1975 the generation mix by mode of generation was as shown
in Table 1l2.

Publicly owned generation facilities constituted 62,3 percent
of the total, captive plants associated with specific enterprises, 37.7
percent,

The Minister of Energy and Mines of Peru has prepared a map
dated October, 1977 (See Table 14), showing the principal dectrical
facilities in existance, The present principal hydropower plants in
Peru, as shown on the map are summarized in Table 15.

C. OPTA

To implement small hydro cammission's directives, OPTA was
created on December 15, 1978, as a Division within ELECTROPSRU with the
responsibility of supervising and coordinating the execution of the
Small=hydroelectric Centrals Program, The principal functions of OPTA
are as follows:

{a) To centralize, coordinate and carry-out studies concern=
ing the generation of electricity for rural centerxs with a view towards
the intensive use of hydro=ckctricity to replace petroleum as an energy
source,

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

{(c) To develop and implement norms, 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 performed by
the five Executing Units of ELECTROPERU and;

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

Its buvdget cames from 2 sources: (i) to provide a continuous
source of revenue for its activities OPTA is guaranteed by charter 15%
of the/?gvenuésof ELECTROPERU from the previous financial year. For
1980 OPTA's budget from these sources came to S/, 375 million; (ii)
OPTA has also direct budgetary access to the Public Treasury. In 1980
this budgetary source provided S/, 160 million.

Thus, OPTA's total budget for 1980 cames to S/, 535 million
(approximately US$ 1.85 million).
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D. The OPTA - AID SHPP Progre-

The institutional framework that is being put in place for the
OPTA-AID SHPP Frogram will aim at a prompt and efficient program implement.ation.
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 of middle 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 socic-economic
sciences.

6) A new emphasis on plant maintenance.

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

8) Provision of high calibre consultants.

g On completion of the OPTA-~ARID 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
employeescan be greatly compressed; and h) employees on ccntract can 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
employees will be converted to direct hire status. During the same time frame
the AID contribution tou salaries will be progressively reduced to zero.

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

1) Two electrical 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, 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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Vi TECHNICAL ANALYSIS

A, Introduction

The configuration of small decentralized hydropower systems
may take a number of forms depending on site conditicns. Both head
and flow will determine the specific turbine arrangement most suitable,
Table 1& shows typical application of various hydraulic turbines based
an head and power output,

High head sites, especially with low flow, dictate the use of
the Pelton turbine with efficiencies as high as 80 percent, This impulse
unit spins at high speed converting the total enercy head into a kinetic
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 somewhat lower heads, reaction turbines such as Francis or
propeller turbines may be used as shown in Table 18, However, thee 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 elbow draft
tubes cammonly required with Francis or propeller units, Tables 19-25
show additional technical features of small hydro installations. These
are more fully discussed in Annex II Exhibit 3,

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 number of campanies are engaged in supplying and installing
equimment but there are efforts underway to develop standardized units
of the otff-the-shelf variety. Development of a manufacturing capability
within Peru would surely accelerate implementation of SDH,

For AC baseload plants which are campletely independent £ an
existing grid, a synchronous generator is required. Whether a 50 or 60
cycle system, the speed of the generator must be constant and a speed
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 sensitive 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,

Durhg the elrtro-mechanical system development phase, technical
and economic decisions will be made regarding a suitable design for the
proposed site,
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The electro-mechanical, technology and engineering construction
methods for SHPP are well developed and familiar to OPTA, What is not
being currently applied is the application of detailed methodologies to
both prioritize SHPP sites fram a large list of potentlial sites and
therecafter to apply econaomic, social and envirommental criteria, alang
with technical determinations, in order to establish the feasibility of
a specific project site, Thus, the technical analysis consists of a
detajiled methodology that has been designed to select the SHPP sites
that will be eligible for AID financing. The methodology has two
major components viz, a Pre~Feasibility Study Methodology and a
Feasibility Study Methodology., The Pre~Feasibility (or reconnaissance)
investigation methodology has two abjectives i) elimination of those
project sites that are unattractive fram a technical, social, economic
or ecological viewpoint, ii) prioritization (or ranking) of the remain-
ing project sites using a combination of social, technical and economic
criteda, The feasibility study methodology has been designed to
investigate thoroughly whether, in fact, one of the screened, prioritized
projects should be constructed and whra steps should le taken for its
implementation,

Thus, starting with a national catalog of possible SHPP sites
{prepared under the auspices of the UNDP) the site selection methodology
will first consider only those sites that are located in the Department
of Cajamarca, Junin and San Martin, Then, a prioritized list of SHPP
sites will be prepared, Finally, a definitive list of sites that will
be eligible for AID Financing, will be generated (See Table 26).

Detailed Pre-Feasibility Study (PFS) and Feasibility Study
(FS) methodologies have been prepared (See Annex II Exhibits A & B),
what follws 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 steps,
namely:

a) Site Physical Characteristics

b) Physical Works

c) Economics

d) Social, Political and Envirormental Criteria and
e) OPTA's Pre-reasibility Decision Flow Chart

The content of each of these steps will be described in turnm,

a) The Site Physical Characteristics are of three kinds viz
i) power potentialy ii) accessibility to communication 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 flow at a given site,
Detailed instructions are provided on calculating these parameters. The
accessibility of the site to all cammunication routes (such as paved
roads, all-weather roads, horse trails) and its proximity to the centers
of lcad demand are also covered,
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2.! 3.d the horizontal hine,that corresponds to H: 20. The graph
indicates that the amall hydroelecinc system has 6 potential capacity
of 300.Kw and that the proper type ot turbine for this situation

18 @ horizontcl Francis turbing with | runner ond 2 draft tubes

TYPE OF TURBINE

Reaction Turbine

Penstcck Horniontol ows Runners with fixad position blades (propaiier)
Propaller Turbine Open Flume } { Veriical cus } { Runners with adpustable blades ( Kapion
Reaction Turbine
One runner }_ One dratt tube
. Two draft tubes
Francis Turbine Panstock Horizontal gus One drati tube
: _ Two runner }' Two draft fubes
Open Flume Vertical aus Onerumner  —  One diott tuie
( impulse Turbine )
One nozrie
Ove ruamer } - Two notles
Pelton Turbane Horizontal euis Two nozzies
Two rumners ) Four noIzles J
Vertical gus —  One rvaner ~  Several morzies




TABLE 24 POWER FEATURE COST
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Estimated costs are based on a typical or standardized
turbine coupled to a generator either directly or
through a speed increaser, depending cn the typs ¢turbine
used.

Costs include turbine/generator and appurtenant
equipment, station electric equipment, miscellaneous
powerplant equipment, powerhouse, powerhouse excavation,
switchyard civil works, an upstream sluice gate, and
construction and installation :
Costs not included are transmission line, penstock,
tailrace construction, switchyard equipment, and dam
modification or improvements.

Cost base July 1378.

For a multiple unit pqwerhouse, additional station
equipment c..sts are $20,000¢$58,000 x (n-1), where n

is the total number of units.
Source: U.S. Army Corps of Engineers, “Fcasibility
Studies for Small Scale Hydropower Additions,®

July 1979, Volume 1, Page 4-7.

-12.
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TABLE 26 THE SITE SELECTION METHODOI.OGY

CATALOG OF POSSIBLt SHPP® SITES
(Fust droft - prepared under UNDP ousprces )

CATALOG
MENTATION

- _~—

“ |

CATALOG OF POSSIBLE SHPP  SITES
n the Depurtaments of
CAJAMARCA, JUNIN ond SAN MARTIN

|

PREFEASIBILITY STUDIES

PRIORITIZED LIST OF SHPP SITES

Y
FEASIBILITY STUDIES

DEFINITIVE LIST OF SITES THAT
WILL BE ELIGIBLE FOR AID FINANCING

* SWall HYDROELECTRIC POWEK FLANY




Magtaro 342
Subtetal 1,084.9

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

Machupicechu 40
Cbarcani IV-Vl1 23.4
Charcani I-I1-I11 6.8
Aricota I-II 35.4
Subtotal 105.6
SUMMARY
NORTH REGION 140
CENTRAL REGION 1,084.9
SOUTH REGION 105.6
TOTAL ' 1,330.5

*From "Plan De Electrificacion Nacional", Ministerio De Energis
Y Mines. December 1977.
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b) The Physical Works enccempasses i) type and size of plant, ii)
apprcximate cost and iii) approximate power production. The choice of the type
and size of plant (and its approximate power production capability) is
dependent upon two factors viz the net head and the available flow. The capital
costs of all necessary civil, mechanical and electri il engineering works
are hased on the effective (net) head and the plant capacity.

c) The Eccnomic section covers three major topics: a) the market or
demand structure, b) determination of the project benefits, c) e raluation of
the rroject economic feasibility. A demand suivey form has been . ~igned to
estimate the household demand for electricity. Where necessary, this information
will be supplemented throuvch use of ELECTROPERU's demand model. Load and
energy forecasts will be made using an average growth rate of 5%, although this
figqure may be modified as more information is obtained through community suiveys.

Annual project benefits accrue from i)the sale of electricity to
consumers in the public, commercial, industrial and household sectors and ii)
the surplus benefits that reflect consumer valuati~a of electricity usage.
The income ‘rom the sale of electricity and cost savings resulting from the
substitution of electricity for other energy sources is calculated by multiplying
the total annual community consumption of electricicy (stated in Kwh) by the
unit ¢elliny price of 2lectricity (Approx. 2 US# per Kwh €for raral areas).l
As a {irst approximation the surplus benefits are assumedto be equal to the income
from the sale of electricity. Special studies early in the project will be
aimed at refining estimates of the value of surplus henefits.

d) The social politi~al and environmental criteria section of the
rmethodology is designed to make a preliminary assessment of the community's
involvement in the SHPF installation. Specifically, the recnnnaissa.ice study
investigates 1) the community's willingness to cuntribute with labor to the
construction, 11) its present energy expenditure, i1ii) Its future plans with
respect to the use of electricity and iv) a rough correlation between the
existing power structure and any vested interest regarding electrification, v)
the type of development which should be stimulated in a particular area (stable
productive or protective), vi) the adequacy of watcer availability for area needs
in terms of quantity and cuality, and vii) the local interest and support to
uphold the environmental project requirements.

Prefeasibility Decision Flow Chart (Table 26) indicates the order
in which the 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 prefeasibility study or discard a candidate sub-
proj:ct entiredy.

C. The Feasibility Study Methodology

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

1/ After this documenc was drafted, tariff increases were announced by
ELECTROFERU. The intention is to use current average tariffs for rural

uses 1n the prefeasibility studlies. CuGhded icinhiieabol 1o JNSSmatibii



source,

(b) To execute technical and econamic studies of power systems
ranging betwzen 50 to 1,000 KW for the generation of electricity which
would benefit isolated populated centers,

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

(d) To supervise the implementation of works performed by
the five Executing Units of ELECTROPERU and;

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

Its budget cames fram 2 sources: (i) to provide a continuous
source of, revenue for its activities OPTA is guaranteed by charter 15%
of the/Bévenues of ELECTROPERU from the previous financial year, For
1980 OPTA's budget fram these sources came to S/, 375 million; {ii)
OPTA has also direct budgetary access to the Public Treasury. In 1980
this budgetary source provided S/. 160 million,

Thus, OPTA's total budget for 1980 cames to S/, 535 milliom
{approximately US$ 1.85 million),.
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.f experierce and credit-worthiness to apply for further interrational funding
+frem agencies such as the Interamerican Development Bank and the International
pank for Reconstruction and Development) to continue with a vigorous SHPP
congtruction and maintenance progdgranm.

OPTA will initially contract the additional persornel. This has
two major advantages: a) the time frame for budgeting and hiring direct hire
employeescan be greatly compressed; and k) 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
employees will be converted to direct hire status. During the same time frame
the AID contribution tou salaries will be progressively reduced to zero.

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

1) Two electrical engineers.

2) Four civil engineers.

3) One geologist.

4) Twe economists.

5) One environmental sclentist.

6) Eight promotores (50% AID financing).

7) Four maintenance mechanics (50% AID financing).

§) 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.



TABLE 27 | FEASIBILITY STUDY PERT FLOW CHART

NOMENCLATURE

Eoch line joining @ poir of nodes corresponds
te o Progrommed Activity

The durction of sach detivity s indicoted by
the lone number on eoch line

{e.g. the SHPP system costing is represented
by line 9-10 ond will require 2 men weeks)
The hosh line indicotes the critical path.

See eisc table 7.7




There are still cother types of units for specialized applications
such as the Ossberger Cross Flow Turbine or the Straflow Turbine. These
units and others, however, are mamifactured in the developed countries.
Only a small number of campanies are engaged in supplying and installing
equipment but there are effarts underway to develop standardized units
of the off-the-shelf variety. ODevelopment of a manufacturing capability
within Peru would surely accelerate implementation of SDH,

For AC baseload plants which are campletely independent & an
existing grid, a synchronmous generator is -equired. Whether a 50 or 60
cycle system, the speed of the generator must be constant and a speed
incrcaser may be required so the generatar can run at its design speed.

Another possibility is to generate DC current and canvert it
to AC via an inverter. A DC system is not sensitive to speed, therefore
needs no governar,

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,

Durky the elrtro-mechanical system development phase, technical
and ecanamic decisians 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-econemic demand profile chapter provides the guidelines
for the determination of the potential enzrgy demand, income distribution
effect of electrification, and cost savings potential in the community to
be served by SHPP, based on public facilities, productive activities, community
energy use, family time allocation and community structure surveys. Special
studies will be undertaken ¢f the communities ability to purchase electricity
1sing domestic and productive appliances and equipment so as to avoid invest-
ments in communities where only a few can afford to hook up even though many
would save current expenses by doing so. This assessment is also based on the
community's population profile, its interaction with its milieu, and its
social dynamics. The demand profile for househola. public and productive uses
will be estimated for the life of the Proiject.

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 calculiaticn 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
rowerhouse, 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
detailed:

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

- Impacts of sedimentation at the sandtrap 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.

iwrasures to minimize the environmental impacts should be detailed
where pertinent. Examples of such actions are:

- fish ladders to provide upward mobi.ity for fish
- judicious planting of trees in the vicinity of the powerhouse

to minimize the effects of soil erosion.

c) Costing Analysis

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 ccsting 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
order tc conduct feasibility studies according to the Feasibility Study
Methodology described above. The only criteria imposed on the selection of
sites was that one site be located in the High Jungle and the other in the Sierra.

Tabalosos Project: The Tabalosos Project is located on Polopunta Creelk.,
{a tributary of the Mayo River) about 2 Xms 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 workers are dedicated to agriculture, produc1ng mainly coffee, tea,
sugar cane and fruits.

The Project consists of intake structure, penstock, power-station and
transmission and distribution lines. Water will pass through a 0.5 meters
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diameter penstock, 392 meters long. The power-station will be of standard
design and built of concrete. It will contain two Horizontal Axis Pelton
turbines, one installed now and the second installed later; each turbine will
be coupled *~ a generator rated at 280 KW. Power from the project will be
transmitted to the villages of Tabalosos, San Miguel, Shanac and Pinto Recodn
over 10.0 KW transmission line, 13.5 Kirs. in length.

The construction custs of the Project incl e the direc: costs of the
civil works, contractors administrative ccsts, contingencies, and profit,
national taxes, purchase and installation of equipment, of ELECTROPERU's
engineering, design, management and contingencies cos.. The estimated cost of
the project, at Augusut 1980 price levels is $793,000. Annual operation and
maintenance costs are $15,256.

A stu.,; of the potential environmental impacts of the Project shows that
there are no deletericus environmental impacts.

Thie economic analysis of the Project indicates that at a 15% discount rate,
the Project is feasible. The S=nsitivity Anslysis produced the following
results:

Sensitivity Analysis B/C Tabalosos

Price/XKWH 2.5¢ 3 ¢ 3.5¢

B/C 1.02 1.22 1.42
surplus 0% 100% 100%
Benefits

Namora Project: The Namora Project is located about three kilometers from
the village of Namora, in the Depa.tment of Cajamarca. It uses waters that
are taken from the Namora River. The Project would have an irstalled capacity
of 170 XKW and, at full production level, would rroduce about 380 MWh in an
average year.

The Project area contain an estimated 25000 families, 70 of the employed
workers ar~ lLedicated to agriculture, producing mainly pctatoes, corn and
ba. tey and raising primarily cattle and sheep.

The Project consists of intake structure, 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 Francis Horizontal Axis Turbines; each turbine will be
coupled to a generator rated at 85 KW. Power from the Project will be
transmitted to the villages of Namora and Marara over 10.0 KV trasmission line,
25 Xms. in length.
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The construction costs of the Project include the direct costs of the
civil works, contractors administrative costs, contigencies and profit,
national taxes, purchase and installation of equipment, ard ELECTROI'ERU's
enganeering, design, management and contingencies costs. The estimated cost
of the Prject, at August 1980 price levels is %421,000. Annual operation and
maintenance costs come to $9,671.

h study of the potential envivonmen 4l impacts of the Project shows that
there are no leleterious envircamerital impacts.

Eht Economic Analysis of the Froject indirared that a 15% discount rate,
the B/C ratics is 0.34. The Sensitivity Analysis produced the fcllowing
resules:

Base Casv Price / KWH Surplus Benefits
2 ¢ KWH 2.5 ¢ 3 £ (34) 200% (3¢4) 300%
0.34 0.42 0.48 0.72 0.98

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

The results from these two studies serve to underline the need to perform
reconnaissance pre-feasibiiity studies to prioritize SHPP sites, before
undertaking feasibility studies in order to reduce the probability of inappro-
priate sites b+wirg subjedtwl to more rigorous and expensive feasibility analysis.
Both the Missicn and the GTZ have recognized this need and have accordingly,
designed measures to address the problem.
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VII. ECONOMIC ANALYSIS

A. Introduction

The cfficiency of decentralized SHPP as a source of energy for
hundreds of small towns in the Feruvian highlands and Ceja de Selva is
attributed to the isolation of the towns which makes grid interconnection
unfcasible and thereby autogereration attractive, the poorly developed
road network which ircreases tne costs and decreases the reliability of
fucl supplies for diesel plants, the sharp increases in the price of oil
which makes the planned average size hydro installation lower in total
discounted costs relative to the diesel option, and the existence of an
irn-situ renewable energy resource which can be tapped by a fully developed
tecnnology. Additionally, a SHPP has a built-in check against inflation
because of the low operation and maintenance costs involved. The implementation
of hydro technology may alsc contribute increasingly to the generation
of foreiygn exchange since an equivalent average sizc diesel plant would
utilize approximately 1700 barrels/year.

The consideration noted above support the impiementation of
specific technolciy as a means of providing electrical energy. The econcmic
justification for the Project is bascd cn the cost and benefit calculations
given below on the program as a whole and on the cost effectiveness of SHFP
versus diesel, the major alternative source of electricity.

The goal of improving the quality of rural life is relatcd to an
improvement of the production capacity of rural areas. This can be accomplished
by increasing the efficiency of the productive apparatus and/or by increasing
the availability of factcrs of production. Efficient production (a resource
allocation optimization problem) is generally limited by its effective
constraint, be it labor, capital, technology or management. An adequate
supply of lcw cost, reliable and continuous energy is a necessary, though
not a sufficient, condition for efficient production, required for the
realization of the Mission's strategy in Sierra Social Programs and High Junyle
Econonmic Growth.

The remainder of this section develops the economic analysis of
the Projecct, based on benefit-cost models. The objective is to review and
analyze the cost of program implementation as well as the benrnefit stream
accruing to the provision of continuous and dependable electric power. The
Project's benefit stream is a function of the social rate alternatively of
the opportunity shadow rate for urban consumers, surplus benefits and/or
resource savinss, The economic costs of the program are defined as the stream
of values reguired to produce the hydroelectric power, which include the
following: construction and capital costs, engineering desing, technical
assistance, training, O & M, and other related costs required to keep the
plants in service and strengthen OPTA's program.



B. C(ost Eftectivenes: SHPP vs. Diesel Generation

A hypothetical cost comparison between a small hydro plant and

an equivalent 200 KW diesel |, 1ant is L. 3 on a wotential site in lLaramate.
The cost figures vsed aro from o preiieary study conducted in early 147%.
The followlrg 11 .strates dhe st aggregates for the ' wo options.

CONSTRUCTI N AND OPERATING ©  STS (200 KW CAPACITY PLANTS)

Optic~ Fired Tosts Operatiag Costs Plant T.i:. 13% 17%

Hydro $225,661 $ 3,385 30 years $251,034 $245,393

Diesel S 44,000 $43,922¢ 20 year: $352,639 $291,262
Fixed costs for the hydro option inciude civil works, j..stock,

electro-mechanical equipment, 10% for engineering and administration and

10% for contingencies; operating costs .nclude opera*ing and maintenance costs.
Fixed costs for the liesel option include the diesel motor and civil works;
ojnrating costs (assuming 3,(° : hrs/yr. of operal :n, or a total annual

energy production of 600,000 «#h) include diesel fuel, transport, lubricants,
maintenance and operation. In tevms of cost components, a dicsel installation
has lower investmen® costs and higher opcrating costs relstive to an equal
capacity hydro irstallation. 1In order to compare the costz of each altornative,
the present discounted co:t of ¢ach was calculata2d utilizing discount rates

of 13%, 17% (see last two columns above). This analysis indicates that the
most economic option is the hydro installation. The hydro option becomes

even more attractive when the useful life of the two options is considered.
Since benefits to be gained are presumal.ly not affected b,y the kind of
generator used, we can conclude that tlL. hydro opticn is preferred over diesel.

C. Benciits and Costs

SHPPs are intended to serve both cconomic and svcial aims.
In evaluating the economics of the Project, it will 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 includes only
the types of bencfits that arc readily quantifiable. The nor-quantifiable
benefits will be assessed at a later stage.

The minimum amount of bhenefits related 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 alternatives.
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¢) Electricity makes possible new and extra activities.

As such, total benefits equals the amount paid for the consumer
for electrical inputs plus surplus benefits. Surplus benefits consist of
one or more of the following:

a) Cost savings relat:ve to the alternative source of energy.
b) The value of difference in mquality.

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

Based on this approach, the total economic benefits of each
project will be equal to gross power sales, plus the surplus benefit
associated with:

- residential, commercial and public 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 clectric light (sce Cost Savings Analysis), it is
reasonable 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 benefit 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 Lighting Cost Savings Analysis:

Illumination Factor 1/ : 1 KWH - 2.08 liters of kerosene
Cost of fuel (kerosene) : 2 ¢ per liter
HH lighting/HH electric consumption : 0.60
Average yearly usage per HH : 555 KwH
HH lighting factor : 555 x 0.60 = 333 KwWH
or : 333 x 2.08 = 692 liters
Summary: annual fuel costs $13.84

capital costs (annualized) $12.60

replacement and parts $10.00

sub-total $36.44

lighting costs: 333 x .025 $ B8.32

housewiring (annualized) $12.13

replacements $ 5.00

sub-total $25.45

Net Cost Savings $10.99

1/ Source: KRECA-1PD, Wasningtcn, .C.
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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 lighting associated with the
use of electricity represents part of the surplus benefit. Although
this surplus benefit is difficult to quantify, the additional lighting
hours and higher degree of illumination represent an improvement in the
stardard of living of the rural househclds. In most casecs this also
implies that school age children will read with more comfort and for
longer hours (i.e. surplus benefits as a result of education). For some
households this will also mean extra workinu hours, and hence more income
from handicrafts, repairshops and other ,.oductive activities (i.e. surplus
benefits as a result of increased "ami.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
iikely 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 Evaluation

The economic evaluation includes the economic benefits associated
with both power sales and assumed surplus benefits; costs uved 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 benefits and costs of the
program are discounted to give the present values. The benefit and cosc
streams are calculated over a 25 year period. Twenty-five years is used as
a conservative estimate for the purposes of this analysis, experience
indicetes 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. Toctal operating and maintenance costs
(O & M) will be equivalent to 1.5% of total capital investments per annum
during the operating 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 benefits
will be measured at 100% the value of revenue to be collected from power sales.

Based on the assumptions discussed in the preceeding pajes of the
Section and the data summarized in Table 32, Table 28 indicates the estimated
annual benefits 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 Table 31 presents the results of the benefit cost calculations.

The rate schedulc will be simple, so that cxplanation to the

consumer will be easy. A minimum bill (i.e. 46 KWH/month) per household will
be recommended. Currently, ELECTROEERU delegates all billing and collection

to its regional offices.

Meters for residential connection are not inciuded in the costs of
the program because of the high costs of each unit(approx. $120) compared to
the per capita cost of the whole program ($5%); instead "limitadures® or low
camp fuses will be installed in each houseliold and commercial unit, thus



TABLE 28

ESTIMATED ANNUAL BENEFITS

(In thousands of §$)
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Energy Surplus Total P.W,
Year SAles Benefits Benefits 15%
1 - - - -
2 - - -
3 168 168 336 221
4 356 356 712 407
5 544 544 1088 541
6 648 648 1296 560
7 726 726 1452 546
8 813 813 1624 532
9 910 910 1820 517
10 1019 1010 2020 499
1M 1019 1019 2038 438
12 101¢ 1019 2038 381
13 1019 1019 2038 324
14 1019 1019 2038 287
15 1019 1019 2038 255
16 1019 1019 2038 218
17 1019 ‘N19 2038 190
18 1019 1719 2038 165
19 1019 1019 2038 143
20 1019 1019 2028 124
21 1019 1019 2038 108
22 1019 1019 2038 94
23 1019 1019 2038 82
24 1019 1019 2038 n
25 1019 1019 2038 61

*

Total P.W. Benefits: 6,764



TABLE 29 _
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SHADOW RETAIL RATE BENEFITS

(In thousands of §)

Energy Surplus Total P.W.—
Year Sales Benefits Benefits 15%
1 - - - -
2 - - - -
3 210 210 420 276
4 445 495 890 509
5 680 680 1360 676
6 810 810 1620 700
7 907 907 1814 682
8 1015 1015 2030 664
9 1137 1137 2274 646
10 1273 1273 2546 629
1 1425 1425 2856 613
12 1596 1596 3192 598
13 1596 1596 3192 536
14 1596 1596 3192 450
15 1596 1596 3192 399
16 1596 1596 3192 334
17 1596 1596 3192 292
18 1596 1596 3192 259
19 1596 1596 3192 223
20 1596 1596 3192 195
21 1596 1596 3192 169
22 1596 1596 3192 147
23 1596 1596 3192 128
24 1596 1596 3192 112
25 1596 1596 3192 96

1/ Total P.W. Shadow Benefits: 9,345



3/

ABLE 3

4
EZTIMATED ANNUAL COSTS —

{In thousands 3)

1/

YEAR _CAPITAL COSTS= COUNTERPART COSTS— TOTAL COSTS P.W.(15%)
1 590 400 990 861
2 2560 750 3310 2502
3 3060 1445 4505 2964
4 2060 10660 3120 1785
5 1030 745 1775 882
6 - - - -
7 - - - -
L[]

”n

”"

25

1/ Includes O&M costs

Total P.W. costs: 8,994

301 of Grant funds are attributed as direct cost to the sub-projects financed

by the loan.

These figures are derived from Table 7.
Costs which are bascd on actual costs of a 200 XWH plant, just completed by

ELECTROPERU. Since costs/KWH declines as plants become longer this represents
a conservative estimate of

costs.

— SL -
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TABRLE 31 TRR  CALCULATION
YEAR Total Total Net Annual P.W. P. W,
_____ Costs Benefits _Benefits _18% 7%
1 1200 - (1200) (1016) (1026)
2 3450 -- (3450) (2477) (2522)
3 4645 445 (4200) (2558) (2642)
4 3260 918 (2342) (1208) {1250)
5 1860 1417 (443 (194 { 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
1 3022 3022 489 538
12 3384 3384 464 514
13 3598 3598 418 468
14 3838 3838 378 426
15 4307 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 6l 19 96 120
Net: ( 463) 124

IRR = 17.21%
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increasing the probability of a large percentage of hook-ups. 1/

As the system matures, increasing average consumption and
diversifying trade, farming and other productive activities in the area,
there will be a need to review the tariff and its relevance to an improved
consumer classification.

Technical Data

Average Plant Size: 300 KW

Estimated Annual Energy

Generation per Plant: 1,050,000 Kwh

Average Cost per Plant: $400, 000

Total No. of Plants 28

Estcimated Installed Capaci.y INC. CUM.
8 Plants at end of Year 2 2,400 Kw 2,400 Kw
16 Plants at end of Year 3 2,400 Kw 4,800 Kw

24 Plants at end of Year 4 2,400 Kw 7,200 Kw
29 Plants at end »f Year 5 1,200 Kw 8,400 kw

Estimated Annual Enérgy Generation (At 40% load factor)

Year

3 8,400.000 Kwh
4 16,800.600 ¥wh
5 25,200,000 Kwh
6 29,400.000 Kwh

SOURCE: PFS Methodclogy NRECHh-ALD, Lima 198C

Shadow Pricing:g/Benefit/cost ratios are calculated using the
2 ¢ per Kwh social (stb»sidized) rate and 2.5 ¢ per Kwh shadow rate (the rate
for urban households) representing the market or real price for Kwh. The
economic analysis utilizing the shadow rate glves a better approximatior of
the returns generated by the program, from a national perspective.

Results of Table 31 Benefit Costs Analysis:

a) 0.75 at 2 ¢ pe. 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 program along with O & M costs. (See Financial Analysis).

1/ For the discussion of £E5~EQuity advantages of flat metered charges,
see AID J. Tendler's paper.

g/ Following the completion of this analysis the Peruvian government increased
the electrical tariff such that 2.5 ¢ Kwh shadow price is approximately
equal to the actual price. A real shadow price would be in the range of
3.5 - 4¢ Kwh,
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Under alternative b (B/C = 1.04) the program can be considered economically
feasible.

E. Section 611 (F) Compliance

Section 1) ot the Yoreign Assistance end Related Programs
Appropriations Act, 1979, requires that A.I.D. apply to certain water and
related land resource construction projects that it supperts, the standards
and criteria used in determining the feasibility of similar, federally
funded projects in the United States. Section 611(b) of the FAA, as amended,
requires the application, insofar as practicable of the Principles and
Standards (1973) of the Water Resources Council.

The Mizosion will ensure that these requiremencs are met in
substance. The cost-benefit analyses to be prepared for all sub-projects
which involve contruction will show discounted total benefits greater
than discounted total costs. The form and result of these analyses will
constitute accomplishment of the substantive economic analysis requirements
of Section G11(b). In addition, the two fcasibility studies perforrsd as
part of the 1ntensive review demonstrate FLECTROPERU's capabillity to use
the sub-project methodology incorperated in this PI'. Environmental considerations
in project concept and general design have boeen addressed in the Initial
Environnental Examination and wiil be fully integrated in the detailed
planning and implementation of sub-project construction activities. This
will constitute f0lf01lment o1 the substance of the environmental concerns

portion of trin: i les and Standards.

The Mission concludes that adherence to the sub-project analysis
methodology will ensure that the principles enbodied in the applicable
legislation will he met for each sub-jproject.

TARBLE 12

DATA  SUMMARY

1. Total Costs (1n<luding Grant) $14,400.000
2. % of GOP Contribution N
3. % of AID total funding 69
4. No. of potential bencticliaries 265,000
5. No. of estimated HH connections 53,000
6. Per capita cnsts of the Program $ 55
7. No. of “urP's 28
8. Estimated installed capacity 8,400 KW
9. Estimated annual gencration 29,400,000 Kwh
10. Cost per KW of installed capacity $1,723
11. Average HH consumption per vyear 555 KWh
12. Average cost per Pre-feasibility Study $2,500
(B0 sites)
13. Average cost per Feasibility Study $14,286

(Approx. 35 sites)
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VIII SOCIAL ANALYSIS

This Charter presents some elements for the discermment of the
social impacts of electrification by the SHPP Program,

a) An overview of the spatial distribution of Peru's
population.

b) A description ol rural energy consumption pattern,
c) An assessment of the impact of:

1) household use of electricity

ii) rublic use of electricity

iii) the role of wanen

d) General considerations for the pranotion of the productive
uses of electricity in the service communities,

A. Spatial Distribution of the Population of Peru

The population of Feru is irregulasly distributed throughout
the territory, with a strork migratory flux toward
the cities of greater economic ¢rowth located cn the Coastal region,
(Tables33 and 34).

The unchecked growth of cities causcs the unicalanced develop—
ment of the terciary sector and the under-—utilization of aman resources,
reflected in low incomes in the urban sector., One of the immediate
effects of the pauperization of the cities is the overcrowd:ng of
marginal population around cities=which offer yublic scrvices in the
areas of health, schools, housing, elecctricity, potable water and
drainagye facilities. These services are available to a minimal
proporticn of the rural population,

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

B. Rural Energy ~onsumption Patteims

According to the results of the Project "Balance Nacional de
Energia energy consumption in the rural areas is in traditional fuels
such as firewood, dung, and agricultural waste, <oal utilization is on
the decline, Commercial fuels such as kerosene and liquified natural
gas are in greater demand, particularly for cooking purposes. (See
Table 35 ),

"o

Traditional enerqgy supply and demani patterns are frequently
integrated into camplicated agricultural and socio—econamic systens,

1/ Ministerio de Energia y Minas - Programa de Naciones Unidas para
el Desarrollo, Lima, 1973.
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In many agrarian ecosystems, almost no agricultural product is wasted
(not being put to some productive use) and fuel is produced either
jointly or as an altermative to other valid outputs, In the transition
fram traditional to modern land tenure systems, fuel~collection rights
are sametimes lost, ruel gathering is typically wuanen®s work, and
women are generally respongibile-tor using it in cowking,

Py aveas O tlee Poeruvian Juiepde, poooots are laedng
depleted das a rosult of lasd=clearing for egriculitiiral purposes,  This
can lead not only to the use of dung and crop reziducs to meet basic
energy needs, but also to shortajes of wood for cthoer essential purposes
(eege housing). In some areas of the high jwwile, potential environ=
mental damaqg.s of this rature canpromisc the zoil and water resources on
which future food prodiction depoends,

Frel gathoring is aa lwportant contributor to i “orestation,
but clearing of land for agricultur.dl purposcs and anlmal grazing are
at least as important, Whatever the causcs, deforcvstat.on forces the
rural population to spersd as much as  dD. of its time and/or
income obtaining fucl for cookiiw,. (Hughart, pe e

Fucl scarcity can affect agricultural productivity by forcing
people to stop using animal dunyg and crop residues s fertilizers and
soil conditioners In some areas this is yet of mainor importance, (i.ee.
in the Ceja de Selva) while in areas where the soil is poor it reduces

productivity markcdly. {ievs the Sicrral,

The magnitudes of these envivommw: tal costs is not known with
any precision, but we do krow that they ar. serions and that the
increasing jressure of population on resousces will prevent the
continuation of centurics—old fuel gathering and usage practices. At
the current rate of deforestation, the tropical forests of developing
countries, :w~hich now cover half of tholr aggregate land areas), would
disappear in «bot o0 years,  (Hwghart, (o S=0),

C. Assessment of the Impact of Eloctrification by PP

The SHPP program attempts to bring clectricity to isolated
rural cormunitics in the countxry, The ALD sponsored progyram is concentrated
in the departments of Junin, Cajamarca (Sicrra) and 3an Martin (Ceja de
Selva).

The SHPP program recognizes the fact that the lack of a reliable
and inexpensive energy source is a deterrent to the development of the
productive capacity of the population, and fulfill. the needs for energy
of & increasing populaticn in a context of rising international oil
prices,

Prujects and programs to designed the supply of and decrease
the demand for woodfuels (firewood and cnarcoal) are especially
important in the movatainous catchment areas of agriculturally important
river basins (like the Ceja de Selva) and in arid and semi-arid zones.
(i.eq the _S_.Ba_x_‘zg).
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An energy source that permits the utilization of
modern technology at low monetary and envirommental cost is necessary
to upgrade productivity and living standards of the rural population.
Hence, the SHPP program is cxpected to have an impact aon practically
every facet of the lives of the weneficiaries,

Even though olectricity is not a need in itsel', population
growth ard moderidcation virtually requive  the use of clectriciey and
mechanical awwcrygy.

Provious rural elacorification exjerience has shown that its
first impact is in the substituticn of kerosenc and canales for clectric
light, Electric lighting iz more cfficient, of swxorior quality, less
expensive an! hasz no pollution effects on smull cnclosed rooes,
especially curing the cold season, Better lighting provides more hours
in the day for working ari studying. This is truce tor both private
and yublic uses,

tut clectricity 1. mere than light bulbs. Electricity
provides the Ligh quality cuerygy source necessary to power machines, It

facilitates the introduction of the technologies that upc rade
output in cuality and quantity in less production time,
i) Productive Uses of Blectric ity

In the rural areas of Periy, egrioulture is the main
economic activity ob almost altoof the peopulation.  Land scarcity,
anticuated means of production and a high rate o population growth

in a context of unfavorable rural/urban income Jdistribution
place the campesino in a situation of ecndemic poverty. This situation
necakitatcs teonnical innovatlon to lmprove on=iayl productivity and
off=farm cmployment creation i order to sy rove o standards of

livine of the rural popolat ton oand stem rural o ox osiue

On=farm irrvigation ~xtends the farmisng scason and also
allows for intensification of farmding jpractices to such crops as
vegetables. Electricity can be used te power irrigation pumps at a
lower cost than thermal ojcrated plants. Mills and grinders can prepare
animal fool., Poultry farms an be 1lluninate | arct heatel with
electricity., Perishables can be stored in refrigorated chembers,

On those famus where animal ana agricultural weste is
being used for hcating and cooking, electrical appliances could allow
them to be reallocated to fertilre the soill. Where the vegetative
cover is depleted in search tor fuelwoods, ncw cooklng, fuels would
reduce danger of soil crosion,

The possibility of milk refrigeration and processing
plants in the community increase the farmer's possible sources of incame
and jobs, and, potentially increase animal protein consumption in the
cammunity.



Non-agricultural productive uses of clectricity providc
farmers with an ¢lternative to farming and lowers
their dependence on fluctuating market prices, "hey do require var, ing
degrves of skills and avallability of financing the operation and purchase of
appropriate machinery |

The: introduction of machinery will facilitate the
initiation of agroindustrial activities (veg. saw mills, camreries,
mills and <ilos, meat procvessing, frult prescrving),

Small buciness dovelopmert would be ono wrajed through
longer opxerating hours and clectrical equipment ifoi bakeries, retail

and wholesale shops, ice making, gas pwnps, brick mokin: and others.

The work and productivity of tradeonen {(Jike luauber-
jacks, varpent.rs, welders, wmechanics, clectraoiens, veovers, scams
stresses, tallors, showmakers, leather tenners, butohers) will be
improved with the utilization of electric tools. Their worl, will also
become less stronuous,

liotels, rostaurents, market kitchens will benefit from
higher quality lighting.

A training canponent
must be integrated to thz SHPP Program to advice the comnmun:ty on how to
use their resources, provide pertinent information on approjriate
technology marketing, distribution and financing possibilities for the
implementetion of the community's projects,

ii) Housohol 1 otse of Blectrioity

couSenolos actiaivatles sooount Cor Ui largugt share of
the damand fo: traditional chiergy in rual alvas.  Initially electricity
will be uscd to substitute kerosenc and candles, wainly for lighting
purposes. Lighting augments che time .nd nature or activities tlat can
be perfcrmed in the houschold, ¢e3e. reading {or cducational and
entertaiment purposcs, -dd food and textiles production for household
consumption and incame gencration,

Electricity also allows thic substitution of traditional
technologies for el=cirical appliances whaich save time and ciforti in
the performauce of damestic duties, The chict use of cnerygy at the
basic needs level is for cooking (including the boiling of water,
baking and brewing or beverages). Local and regional problems in the
supply of traditional cooking fuels(firewood, dung, crop residues,
charcoal) as explained above have increased their cost in time and
cash far Peru's rural population.
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iii) Public Uses of Elcctricit,

The availability of electricity in the community will
improve the living standard of the whole population, Zlectricity
not only allows longer operating hours to public services but permi-:s
the electrificatioi: of storage, pumping, cooking devices at lower
monetary and envirouwntal cost,

zeheols

The upgrading of lighting and lenjthening of school's
operatina hours extend the reach of education facilities, The avail-~
ability of clectricity lighting improves conditions for the provision of
evenin, classcw. These are more accesible to comunity Lwembers who are
occupied during the day. Hence, evening classes can be nrganized to
impart formal or non=formal education for adult literacy classes,
awareness cources in health, nutritional education, child care, and
training in arts and crafts, '

Health

Longer operatang hours, improve the accessibility and
effe_tivencss of health posts. The installation of electrical cquipment
such as refrigerators lengthern the life and effectiveness of many

AEi

medications (ce.y. antiorfdicos).

Morkets and Other Cammunity centers

Markceting racilities would be upgraded through lighting,
as weil as througn the providon of electricity for cutting, storing, and
refrigeration of perishables for butchers, dairy farmers, restaurants,

etc.

The use of Community Centers, diners, store rooms, assembly
halls, become more attractive with better lighting,

Public Lighting

The lighting of public places (parks, roads, streets) de=
creases the danger of accidents for pedestrians and drivers,

iural Exodus

1n addition, the attaimment of improved living standards
will not only stem rural exodus but attract.somg emigrants béck tp the
rural cammnity. This will alleviate crowding in urban housing aind .
transportation, and return skilled and unskilled labor to the countryside.

iv) The Role of Women

women in rural Peru assume and perform an jmportanF role
in production and marketing. As household organizgrs, they determine
the disposal of cash incame (particularly in the Sierra where male
migration is widespread), process the food, and perform th. domestic
chores,
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As agricultural producers, a woman's contribution to the
family's agricultural labor (e.g. sowing, harvesting) in the Department
of San Martin is 60% that of the male head cf houselinld. She must also
perform the domestic tasks (v.q. processing agricultural products) and
prepare the mid-day meal in the field. In addition, whe carries excess

producce to local markets within the region., 1/

Electricitv 1n the household will improve women's working
conditions. They will be able to perform their domestic duties in an
improved environment. If electric appliances are acquired, women will
be able to make thelr tasks less burdensome. The utilization of time--
saving devices will permit women to undertake and explore new activities
(income gencrating, child development, training, r..ucation, lelsure).

By jrocessing foods wonen augment the value of their
production, and ¢an increase thelr income by marketing it.

Through the provision of credit and technical assistance
women will contribute to the community's productive use of electricity.

1/ According to information on women in Tarapoto. AID P.P. Peru-
Development of Sub-Tropical Lands, Ja. 31, 1378, p. 56.
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Table 33

DISTRIBUTION OF THE POPJLATION

(Census of 1940, 1961 and 1972)

POPULATION PERCENTAGE
YEAR
TOTAL URBAN RURAL TOTAL URB. RURAL
1972 13*538,208 8'058.495 5'47¢,713 100 59.6 40,4
196l 9' 906, 746 4'698,178 5'208,568 100 47.4 52.5
1940 6'207,967 2'197.133 4°'010,834 lo0 35.4 64.6

SOURCE:

Censos Nacionales de pPoblacibn 1940, LU6l, y 1972

Oficina Nacional de Estadisticas (ONE)



Table 34

DISTRIBUTION OF THE URBAN POPULATION ACCORDING

TO SIZE OF CITIES

SI1IZE NUMBER OF CITIES

(THOUSANDS INHABITANTS)

PERCE™TAGE OF CITIES

1340 1461 1972 1940 1961 1972
Less than 2 47
2 = 2,5 75 1.2
176 242 45,6 29,2
2.5 = 5,0 126 3.2
5 = 20 110 311 7.8 23,1
20 = 100 1 23 27 23,2 21.5 14.0
100 - 1000 1 2 8 31.2 6.6 19.0
More than 1000 - 1 1 - 42,6 43,0

SOURCE: ©OIicina Nacional de Estadistica {ONE)

...98—
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Table 35

RURAL POPULATICN COOKING FUELS CGHSUMPTION

RURAL POPULATION

Canmercial Fuels:

Electricity
0il

Kerosene

Gas

Non specified*

SUB~TOTAL

Non=Commercial

Charcoal
Firewcod
Dung and
Agricultuvral

Waste

SUB~TOTAL

196 1972

POPULATION % POPULATION %
6,659 0,1 7,873 0.1

3,577 - - -
354,858 7.0 434,473 8.0
4,582 - 23,866 0.4
116,802 2.3 9,497 0,2
486,478 9,5 475,709 8,9
46,161 0.9 - -
3'732,183  73.2 4'089,419 75.3
834,857  16.4 868,494 16,0
4'613,80L 90,5 41957, 913 91,2

* Includes dwellings without stoves

SOURCE:

Balance Nacional de Energia
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X ENVIRONMENTAL ANALYSIS

The development of SHPP's will have different envirommental
implications for tha two slpes of the country: the Pacific dry ¢nd
the Atlantic wet,

“The Atlantic slope is generally wetter as a wore vniform raiafall
distribution., It is sparsely popul:ted; in many Jlaces co.ctization is
only beginning *o occur whereas in others vast lowland areas are - till
entirely uninhabited, rhe general envirommental ccncerns of this
porticn of the country leal with the direction and quality of the
colonization process into the hinterland as well as the correct
intensification of agricalture in the fertile intermontane valleysi,

To the degree that SHPP's are used te fortify the effort t:- establish
stable and productive rural enterprises that will be conservative. of the
resource base, the environmental objectiva2s of this Project will be met,
Where SHPP's are put in areas of spontanr:ous colonization, where little
or no control is exercised over proper resource use and managemert, and
where land use capabilities are generally marginal, they will b¢ doing
a disfavor to tre maintenance of environmental cuality.

The dry Pacific slope is generally drier and characterizec. by a
having a mor: murked wet~-dry season, Where agriculture can occir it
normally is dep:sndant upon the use of irrigation. Since this portion of
the country is in essence entirely developed, the problem is not one of
directing land development, but rather tre intensive use of the better
agricultural lands to take pressure off the more marginal hilly uplands,

To the degree that SHPP's promote the intensirfication o’ rural
industries and enterprises and improve the lot of small farme :s without
entering into conflict with more hasic water supplies, they will be
doing a service to rural developnent and at the same time pr amoting a
better overall envirommental gquality.

The small hydroelectric power plant project will have several
important benefits directly relatable to the enviromment., It will
encourage the organization and advancement of the hydrometeorological
data collection service of Peru, which is actually very deficient, The
Project will permit ELECTROFERU to incorporate natural rcsource
professionals into its organizational structure under OPIA, thereby
giving them an envirommental analysis capability. Spin Off effect
will undoubtedly occur producing a more generalized envirormmental
education benefit throughout other parts of the organization, perhaps
even to the large scale hydropower projects divisiorn: where currently
envirommental considerations aren't being adequately incorporated into
the planning and development of works.,

Finally, the rural populations affected by the SHPP's will receive
same envirommental education and technical training and will have the
opportunity to manage and
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The direct, envirammental impacts of construction and operation of
SHPP facilities funded by this program are expected to be relatively
minor. Most SHPP's will be constructed on different streams, in widely
scattered locations, and ther-fore will probably have no significant
additive effcct 1f each facility is found to be cuvirommentally
acceptable, 1f two ox nmore oHPP racilitics are to ie developed on the
pecial ornsilderation should ro given to the possibility

L
of siynificant adverse envivomme ntal Impacts,

same: stream,

Of greater significance 1o aguatic resources in the project area
are indirect cifects arising fros the provision of electricity, FRegional
developments following electrification could include increases in the
human population (either by proEm j immigration or stesmning emigration),
agricultural (irrigetion) activitics, livestock production, aid
industries, any of which could have ipgcrtunt consedquences Lo the water

and land usc patterns in the reg « wipulation increases in the regions
served Ly 5HEPP electricity will create a greater demand for potable
and,/or jrrigation water and water trceatment. Srsll commmnities that
presently have no drinking or waste water treatment facilities may
encounter ilcreasing problems with waterborne diseases as the population
increasces the ability of the envirorment to assimilate thelr wastes
decreascs, Simiiaorly, increased need for irrication water or food
fishes mey ocowr s an jndirect result of rural eloctrification, and may
add unacoeptabl. stresses to limited rosources, It is of yreat
importance that ditferent programs which effcct land and water resources
within a region be coordinated so that paresent on projected additive
impacts can be identified and mitigatcd at an early stage in the
planning process, See Annex I Exhibit I for a revised IEE,
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X IMPLEMENTALT ION PLAN

A, Implementatiom Arrangements

The Project will be implemeated over a five year period. The
Loan Agreement will e sioned by September 25, 1980, It is anticipated loan
that the onditior: i B owr il b mer thaee mon hs after signing the/agreement
and ELECTLOPERU will Ixojisn woo k o dcdentifyving a consultent firm to

The: role of U in b ot amplemnentation will be cne of
close coordination witd the CUPTA project managencit,
assisting the GO .n procurement and
contracting activities ard contyactiryg Dr the final Project evaluation,

Monitorim: will be excercized by a USAID roject Committee
with the following reszponsibilities:

1. Iroject Manasensnt, The Project Maaager for the Proect
will be assijgned fram the #isgion's Capital Development Division of the
Development e sources Office, The Project Manager will work closely
with the OPIA Project Manager ard the technical assistance cantract
team to snsure that provisions of the ALD Project Agreement and
Implementation letters are met, A menbwr of the Mission's Engineering
Office will work closely with the AID Project Manajer during Project
implementation,

Je Joiut Armual keviews, Joint annual reviews will be an
cssential feature of Project implementation., The reviews to be under=
taken by AID and the GOP, will be carried out on three levels: a) an
assessment of aygregate consequences over time; 1) a review of the
administrative structure and functioning of the small hydroclectric
program; and <) an cvaluation of the impact of the nydroclectric
program on Iroject beneficiaries,

3. The Evaluation Officer from the Program Office will

coordinate the annual evaluations.
4, The Mission Controller will review disbursement/reimbursee
ment rocquests for cotormity with A,1.D. regulations and will cnsure

that adequate financial controls are foliowed,

5. Additional mission offices, such as the Executive Office
and RLA;, will be cailed upon as appropriate,

B. Re Eort_:_' g

The following reports will be required to assist the Mission
in monitorina the Project:

1. A quarterly report fram OPTA on activities and counterpart
expenditures completed and projections of activities and counterpart
expenditures for the next quarter,
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2. OPTA will develop an annual implementation plan which will
include a projection of project activities fox the caming year in addition
to an annual operating budget which wilil include inter-alia GOP counter=
part allocation and A,I.D. local currency redulrements,

3., An annual report from the consultant group on activities
campleted during the year and a pr oposed plan of acrtivities for the
caning yecar,. Inocluied dn e alwwal 1eport will Lo an asszessment of the
institutional status of snall hydrocled 12 1o Droyram.

C, Disbursemert Frocedures

tio deviation from &,1.0, established disbursement procedures
is anticipat.d, Materials and eguipment procured in the United States
or other Code 941 coumtries will be paid through A.T.D.'s standard
letter of comumitment/lLetter of credit procedure. Requests to open
letters of camdtment will contain appropriate certification that the
items listed are recuired for the Project znd are eligible for financing
under tieo loan or grant., Disbursement for local currency costs will
likewise be made in an established marncer with OPTA,

Schedule of Major bvenbs

Loan Agreement signed 9/80
CPS met . 1/81
Contracting for tecimical assistance 3/81
Long term advisor and cconomi st

5/81
Hiring local personnel 1/81
Prefeasibility stuly cuamponent beyins 2/81
Feasibility study camponent begins on four
sub~projects 6/81
Procurement specialist arrival 9/81
Construction accivities begin on four sub-
projects 10/81
Praomotion campaiyn hbenuis 10/81
Armual Evaluation 1/82
Maintenance program begins 10/02
Annual Evaluation 1/83
Annual Evaluation 1/84
Final impact evaluation 7/85
PACD-all Iroject activities completed 9/85

D, Procurement Procedures

ELECTROPERU will be the action agent for all procurement under
the Project. FProcurcment 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 projectsit has previoug=
ly implemented., Procurement of all goods and services will follow AID
requlations 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

of specifications for goods and services to be procured under the Project.
OPTA will utilize ELECTROPERU's procurement office to do all prozurement.
ELECTROPERU's procurement office has approximately 10 years of experience in
the procurement for projects ranging from the mini hydro size to

$200 million projects. FIEACTROPFED will receive procurement assistance
{grant-funded) starting as soon os the first set of feasibility studies

are completed.

For the AID grant-funded technical assistance, host country contracts
are envisioned. ELECTROPERU has both the capability and experience to
develop, negotiate and implement host country contracts. An estimated 102
person/munths of U.S. hosrt and long-term technical assistance is envisioned

for the Project.

E. Egaluatjon Plan

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

1. Yearly (Output Level) Progress Evaluations

OPTA and AID will hold a yearly progress evaluation in January
of each year starting in 1982. OPTA's progress report for the preceeding
quarter will be cxpanded to include an overall review of progress in imple-
menting the Project. This report will scrve a= the basis for discussing the
of AID and
GOP inputs; OPTA contractind nrocedar e and ALl appreval processes; and, in
output achicvements.,

targets for output achievement vs. actual performance, timeliness

general, any implementation problens that are attouting

In the later vears of the project,tiwsce annual cvaluations will monitor
Y Proj s

OPTA's institutional capability to coLicinue to extend

improvement 1in
electrical service to rural areas as well as the completion of physical

project outputs.
2. Impact Evaluafion

a. state of the Art

The state of the art of impact evaluations of rural
electrification programs was dJdealt with in some detail in a recent AID
financed evaluation of NRECA activities.1/ That report distinguishes between
Type I impact studres, which attempt ro establish causality between rural
electrification and evolopment objectives, and Type 11 impact studies which

can be, "uzed to provide evidonos ofoany positive cnandges amond the target

net mecessarily attributable to the

population which colncide with, but are
t carvied out to

introduction of rural clectvification vrograms’ . impact studies
teristics-negative

date have been Type [0 <ty dies.  As wuch they chare tns charad
and positive - noted on page ;T of DRI's reportctoo ity g rovide )t measare
et ol for cost/benefit

of the maqnitwics or levels of benefit and littly g«
unalysis; (but are sufficient to) sugiost to roaoonable men that rural clectri-
'

fication...(has)..positive benefits”.

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

1/ Development Alternatives, Inc. An LCvaluation of the Prcgram
rerformance of the International Program Divisia:of NRECA.
Prepared under Contract No. AID/otr-c-1383, January, 1977.
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b. Impact Evaluation Strategy

1t is diffioult, if not impossible, to try to design
an evaluation strategy that will provide answers within the project
implementation period to a lbuoad range of guestions about the impact
of rural electrification and the cowsar diiks between 1t wel increased

incames and el ledr Lok oof Adb Ve tarop t o rongg . s, Db Puivled e

search may bx daorc apasopaiste §ou o bhed analyalng possible causal
1inks betweon iUl i eloobritle ation and feessossd Llyth rats, improved

health, and rising ihcomes (OF savihgs rrom current o xpenditure levels).

Accordingly, the project evalaation strategy will
focus on & more timited ubjective: documenting and analysing the rate
of adoption of electricity for productive purposes by low income rural
residents and assessing the direct impact strategy,

ce Impact Evaluation Plan

Shortly after signature of the loan agreement, USAID
will request from DSE the services of an =valuation speclalist, to
design an evaluation methodology for implementing the strategy,
collection instruments and a data collection and storage processs  The
data collecti o process will be desiogned to fit into oPA’s no mal
operations to the mazimum Jdegree possibile dn ooader to minimize data
collection «osts, The evaluation specialist will train local personnel
in the data c¢cllection procedures adopted,

CETA will use its funds to tinaoce Local costs
attendant to yathering baseline data swh as incuw., present productive
activitiss (farming, cobtage industrics, sorvicos e tor ocoupations)
production volume and processes, and intention @oalopt clectrification
in the productive processes, As these data will lwe collected through-
out the life of the project, the cammunities surveyel will have had
electricity for from one to tour years., The evaluation design will
match these users against families that don't desire clectricity and
those who live in villages that will not be olectyified under the
program for controel purposes, Comparisons alse will be made with
families whio were OPTA customers before the project began,

Near the end of the project, AIL will request the
services of a firm specialized in evaluation to carry out the impact
evaluation, This contract will involve a samplc survey of users for
varying periods of time, analysis of the data and preparation of the
evaluation report,
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ANNEX I
Exhlblt A

CERTIFICATION PURSUANT TO SECTION 6:1(e) OF

THE FOREIGN ASSISTANCE ACT OF 1961, A3 AMENDED

1, Leonard Yaeqgor, the principal officer of the Agency

for International Development in bteru, having taken into
account among other factors the maintenance and utilization
of projects in Feru previously financed or assisted by the
United States, Jdo heroby certify thaco in my Judgment Feru
has both the financial capability and the human rnOurces
capability to effectively maintain and utailize the capital
assistance jroject: umall dydroeleciric Cnove Topoment .

This judgment is bascd upon the implementoticn rocord of

the previous projects implemented in Peru, and the guality
of the planning which has gone into this new project.

S

“Leon d Yaegzé/
Director, USAID/

pate: September 4, 1980
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SAINO  Li 1CS Litl, CUDADANOS”

MINISHRIS DI ICOMMIA | YINANIAS
Lima, 04 <21 108n

of1c10 N/ 49-0-EF/75. 02

Sefior

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 consideracidn una solicitud para el financiamiento parcial
del Proyecto que hemos denominado " Desarrollo de Mini-Centrales Hi-
droeléctricas", mediante un préstamo de US$ 9'000, 000.00 y una dona-
cidén de USS 1'000,000.00. El valor total de! Proyecto a:cciende a -
USS$ 14'400,000.00 por lo que el Gobierns Peruano participard con fon
dos de contrapartida con la cantidad de US$ 4'400,000.01 o sea con el
31% del valor total del Proyecto. En lo que respecta al préstomo, con-
sideramas que éste debe ser a largo plazo (minimo de 25 afos con 10 afos
de gracia) y con términos concesionales (2% de interés para el periodo
de gracia y 3% durante e! pago del principal).

En cuanto al contenido del Froyecto, debo sedalar -
que contempla lo construccién de aproximadamente 28 plantas hidro-eléc
tricas ubicadas principalmente en los Departamentos de San Martin, Junin
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 esfima que
alrededor de 53,000 familias serdn beneficiarios directns del Proyecto
a un costo de US$ 55.00 por beneficiario. Como Agencia Ejecutora se
ré designada ELECTROPERU, institucién que cuenta con la responsobnh
dad y la capacidad para Ilevar adelente el Proyecto con la debida dili-
gencia y eficiencia.

El Gobiemo del Peri considera de primordial impor-

tancia la ejecucién del Proyecto propuesto, el que constituye una alter-
nativa optima a las fuentes convencionales de generacién de energia -

V4
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eléctrica. El proyecto contribuird al desarrollo socio-econémico
de las Greas rurales que se beneficiarian con la ejecucién del -
mism>. Por lo tanto, solicitaria por su intermedio  presentar a
consideracién de la Agencia para el Desarrollo Internacional --
la aprobacién del financiomiento pora el proyecto ® Desarrollo -
de Mini~-Centrales Hidroeléctricas” .

Al anticiparle nuestro amplio interés en el re
ferido proyecto v en espera de una resolucion favorable a rivestra
solicitud, hago propicia la oportunidad para reiterarle Sefor Direc_
tor, mi més distinguida consideracién y estima.

Atentamente,

T ‘
Manuel Ulloa Elfas
Ministro de Economia, Finanzas y
Comercio.
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OFAFT PROJECT AUTIIORIZATION
Name of Country/Entity: PERU Name of Project: Small Hydro Development

Project
Number of Project:

Number of Loan:

1. Pursuant to Section 103 of the Foreign Assistance Act of 1961, as
amended, 1 hereby authorize the Small Hydro Development Proiject for Peru
involving planned obligations of not to exceed 59 million Un.*e3 States
Dollars in Loan funds and $1 million United Statcs Dollars in Grant funds
over a five year period from date of authorization, subject to availability
of funds in accordance with the A.I.D. OYB/allotment process, to assist

in financing foreian exchandge and local currency conts for the Project.

2. The Project consisics of institutional:zing the small hydroelectric
program with ELECTROFERU throug™: (a) the carrying out of feasibility
studies; (1) the installation of small-scale standardized hydroelectric
installations, primarily in the 100 to 1000 kilowatt range; (c) training
of target communities in the productive uses of electricity; (d) training
of preventive maintenance mechanics for the small-scale, standardized
hydroelectric installations; and (e) the provision of technical assistance

to ELECTROPERU.

3. The Project Agreement, which may be negotiated and executed by the
officers to whom such authority is delegated in accordance with A.I.D.
requlations and Deleqgations of Authority, shall be ubject to the following
ossential terms of covenante and major conditicons, toacther with such other

terms and conditions as A.1.D. may deem appropriate.

4. a. Interest Rate and Terms of Repayment

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

five (25) years from the date of first disbursement of the Loan, including



a grace period ¢i not to exceed ten (10) years. Peru shall pay to
A.1.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) three percent (3%) per onnum thercafter, on the
outstanding disbursed bale os of the Loan and on any due and unpaid

interest accrued ther=zon.

b. Source and Origin of Goods and Services

Goods and services, except for ocean shipping, financed under
the Loan portion of the Project shel. have thelr source and origin in
countries included in A.I.D. Gengrap. ic Code 941 or Peru, except as
A.I.D. may otherwise agree 16 writing. Ocean shipping financed by A.I.D.
under the loan portion of the broject shall have its source and origin
in the United States or Peru. Goods and services, except (or ocean
shipping, financed under the Srant portion of the broject shall have
their source and corigin in the Untited States or boru, cxeept as ALTLD.
may otherwise agree in writing. Ocean shipping financed by A.I.D. under
the Grant portion of the Project shall have its source in the United

States.

G. conditicns Precedent to Initial bisbursement {Loan and Grant}

Prior to any Jdisbursement, or the lssuance 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. fvidenc~ of adoption by ELECTROPERU of methodologies
acceptable te A.I.D. for carrying out pre-feasibility and feasibility
studies for the construction of small-scale standardized hydroelectric

installations under the Project.

2. Evidence that an official of ELECTROPERU has been named

project manager for the Project.



q. Condifion DTre dent to Inibial D bhaoveoreat (Loan)

Prior to any di. bansement or the dssuance of any comnd tinont

documrnt undor the Projoct Soarevwent, for activitics financed under the

Loan, Fcru shall furnich, In Jorm oand cohaiance satisfactory te L.I1.D.:

1. A staffing lon for project activitics for the Oficina

de Tecnologia Aplicada (OPTh) within LLETTRCPRERU.

2. A maintenance plan for t snntallations constructaed undor

the Projcct,

3. A description of the campaign to prowote the productive use
g

of clectricity.

4. A tined-phaesced plan descriliing the construction compenent

of the Projcct.

e. Covenante
1. Peru covenants that pre-feasibility and feasibility studies
for the conutruction of swall-scale standardized hydroclectric installations
will be carried out in the Departiaents of Cajamarca, Junin and San Martin,

excepl as A.1.D. moy agree ofherwise in writing.

2. Peru covenants that excepl ac AL1.D. way otherwise agree
in writing, small-ccoale, stondardized hydroclectric installations with
a gencrative capacity outside the range hetween 100 kilowatts and 1000

kilowatts will notbe financced under the loan.

Assistant Administrator
for Latip Amcrican and
Pea’ AVAILSBLE COPY the Caritdean
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LUUNTKRY

Listed Lebow dare, first, statutury oriteria applicabl
applicaule Lo Indtyidua) fund suurces’

Ueveiopiment A

Gl kit CHITERTA FOR CCOULNTIY Hidndi 1ty

oo biA e 1160 Can 1L be devwnstrated Lnat
contu uted essistance wil) avicctly benet it
the needy?  [f not, hds the Lepar Loent ot
Slate Jdetermtingd thatl Lhis goyer e ha,
vihgaged find consistent patlern ot gy,
vivhattons of fpternattonally recugntszed

a1 1ghts?

’JYL__,-_JEU; Has U becn delemmiinged Lhalt
U guvdrimeat of rectpient Loulh Lry haw tarbed
tu tuke ddequdte stueps Lo prevent narcutics
Cruys and uther controlled sub.tunces {ay
detined by the Comprenenstive Drog Abuse
Prevertion and Control "Act ot 1470) broduced
or prucessed, tn owhole or in purt, vnoLulh
counlery, or transported Lhiruuyl Such cuutiley,
tron Letng sold $1legally within the juris-
drctie utb such country to U.S, Guvernment
personinet or tnefr dependents, ur trum
entering the Unfted States unlawtu!ly?

0 .
. PrS

3.0 FRA e 620(b) 0 It dsstistance fy tw

o yuverinaentl, hdas the HeCrelory ! Stlate
Gelermtned that 1t ty sot cuntrulled by the
Wlernationg) Covuntst movanent s

4. FM tec. 6200c). If asstistanee 1y Lo
guvernenl, 1y the governiment lioble as
debtor or unconditional qudarentur un w

Joebt Lo ULS, ettizen fur guods ur servicey
turnisied ur grdercu where (u) suth witisen
hot tahiaustud avatlable lega) rancdics and
(L) Jeut 1y nat decied or cuntested by such
guverpment?

5. T e 620(e)(1). 1f assistance s to
] quyuwnun[, as

ncluding quvernment
ayenCies or sybdivistons) taken any dactiun
whillh hay the ettect of nationultzing,
capruprialing, or oltherwlise Sclzing uwhet
shp or cuntrol of property of U.S. citizens
ur cnlbrties beneficially owned Ly Uhem wiln-
vul Luking steps Lo distharye YUy oblbigationy
tumard such cftizens or eatfticas.

CHLURLIST

¢ yenerally to FAA funds, and then criteria
ststance aiid Econumic Support Fund.

e Lepartient of State has not
o detlermined.,

It noul bueen so0 determined,
The GUIP has an active narcotics
control program with USG support.

Nt

The Scoruelary of State has so
determined,

L

known.

NO wuch casie )

The GO 1s tully aware of USG
requlroementys prompt, adeguate,
and vllectve colipensation regard=-

lur

Ly CApropr bation b US anvestinents.
To date there have been several expro-
prtateon cbane. ottled Lo the Satls-
fact1on o1 both covernmwents, including

]

Marcofta Mintng Company's claim in
1Y/6 and the recent Gulf
Cclati.

Septomber
Ll Corp.



Commynist country? wllg agsistance re
vided to Anfo a, iy, ubd:Laos 0
Vietnam? wWill

ey VY

asslstance Ye provided to
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Afghanistan or Mozambique without a waiver.

7 N R I Y fftipvu:l LUt by

1 oaty wmey e evd (@) subverston of o
Attt tary oo o agddnet, Lhe Unttos Lotes
OF @iy Cow Lty ocooutying VLS, dustuatanee,
{0) Lhe ae s, of SuQh subversiun U

dgyressive

B, FAA o 1) HEs the country purtalled,
or tutlee Lo Lure odeyudtbe nwesures Lo prevent,
Lhe daing: ¢ e Lructien, by mob eclioer, of
V.U .’

Y iy [ O N A ¥ Y B S VIVETS B P VA R UV
Lo ettt L Tnyestment guurant, e oo
tur Lie oottt riks 0f captuprtalion, oo
yer Lttt o Lot fscation, huu Lhoe i
Admo iy s tralor mrtninsthe pdst yuar cor favred
deby thy an o tarce L0 SuCh govgrtubent tui o Ui
Feasun

W the o ou(n)y Fashermen's Frotoo Ui
/L o r A .'_; j.a_', ,._n;\'rn-tiuil LS D ]ru_' by,
hau selecs, wi nupusua‘ any prnalty or a0 tion
ayatt U, oy w0 Tiehing activitivy o

flernalional salers:

a.  tan oaby deduCtion regutred by Ui
Fishomen & Frotective AQt Leen maded

L. hav cueplete dental of asuiziance
been cunyiucred by ALD Auministratory

M. fan oo e FY 80 ace v 518

(d) s onu I‘uvumnunl or the ru..pi..n! cuuntry
tn derauil tour more than 6 months un tnterest
or princtipal ot any AlD loanto the Cuwnitryf
(b) Iy Coutry i defaylt exceeding one yoear
un dnterent woprincips’ on U.S. lodn uhder
program tur wiaeh App, AQL appropriotes

funds?

assistance 1o Jdevelopment Yoan or from
Cconumic Luppurt fund, has the Adnintistrator
tak.n ‘nlu otiuunt the percentayge of the
Country's budyel which §s for mit{tary
expenditur ey, Uhe amaunt of foretyn exchanyge
spent unomvlitary equipment and the -

Voo A e L:U(%l If contamplated

N,

NU .,

Yes.

.
.

a. Not to the Mission's knowledge.

b. Yes. On Nov. 16, 1979 Peru siezed U.S.
fishing boats in international waters. On

February 22, 1980, the Treasure Department
certified fhat a qolzuro oi U.S. fishing
boats had occurred. A U.S. embargo was
1ﬂpos d on tha importation of Peruvian tune

fl AlD}w 1n?ozmmé“8§VdTTsd giogﬁggégqton

N«

Y
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awsnl uwyoent for the purchase of suph‘;l1untcdpy’
weap ., systang?
refer

(An affirmative answer ey

Lo the record of the anaua! 'Taktng Intu
Cunadersliun men!  "Yes, as reported In
atifiua ! repurt on tmploe ertation ot Sec. L2U{s )"
Thiy reourt 15 prepares &t Clue of approval by
the Admictstrator of the uperetions tear budget
and Caroce Uhe bAgts Ter an attimutiyve aliwer
Surreg e flscal year wnless stgniticant Changes
b a Lalivgs QCCur. )

K] cAntees 020(0), nas Uhe Cuwtiy severed
divtuwut g relabfonys witlh Uhe yotited Slatuey?
PUouu, tave Uhey Leen reswncd atd bove e
Litalorae wasislence syrvancnly boen feyolialed
end el ed Inte §1nCe suih reswnebiun)

)é i ;'::'q‘;‘t‘u{‘u)" Wbhal 1S the papenl « lalus
SO cue Dy s UL oL gattuny T UG s Ly

Peo b arreara, were SwohoArrcarages loagnh bnty

atiuvurl Ly the ALD Adninistralur o cetemining
the current ALD Qperativndl Year gudyget?

15.FAMA SeC. Beun, i i BU N net, Sec h2]1 (Has

the country granted sanctuary from prose-
cution to any individual or group which has
commrtted dan act of Intgrnatliona
Has the country grg
tion to any indivuad
L "’?!?;sﬁg LS T Oney Ui Juwr try urel Y,
Lasis of ruce, religicn, natty o’
Soay Lo i oreskiCe OF any of ' o,
L vy here Lg Carry out
develowent program uncer Fin!

V7.0 i e b9 610, Has fhe cuantr e
Auyurt 3, )977TNH:W1;LTcd y ved n::l:u}"
[ 1Y o8 WO FNSTrIY S reprodess tiy srvaly
Or tectnutugy, withuul sy S Laehity oor
Sateygaardy s Has 1t detun duvite
atler e U2, e, L , . a dl ' ear -
wuoapul Slotle"” ynder the diteratton tcely !

or group which

Pl

iy vy ee

!
5 Lewiran ' ¢

o

Fu, O TEREA FOR COUNTRY €U0 ety 1y

Voo Lo vtupment Assigtance Cuitiy Lriteny

0. PAA Sec. 102(0h){A8). Have critert e
ealabb o and taken h[% allount to uuut:?‘L“
Cunsni Lnent Drogress of Cuuntry
Yhvulv iy Uhe peer {6 develupnent, “uch
Videa s ay (\s ingreese tnoagricultyral
broda Livity throwyh siall=fanmn Tabur tntenytve
eyttt (2) reuuced tnfant mortality,

(4) ventrol of popuiation yrowth, (4) equality
Ul i dtquiDuliou.'(S) reductton of
uhanp b opnent, and (6) incressed Hieracy?

ctiecttively
un

terrorism?

nt?d sanctuarv,fr0p33rosecu
ua 1ds comn
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No

The intormation availapie at the
Mission indicates that Teru is up
to date on its U.N. obligations.

N

Ttted a war crime?

Nu

No



agttieatcon o foeconantc and s0CHa) condtliony
suppurtive ot the desire for larye tarilfe, tr

Progra - e=vtoab cdacation 0 and vol ot Suhoud, J
Aelrilowe, Jisvase cantrel, malurne and (ntty an
hea il Lervicun, agricultural procuc v, fut o T J

Qevelopye £ siergsststance L0 urban poverty and through community=

pbased developmelif prOgrans which yjve regocnition to peo le
motivated T.‘.Oll.'k.mlt thé size of cheir families. peop .

2. Geonomic Suppert Fund Country Criteris
Ml e e BT o —-mrz%%rm@wrykwm"v“" TTIYT N/ A

e eon UG T yattern of gross viglationy uf

ThterngLione iy recognized huiao rights?

L raa o 533(b). WEIY assinlunev undo N/A
the ot ATFTCE pruyram by provicee Lo
Mg uee . gula, Tanzanta, ©- [ TITAN A B
has President waived prohibition against the
assistance by determining that such assistance
will further U.S. foreign policv interesis.

oo CAR CTeo by commodttic. are o Lo N/A
grafited o Lrat sale proceuvds will actiae W the

Freipiciy Luahillly, lhav e 5PCC‘¢\ ALluunl iyutiluers
part) arrungownts been made?

¢ o0 BO A Act,Sec. 210 Wil anuisloned N/A
Lo pruvided for LhE purpose ol aiding corec! ty Lhe _
cltonte ol the governmunt of such country L

Fepre .. tho Yoylitinate rignts ot tne population

Ul suol wwwiibiy Gontrary LG Lae Untversal

Deglaration ut Hudn Rignts? :

PI 94-328
¢ R 6200 ,VH‘.H 50.‘\-«4%1'1\“0 N/A
avsistene be furnished 'to prqenting OF Chile?

FrTTRene € OAITTET Loy £ At 7 P TP T - ; vy
6(1)-4 Jung 7, 1978 AL 3:32 A nanosoox 3, App K01y *W\
B ol M s s ;ﬁ
remex
: Exhibit D
b1 IDC Act of 1979 Page 4 of 12
[P IR TE yod{a)(} ' 1f apprupriate, ' Only indirectly.
th's amwe! o, s ot UncTuding Sahe\ﬁ actiyity des oned Y
to Lutld st -atiun for gnaller tastl . throu,
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Livtew Leluw dre statutory criterta applicat!e yererally o projects with FAA fynds and project

ervbunte uppltcable Lo fndividual turd suureer Gevelupient Assislance (with o subcategory for -
ertter o oapplicable on)y o luans), ang Luunute subkpurt Fund, C e

Chibny mur LIRLKCES s 1S COUNTRY Onloso 0ot Sr 'e Uatt - =

HAS STANUARD (TLM Cnbouni 7 LN wlviiwlU FUR THES PROLGCTT

A wboat o CHITERTA FUH FROGECT
i.

FY BUAPP. ACt Unnumpered; rAl Sec. Congress will be notified,
634A;634 (b): (a)Describe how authorizinc e i ; .
———Aand apprapriaticns Committees of Se!’\atg Pfgjat leJ'l r'o.t be aur‘hon?ed
and House have been or will be notified con @04 ayreement will not be signed
cerning the project; (b)is assistance w-tHin until notification period has
(Operaticnal Year Budget)country or interna- expired
tional organization allocation reported to °
Congress (or not more than §1 mllglon over
that €iqgure’l®

N PAA e, 6116 \)_ Pricre (o ui! e ltu

thoenless of {TD&TDGO,,~91? Uher o b

oo b
[ NI '1!\4!\\;1‘1, ahid LUher ) lann e el sar g
Lo variy Gub the assistance ane (L] o tconunably
Pheo cultmatg @f the Cust Lo Lie L. ol Lhe
daatulanee?
ot e i I Lt Yegh abie N/A
.- . - -+
ac Uran 1y r;a:T}uJL:Wthih R R

wha ! 1y Lasts tOr redsOnulbic vapct taliun Lhat
Sevtoaltion wil) be Completod v th L et L
wide by acComp i stinent 0f puipuse ot Lhe
dsuintynee?

N ’Ntlﬁ;_EUiELFLL§QJyLYJWE 1h»§9 Yes. Se¢. Economic Analysis, Section
T ter malur OF water-reioled Tard v pure e
ement.
Cornlrue Lion, hdy prodect mctl the standarde E., for a fulleY stat
sind Lt lertd 8s per the Princtyles und S landards
Yur Planntng Water and Relaled Land Kesourioes
daled Goluber 25, 19737

o RA e 6V (e} TF progect vy Capital Yes
suuinlunce {e.g,, Cconstruction), and ol

Ut austutance tor tU will eacevd $Y unltion,

Vay Misuvon Director certified and keytonal

Ay, tant Adntntstrator taken 1ntu Conyideration

Uie tourlry's Capability eftectively to natntatin
ond wlihtze tha project?

Lo Vi hee 2090 s projuct sutceptible of Nu. Froject s speclific to
cavtution ay part of regional ur nulttlateral feru.

pruject?  1f so why 1S project notl so execyted?
Intorwation and conclusion whether assistante
will vncouraye regional developnent prograns.
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7. Faa oo witla)s Intormation snd cone luytuns
whelher project will enciurdge eftoris o U
Cuuntry o {u) Iniredse U tiow ot T lertngliong
Lrage, (L) foster private nitidat fve and Compell -
tion, (O} eniueraye deveiowwi U and Lok of
Covperalives, Credit winiGis, and wav oo and dogn
assotiallony, 101 gisiuirage mubupu! i alie praclce
Ced e Leonnieel gttt seney of touustrg ayt
Cultore avd vobinrCe. and (8] sLrgrglovn freg
labur wntuns

B, FrAa o Gt Rt Yon and el lus Tun
‘ TT{“:{11 vinbulaye VoL prtvale Urade
and Vhoves Lo U abirudd ahiy €nLuul agy w1 tvale .S
particpatiue o turatygn éastatonee EERVIF RTTITEN
(factuding vve oF privale Lrade Chuonels and Uhe
services of ULy privale eitlerprise!

Y. Uﬁl s iyt L me;ﬂ: weuaFibe sleps
Lureir Lo w wure that, 1o the hwx bige calenl puns s -

Lle, e witry s cuntrspeting fota! o urrencten
Lo thevt Lrne cos U wt cunitractue) and Sther seryices
and fu'l.‘iJ" vufrenctes wwied Ly Lhe o 5 are

vl hiced Lo el bl Cust OF vuntiactoa! anu

olher Lorvac
R SR AV ) boes Uhie o v eaclss
torvo g currcny of‘Lhe Cowlry amd, 11 yu, what
sfiadiyuecn U have Leeh swug Tur 10, reieo.e!

1 Povs e Ut e UL e o fen U Wbt g
Cope T Uhve e CUion procedur ey tor U amut U iny
Ut tonbrucls, eacepl mhpre applicalie procuranert
ruley aliom Ulherwise?

1¢. nyA“Q Ao At Hm__%”q I auistante 1y
tUr Lhe o odao tion ofmaﬂth&ldUU‘(] fur eangrt,

To U vovranitty Trely to Le 1 osuroloy 00 world
kel ol Lhe odme Uhe resul Ulng procuctlye
Capavtly tecwes Gperalive, and 'y wuoh austistance
Flheiy Lo uv e subistantia! ey Lo dy

Pruducor el Uhe sahie, witdier, ur compeltng
Clipad YLy o/

YUl el e Dol bk FrOECT

Voo Loen dpen U Ayo v tan e Progect oviteria

g . [N (VTR . [ L T
Extent W T aCt T, Wi Ta) e Lipely
thvelve the our dn develspient, U, valuhging
8Llesy Ly viununy 4t tocal Yevel, tnircesing
labwr-1nteestve production end Uhe woe of
spproprite technoiogy, spreading ives bnent
Oul trum cirtiey to siall towns and rurai areas,
and Vowuiiny wide participation of the pour in
the Lenetity of developuent on a sustatoed

e

ANNEX ]
Fxhikit D
Faye €& of 1.
The Project will increase the flow
of international trade and indirect-
ly will improve technical efficiency
of industry, agriculture and
comnerce ,

Goods and services urder the
Project will be supplied, where
appropriate, by private contractors
from the United States.

The GUP 1 supplylng over 25% of
Lhe Projectts costs, The AID

funds will be used to provide

most of the foreiyn exchange costs.,

No.,

You,

N/A

The Froject will serve the overall
developuwent needs of Peru and will
Chicoutayge agricultural and rural
development and the involvement ot
Ui poor in such development by
increasing the availability of
electric power for productive,
job=creating uses.
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Lasts, u.tny the appropriete .S tn:Uitations,

(L) hatp dovelOp Coupdratives, especidily by Lech-
el gsrvtilonce, LO 835130 ryrai and urban puur 0
tety Liarsuives toward Letter Tife, and viherwine
Chtuvtoye dunulratic privale and  Goul guvertenental

P U1 Luliunn, 40) buppurt Lhe ael’ felp eltorts ot
Qeveluptng countries, (G franule ne por Pidiputior ot
wo 1 Uhe ndUiong i wiuraries of devcioping cuuntries
ord it it veight LF weineii’ s siales, aind (¢} oCiitze
ehid tihnuu! by ruﬂ\onui Cutpdraliun Ly deseloplng
coulilriesy

boobive ver TBJL M, T Iy
1y assistaine Dgivy imide avéila \mT:de unly
applicable varayraph whioh Currespund . Lo yuurce
of tundy usd. I nwre Chan wine fund swerve fs N ‘
wabd Tor preductl, fnelude releyanl putayraph fur
gal i fuid )uul('d.)

7

The assistance 1s beiny made
M . aval lable tor rural
G D) ter agrienitu e, rural Jueve lupinent 5
. . > Y
O wit YUion, 1 osu, eRlent Luowhidieh acUtyily 1y development, under
Speltticalty destgiey Lo tiureane prusut Uy ity and Leotron 1ud of the FAA. The

frcan o rural poor, [TGA] 8 tur v et Project will help build energy
researih, 1y full ducount teken ut nceds ub sl

farmers infrastructure in rural areas and
hence promote the development of
(e DYed ) for pupelatyor planaing wider e, these arcas,
Pud (L] oot ha i Un wnder sec. PO, YT os0, eatent N/A

Lo whieh oo livily emprasties lom-Lusl, tnlegrated
deltvery systans for heal”h, nutritioe and Tamiiy
plortimyg Tor Lhe poures. buople, with purticdlar
alicnUon tu the feads of muihers uid yuuny
enftaren, witny paramedical and auatilary medical
pur'sum::!. JHtntes and hgeltre posty, cumnere ol
gistributon systams and olher modes vt Comnunily
regsea” h,

0 Tun) tor woutation, pubiie adminte N/A
straltur, o buhah resourtes deveiopment, 18 so,
exlenl Ly wiiCh a¢livity SUrgnaUheny nuntormgl
tdutatlon, rares torna! educatior mwure relevant,
espectaotly tor rural tamiites and urtan pour, or
strengtiens nanayubenl Caveltlity of tnstitutions
enabling the pour Lo participete in develupient,

“4) | Ub) for teonnteal auuistance, eneryy, N/A
reseorch, teoonstruction, and selected developnent
protiess, 11 56, ealent activity 1s

Y] technical Couperatiun and develop-
Tment, Cikeces by Wil gL private and vuluntary,
Or reglunel eand interpationdl Gevelopmen.,
organifations;

{11) o nelp alleviate energy probloms,

{(V11) research into, and vvaluation ut,
€ConumiC develupnnt processes &nd Leciniques;

(1v) recgnstryction atter nelural or
M funade disester,
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cvdotor spactal cavelopment proulem,
o i eewicie wiupel wbtlization ¢f gartier .5,
fntrasbroctlurv, wtll,, Absistance,

v Vul proyrams ¢fF wrboen duve ‘gbnient,

Coptu o otly sng e taber=trtunytyve volorpr fue
et pul oy wpnia s and flasanctal or o wtaer oLt
Lullor s Yo ey wihiah Pyl paritCtpale ‘n counumid . )
. i .
o it eve ol “he frogect is specifically de§;gneq
oo develop, denonstrate, and disgems
ot ‘*“*““?r”$° effort ploved o use nate tectnoloulus appropriate tQ *the
1 Sbtalye Loohinglgyy! . .
Ul arpiuprtaty e iuys ‘needs of the rural population in Peru,
J thue o bt il the reltptent v, e ; i
vty S TITTRER Ut of e et u i ies, The GOP Ylll prov;de over 25%
plugids o owiv it or ALL";‘;!)« wilh re pontl Lo Of t*he costs of the PrOJeCt'
whic! L4 otante 1y Lo we turniuneg ur o tia
[ ST IR L L iy revwiraanl Lot mateed
fur o ritolivady leaal weve Upee Lo try Y/
. N AT R BT I U RO The Prugect does not Anvolve grant
azutuia o Ly \‘,( Lursed fur ilect wedr wore capltal usvistunce.
Vhati 4 puat o0 1 50, Kl Janbitiogltue watiy.

'

factory To e cunyreas bueen tatiu, ang etturls
tor Ll tinanaing, Gr oty e recfptont Luuiilry
“relelivity  cast Jeys gpeu?

' ' . HUEEY et catort t

SR D Proacel tull.lls an expressed
whiot o veegntley L patlicuior toeuy, ) . .. . . .
e u,,m,ﬁl.lus Of Lhe povw ¢ ol i A need. Peruviens weyo involved
coutle s LUV TEoey L Lountt y s et e Lug vieocly unoats design. Thue Project
fesue ven Lo ernouidge traitlotional dovvivmment, will L carrdioed out through a vuiety
hid o wr by Ui b gdacatiun ang Lratnrs, i

P | .
LRV L Gqutred tur gttactbve partictation tn . vl Peruvian dnotitutlions

et unentob aed political Growessey cunentigl

Le sel! Soecient,

, ta . 'u'?’L!. S Lhe goliv ity
Ghwe o wute prumtae o Curlriuuling Lo

; : Lhe Yes, the project is designed to identify
wtoevw o, Ot e onm VIR A 7 SRRV R ITC
o u,‘J,”4;1eccr’tﬂ:ﬂ)dfd't]h“ technology that will help to increase
seilatin Lo 16 §rOmL TR Peruvian energy and economic production,
- i 4 benbiun L i
Thus it should dlructly contribute to the
2

ol ol Asatetare Frooen Uity country's self-sustaining economic growth.
it \ ‘\ 1
v

g, f{ﬂ;:;mviwll Inturmiatton and Ths Mission's judiyment is that the country

Coutid by tule uh Lyl (ty ut the Cuuntry tu repdy does have the capacity to repay the loan
Lo fuar, brciutng reasohiableness ot

R P e and will repay the loan,

L [ i I by stulan e s tur
diy ;."Lu..\'.‘»l qu:rﬁse nm_‘. wiii coumpute tn
Lo o5 it S8, entergrise, 1y Lhere an
agreceant Uy tue reciptent Cuuntry Ly revent
capurl Lo the ¥ S of pwre than 201 of (he
enlurpriec s annual produstion during the lite
ot Uig loans

1
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durbuf b proscte etonanle or political staliligy?
Tuothe eatoel wuskible, goes 1t reflect the
poiriy drrecbiong @f saction 1027

Looba e 5330 Wil asststance under

Uity chupter be used for milivary, or
pdrawt i tery uctivitigs?

N/A

N/A
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Llaled be'uw are stetulury flems which nura ity widd Le cuvered routinely {n those provisions
Y P

G oa uwln L tence dgressent dedallng wilh 1Us tmplusentallon, or Covered in the agreamint Dy
Vopunthy Llmtte on certatn uses of frnﬁ;

o sluews arte errabyed unhder bhe geowral heedings o

A Prucarcuent, (U) Canstruction, ang
[ s westrictions.

A r'lu:;:_!,_t_—-"l_'h[
i FAR tee 602 Are tnere errongements Lo Yes.  AID procedures encouraging
et U U8 gma Tl business Lo partcipate

‘ sinall businuss participation will
couttaby In the turntarnitng Gf guods und be followed
Wrviee s tinanced? ‘

Py Sve_bddlal. willoalt cuneedty
viucutvoant Flaanced ve trom ihe o & canepl
uy wlhermisg Jelermined Ly the President or
utider delvgation from nim?

You.

J FAN See 604(a ) Itothe couperatiing
Countiy disorinfnaies aydinst Ot tar Yoy
bisuruce cabpantes, will ayroement requitre
dul wering insdrance Lo placud tn the
Tutdiled tldles O Conmodltigy foinanceds

N/A

4§ VAL o, Budfed It uttenore wroLurement N/A
i aygrioultaral L;umsu&.HLy or produc toty Lo Le
fananted, V8 Lhere provision against such pro-

Cotea bownén The gomestic price ot such

cutaudtly 1§ 1ess than partty!

' Pl tec buu(d). wWill U o Guwerbuaent Yuu
Cavv . urSuhal pi‘.ﬁp\.‘!‘ly Le witl io . mherever
proatbicauie tn Yeg of Uhe procur cont of
(RS

huow

L Miv;} :i_b-()_._l ‘)d<\ !\.UIIIPI\LHILL’ willi require such PIQV1sion Wlll be wrltten in
e Ui et TUR YUY (D) Gf Lhe Mercnanl Mar tne

Act or 1936, as amended, that ot cu.t S50 gey Project Agreament.
Conlun O the gross tonnoye ot cosoditics '
{Compated separatily tor dry butk carrice .,

dry Corvgu Yiners, and tansers) tinanced Shygll

L transpurted on provately owned UL -flay
Contr s tal vessels to the ealent (hal Lulh

versels are dvatlable at falr aid regsunable
fales.

bobAR tee  82Y 0 Tf technicdl essistance 1y
tinanced, @l TT such gssistante be turnished Lo
the tullest extent practicable ay qouds and
protessiondt and other services from grivele
entecprisg on @ contract basis? It thwe

Yus.
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factlstivs u! other Federa) egencies will be
Gtilizud, ore thay paritcularly sultable, not
conputitive with private anterprisey ond iade
avatlebic withuut wndug interference with
Oimstie pruyrams?

B. literngtiynal Adr Trapsport fals
E_o’ui-g!,_\lhgu Practices Act, Y674 1 air
transpurtation oF parsons or property s
financed v yrant basis, will provision bLe
madr thal U.S.-flag carrfers will be vtiliied
to Lhe eatent Such service is avatlautel

9. ¢y B0 AL Act Sec. 505 Loy the cuntract
for provaiment contaln @ provisiun avthorizing
the terwinaton of such contract tor the
converituncy of the United Stales?

Constru. un

1. A e veliae), Moo caprtal e g.,
construction) pro}tct, are enygineer oy and
professivral services of L o5, tima ant Lhetr
affiliole, tu be Csed Lo Lhe MarxViwrn catunt
consistent wiih Lhe natlonal Interest’

2. FAA Sec ul'(c). It cuntrects fu
construction are Lo bLe financed, will Uy be
Tet un o Cupeltitive Dagtls Lo mex toum catent
practicuble! '

30 Tha et I ror constre tion of
prodoc bivee t'hl_ul'pl‘1bu, wiil ay reyate valut
Of wssisvterue tu be furitshed Ly vw United
Statuy nol uvacced $100 million/

U”'ﬂ.."f, sbrovtions

TooobAan e bl B Tt developnent lugn, by
INterest rate ot Yeast 21 per annum during

grace puitoed and abl least JL per annow
thercolier?

2. VAN e Mjﬁgl. it tund Yg establiahed
suledy Ly U s contributions and adoninistered
Ly av ntoernetiondl organtzetion, "ol
Comptroller Leneral have auwdit riynes!

S I IV M.‘u-’h‘), Do arrutjera Uy preg bude

i

Pruaatang n"ET&t\ng the fortege aid prujects
of aclivitics of Lommurst-bioe Luuntricy,
cortrary 't Ue best intergsts of U

United Statey”?

4. b oo b3k ), by financing nut perwiticd
Lo Le u.. 3, withoul watver, tor purctane, fony-
tern oo, ur exgchange of motor vebocle
Mot to. tured uwtside the Unlted Statuu, ur
Guaranly o! such trapsaction?
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Yes, such contracts will.

Yes.

Yes,

N/A

Yes,

N/A

Yeu, arrangemenis will preclude

activities as stated.

Yoeu.
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& will arrangesmnts preclude use Ul financing

u. FAA Sec, \04$!E. To pay fur perturmonct !
40010y o to motivate or coerce persuns o

proct e aburtions, to pay for pertfornance of
invuluntary sterilization, or Lo cuerce or
provive frnancid) Incantive Lo eny purson to
underyo stertifgattion?

L. tAA buc, 620(g). To Conpeissle umie!s
for caproprioted natlonalfed pruperty?

¢ FAA Sec. 660, Yo tinance pulice trgtining
or ollwr law enforcement assistance, eacept tor
narcotics programs?

4. M dsec. 6620 For CIA auitvittest

e. %AEB; Act Sec. 504 Ty pay pensiuns,

etc., tur miditary perswnneT?

assuusments?

f. FY S0 App. Act Sec. 906 Ty puy U.N.

y by A'ﬁ;,i&& MT.N-O7 oy Corrv out
provisions of FM sectTuny 20604)
{Transter ot FAA funds to multilatera!

orgenitzativns fgr lapding,)

h. ty /v QP) ACt Se [N "o tinance Lhe
eapurt of nuVegr equipnent, fucel, or tecnnutoygy
or to truwn toreign nations In nuclear tields?

Voooiy /8 App. Act Sec. 601, o be used tor

pub\\c\t,‘on propagdnda purposes within United
States not authorized by the Congress’

Arrunyuments preclude the
Linuncing of ail items listed,
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1, eriater oIL WAS REVITWFD AUD APFAOVEL v P DPEC O
SERVILRY ©4, 1933, AUTHORITY FOR T 1¢ MISSICN TO [2P0Vs
$RE PRI RS NAT GRANTED SINCE T0R 10w N Tt LEVEL

FXCTFLen 0 MISSION’S DELTGATED AUTAORIT. " 1aTil (£ORa,
[T wi€ 7%~ iNDED THAT THE P<OJCT BY °I5WFL o1t Tdi N
QOU=RATT ™ 10 LSSURE FULL GOVIRNY TWT S1Pr0u”, DL
FOLLOY 1w SVILANCE IS SIVEN FOn P DEVELOTMENT.

o puud o1 (ATTIONALE:  TvE PP SHOULT PaTARLI A 0CIO-
FCONOMIT 07 LOPMENT RATIONALY FOR TIU €11 “ILLINY AL ).
INVFOTMT 0T I RENEWABLF ENERGT, FIPFCIALTY U ar tuh
MILLIOY ¢oO7 TURAL ELECTRI¥ICATION UsINT SYaLL "CEL: Q(D4D-
nOWFR GVNVPATION,  BASICALLY, WE WERFE CoNCERNIL VYIPE THE
NEED ™ nFMONSTRATE LONGER TERM BEN.ZITS OF 787 ++OJLCT TO
TET pICCTon C TARGE™ GRPOJP AND TARGHT SEOGRAP ALY AP LA
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REGION A4D 104 THE SITZ SELECTION CRITERIA AND “ELFCIION
MECHANT vy USil IN THE PROJICT WILL INSURE Tut 2R3VICION

OF CH&T-C7PFFCTIVE ELECTRIC POWER IN ThOSE AFFA.

SPFCIFIC ~Pi:{eNCES ON HOW PROJ®CT IMPIZMENTATICON «ILL

BT LI%Z-T TG0 THE INTEGPATED REGIONAL DETELOPMENT PXOJECT,
TiF ¥oT CF "HE DDC’S IN SITE S:LECTION, Ty cOCITIATINN
FETW-EN FLZCTROPERU AND THE ppC’S, ETC. SHFOTLD »F INCLTID¥D,
IN ™% v, 1% SHORY, WHAT LONGEL-TERM TEVELY v onT IMPACY
CAN W© ©/P7CT FROM THE PKOJECT, BEYOWND * has 00K TAANOFLR
T0 FnALLT FLFCTROPERT TO CONSTRUCT 25 AiDDITIONAT SYSTUMS
TOR 115 3#-101KG MINI HYDRO PROGRAM? :
% 0OP “xTo3Y POLICY: THE PROJFCT S{0UTLD %7 DEVSLNPED (NCLASSLFLED
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CACE SIT: &7 PART OF TH: FEASIHILIFTY STILL'S BeaIN
QOJECT Tér L ENTATION. HOWEVE®, THE CUai M%7 URD DY
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‘ETERMINATION AND BA SUBSEQUENT TO THE OPLICATIO!N OF
UNDS. TUFREFORE, THE MISSION IS REQUESTYD 70 TS TAKE
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INITIAL ENVIRONMENTAL EXAMINATION (IEE)

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

I1E Prepared by Frank Zadroga

NRECA Environmmental Consultant

Date Prepared August 1980

Envirommentali Action Rgcommended:

The USAID/Peru Project Commitiee has undertaken a complete Initial
Envirommental Examination (IEE) of the Project envirommental impacts
and has arrived at a recamencation 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 Committee believes that
it is not feasible at this time, to conduct any further envirommental
analysis. It is instead recommended to include in the Program a
technical assistance component to strengthen the GOP capability for
preparing envirommental analysis on a case by case basis prior to
individual project approval,

concurrence:

I have reviewed the Initial Envirommental Examination for the Mini-
Hydro Energy Development Project and concur in the recammendation.

%nf i
Leo d Yaegér
Director

USAID/Peru
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I, PROJECT DESCRIPTION:

The purpose of the Project is to pramote rural and regional
socioeconaric development, by complementing rural infrastructure
with electrical supplies for household, productive and social uses
and to caontribute to the substitution of oil in the generation of
electricity by vaking advantage of the hydro-power resources
scattered throughout the sierra.

Loan funds will finance studies, civil works, electro mecha-
nical equipment and network systerns of a number of standarized small
scale hydro-electric installations in the 100 to 1000 KW range in
regions where AID is concentrating its develomment efforts, The
typical parameters of the proposed small hydrocelectric projects are:
Falls in range of 100 to 300 mts. with flows in the range of 200 to
500 lts. 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.

of 8
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I11. IMPACT IDENTIFICATION AND EVALUATION FORM
Impact
Identification
and
Impact Areas and Sub-areds 1/ Evaluation 2/
A. LAND USE
1. Changing the character of the land thrcugh:
a. Increasing tue population M
b. Extracting natural resourcss N
¢. Land cledring L to M
d. Changing soil character L
2. Altering natural delenses L
5. Foreclosing importent uses L
4. Jeopardizing man or his works N
1
5. Other factors
B. WATER QUALLTY
1. Physical state of water L toM
2. Chemical and biological states L to M
3. ELcological balance L to M
4., Other factors
»
1/ See Explanatory Notes lu this lorm.
2/ Use the following symbols: - No environmental impact

N
L - Little environmental impact

M - Moderatq environmental impact
H

u

PSS

High environmental impact
Ucknown environmental impact
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C. ATMOSPHERIC
1. bAir addtives L
2. Alir pollution L
3. Noise pollution L

4., Other factors

D. NATURAL RESGUECLS

1. Diversion, altered use of water

2. Irreversible, inefficient commitments

3. Other factors

E. CULTURAL

1. Altering physical symbols

2., Dilution of cultural traditions

3. Other factors

F. SOCIOECONCMIC

1. Changes in econcmic/employment patterns
1]

. o
2. Changes in pcpulation

3. Changes in cultural pdatterns

4, Other factors

M
L
L
M
L
M
M




IMPACT IDENTIFICATION AND LVALUATION FORM
G. HEALTH

l. Changing a natursal environment

ANNMEX &

~

2. Eliminating an ecousystem element

3. Other factors

H. GENERAL

Exhibit F
Page 5 of 8
L to N
L to N

l. International impacts

2. Controversial impacts

3. Larger program impacts

4, Otheér tactors

I. OTHLK POSCIBLL IMPACTS (not listed‘above)

nonsg

See attached Discussion of lmpacts

1111 HE T
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III. Discussion of Impacts:

A.

Land Use:

1.

a) SHPP's will have little if ary direct effect in increasing
local populaticns but indirectly, through better public
sarvices, marketing, recreational and educaticnal facilities
and incresased amployment opportunity, theraby occur immi-
gration to the cammunitias orx surrounding arsas. The net
effect will Le a moderate impact.

b) The use of water for hydro power generation is non consunptive
and no intar=basin diversions or other form of water raesource
extraction will occurr. Other resources will not be diractly
affectead.

c) The SHPP requires some land clearing for the site prepara-
tion and penetration of the access road. Under optimum
conditions with community cooperation in the protection of
the watershed no further clearing should take place in the
arsa of the sita. If propar protection is not provided
rapid colonization and clearing will occur by means of tha
access road and could extend to a much larger area. Some
land clearing will also occur in either case away fram the
proiect site by the new colonists that will be drawn to the
area. Tha impact is judged as being fram light to moderate.

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 ths Project will also
suffer from changing soil characters to lesser or greater
degraea according to land use practices post decorestation.
Overall impacts will likely ba littlae.

SHPP's will in no significant way alter natural defense systams.
By means of indiract effacts such as clearing and altering of
hydrologic ragimes that could happen if the hydropower site and
its access road are not adequately protected, the natural defense
systam of the watershed could be negatively affected. This could,
howevear, have to occur against the racommendations of the project
and the overall potential impact is considered slight.

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. Tha impact here is light.

Water Quality:

The operation of a run-of-the-river SHPP that does not utilize a
large impoundment 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 fomms of dissolved
gases or minerals. Those aquatic organisms, such as downstream
migrating fish, which are impinged against the intake dabris scrsen
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or passed through the penstock and turbina, will suffer
mortality. 1In most instances this impact will be small,
since SHPP's withdraw small amounts of water and are
located on small streams that do not suppcrt large numbers
of aquatic animals.

SK®P development will have a greater impact on water quality
ané aguatic biocta when the dasign of the facility involves
impounding a substantial volume of water or diverting water
fram anothar basin. Inter-basin (inter-watershad) diversion
has the potantial for introducing water of inferior cuasrity
(contaminants, di..ease organisms, different physical/chemical
characteristics) into another stream. Impoundment of water
for store-and-release types of operation can cause a multitude
of impacts to water quality and aquatic rasources, including
altered temperature regime, decreased dissolved oxygen levels,
increased concentrations of ammonia, hydrogen sulfide and
chami ~ally reducad icnic forms of 1ron and manganese. An
impoundment constitutes a physical barrier to upstream and
downstream fish migrations, facilitates uptake of contawminants
into the food wab, changes structure and composition of the
aquatic biological community, and may pramote the cevelopment
of nuisance aquatic plants. In many cases, these factors
would result in a moderate impact, evan on small streams.

Construction of the SHPP will introduce dust, eroded soil,

oils, greases, and other canstruction chemicals into the water.
Thasa potaential impacts can ba controlled easily and, due to the
small size of the SHPP, the resultant t (ic, turbidity, and
sedimentation effect” are expacted to he minor.

C. Atmospheric:

Although the SHEP's will not be diraectly responsible for air or
noise pollution effects, the indirec* effects of the growth and
industry resultant from the electricity will cause increased
levels of noise and air contaminants in the urban centers.
These effacts are considered little.

construction of the SHEP facility and its access road will generate
dust and noise. Because of the small scale of this project, the
impacts are expacted to be slight.

D. Natural Rasourceas:

Since SHPP operation does not consume water or significantly
alter its quality, alternative water usas will not be hampered
in most instances. However, water will be withdrawn fram a
stretch of channel downstream of the intike structure and up-
stream of the discharge, and the possibility exists that flow
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gight L& reducel during cartain times of the year, helaw that
necessary to support squatic life. The affected section of the
stream could rarve as a source of water for irrigation, human
or livestock consumption, industrial uses, or dilution of
domestic sevage or industrial effluents, These users might
find the quantities of water available tc be limited during

all ox art of the year due to SHPP diversion,

population growth resulting fram the provision of electricity
will put greater damand on natural resources (greater nead for
water and arable land; fish for human consumption; greater waste
disposal problars).

No major irreversible or inefficient commitments of land or
water resourcas are anticipated as a result of tire SHPP develop-

mant program.

Cultural and Socio~Economiq:

Although thae net social value of SHPP 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 peoplae from
other arsas of Peru, dilution of local customs, language
patterns, and cultural traditions may result. Increased popu-
lation in general will put greater demands on food production
capabilities, as well as create greater needs for drinking and
wastewater treatment facilties. Small communities 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 decreaces.
These problems may have unanticipated social ane economic conse-
quences, all arising as a seconcary effect of rural electrification.

Health:

As with water quality impacts, the operation of SHPP facilities
per se is not expected to affect human health or the transmission
of waterborne dieseases. However, SHPP designs incorperating
inter-basin diversions or watar inpourciments can promots water-
borne disease problems. Water contaminated by human sewage or
runoff from livestock enclosures cculd, by inter-kasin diversion,
introduce diseases into a previously uncontaminated 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, vhich entails increased risk of disease epidemics result-~
ing from inadequate drinking water and waste treatment.

General:

Bacause of the small size and scattered location of the SHPP faci-
lities, no international, controversial, or large pbrogram environ-
mental impacts are anticipated from the proper planning and imple~-
mentation of this project.



INDEX

SELECTION OF SITES FOR THE CONDUCT OF PREFEASIBILITY STUDIES

a)

b)

c)

d)

Site Physical Characteristics

i ) Power Potential

ii ) Accessibility to Communication Routes
1ii) Proximity to the Sites of Load Demand

Physical Works

1) Type and size of plant and its approximate power
production

2) Approximate cost

Economics

1) Demand Structure

2) Benefit and Cost

3) Surplus Benefits

4) Economic Feasibility

) Projected Subsidy required from ELECTROPERU

6) Jdentification of links with other development projects

Social, Political and Lnvironmental Criteria
i) Social and Political Criteria

TALLYING AND ANALYZING THE SURVEY RESPONSES

e)

General Environmental f‘riteria for Prefeasibility Study

OPTA's Prefeasibility Decision I'l™w Chart

REFERENCES

PO Ry

o)}

10
11
11
11
12
12
14
14

19

21



Figure
Figure

Figur-

F..gure

Figure

Table 1

Table 2

Table 3

Table 4

Table 5

LIST (F FIGURES

Sketch of a Small Hydroelectric Power Plant
Flow Duration Curve

The Selection and Capabilities of Small
Hydroelectric Turbines

Power Feature Cost

Pre-~Feasibility Study Decision Flow Chart

LIST OF TABLES

Factors to be Considered in Making the
Demand Survey

Calculation of the Benefit-Cost Ratio

Socio-Economic Impacts of Flectrification
by Small tiydroelectric Power ™lants

Survey Form for SHPP

Summary of Results of Community
Socjio-Economic Survey

ANNEX 1T
Fxhibit A

20

10

13

15

16



ANNEX 1I
Exhibit A
Page 1 of 21

SELECTION OF SITES FOR THE COMDUCT OF PhRE=-FEASIBILITY STUDIES

The Commission for Small Hydroelectric Power Flants (CSHPP) of the Ministry
of Energy and Mines has identified (in 1979} over 1,000 communities, with a
camulative population of nearly 2 million which could be served by
approximately 800 small hydroelectric power plants (SHPP). These hydro-
electric plants would range in size fram 50 to 900 KW with an average size
of 200 ¥W, For the .30 ~ 1982 triennum, the CSHPP has identified 88 sites,
with generating capacities ranging from 100 to 900 KW, where smail 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 varlety of activities ranging from
preliminary studies to putting into full operation. Currently the Planning
Office for Applied Technology (OPTA) of Electroperu is using informally a
number of technical and socio-econamic critera in the selection of sites
for the possible installation of small hydroelectric power plants. It is
the policy of Electroperu that service areas located more than 20 Jans.
from the national grid are eligible for participation in the SHPP 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 am the national grid with the cost of providing the same
service through a SHPF., For service areas located more than 20 kms. from
the national grid the marginal cost of supplying electricit: fram a SHPP
was lower than through any alternative system. (Egoavil 1379),

The teasibility or reconnaissance investigation methodology, that is
described below, has been developed with the specific abjective of enabling
OPTA to prioritize systematically the selection of SHPP sites. In this way,
OPTA will be able to optimize the use of the human and financial resources
currentlv at its disposal.

Additionally, a pre-feasibility study is designed to rcduce the chance of
unfavorable findings, thus, it will have to maximize the potential for
identifying attractive sites. 1In general, small hydro projects are justified
economically on the value of power that can be generated and the benefits
related to the substicution of other alternative scurces of energy. Figure 1
is a sketch of a typical small hydroelectric power plant.

This manual is mainly based cn historical reconnaissance studies and technical
data Gupplied by OPTA and U.b. Govermme. .. entities such as the International
Programs Office and the Idaho uperations Cffice of the Department of Energy).
The pre-feasibility technology encompasses a number of technical (such as

site physical characteristics and physical works), economic, social. political
and envirarmental factors. 1n the following sub-sections, these factors are
Adiscussed in some detail. The interrelationships between all the technical,
social and economic factors arc shown in Figure 5 (pre-feasibility decision
flow chart),

a) Site Physical Characteristics

The site physical characteristics are of three kinds:

i ) Energy potential
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414 ) Accessibility to Cammunication Routss
4i1i) Proximity to the Sites of Load Demand

The discussion of site pnysical characteristice will treat eéach cf ths
above three items in turn,

i ) Power Potential

The power posertial (P) is a function of two variables 1) the net
head (H,) and 1I) the available flow (Q), according to the following
mathematical formula:

P o= 7.5 Q.H, where
P = vyear-round availahility of energy (KW)
Q = the available flow (cubic meters per second)

= the net head (meters)

—

i
n

The discussion of the energy potential continues by treating the
net head and the availabie flow as separate items,

The Net Head (il )

S o

The net head available at any particular site is determined by
deducting from the gross head (the difference in geodesic elevation between
the water levels at the intake points and the tailrace) the head losses that
are gencrated as the water flows to tho turbine and from the turbine. The
head losses are caused principally by friction in the headrace and the pen=
stock (See Fig., 2). th-y miscellaneous head losses include such factors
as trash rack losses, intake losses, bends and sudden expansion on
~ontraction losses upstream of the turbine and velocity head losses on the
downstream side,

feadraces Losses cone to (1/300 = 1/1,000) of the gross head;
penstock frictaon losses come to (1750 - 1/200) of the gross head,
Miscellaneous losses range from 0.2m to 1.0m (Nozaki, 1968).

As a first approximation
1 1
Ho o= il (== = -
n g 3006 50) - 1.0 = 0,976 Hyg - 1.0 where H = the gross
head (meters). g
The available flow

Just s the net head (i) is site specific, so also is the avail-
able flow (0 ). A two-ctep hydrolic analysis is used to calculate the
available flow:

1) an appropriate record of flow versas time period (year, month,
day) is cencrated. 1In statistical teruns 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 serics by daily mean fiows according to magnitude. The
rank ordered values are then assiyned order mumbers, the largest beginning
with order 1, The order mmmbers are then divided by the total number in
the record and mialtiplied by 190, ther:by representing the percent of days
that a particular mean flow has been equalecd or excecdod duriny Kiz periond
of record analyzed,

The flow duration curve represents graphically the results of the
above analysis wherz the flow (Q) is plotted against the percent exceedance,
References to flow duration curves are usually made as Q_ , QBO' QlO etc,
indicating the flow values at the percentage point subscripted. Fig. 2 is
an example of a flow duration curve, Q values are uood starting points
for sizing equipment (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 Communication Routes

The accessibility of the proposed site of the small hydroelectric
system is an important consideration. The location of feasible existing
communications routes (such as roads, riding trails, navigable rivers etc.)
should be identified. Communications routes with neighboring cammunities
should be described. The importance of the neighboring communities and
trneir distance from the community under study should he detailcd,

Where pertinent, the locations of possihl+< new communication
routes (such as roads, access trails etc.) should oe identified., Topological
and climatic characteristics tha.- 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) Proximity 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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W DURATION CURVE OF WATER RESOURCES
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1) Type and size of plant and its approximate powcr 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 ke chosen, and its energy potential can be calculated.

2) Approximate cost

The approximate capital costs are estimated by first using Fig. 4.
They include turbine/generator and appurtenant equipment, station electric
equipnent, 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 cost of
transmission lines, penstock, headrace and tailrace construction plus switche
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.

l) Demand Strxuvcture

The proposed small hydroelectric power plants (SHPP) program for
Peru has both economic and sccial aims, Most of the economic benefits derive
from meecing the demamks of residential consumers, small businesses, and the
farming community. The potential beneficiaries of the project, therefore,
are not only village households, but zlso commercial and agro-economic
entities such as shops, landowners, irrigation pumps, smail mills and other
productive units.

As part of a simplificd methodology that will enable OPTA to quantify
the load on a future SHPP, the socio—economic aspects of the service area
will be deszribed principally in terms of the pctential demand and the usage
of clectricity as an alternative to traditional sources of energy.

In determining 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 anumber of households in the demand area
with its population.

The survey fcrm 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 cf 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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l.

4.
5.

Estimated costs are based on a typical or standardized
turbine coupled to a generator either directly or
through a speed increaser, depending on the type turbine
used.

Costs include turbine/gencrator and appurtenant
equipment, station electric equipment, miscellaneous
powerplant equipment, powerhouse, powerhousa excavation,
switchyard civil works, an upstream sluice gate, and
construction and installation ’
Costs not included are transmission line, panstock,
taillrace construction, switchyard equipment, and dam
modification or improvements.

Cost base July 1978B.

For a multiple unit powerhcuse, additional station
equipment costs are $20,000$58,000 x (n-1), where n

is the total number of units.
Source: U.S. Army Corps of Engineers, “Feasibility
studies for Small Scale Hydropower Additions,"“

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: Aftear Nozaki (1968)

Load and energy forecasts will then be made using an annual average
growth rate of %% (Nozaki, 1968), For example, the demand load of a
campnunity 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

l, 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 commercial establishments
7. Number of schools, health centers and other community 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

Bene®#ift consist of revernues plus surplus benefits. PRevenues are
the nroduct of tari®f times estimated electricity consumption in each year.
Costs consist of total capital costs plus annual opcerating 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. 1In the case
of resource savings, surplus penefits result because some previously
used energy resources have been substituted by electricity not for
residential lightning but also fur 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.

Addit:ional surplus economic benefits derive from the role which
the availability of electricity can plan 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 ctudy for this
purpose financed under the Project.

4) Economic Feasibility

A project will he considered economically feasible when dis-
counted benefits exceed discounted costs. The benefit-cost ratio analysis
will wuse 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 cf 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 wilil 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 performed in that order.

5) Projected Subsidy required 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 adopt:on of technologies
whlch 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 catchmernt 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 GOP (INP) entitled Evaluacidn Global de la Cooperacidn Técnirca
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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Then, Table 3 can be used to identify the linkages between the
development projects and the supply of electricity in the catchment area,

a) Social, Political and Envirommental Criteria

This subsection deals with the methodology for integrating social,
political and environmental impacts into a reconnaissance study. The
methodology is desigrned to analyze the target cammunity's capacity to
capitalize on the benefits associated with SHFP clectrification (See
Takle 3 Soclo-Economlc Impacts of Electrification by S$mall Hydroelectric
Power Flants)., 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 with an SHPP system) on the local
envliromment,

i) Social and Political Criteria

The SHPP progran takes as a basic premise a high degree of commnity
participation in the construction of the SHPP facilities. To this end the
commnity will organize a "Pro—electrification Committee" which is
responsible for coordinating all pertinent cammunity construction with
Electroperu, The cammittee is compased of representatives of different
sectors of the community.

The organization of Pro~electrification Conmidittees iollows a long=-
standing tradition of rural collective work organization in Peru (called
faenas). This tradition is still very much alive in the communities of
the Sierra and the High Jungle,

A methodology has been designed tc sharpen ilectroperu's perception
of the community's involvement in the SHPP program. The methodology
consists of four steps:

1) Compilation of available data fraom SOP sources such as census
data.

2) A social and economic survey will be made of the community
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-lorg 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:

l. 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 rcpresentatives of each nf these sectors will
be interviewed.

TALLYING AND ANALYZING THE SURVEY RESPONSES

Once the survey has »een completed, the results are compiled for computing
the community demand load for electricity and for assessing the community
participation in the SYPP Project (Table 5).

The survey results will %e analyzed to answer the following questions.

a) Does the SHPP Project xnefit exclusively those who hold the highest
political, social and econawic ranks of the community or does it also
provide service to all econau .c sectors? (identified by their monthly
expenditures in energy resources),

b) 1Is there a correlation betweesn 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 carrelated with the data that
has compiled frcm GOP sources.

General Envirommental 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 same other independant institution
with recognized capability in the enviranmental field, namely La Oficina
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SURVEY FORM FOR SHPP

Name of community:

Name of representative:

Sector represented:

Electric Service Availability:

Diesel Other

Date:

None

Sector willing to contribute to the project:

Labor (man/days) Money $
Materials
Econamics: Energy expeunditures for househeld
pexr month 1, lessthan $ 2
2, $3-54
3. $4~-56
4, $ 7 or more

Number of sector electrical hook-ups

Projected h/h consuaption

Value Of DEMANG cecvescccccsossaccs?

Affordability

KWH (mo)

Immediate and potential uses in the sector within the

household (lighting, cooking,

Cottage industry

(entertaimment)

Agroindustry

Small businesses

Agriculture

Public Services

Foreseeable drawbacks

paidis

Evaluation:
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TABLE 5

SUMMARY OF THE RESULTS OF THE COMMUNITY SOCIO-ECONOMIC SURVEY

Population Current Participation in Projected Uses of Electricity
SECTOR  total hook monthly SHPP Project immediate future
number ups average man/day $
enerqgy
expenditures

Farmers

Public Serxvants

Tradesmen

Craftsmen

Businessmen

Professionals

Pclitical figures

Regional businessmen

Totals
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Nacional de Pvaluacifn de los Recursos Naturales (ONERN) or some other
designated professional group. This approach will both asfure that Electro-
peru develop an internal capability of and sensitivity tc envirunmental
assessment but at thwe same time puoviGe for & ciltical and Q& jective
analysis of each proposed SHPP by a capable and independant secand party
with power of mitigation or cancellation prior to the initiation of

construction.

There is a common tendency in Latin America to colonize forestved 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 new areas and orientation given
accordingly to the colonization rocess, however, frequently the expected
richas 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 PerG, 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 came. It is most
critical that the GOP develop an organized and rational procedure for
promcting such colonizaticn. Basic reccnnaisance information concerning
slopes, soils, climate, forest resources, etc. will permit the govermment
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.

SHPP, like many other type of public services, can play a decisive
factor in the promotion or deterance, success or failure, of a rural village,
Studies will theorefore determine, on a reconnaissance level, land uvse
capabilities and general resource potential for those arcas where colonization
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
opencd up. ©Others 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 snould 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 akove
should be applied and SHPP prefeasibility determination should be negative,

It is a primary objective ot prefeasibility analysis to, on a first order,
distinguish viable and non-viable projects. Fram an envirommental point of
view there are three basic considerations that should be taken to permit
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pasaing 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 the resource base?

2) 1s the available water resource of the watershed coarcerned
of adequate quality, quantity and regime to meet project
needs?

J) 1Is there adequate local interest and support to uphold the
envirommental protection requirements of the project?

1) Of special concern in undeveloped rural areas is the early establish-
ment of productive land uses that will be sustainable and non=exploitative
of the renewable aaturul resource base (soil, water, forests, fish, wild-
life, etc.). In certain areas, for example, local rural industries should
be based on agriculture, while in others their resources make them most
guited 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 recoxrds of streamflow and sediment discharges
for a minimum 2 - 3 year period must be available in order to detesmine the
appropriace 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 considered 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 orgenisms) 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 SHPP 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 unrecammendable to develop at that site, whatever the projected
be benefits. Similarly, if the existence or habitat of any rare or endangered
plant and animal species are threatened by SHPP dzvelopment, the site may not
be feasible from both an envirommental and legal stand-point.
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3) The local community (ies) to be benefited oy 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
suppart it in all its ramificaticns, with respect to the enviromment it may
be necessary fo: the local people to provide lands for the projsct site
and roads right of way way; for certain projects a protection watershed will
need to be established and the local govermment on the GOP will have to
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 cammunity and an affirmation of full cooperation (if
possible written) should be received from the community before proceeding
on to feaglbility stages.

@) OPTA's Prefeasibility Decision Flow Chart

Figure 5 is a decision flow chart that has been designed for the Planning
Office of Applied Technology (OPTA) of Electroper@ for conducting a pre-
feasibility study. It shows the order in which the technical, socio-political
and eccnomic sections of the pre~feacgibility 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

INTRODUCTION

The feasibility study methodclogy has been designed to investigate thoroughly
whether project (that has passed the screenin' ‘a-feasibility stage) should
be constructed and what steps should be taken for its implementation. The
teasibility study methodology coneists of seven parts:

1) Potential energy determination (including a cormunity profile and a
demand forecast),

7) A technical analysis (that will generate a complete description of the
site's topographic, geologic and hydrologic conditions, the existing electrical
service, the usez of water upstream and downstream from the proposed site,

plus a complete description 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 ecoromic benefits
accruing to the project).

5) Institutional analysis (that describes in detail how the project will be
managed and includes information on how the participztion of other governmentd

entities within and without Electroperu is optimized).

6) Social analysis (that describes the expected social benefits fram
implementing the project) and

7) Environmental analysis (that reviews all the favorable and unfavorable
envirormental impacts that result from the installation of the SHPP).

a) SOCIO=-ECONOMIC DEMAND PROFILE

This section of the feasibility study methodology will characterize
a cormmunity in terms of its current socio-economic milieu. Subsequently, the
following information will be generated:

i ) An electricity demand forecast.

ii) An evaluation of 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 PrS has been carried out and the site has been found suitable
for the installation of an SHPP.



ANMNEX II
Exhibit B
Page 2 of 54

2) The commnity at~large is favorable to contributing to the
construction of the SHPP, This is ronfirmed by checking the results of the
PF study survey to see if the mumber of man days of work offered are sufficient to
perform the civil works assigned to the cammunity.

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) COMMUNITY PROFILE

To assess the socio—economic soundness of the CIIPP, the P¥'S has

provided, grosso modo, the profile of current and future energy use. At
the feasil'ility stage, the study requires an in-depth analysis of the
cammnity,

The feasibility study vill consist of two steps:

A) Gather data from the following sources:
1) The results of the FPFS,
2) Supplementary census data,
3) An in-depth survey of the locality.

B) Analyze the data, and where pertinent indicate possible
adverse impacts. Further information is given below on the data gathering
and analysis steps:

A) Data Gathering

PART 1 - The PFS agives data on the
- pize of population
mumber 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 @ntinues by collecting data on the
community's population, public facili’:ies, and private sector econamic
activities, To achieve this objective, the community authorities will be
interviewed using the procedure outlined in Tables 1 to 3,

PART 3 - A community's sccial 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 developmment
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 cammunity 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 on a family's allocation of time to household, leisure and
econamic activities, selected families will be interviewed (using the format
in Tables 5 and 6). These families will be chosen according to the follow=
ing criteris:

= land size

- off=farm wealith
political power
education
migration pattern

A representative sample of families will be interviewed.

The interviewer must be able to spea the vernacular of the site
(eesg. Spanish, Quechua). I1f possible he/she will be a person known to the
camunity (e.g. a local nurse, school teacher or social worker).

B, ANALYSIS OF THL DATA

The data obtained from the pret=ssibility study, the national
census and the feaslbility 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, cammerce, 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 uging 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
ecanomic and political power and the envisioned expansion of procuctive
econamic activities, (Table 3),



TABLE 1 COMMUNITY SURVEY

LOCALITY: DISTRICT: PROVINCE : DEPARTMENT :

POPULATION MALE FEMALE CHILDREN TOTAL

a) Subsistence
RURAL b) Minifundistas
c) With >5 ha.

URBAN

TOTAL

AUTHORITIES (4inckude pro-electrdification committee)

NAME POSITIONS YEARS IN SERVICE ADDRESS
- a) Subsistence = ; ;
. . . b) Minisfundistas = ;_T. %
Indicate mumben of famildies intenested in immediate hook-up to the SHPP: ) With>5 ha c =<
d) Urban > =
S
AVAILABLE SERVICES YES/NO SYSTEM WILL THIS SYSTEM BE REPLACED
. BY AN ELECTRICAL ONE AFTER

FLECTRIFICATION?

PUBLIC LIGHTING (DIESEL, OTL,.cccuuesl



TABLE - - PUBLIC FACILITIES SURVEY

« }2"[11 NEW FACTLTTTIES
E BUILT OR OLD ONES
SERVICE EXPANDED
YAFTER ELECTRIFICATIO

PUBLIC FACILITIES ml hAs employees

SCHOOLS

CHURCHKES

HEALTH PCOSTS
MUNICIPAL OFFICE
POST OFFICE
POLICE STATION
COMMUNTITY CENTERS
JUDGE'S OFFICE

MOVIE THEATER

BANK

| HOTEL

| PHARNACY

|

| o

| WAREHOUSE g Eé

COMMERCIAL ESTABLISHMENTS, IN THE LOCALITY AND NEIGHBCRING COMMUNITIES 9‘:::
g

RETAIL* SHOPS
GWOLESALE
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ABLE 3 - LOCAL PROQUCTIVE ACTIVITIES Page & of %4
PRODUCT MACHINERY USED TOTAL PRIDUCTION REVINUE 1979 REVENU
AGRICULTURE

potaioes

madize

CATTLE KALSING

bovines
ovines and goats
auquencds

INDUSTRIES

INVUSTRIES IN NEIGHBORING COMMUNITIES

2) SOCIAL OR ECONOMIC DEVE LOPMENT PROJECTS IN THE AREA (PRIVATE OR PUBLIC)

SITE IMPLEMENTING AGENCY TYPE CHARACTERISTICS
[machinery, number o0
people imvolved)

3) WHICH OF THE ABOVE PRODUCTIVE ACTIVITIES WILL CHANGE TF ELECTRICITY

1S BROUGHT TO THE LOCALITY?  HOW WILL THAT AFFECT THE JOB WARKET?

4) What percentage of people have (ur have access to, e.qg. borrow) sufficient

resources to buy the appliances/equipment needed to electrify these activities?



TABLE 4 - COMMUNITY STRUCTURAL ASSESSMEMT AnnEX 11
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[NFORKATIGN INFORMATION TO BE COLLECTED Page 7 of S
sourct
LAND TITLE LAND TENURE PATTERN
RECORDS MUMBER
Number of landless peasanis
Number of minifundiélas (Lless than 5 ha,)
Number 0§ comwune”ns
Otherd (e.g. urpan)
DISTRIBUTION OF GFF-FARM WEALTH
MUNTCIPAL Number of gamclies ownang nom-agriculiunal
EMPLOYEF productive enleaprises.
Number ¢ commundity's notables (e.g, doclonr, fjudge,
political leaders).
O0Lhers (. 4. urvan)
DISTRIBUTION OF POLITICAL POWER PERCENT
MUNTCIPAL Pexcentage of families nepresented <im lLocal commitiees,
EMPLOYEF Percentage of families which influence Lhe commundity's
decision making proceds.
MIGRATION PATTERNS
MUNICIPAL Size 0§ migraiicn flux
EMPLOYFF M{gration seasons

LOCAL SCHOOL
TEACHER

LOCAL

cuMBUNG Y

Length of absenze/stay
Sexual distribution of migratory ltabox
Male: Few-le: ,

EDUCATION LEVEL (] w

0f men and women with primary educ@lion

o men and wowen - Ch secondary education
0f men and women with highean educatdion

of men and women wilh vocational education
of ‘ltatenate population

o P @F & 50

WAGE RATELS IN THE AREA
TYPE PRICE LOCAL AVATLABILITY

Carpenter /day
Masom /day
Unahilled workenr /day
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TABLE & - COMMUNITY'S ENERGY USE PROFILE

NAME OCCUPATION FAMILY INCOME RESIDENCE PRESENT ENERGY USE IN S/. REOQUIRED SERVICES TYPE OF
S12E NUMBER OF = SERVICE
ROOM o 3 § - - Residenteal
: e:,) g : e:,) % : 5 < : : CO..CRC(}“
o Teo « & Tleo ] o 3 5; T 5 Indul't‘ual
® o E® o & £g< < @ © U o6 = Publsc
Q) o 3w -] o g oW [~ ~ o w o - a2 o+
&2 © O J .o oUo - & ® <9F Uvw o

Subsistance (S)
Minifundista (M)

S ha ( 5)
Urban {U)

* poes your fanily have (or have access to e.g. borrow) the resources required to purchase

these =2vpliarces?
* Are you willing and able to pay for hook up?

w5 30 g obey
4 3TqTUXa

TOTAL

IT XaNNV



TABLE FAMILY T1Mt ALLOCATION AlHEX DL
ixnibit B
NAME ¢ banre 5 ﬁéﬁ“
FAMILY STIE: MAN "

LAND S12E:
AGRICULTURE (Name Products) days/ya HAa/day  dayd/yr Has/:

Lilling
s0Winy
weeddiny
{Anggalavn
haaveslany
transpuat
oLthenrs

GARDENING

PROCESS ING
husking
milling
dryany
otheas

ANIMAL RAISING
caltle i
auquendids (¢.g.alpacas, vicunas, ttamaa)
dheep
goals
poullry

other

DOMESTIC
waler fgetchany
girewood yalhenrsny
dung cofleclany
wadhing
cookiny
sewang
other

COTTAGL INDUSTRY
nitiing
weavding
candte makany
wood caaving
othenrs

MARKET ING

.WHICH OF THE ASOVE ACTIVITIES wlLL You MECANIZE AFTER ELECTRIFICATION? tHEC

.Do you have or have access to (e.g. borrow) sufficient resources to buy the
equipment to electrify such activities?
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Role of Wamen

In rural Peru the waman is the family member who spends the
most time in the house) therefore, she will be the family member who will
benafit the most from electric lighting and fram the use of mass
communication facilities (such as radios), for entertairment and education.

The rural waman has the primary responsibility foc
i} domestic chores (cooking, washing, food processing), 1ii) 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 fram her usage of time (Table 6)., Time intensive
activities such as water fetching, firewood gathering and dung collecting
will be eliminated ar reduced if electricity is used to pump water for
drinking and small-scale irrigation (through electricity powered water
pumps), and substitute traditional fuels for cooking and heating.

Possible Adverse Results

1ne PFS methodology has been designed to assess whether
electrification may affect negatively some members of the community. The
newly collectad data from the feasibility study allows the planner o 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 accivities,

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 fff the rational
use of water and, possibly plan for the construction of a dam.—

ii) Demand Locad Forecast

The results of the survey will also be used to forecast the
demand load for the community.

The followi~; list details the step sequence in makiuy the demand
load forecast:

1) cCalculate household energy use for the whole cammunity.
2) Calculate camunity public energy uses.

3) Calculate industrial and cammercial energy use,

4) Calculate agricultural energy use.

5) Calculate total energy demand.

6) Calculate average household consumption

1/ Ing, Octavio Mendoza Montesino, info. Internc 047-79 (26/12/79),
"planificacién del Caudal Hidrol6gico de la Central Hidroelectrica
de Izcuchaca", Distrito Izcuchaca, Provincia Huancavelica,
Departamento de Huancavelica,



7) Cost saviriia per household,

Step 1 - Calcuiate h/h enexgy use

OO ON K M

number of families at subsistence level

number of minifundistas

number of families with more than 5 ha.
families (e.g.

number of other
proportion of X
proportion of VY
porportion of Z
porportion of 0

whc
who
who

who

would hook-up
would hook-up
would hook-up
would hook-~up

'urban'j
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1/

a) Calculate average consumption of electricity for families for type

X, ¥, 2 and 0.

X
]

]

ot

C
C
C

O¢

average consumption for family X

average consumption for family Y

average cunsuiption

average consumption

vy

for family 4

for family O

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 = HC

H =
C

aXX +byYy
C c

+d 722 +100
c c

Step 2 - Calculate community public facilities electricity

use (= Cc)

a) Use Table 2 to determine the energy required for all public =ervices,

1

For drinking water, assume a demand of 20 liters/inhabitant/day‘{
Calculate C by multiplying the power needed to pump a liter of water by the
total annual water consumption.

Step 3 - Calculate industrial and commerdal demand (= I).
Tables 2 and 3 will indicate the establishment which will be hooked up.
Table § determines the energy required by typical scale enterprises,

1/ These categories are only indicative.
econamic base of the power

They will vary according to the

structure of the specific community.
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Step 4 - Determine agricultural eledricity ccnsumption (+ A.)

ror irrigation (see Table 3) 50 m3/ha/year£4 2
For animals (see Table 3): 40 liters/animal/day—.

Calculate Ac by multiplying the power required to pump
a liter of water Ly the total annual water consumption.

Step 5 - Calculate commnity = DC

Step 6 - Calculate average h/h ~onsumption,
Aug. H, = D
-

Step 7 = Cost Savings (Affordability)
Present monthly experditures in energy souces likely
to be substituted by electricity (candles, batteries, keroesene) .

a) Average expenditure¢ by surveyed familis S/.

(1) Average Hc/month Xwh
(2) Rate per Kwh 55/.

b) Average h/h monthly expenditures (1x2) S5/.
c) Cost savings = a - b

ESTIMATING THE DEMAND GROWTH OF THE COMMUNITY

In order to calculate demand for electricity by household, commerce, agriculture,
public services, etc., initial year estimates will be ertrapolated according to
the growth factors developed below.
a) Population growth. To forecast the population growth rate of the communi®y
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'1 = total population for year n
P, = population of year 1980
r = the population growth rate

x 1s the difference between n and 1980

1/ 0. Chaquea Blanco, Opcit p. 21.
0. Chaquea Blanco, Op.cit . 25.
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TABLE 7 . DEMAND LOAD FOR HOUSLAOLD ITTEMS
Light bulbs 25, 50, 75 oa 100 w,

Fluonescent Lamp lequevalent to 100 w.) 20 w,

Radic 5 w,
Television (18") 14w,
Refaigeraton (6 §2.) ' 180 w,
Blendenr 100 w,
Fan 35 w,
Sewding machine 100 w,
Small clothes caon 300 w, .

SOURCE: 0, Chaguea Blanco ei, al. Viabilidal de Last michro

centrnales hadroetécfricas en Colombia, Fundac4ién

Maricno Ospina Penez, Bugold, Octubae 1979, pgeé.

2] and 23,
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ACTIVITY REQUIRED CAPACITY (Kw)
CARPENTRY 3 -8
BAKERY 2 -5
CRAFTS 1 -1
SMALL SAWMILLS 15 - 30
GRINDERS 10 - 20
FLOUR MILL 3 - 120
LOOMS 0.5 - &
COFFtt GRINDER (COMMERCIAL) 5.,- 30
QUARRY MILL 6 - 30
1CE MAKING 6 - 60
IRRIGATION PUNP ¢ - 100
6RICK FACTORY 1 -5
ALBERGUE (20 guests) 2 -5
RESTAURANT 1 -2
VEGETAGLE CANNING 5 - 10
DAIRY PRODUCTS 2 -10
MILK (cooldi«g and pre-evaporation) 5 -0
ELECTRICAL AND MECHANICAL WORKSHOPS (repaixs) 5 - 15
GAS PUMPS | t - 100
S1LOS ’- 5

SOURCE: PROGRAMA REGIONAL DE PEQUENAS CENTRALES HIDROELECTRICAS

DE OLADE, REQUERIMIENTOS Y METODOLOGIAS PARA LA I1MPLE-

MENTACION MASIVA Dt PFQUERAS CENTRALES NTDROELECTRICAS

EN LATINO AMERICA, DOCUMENTO DE TRABAJO, QUITO,

26 DE JUNIO DE 1940, ANEXO VIII,
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So, x
P=PpP (1+x)
n (o]

b) Prognosticate the ecanamic growth rate of the community. In order to
calculate the econamic growth rate of the community, g, for the 1979 and
1980 production figures that result (see Table 3) fram the field survey
will be used. To obtain more precise estimates, or if locality production
figqures were not avallable census aata for production growth in the region
should be consulted. The paramenter g will be muitiplied by a numbex B
{(beta) which acccunts for the added after-electrification econamic impetus
and its multiplier effects, T.e determination of B will follow criteria
set by Electroperu in response to GOP policy.

]
c) Once the parameters r and g are calculated, the formula that appears
b8low will be applied for determining the total demand for year n. The
following assumptions are used.

H will grow at rate B
c
AC andi 1 with growth at rate ( g)

C

C will growth at rate r
c

Calculations for year n

1) The number of h/h is Pn divided by the average family size in year n
2) The average family consumption is calculated thus:

, X
H = H 4 1+ (])
cn C

3) The total h/h electricity consumption in the number of n/n times the

avzarage lic for year n

4) The clectricity Jomand for productive activities (AC}I ) will grow for
year n to ¢

. L X
A 1 = Production initial year (l+q)
cn cn

5} The electricity demand for public services (Cc) will grow for year n
to

(Ccn) = cc (1 + r)x

6) The iotal demand for year n will be

() =H + A + 1 + C
cn cn cn cn
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COST SAVINGS ANALYSIS METHODOLOGY

The following guidelines provide a basis for quantifying cost-savings that
result fram substitut®~q electricity for kerosene and diesel for households

and farms respectively.

1. Residential Lighting

a) Assumptions

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 6/10600 = 0,48 Kwhe.

3) Kercsene lamps have an average life of 3 years,

4) Light bulbs will be replaced 2 times/year,

5) House wiring depreciation: 5%/year.

6) Interest rate: = 15%/year.

b) 1Illumination factor

0.48 Kwh
2.08 liters

1 liter (kevosene)
1 Kwh

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 ana Existing Facilities

2. Project Description

3. Enviromment [mpact

Each " ° these activities is described below wder z separate heading:

i) Site Characteristics and Existing Facilities

The site characteristics and existing facilities are discussed under
the followhg headings

Site Characteristics
Exiseting Electrical Service
Area Hydrology

Geology

B W N
« e
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5. Toparachy
6. Flow-{nuration Analysis

7. Progwsticatoed Power

1, SITE CHARATEWISTICS

A narrative that describes the site in general terms will be provided:

I ) Locgtion (erovince, Department, distance to the nearest town-

latitude and lonotionde)

I ) Aedn to the site in terms of existing and possible future
commmication routes (sce also section 7 a) i); and

LiL, - naxa teristics ol the river basin (topsoil cover, rainfall,
runcft, undergrounit aquiters),

Jo BRISTOL 0 7 &L SERVICE
Where pertinent, the existing electrical service will be described
in detail. in perticular, the following items will be described fully:

1) ‘the Power house,
2) e Flectrical generadng system (including the electromechanical
cauipment, the generetor, (plus all pertinent instrumentation).

3)  Tne Jontrol system (including the instrumentation and control

-

onliuns.

40 The control pancl ror the diswribution system.

b)) The Llistribution system (including the operating voltage and the
numixer on phases).,

Do AKEG LS
This seool:a. should include i) the Name of the stream and all connect-
ing watemment oo 11y The Area of the watershed at the site  iii) all
wes o the shream water at the site and upstream and downstream from
the sitc  iv) The Meon, naximwa and minimune stream discharge and  v) The Name
and current use of any impoundment, lake or reservoir in the catchment area.

bata scoieuld adso e Included ons:

i)  keglonad precipitation 1i) The Location '1 stream gauges
iii) The Length, e«tension and correlation of the pre :ipitation and stream
flow records,

tydrological studies will be developed to the highest possible
level of coufidence. The precison of the hydrological studies has high
leverage on the design and the cost of the civil engineering works and on
the electro/mechanical equipment,

4. GEOLOGY

A study of the site geology should be made with particuiar emphasis
on the following topics.
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1., Rock amd Dol Types

2. Joints

3. Favit:

A4, bLandslide hacards

Y. Colsmic potential (in terms of a Richter magnitude earthquake
at a given distance)

6. PFoundation conditions,

Whoete portinent, arilling .nd/or geophysical surveys will Le conducted
to verify the gesloe ool adequecy o the sites The report of the geological
site study doald dso deial! {when aporopriate) the corrective aeventive
actions thot shoaid Y coaken Lo ensure the continued functioning of all civil
cneincering works asswcidaced with the SHpPk.  Examples of such corrective/
prevencive actions are the followlng: (Orcellana biaz, 1979)

1) Attorectation of hillglides to reduce the poggibility of land-
slides,

2) covering a tailroce with o concrete cover in arcas that are prone
to landslides.

He TMapra: \_L‘H.‘_{_

A topographical survey will be made of the site and surroundings of
the proposcd SHEP,  Gpecial attention will be paid to the proposed locations
of 1) The intohe 1acilitics (including the diversion barrage and sand trap),
i) The Headrooo aaed oo strdn of 20 meters wide on cach side of it, iii) The
Forcbay, Jv) Uhe Penstock and v) The power housce.

e roeport on the topographiad survey will include the following
documentation:

L. Ctopographiie map and an elevation profile of the entire SHPP
system (ram the intake point to the end of the tailrace) using a scale of
11000,

Do Cloporiraphike nops of key elements of o the SHPP using g scale of
1:2000 (such s the intoke tacilitices, the forebay, the penstock and the

power housce) .

3. notes on those geogyraphical features {and their exact locations)
that will aiteot the construction and functioning of the SHPP system (such
as geological raults, vovines, large boulders, ctc,)

G. Pl )l»'ieﬁ}!*fa‘i‘h i AI\!/_\I,Y.‘JJL

A flow-duration analysis ls undertaken to characterize the river
flow that is «vailable for the gencration of energy at the headrace intake
point (See Pigurce 4). 'The methodology tor conducting a flow-duration
analysis is first to preparce a flow-duration curve., ULacond, 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 time series by daily mean flows according to magnitude.
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All sive preparastion activities shall be conducted by the
contractor under the dircction of Mlectroperu's site engineer,

The ate clearaneg Shosbl o0 ot romeval o gl wessds,

and treey fraen those areas where the cavil o cnginecroes works will be carried
out, The tesrain wiii be 4 aded tor . absogquent altorestation,

The contractor will ensure hlnmself of the cxact localion ol the
key structures ot the PP such oo the dncake point, the sandtrap, the head-
race, the torebay ar i the jpower bouse,

Ve ocary aoonn tralls shoetl e corngtructed to cach one of
triese structur: 5, whe: o 5 ssgible, the fomps o ary access Laals shall not cross

the propooed Lo coion or oany ol the SHPe o oments such 3 toie headrace, 0L
particul v imy ortonce 1o the construction o an access trail between the

torcbay and the ose v honige .

Farts omos oo activitices include excavations, cuttings and land-
Fills. Whore neo noary, all peerei: nlh water Llows wil: be bypassrd or
diverted (using tenporcey facilities) to cnsure that all earth-moving
activitics wizi be « couted under dry conditions. pecial note will be
taken o the following considerations:

L) banddriteg shall not contaln grass or residual vegetable
matter,

£ ) Al carth moving shall Iw: conducted in a manner to conform
to the «ivil engineoer ing design specdt lcations,

111) ALl excecs residival material resulting tfrom the earth
moving activitics,

2. UHIL PNTALE LIRS

e Intabe cteucture consists ol 10 clements:

1. The tars e mplete or partial, fixed, temporary
or scasonal)

. rlver bottoms ol sice gate
. Concrete boattora
4. Antedciamber
He Fine vo-inag

e Intahe o.u:e

7. Sandirap lut ke Channel
8. opillways

V. andtrep
10. Irrage Preotector

The design of the intake structure depends on the following
factors:
1. bLocation (¢.y. at a curve or in a straight stretch of
the river channel).
2. the s5ite Topography (slope of the river bed, valley width).
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@ Barrage

@ River bottoms skice gate
@ Concrete platform

@ Antechamber ( Decantation Ares

(?) Fine grating

5 (ED Intake shuce gate

Q) Scndtrop intake channel

@ Spiliwaye
@ Sandtrag

@ Barrage Protector




Frhlbat 3
i !
3. The : PP design tlow and O anegle of bt lection ol
the barrage,
4. The Katio ot the St design 1wy to the mar lmo
and minimuw  wver :.oows,
5. Materials traisport (quantity, frequenc and size
of materials tracsported 1y the river such as
floating bodies, silt, stonvs, ° )

Booause of s wide variebilioyoon these parameters, 1o
standardize: intaro struct can booodeslogned, dowever, o jeneral
conceptual ized drowiteg 1y oL albablc Lt shows the uter onnections of all
the elements that o Supsocas dntake: structues (S rgure 9 ). Also, the

tollowing yuidelines 4111 be follwed i des. ming the different « . aents
of the intake - ructure

L) The Barrage will be constructed of lastered concrete and
irclude a spillway.  In cases voe re the SHbp flow 1o approximately « ual to
the dry scason viver 1w, Lhe Lorrage can e vedrged temporarily using

stones anct woort,

L) The Miver Bottoms fluadce cate will be castom designed to
control tik entry ol stones and boulders into the HUPp syscom,  Mhe gate
control handle will la: 5o locat 1 that it Ly maan.cuvreable durti .y rhe times
of maxirum river 1low,

bil)  The Conciote Platlorm witl be 30 owu. above the level
the antechanber, and of surticicnt length o cnsure Shat the maximum - :cer
Llow velocity at thiu polnt. 5.0 50 ol /second. FPor tmose rivers ofF L
sicrra which tend to corry stones ancd bouldors, the concrote plat:orm will
be protected by o coarse screen of 29 bars G ated 20 cu. apart, In areas
where floating trees and debris abound in tines of tlooding, (such as in
the high jungle) a protective barrier olel be cone tructed above e
concrete platiom,

V) ihe Floor or the Antcecliadber will slopc sha s/ towards
the river botwons sluice ¢ ite and shall dae made Of coneerie or stones set
in concrete,

V) As menbioncd pooviously, the spllivos v o focated in
the barrage., They can alse be located at tle cdocy of She antechamber and
of the concrete plations (Coe rLgwe 9. The wi b o L spdillway
(L) = Lhe max of by and by OX l.j, where
L'l = 20 motery ror cvery m-‘/sccomi of the ShPP Jdesign flow
L, = 0.5 meters for cvery mj/:;un-ond ot the maximum river low; (the access
bri fje height will be 1.5 metors above the crost ol Ul spillways) .

1.3 = 0.2 mcters for every mj/scculld Nt the maximwn rivers flow (in this
case the accesy bridye height will be 2.5 moeters above e crest of the
spillways),

VI) The Sandtrap will Lo designed to ensure that no amicles
larger than 0.3 mm. diamcter will be cusricd cut into the tailrace and
beyond. This is achieved by designing the sandtrap for a maximum water
velocity of 20 cm/sccond. (See Figure 10),
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vii) Erosion in the upstreas tacade ot the barrage will e
reduced by constructty . balrage protector of at least %0 cms. hedight)

upstream fram the barxage (See Vigure 9 ),

J. Canal, Fenstock

This seotion covers all the civil engincering works that are
put. in place betweo  iZhe mutlet of the intake structure and the power
house, It is dividead into three parts

1 )  The Headrave Design
I1 ) The Porcboy besign and
PELY  The Penstock besign

The Headrace Denign

The Heawrace heocogn will enoompass two objectives i) movement of water
with the minpman possible head Logs and 1i) keeping the headrace construction
costs to o mdaiimpri.

In enginec: ing practice, these objectives are acoouplished by using a
heudrace with o operolddal cross—section and a4 slope between 1oand 2.5%,
Erosion of the hoadrace lining Lo mindmiczced 1if the water velocity is
miintainea within cortemn Limits.  For cexample, for o concrete=lined head-
race vhe maximen rocomended velocity tor sicrra (saniy) water is 1,33
metels ~ seconc, Flgure can be used or caleulating the key dimensions
ot the headrace. Tables 8, 9,10, 11, 120 13 L4 and 15 of Nouzaki
(1965} will be used tor calculating the volume ol concrete nceded, the
surfuce arca o the voncrete lining and the Wolume of the crcavation works,

The Forcebay Design

Table 15 oi Nozaki (1J68) will e used to caleulate ail the critical
dimension: of the forebay. Knowing the ol design tlow rate, we will
calculate the values of 33 Jdifterent paramcters ranging trom the diamcter of
the penstock to the water velocity as it leaves the forebay and passes
through the fine screen on the way to the poenstock.

The Penstock tesign

Once the penstock diameter has been calculated, it i rounded up to
correspond! to the diameter of cowncicially available tubing in Peru. Nozaki
(1968) he. wreparcd a series of gravhs tor calculating i) the water need
loss in e penscock 1i) the thickness of the penstock  1ii1) the weight of
the penstock and ) the dimensions of the penstock supports (Sce Table

of Nozabi).

4. Powelhouse

Nozaki (1968) has prepared standarized designs tor constructing power houses
for generating systems of up to 600 Kw capacity. Table 18 is used for
calculating the arca of the powerhous.. once this known the full powerhouse
dimensions arce calculated using Tables 35, 36-1 and 3¢-2



SANPIKAFS byt SHKEP  SYSTEMS

GENERAL  SCHEME

PRINCIPAL DIMENSIONS

s
(IN METERS)
FLOW | TyPe 8 L W | K, | a n | senge
Primary 2 g0 | 7.60| 1.50 1.50 | 9.00 ] 0.25
800 1/a 2.10 (10,20 1.801 1.50|9.00({0.30 1 .40 x .40
\ 1,40 [15.501 2,36 2.90] 9.00 | 0. 45 |
__T_,___,, e !
b Primar 1,800 4,800 1,101 110l 8se e 20 ,
fe00 174" | a0 20| 150 130 ] 30000 6025 | 40 x .40
i 1,00 8,60 1.601 1.90! 3.50 | d_35
,% 0 Auxiliary | , 4,80 1 10 1,10 5.00] 0. 55
Y500 1/4 1.40106.20 1.350( 1.30({ 5,00/ 0,45 40 x 40
b 1,00 | 8.60] 1.60| 1790 5,00 g6
Ya0 ,/‘&55¥1192Y 1.2003.10 | 0.70| 0.70] 3.5¢ 2,45 .
*° 1.0013 50 | 085 ? 33 g.gg &.43 30 x .30,
. 0.8014.30 | 1.00 1 . : et e L
St 'ﬂﬁ
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5. Turbine=Gene :ator

The turbine-gcnerating system is designed by the contractor that
wins the competitive procurement. The following data are provided to the
contractor by Electroperu,

Turbine

i) head ii) flow ratce 11I) materials to be used in counstructing the turbine
system and iv) control systems v) fail-cafe options.

Lelow are given typical material specifications for turbines (Blectroperu
1979).

The rollowing parts shall be corstructed from cast iron 1) the spiral case
IT) the regulation ring 1II) the outlet draft tube 1V) the base plates V)
the case and head of the shaft bearings cto.

The turbine axis will be constructed frowm forged stocl. The turbine rotor
will be constructed from cast chwome nickel high quality steel. A
governor will be provided with both manual and automatic control options;
a turbine specd tachometer will also be included.,

Both sound and visual alarms and ar avomatic shut ofi: capalility will be
rrovidod to indicate high temperatures and low pressurcs irn the lubricating
oil. An automatic shut off capability will also be provided for the
situation when the turbine's speed tends to get out of contrul.

venerator

The capacity ot the alternator is provied by Electroperu. Usually, the
alternator will be aim=looled and will be coupled direcctly to the turbine.
The generator will be required -o meet a specified KVA value at a specific
temporature rise, power factor, ¢J Hertz and a continuous overload rating
ol a speciticd percent.

Station service power will be supplied at a speficic voltage through 3
phase -ry-transformers and through circuit breakers i speclified
capablilitics,

Wiere necessary, the generator will be comnnected to a power transformer

loca*ed in a4 small yard near the power house. The transfunmer rating
will be specificd.

e oSwitchyard

Circuit breakers will be of the air magnetic on vacuum interruptox
type as appropriate. They will be rated to interrupt thce maximm xpected
fault current and will be used to put the unit on-line during the normal
start-up sequence and to taksz the unit off-line.

7. Transmission Lines

Table 23 of Nozaki (1968) is used to calculate the voltage and
the diarmeter of the transmission lines' conductor once the demand load (s)
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and the listance(s) oif travel to the clectrical cnergy market arc Known.

Environmental Impact

Sectivn ! discusses the types of potential envirommental impacts that
should e consitercd when evaluating the teasibliity ob o 1P site for
development, e cheokd

it thel should o eollected ana wealyvood D orier Lo assess

'ist in this section provides suggestions lor the

Ly}_)\. O Ll
the relative siocniilcanoe of thesce Impacts ab oa clven site. Moot o the

necessary antormation 1s at the recotnalssaliee leves, that iy, Lt oan
sually bo guickly obtained Ly CRANLIINY eRX ST AN sale, Yoborts,  arnd
publications, or Ly coLtacting appropriate powple in goverisent agueneles,
universitics, or local comanitics,  The itemss Suquoested by the checklist
are intenicd to represent thw minimm indommation oo te cover a wide
range of potentiial sites located 2cross e councry. Luooortain instances,
particular factor: way o inappropriate wr cuiltional questions may need
to bu ashed in order to understond and ;oedict the eny iromuental lmpacts

of the site levelopment.

1) Are topographioal maps available (125,000 4 pussible) which show

the location of tiv: SHPP racility componcnts and, i o waelcr impoundment is
planncd, the Lathymetry ol the future reservolr

2y Are low-lovel aerial photographs ol the sile wid watershoed avallable?

3)  Are stream flow duta availeble 1or a namber ol foals in order to
ensurc both adequat s tlows in the strewn and roliability of SHDPD Cparation?

4)  What rainiall data cxists 1or the situdy adets Do rainrall intcensity

-

valies also existy

5)  How much water will be witharawn for SHPP opuration and where will
the intahe and discharge structures be located?

6) Whai are the alternste water uses in the area?
Do termine the Locdcsun wr all water intakes ox dischares ir the
affected aveas and detenmine flow rates and nature oL oerfflucnts,

7)  Are there important wetiands toat could ou oo tecnod {(for example,
drained or filled with scdiment) by conotruction .no operation of the SHPP?

8) What other water bouics (lakes, FOeLETVOLTS, wic.) dre assoclated
with the surface waters or the study arca?
What special geolegis (geomorphologic ox tn~tolinear) relationships
might exist between thesa? (Consult OWEIRN publications).

9) According to the Litfe Zones (Ecological) map of Peru what Life Zones
occur in the watershed unacr stady?
what runoff distribution could naturally be expected from each Life
Zone according to water balance csclmations? How many effectivery dry months
are there in each water year?
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10) Ts there a map of actual land use for the arca. What arc the
predominant land uses. If not, can the information be obtained from air-
photographs on field reconnaisance?

11) Are there land use candbility or land use potential maps developed
for the general study arear What resource use potentials exist for the
watershed of conoorn?

2)  Is the Sheb osite nealr a rrotected avea {(preserve, sanctuary, refuge,
dedicated area) tiabt may vguite special consideration?

13) Are stream waters ncar the site used for fish spawning, narscry, or
feeding areas, or as migrution routes?

14) Are any rare, endangelred, or commercially cr recreationally important
species present in the region?

15) Wwhet are the principal aquatic species present in the area affected
by SHPP construction and operation?

16) wihat specics are harvested for sport or commercial purposes in the
area? What is the harvest level and seasonality of harvest? Whac fishes
are harvested v tie stroews for tood by the local community?

17)  Are there any pro-calstilng eetural or man=induoesi) envivonmental
stresscs in the arear Arc any juture developments piadnsd for the arcea that
might add additicnal stresscs:  Characterice and, 1f possible, cuantity
these stresses,

18) What Ls the nature and size of suwspended scedirnents in the stream?
What is the bedload of the stream?

19) Are any water uality data available, especiallyv recarding tempereture,
dissolved solids, salt, nulrient, and «ilssolved orxygen levels, or the presence

of toxic wmatoerials or diccose oXGunisms.

20) What projected or o.tive mining activetics occur in the stuly area?
Are thesc open pit or tunrel minds and how are wastee ha.ciled?

21l)  Are there any unicue plant design featur s (Ampoundment, trans-basin
diversion) which would neccssitate special congideration with regard to
envirommental img.icts?

22} What are the possibilitis for avoiding, reducing, or mitigating
envirormental impacts of SIHPP site development bv adequate prior planning?

Respongu:s to all of these requests for information should be provided,
If no infornmation is :vailable for a particular item, it should be expressly
stated, along with a list of people contacted in the scarch., If certain
information is critical to final asscssment 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'relopment and operation
oi the SHPP should be judged by campetent people with expcrience irn
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environmental impact asscssments (See Project Actiavities sec dion or the Pro-
ject Description) by weigiing the cost of irreversible impact: or preventative
and mitigative masures agains the benefaits of clectricity te the community.

In gencral, duc to the small scale of SHPP developmernts sophisticated

monetary quantitications of envirommental costs and lencetits ase not justified,
However, foi certain impacts that anvolve exroessive costs or barefits and that
therefore hav: a -iccicive role in the acceptance or non acceptance of a given
site, it may b Jdesirable to estimato wonctary costs andgsor bene. its.

c. COSTING

The costing analysis 1s alvided into two sections:

1) Dircot and indizcoct Plant Costs (including @ivil Engineering Costs
and Elcctro—w cnenical Costs) plus the Indirect Plant Costs,

1i) Uperating and Malntoenonce dosts

d. DIRECT PLANT COSTY

This subsection includes the Costs ot the Civil Engineering Works and
the Electro—mcchanical and Other Costs. Each of these items will be dealth
with separatcly.

Civil inginecring Costs

It will be assumed that the Civil Engineeriig works will be carried out
by a contractor wioer the rupervision of o site enginecer drown from OPTA's
staft. The Civi: Liovinecring costs are oot =cific.  They include the
direct cost ot caivil works, contractor's ovesnead, contractor's profit,
purchasc and instullatlon ol cquepment, contingencies; indirect costs such
as managernent, sunervision, contracting o & M. betailed ostimates of
quantitiers will be calcuiated from the project plans, and unit prices or
lump s costs will be cstimated ror cocii itam ot work,

contracts for the Uivi. ingdeeerlig works ave adqjoect to competitive
bids. Lach vontractor is reguired o return to Electroperu a rorm similar
to  Table 1. The wpltal cost jwr Rilowatt capacity Lls compared by
Electroperu oersonnel witsn the repor e unitary copitoed Josts wn recent bids

for similar plants.

Electro—Mechanical and ctiier costy

Electro~mechanical costs are provided on an itemized basis by competitive
bid according to instructions suvpplica by Electropery {See section "Tusbine-Generator”)
and according to ALD reanletions.  Onee again Llcotroperu's expericence with
recent bids for similar equipment will bc used to judge the reasonablencss
of the bad sale price.

Prevalent llectroperu policy willi ix used to calculate the engineering
and design costs plus the managemert costs of the project. TIhe transportation
and installation of all and the eiectro-mechanical equipment will also be
allowed for. To allow for unforereen construction problems, changes in design,
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TASLE 11 BID FOR PERFORMING THE CIVIL ENGINEERING

WUORKS FOR A SHPP

Contrnacton*s Name

Progect .

Plant Cupacdiy

Av. Annuatl tnengy Kwh

VDinect Costs

I.

2.

9.

10.

Preliminany we thas
Temporany cavet wonks

Sate Cleanance

Intake

Headrace

Pressure case and sandirap
Fenstock

Powen house

Spiltway

Sublocal

inderect Costs

I,
Iz,

13,

17,

ls,

19

Admancsirative

Othen indanect cusis

Subtoitaf {«tems 1112} .

Conlangencces (203 of «tems 10 + 13)
Lublotal (dtewms 13914

Confraclons progat (15% ovf <Lem 14)
Sublotal [(«lems 15¢1y)

Verect nateonal taxcs (5% of <tem 17)
i)

Totat costs f(«tems 17 « ]8)

Date
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TABLE 12 ELECTROPERU CUST ESTIMATE SHEET
Prugect: Date:
Ptant Capacdly: Av. Annual Enengy Kwh
Descreplion: $
I. Turkbine, yenenaton

2. Stataon electnrnecalt vquipment

3. Mdiscellaneovus powen ptant equipment

4. Transmisacon fing

5. Engdineenr«ny and deddun

6. Manayement

7. Consdlructeuvn costs faom Tabte 7,16, Line 19)
§. Subtotaft

9. Contangencaes (108 ofp «Lem &)

10, Totat Lnéialéed coad («lems 8+9)

I, Cos&l pen «nefalted hw.
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orrors or omissions in cstimating valucy, a contingency allowance o1 200 will
be added on all costs. Table )12 18 an cxample ol a cost cstimate shect that
is used by Electroparu,

i) Operating and Majntenance Costs

it is Elcutroperu's experience thet O & M Costs are approximately
1.5% of the direot investment costs.

Y

d, ECONOMIU ANALYSIS

Introduction

This chaptel provides the guidelines for the economic analysis of the
feasibility Liivestigation. The prefeasibility study methodology has outlined
the procodire ts calculate the Benefit/Uost ratio, and the Het Present

Value an oo simpbified fashion. The feasibility study
will tollow o more detailed methodology tor calculating these values,

The economi’ analysis syntiesizes the Pildings of the socio-economic
load profile, tie engincoring design, the environmental analysis, asl the
costing anaiysi. -hapters of this methodoiogy. This section consists of 3
parts:

1y calculdation o the Project noonhuaic Denefits
2) Custs alulations

3) An Economic Evaluatinon obf the froject,

i) calculation of the Project bBconomic benefits

Assunyt lons
The Jollwing assuptions are rade:

1} Flectricity is of superior quality than other sources of energy
used by the community. This & quounded upon a) electricicy's capacity to
power rachinery which requis o a constant flow of aergy at a given voltage
(standarized in Peru at 200 volits per phase), b) clectrical lighting can
provide hiuahoer  Voamens o ot of oot 0} oy o nerate by DHEE a
renewable sovrce of e.ergy —-- s less Jdetrimental to the envi.omment,

2) All vetinmates will be based on loval - urrer oy and then
converted to U.,0. Doallars.

3) A planning 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 fraw the sale of energy, i. e. this will be the produ:u of
the load and the enplicable tariff structure.

«- The cout saviggs (surplus benefits) duc to the substitution of
other energy sources

Y

A final calculation of tne degree of subsidy required by the plant from ELECTROPERU
is included as part of che Ecornomic Analysis. (See also Annex I Exhibit B page 11).
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(thermal or fossil) by electricity (See Appendix 1).

The present worth of the total benefits for year (B ) are
calculated as folilows: n

-1
+
= + .ts, P +s + + Z2+SonOw __+ :
Bn tn Dcn S;anl Senfe .a)m.X sle Yts, e2 Ulo‘Lcn Icn) (1ir)
Total Benefits Revenue Surplus tenefits
Whexre B = Renefits accrucd in y.ar n ($)
n
C =  (Cost savings in commanity public seu vices activities in year n (%)
cn
D = Total demand for year n (Kwh)
cn
I = (ost savinas in thy i1ndustrial sector in year (s)
cn
X = # of families at subsistence level that would hook up
Y = # of minifundistas that would hook-up
2 = # of familics with more than 5 ha, that would hook-up
9] c© § UL wboor ftawmiises (e.3. urban) that would hook-up
r = the discourt rate
Sin = Ave. cost saungs in year n por irrigation pump (5)
ST'A = Ave, cost savings in ycar n per shailow tubewell pump ($)
sm = Aye. cost savings in year n for h/h in catcgory X2 ($)
s = Ave, cost savings in year n for h/h in category Y <)
yn
s = Ave, cost savings in yedr n for h/h in categyory Z ($)
zn
Son = AVe . UOSL savings luoyeal o n tor n/n in category O ($)
t = electricit, tarift in vear n ($/Kwh)
P, = B 7 irrigation pumps
Py = # of tubewell pumps

The total bencfits ovur the planning horizon of 30 years (B) is
calculated as follows:
30

ii) Cost Calculaticns

The total costs for the project will be the present value of all
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expenses incurred over the 30 ycar planning rorizon of the project.

The total costs are calculated as follows-
39 g15¢;

L::Ct.Q. E (l"r)n
n=]1

Total installed cost (Table 12)

it

wWhere C
t
C. = lLirect investment costs {Table 11}

An kEconomic Evaluation of the Pr ojecs

-
[N
[V

To evaluate the desirability of an SHPP project at the feasibility
level, the expocted benetits are comparcd to the expected cost. The Net
Present Valuo of the bonefit and ost streams, the Benefit/Cost Ratio and
the Internal kate of Feturn will be ca'oulated,

Net present value:  Tie: 1ot value o i investment today is higher ihan the
Same amount of woney in the tutuie.  herefore, the expected benefit: and
costs will Lo i ounte §oat g rote which reflects the opporturnity

v

cost o wayital., B TS ovate will o beo el

The benerit/ st atis will Ie the ratio of the discounted benefit and cost
values over a plamning horly oon of L0 VAL S .

Table 13 stows bow all the economic data can be assembled and processed to
calculate the Benefir/Cost Ratio. Figure 14 shows the feasibility s tudy
flow chart and Figure 14A pives the teasibility study organization chart.
Table 15 describes the evants in the ¢ERT flow chart.

€. Social Analysis Mo thodology

intioduction - The social impact or clectrificetion by SHPP on the
community o Lz poweriul, porvesive and difficult to quantify.
It is Powcriul inccause or the Limaneo potential that is o fered to the
comunity thiough 1) the adoption of o Lectricity-bused te hinology, ii) the
enlargument 0 the reals ol posulble oo tivitics potn PaeatdicLlve alor s0cial),

as well oo 11l the e G LIt b ooy Perlowltilooa oty
clfici-nt ol sodlon of tine ol other CNCTGY e L T inea U i
Porvasive b= cause of e antrodetion of an S0Ph L fi te (1] Limensions of a
community's isocial, pelitical, coonomay, COVIronmenial ot the local,
regional noticnal and int national leveis. The mmpact is

Non=cuantifiable due to the pervasivencss of the offocts of ¢lectrification,
whicn corbine sunergictically witn other cilements o: Ui swolal and cconomic
inJrastructure to yield results that ar. uniq ¢ and site-srecific, FPurther-
more, the state of the art in a methodology for yuantitfying social, political,
environmental effect, in any milieu, beyond ltirst-stage economic effects is
primitive and controversial, and cannct bu applied in present~day Peru with-
out inccrporate national cultural criteria.
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expenses incwred over the 3D year planning horizon of the project,

The total costs are calculated as tollows:
o 9 Lo15¢
C = Cp + & (1+10)&
n.:l
Where Ct = Tontal installel cost (Table 12)

Ci = Jirect investment costs (Table ll)

iii) An Economi. Bvaluation of ‘e Projuct

To evaluete the desirability of an SHPP project at the feasibility
level, tne exprcted benefits are compared to the expected cost, The Net
Present Value -f the lxnefit and ost streams, the Benefit/Cost Rat.io and
the Iuternal .ate of Return will be calceul ated.

Net present valuc: The noe value of an investment today is higher than the
same amount. of meney in the ruture. herefore, the exmected benefits and
costs will be discowited ut a rate which reflects the opportunity
cost of cvapital, The 174 rate will be uoed,

The bernerit/. ot katio will b the ratio of the discounted benefit and cost

valucs over o planning horicon ol 30 AR SR

Table 13 shows how all the economic data can be assembled and processed to
calculate the Lenefit/Cost Rat'o. Figure 14 shows the feasibilty study
flow chart and flgure L4A rives the {wdsibility study organization chart.
Table 15 describes the cvents in the PERT flow chart.

e. 5Social Analysis Methodology

Introductiion ~ The social impact o1 olectrification by SHPP on the
community—“”~'ﬁ- 15 powertul, pervasive and aifficult to quantify.
It is Powertul because of the rmense potential that is offored to the
community through 1) the adoption of eloctricity-based technology, ii) the
enlargement of the realm of possible accivitics (both prodactive and social),
as well as 114 the savile)s In Cine ahia MOINGY i e With a more
efficient allocation ot time and other cnergy oairee .. T impact is
Pervasive bucause of the introduction of an SHPP «ffects 11 dinensions of a
camunity's (social, political, economi., environmental) at the local,
regional natioral and intornational levels, The impact is
Non-guantifiable due to the pervasiveness of the vifects of ¢lectrification,
which conbine suncrgistically with other elem.nts ol the socral and economic
infrastructure to yield results that aic unique and site-specific., Further-—
more, the state of the art in a methodolojy for quantifying social, political,
environmental effect, In any miliev, buyond rirst-stage economic effects is
primitive and controversial, and cannot be applied in present~day Peru with-
out incorporate national cultural criteria,
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The methodolel gy for performing the social analysis at the feasibility
stage begins by making an heuristic distinction be’ween :mmediate and
medium term impacts of electrification bv 3HPP.

Medium-term or potentjal impacts are reflected in changes in local
customs, These changes include:

I ) Tne adoption of time-saving devices such as e 2ctricity-powered
machinery;
11 ) The allocation of crganic energy sources to o-her uses (e.g.

animal dung for fertilizer) or their conservation (¢.3. a slower rate of
deforestation and depletion of coal resources) and

IIT) The initiation of new activities (e.g. agroindustry, audio-visuals
for education); etc,

This following sections provide the feasibility study methodo’_ogy
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 electri:al energy will allow household dwellers to
spread *heir activities over more hours in the day. This time will be used
to increase production, leisure, or educational actirities. In the medium
term this can lead to increased income, social power or cducation .chieve-
ments. In summary, elec*rification will allow the Lousehold dweller to
improve his/her standard z£ living.

The Private Sector ~ Again, in the private scctor, the iztroduction of
electricity will allow the extension of operating hours f£o: industrial and
commercial establishments. By substituting for thermal energy sources,
electricity permits cost-savings and a sounder envirounment. Potentially,
the availability of an inexpensive source of energy 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 facilities. Longer
operating hours are feasible improve delivery of the service to an increased
number of people. Illumination after dark irproves 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 literacy education vocational train-
ing, nutritional education, and technical craining., 1In the long run, if
productivity and living standards of the community are upgraded, the
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the attructiveness of migration to urbarn areas may be reduced. A cancomitant
impact will Ix to slow the unchecked growth of already overcrowded cities,

f. Fnvironmental Impact

Mini~hydre installations (FHPP) will require the diversion of streamflow.
Lepending upon iy e ff avaiilable and the design flow of the hydroelactric
installation, thlo aepact may vary from complete stoppage for & certain
distance sownstroas to a simple reduction in strecatlow. n general, flow
Ay largery for dryer regions and smaller

disruption impacts «iil be
streams (in Peru cspoo 1ally the Slerra and <osstal zones) and less for the
alva and Selva zones) or largwe

wetter Atlantic siope wi-as
Diversions will normaily va
maximum of o cabiig vete

(Ceja de o
from & minimum of 200 liters/sccond to a

[EESERES ] STH N

The Jischarge of the toodrace back into the stream will likewise cause
flow disruprion impacts, Incrceased flows will give rise to large
forces and possible channel deqradation in the form of bank ercosion, and
sedimentation cffects,

l. Sedimerntation and Turbidity bffects

Sedinentation impacts are important from two points of views
from wie point of view of sedimeniit loads in the stream and their impact on
the feasibility and maintenance of the turbine (i,e., scdiment causes
turbinc pitting and accelerated war), and from the point of view of sedi-
ment impacts due to projesct construction and operation.

Difterert mini=-hydro equipment installations have variable
sensitivities to sediment famages. Water wheels, Zor oxample, can withstand
heavy sediment loads with few adverse efiects. Turbines, on tir: cther hand,
are much more subject to excessive wear and pitting when coarsegrained
sediments are entrained in the generation waters. 1In general, however, it
is most :deosirable to mairtain as high as physical weter quality as possible,
This can be attained by the development of & watershed management plan in
which the land use in the attachuents arc mede to suit the land use
capability and through a strict control of the construction impacts & the
project (road building, cutting of the canals, ctce.)., InZormation on
sedinent lcads is an important criterion for botii 7 - ibility determination
and the design of the enginecring structure, Tiv quanti’ication of suspended
sediments should be initiated carly on, prior to prefeasibility analysis.

The impacts of turbidity and sediment transport effcct both the
biotic community in the stream and the physical aspects of water quality.
High sediment loads forc ciosc certain water uses such as potable water and
irrigation. Where impoundment or decreased water velocities occur,
sediment loads will drop out and fill up engineeriny structures (irrigation
canals, rcsexrvoirs),

The sediment discharge of & basin in related to several factors
including climate and geology. #&lso 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, espcclally the
deforestation of steep lands and subsequent establishment of grazing or
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agriculture, cirosion rates are yoencrally acoclerated and sodime it tr anspor L
in the stream 1s generally ancreased.

Sedimentation .can have alverse impacts on aquati. organisms by buarying
rock or jyravel ltish-spawniby aleas, ahd smothering clams, messels, obher
bottom—dwel il cruanisms, 1izh cgo and rooted aguatic plants, by chancing
the texture an’ arposition of the substrlate, sollimentation will - ause a

- F

shift in ti anprosition, abunddiee, and distribution o! aguati. biota,
eneraily il a4 segative waliwt.  The severity of these impadcts are modified
g ) ] ] i
by (1) the wiwunt wet rate i gedtinent transport, 20 the velovity, tur-
bulence, ant tlow rates of the stieam, and (3} the freguer.y and magnitude
r r ! Y d

of naturally ocvourring wcrosion ant sediment deposiiion,

2. Altcinate Water Uses

Bl.s'e the operation of « LLPP Jdoes not consume water or significantly
alter its quality, the wmajor impact with regard to alternate water uses will
result from the fact that water is temporarily diverted from the stream.
This raiscy the pogsibility tnat othel uscers which withdraw water fFrom the
section of the sticam affected by the diversion (below Lhe SHPP intake
structure and alowve the tailrace) will not obtain abpiate guantities during
all or part of tne year. The afrfected scotion of the stream could serve as
a sourve ob waler foo irrigation, human or livestooo conswntion, industrial
uses, or uilution of domeztic sew. e o1 incustrial offlucnts. (o addition,
it is important to maintain minioum ¢ Lows in ol seotioss of the styeam in
order to cnsure the survival of resiasnl aquatic organisms and allow
migrations of fishes. Prior to judging the foasikility ob a SHPP site,
every cfrort must be made to identits all cxisting or potentiatl alternate
wateY uscrs ana Iosolve dny waltel use cond iiots that arise from the
construction and operation of the SHPP,

Under certain circumstances groundwater rosources can bk depleted by
a SHPP. Where diversior ocours irom an offlucnt sticam {one thalt is above
the water table and therciore contributes to groundwator suvppllios) it is

ada
likely that localized impacts will e noted in groundwator 1eobarge in that
stream between the puints of diversion and discharge.  This could

affect water availability in wells and in the stream charncel (therc would be
no baseflow recharge) and hamper vu-s 0! wateo for domestio consumption,
irrigation, etc. The arca  potentially alfected 1o, ihis type of impact, it
was mentioned proeviously, is delpnited by points - f tiversion ol water from
and recharge to the stream.

In cases where influent stream conditions ocour baseflow recharge to
the stream channel will occur rapidly and no negative impacts will occur,

A global analysis of all water uses within the basin has to be
carried out to identify points of possible conflict. Weter uses can generally
be categorized into consumptive and non-consumptive uses with irrigation and
hydroelectric power generation representing respectively these two cases.
A primary corstraints is the amount of water aviailable for use in the stream,
Important considerations involve the 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
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Mie tank ordered vaiuecs oo then assigled cader nundscr s, the largest
beginning with or wer 1. Vhe order numbers are then divided by the total
pumber in the 1o o and nueltiplicd by 100, there by representing the

pretoent oot days that o partioular mean flow hos been equaloed on exceeded
dJuring the et iot of record analyzed,

Tt loa duration curve represents greoaicsily the results of
t.he abov, talvsis where the tlow () s plotted agding pereent
excecdance,  beterences to tlow duratico, curves are usually made as
Qe Waoo oy, o dnddcating the rlow values at the wreontage point
;uk)s{'ri})t:o-\i’. Picte o, Saaeew b an cxampde oo 0 Tow dye bion curve.

The proguaostiesbed power L a tune Lion o the flow value at a

).

proedeterziined subseripted percentage polnt {(c.qg. (Zq()

7. PRochios e ATED oOWER

The jrognost oea power is calceulated in terms of the net head
(i and the avaibaLle tlow {Q) according to the tollowing mathematical
rofinule

I G whore
n
P o= year-round avallabliity ot puower (Kw)
0 =  the aveliable tlow (cubic meters per sccond)
”r = the nedl head gneters)
1

Reier to sectio:. i1 A l.b.i.) for further details on calculding
the prognosticated powsr of the sHPP.

ii)  ENGINED [HG LES TGN

The project ooseyipt Soa will be wmade under the following headings:
1. sitce veparation

2. lntake scructure

se  CanalPenstock

4. lPowerhouse

e CMarbinwe— cncerabio:

6. Switenyvard

7. ovther mechinicai and eloctrical cquipment

1, Diste-ibution Dysitem

1. SLTL PELPAATION

The site preparation consists of the following activities:

1 ) sSite Ulecaring

1{ ) lLocation of thx key structures of the SHPP
I11) Lwoing down tewmporary access routes

v) Barth Moving

V) Disposal of land clearing residue
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of these factors cevtain combinations of water uses on a given stream can be
campatible whureas other combinatians will not be compatible.

Legal constraints concerning Watoer usce have to be considered to
determine priority uses and water rihts acquired by prior water users.
Depending upon the points of extraction and discharge of waters, it may be
necessary to a;1ly for concessions tor SHPP projects.

In jeroral, lmpact can b expected to e larger in cases ot complete
use of the strieantjow and 1n ases whel Gtleer water uses are associ=ted with
the SHPP that are moro dojrating of water gquality, such as irrigations,

Thus, although the hy-droclectrico use may not in itself alter water (uality,
the occurence ° ° less dilution effect and higher corcentration of contaminants

downstream - .y ocour,

Water usc conflicts are much more litely to occur in the oastal and
Sierra regions because of the relative scarcity of water here and the common
practice of irrigation,

The use of water tor hydroclectric generation is non-consumptive and
therefore in the case of SHPP's very little ii any loss of water will occur.
The spatial Jdictribution of trne water volumes in the river will be altered
and analysis shoulqd be direct d to asscssidyg water quality or shortage
impacts in the stretoh of river wtweon diversion and ddischarge points.

rlood Control

SHPP, becadse of the very small v lwnes of water involved, will have
little or no oftfect in either mitijatiie. or increasing flood flows, Only
for thosc unusual cases where inter-basin-transfer and/or iwmroundment are
involved minor boenctits or impacts may be noteds  Impouwndme ot coul:d amelio-
rate floot flows whercds inter-basin transfer which woula roeprescnt net loss
of water firam the encrating basin, could have the « ifoct of reinforcing
unusual ¢vents in the recceiving basin and oildly incseasing flood flows,

3. Water yuality

Operation of run-of-the-river i:iPP facilitic toe gize included in
this program will have little ov no e¢ffcut on water spuality in the streams.
Such wator worality Wt b acs temperature and oconentrationg of disseolved
gascs and mifkelals will 1ot be oltorca o0 diverslol ond passage Lnaough the
penstock and turbincs. While turbidity and suspended solias lowvels the
diverted watcre may be reduced in those plant desioms which incorporate sand

R

and sediment traps, Lhis will not have o negative Lot oon L 1 cwlving
waters.,

Lirect water quality impacts oo ooy, vweever, 1t those sites whose
designs include (1) diversion of water from one source or watershed to
another, or (2) creation of a substutial impoundment ~f water above the
intake structure. Diversion of wate: f:iom another source to augment existing
flows will introduce to the receiving sitream water with different physical
and chemical characteristics, and the possibility should be considered that
this water will be of lower quality than the water in the receiving stream,
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For c¢xample, it flow-augmentation water 1s taken from the vicinity of wmines,
processing ftavilities, o inaustrial dgiucharyes, it may contain elevated
concentrations of heavy metals, turbidity, or salts, Water draining land
devoted ho irrigation and intensive agriculture freguently has elevated
levels of temj«rature, turbidity, -iissolved minerals and plant nutrients,
pesticides, and lerbicldes.

Anotly 1 way i whil: b water gquality may be degradest in the stream
containing the SUPP fa-ility is by physical and chemical processes which
occur within a water impoundment. The moust comnon event, cspecialiy in
relatively deep, sheltered reservolrs, is that tiw water will undergod
thermal stratifi. ation, Nt only does this have the eriot of creating
water that is warmer at the surface and colier at the bottom than the
normal stream temperature, but it results in a depletion of dissolved
oxygen levels ani jreater concentrations of hydrogen sultiae and reduced
ionic forms of 1r n and manjaness, ALl these lmpowidment efrects can lead
to a serious degradation of downsticam watar guality.

Finally, the indirect effects of mini-hydrocloctiic development on
water quality should be considered, Industrial growth that the provision
of vlectricity will promote could result in a greater demand “ov water
(industrial vses) or a dedline in water quality (effluent Jdischarges).
Similarly, population jrowth following c¢lectriiication could create a
greater demand fuo surface water oy hiooan oomsumption andg for the treat-
ment and dilution of domestic woastos. Phis growth couls alter both the
gquantity and quality of witer in the circams of the area.

4. lmpacts to Aqatic organisme
Therce drc Mumelrovs impacts to aguatlc organisms that mist be
considerzi when ovaluating the Tvasibility of a >iPP site. »some impacts,
such as turbine mortality, ate potential proolems tor any type of facility
design, wnereas others, sw h as interieYence with upstream migration of
fishes, arc vonerally of oreatest oo in when water 1s impounled for a store-
and- reloace wype of oper atiose Thas Leotion will brictfly (liscuss important

effects tnat hydrv seloctis craration can have on aquatic biota.

Turbine wortality ocoas wonen o oanisms are carricd into the intake
structure aion: with -liverted wator ajs: pass thu ows™ L0 tusblnes befor e being
discharged ba b into the reccilving stream. Yhee sihail, nonscte~enabls

- H r

organisms, inoluding driftin. agquatic inseols, z2oopidnkton, and fish egys,
larvae. and juavenils3s, are subi-ctoes o sldlen aind oottoory: pressure changes,
turbulence, shear torees, abrasion aguinst the walls of tho peistock, and
contact with the turbine blaics. HMost studies of turblhe moertality have
dealt witl. t1:n, a d It laas boon that ider-an 0ol es thes boand/
Oor increasci turblne ruwuiey spee.d I+t oin anoreased tuarbine mortality.
Lowest mortality oocurea when turbines we Do running at vak etficiency,

and at lov. otiicicncics tarbine mortality waoooas bk oan 1070 poroont,

Organisms which are teoo largs to pass thaooujh the intakc debris
screen, vet camot avoid the flow, may be trapped ayainst the scre=zn in
a process callod impingement. These .uimals, cummonly downstream=
migrating fish such as trout and salmon, eventually suffer mortality due
to asphyxiation and physical damage,
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Temporary diversion ot water for hydroclects 1o power qonieration
regults in decreased flow in that portion of the 1iver gownstreawn 1:om ti
intake stryucture and upstrcam of the turbine dischar ;:.  ndel low  obroane
flow conditions, this can 1esult in a significant deoline in the natiural flow
available to supvort fish and bottowmsdwe 1iing animals (lnseots, craytash,
snails, .Jams} 1 that stretoh of river. In extivme dases the river may Ary
up completely lue tosomplete ddversion tal power gjeneration, resuiting in
a loss ul these botton orgarisms and a potsutial Llockage 1o ipstream and
downstream misgrating ish,

Many fisn undergo seasonal upstream migrations i1 spawning. The
use ©of a dam as a means <f impounding or diverting water for a SHPP facility
could seriously hinder or prevent these migrations. The pwssibility for
such limitation of reproductive potential of - ontner. jally 1aportant or
endangered fis: spocies should b comsidered . U teasibllity study.

Maintenance dredging, to remove sediment deposits fiom the sandtrap
and the area around the intake stiuctur., will result in temporary lncreases
in suspended matersal and turbidity, low dissolved oxyaen toensions, and high
concentrations of dissolved wminerals and toxic contaminants. I1f dredged
material is allowed to entor the tereivior soream, silt and sand deposition
and the alteration of substrdte and ootton habitat will 1euult,  Increased
turbidity can o vease tie pe sbe Livity ot dcquatic o lants Ly deoreasing
Hign suspended

sunlight penctration aict cos s lent visually={oe g fishi.
solids concentralions cause strcas of leath t) ajuati .nimals by ¢logging
their gills o1 focadid triucture . Low lssoulved osyjen levels or hign
concentrativns i Loxio sibetarces will result in stress or death Lo dpaa=
tic piota. Finabl: cpropea sdlsposal or dredged sediment can smother
bottom=dwe Ll ooaled bash e, or alter the benthic cowaunity
structure Ly hanging the texture and compmsition of the substrate.

Evaluation ol thos wnpacts is especially dgor Lanl Jor strcams that

iy valuable aquatic swecies, or species
Den: anbgue oY ohedwgered status.  For
Lt el Lood rish for the local

contain cownel clally or re.reational
that en: Leoal jrotection Jdue ot
example,
comunity
in this s
Tt should also be borne Lnomind Gt wany S0PP sites will e Jocrted on
streams that have a rery Jow naturarl o low, oSpecial, Aaurathe dry scason,
Diversion of a portion of this woatsl for bydropow ot coduction will further
reduce the ability of that stream Lo s000rt aquatie lite, und therefore
may repres.ont oa serious aibiitiogng stronn Uy fish e oo food orjanisms,

that supports o

varelully 1 otected trom tie Uyjeo ol wapa bs Jesoribed

1

s das nobt Lo tlocaton this compors.t o0 B 1 ood snply.

5. Waterborne Diseascs and Parastes

As with water quality inpacts, “he ovperation of a 2i1Pp facility per
8€e is not erpecte ! Eo alrect the transmission of wabeos o diseascs,
Although tiho scelt- urifying apacity GF wator moviie. jatesly In o nore
turbulent flow through a headh a0 and jonstock may be roduced rolative to
movemernt of that same parcel of water over the natural streambed, this
factor will probably not be significant in most cases,

Facility designs incorporating inter-basin (water-shed) diversions
or water impoundments cai: promote water borue disease problems, Water
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cuhtamihated by humanyl sewadge O runotrl (rom livestook cnelosurss can sprodd
a wide ranyge o! discases, and they could o dntroduced Into a paeviousiy
uncontaminated stream by inter=-basin aaversions.  The bpowdment o water
inte hydroclectriac regeivolr - oul boenhance survival of dloease organusms,
since those Tactors which are :1ti oadl Lo solt=-purification of water in a
stream .turbulenoo, sunllgnt pernetratioon, osxyjenatlon: ate leduced ox
eliminated in a2 veservolr. §inally, water impoundments prowviae increased
habitat for dilscase veo Lors, Jo 00 85 twesful ooes, and alternate hosts of
human arsi ar.iidl pdlasites, swh as sSfealls,

Indirect offects ot sHPE deve! spanent s the incldence of waterborne
diseases and parasites must also be takon inte acoount when evaluating a
site. Provision of eiectricity to a . omaunity may lead to an increase in
the human and/or livestook population, anti the resulting increased risk of
disease cpideiics would nevessitate the installation of adequate drinking
water and waste treatment facilities,

6. Construction Impats

The eftects «  SHPP const.uction on the agquatic enviromment fall
into two cateyoriecs: (17 turbidity and gsedimentation, and (2) water
quality degradation, donstruction of a road to provide access to the site,
as well as on=-sites omstruotion of vhe verious components of the: SHPP

facility, wils resul in the distorbanos adsd movement of eradible solils,
Unless mitigative medasuros hoas the conastiietion of likes
to retain stulmwater rundctt soil o will o eventiially be washed 1. to the
streams, The cifects of the resultant inoroases in turbidity, suspended

wle Uineli, ik

solids, and sedimentation on aguabi 0 Jandsls were  rovioo o ribed,

. L,

In addit-on, oils, ygreascs, aidd chomical wastes irom L construction
of the concrete - nals and turbine bullding may be carricad wnto the streams
and seriously degiade watelr quality, cvspecially unac: bow flow conditions,
The toxic eficots 0f thesc chemical wastes would cauoe stress or death to
aquatic animals.

The: signilticant physical Impa ts of congtruw tlon of SHDPP's are
limited to sedimentation and turbidity o fects on recelving water and the
openinyg up wi dacvess into sometimes viegin and dedd o owotershed protection
zones, The 1 igin and matigation aspoeots of acce’sr e ! crogios around the
construction site, including the access road have alrvad: boen liscussed
under the aquator impacts, Asso - lated | ssical img.acts inelwie downstream
sitation and pernaps increased scodinent foads in the heatraco . Such
occurrances will have negative erfects downstreanr water Uses <3 well as
SHPP operation and maintenance costs, sually such oioj 1 talility and
erosion problems are short=term 1Y proje s revegetstlon abe: weter oontrol

R U

practices arce crpioyed, Lry to and cliiwtes make rovegetation slower and
in gencrol less eifcctive whercas in hmed arouas revoegetolion fregently
occurs profuscly and almost spontaneously if there 1o sulfilclent stability
to permit rooting.

koad construction providing access to the site is normally
responsable for mwuch more earth movement and disturbance than SHPP site
preparation activities, The magmitude of the sitation impact, which will
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principally effect stream hydrogy and astuatic communitic:s, can be redaced by
gound enqgineering jpractices of road construction, especially a« they affect
wate. cortrol and site stab.lization. When properly constructed and
stabilized a road may cease to produce significant amourts of sediment in

a short time jperiod (2-5 vears).

The potentially most detrimental long term impact of rvoad construction
i the opening up of forest protection and critical watershed arean to
spontaneons oolonization. A common occurance in Latin American water resource
developmernt rrojects has heen that colonization and its resultant. erosion and
torrential hydrologic effects have completely stopred the mrojects. The
Anchicaya hydroelectric project in Colombia is an excellent example of where
the investment was lost v reservolr sedimentation a very few vears after
construction due to colornization in the headwaters region of the watershed which
was made acceszible by the project road.  Spontaneous colonization of maraginal
protection arcas produces innumerable impacts on soil, water, forest and wildlife
resources both on-site and downstream. vherever possible, in order to avoid
such impacts and to insure the useful lite of the downstream SHPP, contractual
agireement o should be developed with the benefittinag communities so that they
help develop and implement a watcershed yrotection plan., For virgin forested
watersheds the hest approach would be protection 1nvolving local forest guards,

Where the watersheds are already populated, the ;lan should ve oriented toward
promoting proper soil and water onservation practicoes and compatible landuse.
In either case community 1nvolvement will be important to the success of the
project and the involvement of the community in such watershed management
activities will have hensficial social effects in promotion environmental
education and awareness.

Land Use and Development

SHPP development will have an effect of promoting development and increased
populations ivn the areca of influcnce of the project. Construction of a hydro-
installation should consader lanl use capabilitv where relevant for the drainage
area feeding the rroiect. T- many cases, it mav be advisable to declare a forest
reserve, r some other cat.cory of wildland thar will assure the requlred
protection, kights-sf-way for the access road inceluding riaghts to reforest or

in some other may stabtalize =lope:s 1s also
Proper land usc anth o watershed o impertant o e gy adancoe of 3 complex
series of impacts that cowld far outweiont the totad Larect impacts of SHPP
construction and operaticon. These lons term impacts which basically have to do
with improper land use and deforestation of steep uplands watershed degradation
will lead to erosion and s diment disciarges, torrencial low regimes and
decreased dry season base tlows. These impacts will have rnieagative effects on
plant operation and mainternance costs and will thers by 2ffect the SHEP useful life.

The promotion of proper land usc i the pre .ot areg i€ an activity that
offers muitiple npportunities for bencti-o.  Potable water supplics, recreation
areas, forest reserves with certain restricted possibilities of wood product
extraction, and other compatibile uses could bHe mromoted so that the community
appreciates and t~kes advintaqge of the multiple use possibilities.
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It is extremely impartant that the camminity develon hath an unddevetanding
of the relationships boetweon projer lanc use and Jhe maintenance of good
water quality, quantity and timing and 4 feeling of resp-nsibility toward
the management and protecton of "thar own watershed".,

With rezpet to overall land use, irreversibile and irreparable
committinents of resoir 2es will not e inportant except in cases of
installatior ot the DHPP on important waterfalls or in 1ivers where the
wild Character or csthetio guality of the site will e Lrreversibly
damaged., In other  ases that involve lmpounsert, the Liwoeiation of soll

and mineral reszouwrces and biotio 1mpacts sudic as UWhose mentloned
previous would corstitute ivreversible and lrreparable committments,

i

7. Yarialb
The environgw ntal aspects of SHPP develoment discussed in the

preceding scotions have been based on e conceptualized desion of a ron-
of-*he-river, small capacity (1000 Kw) hydroelectric installation utiliziag
hign nydraunli. heads and Iow flows, It iz alse assumed that the majority
of potential supplivs wil! not reguire o substantive dm oundment or inter-
basin (inter~water. hed) diversion of water tor suwoessful  develoyment. It
is recognized however, that speoific sites will require modifications to
seotion desorilbes the potential envircne

this gencralized plan,
mental impacts of the e omoalfd RRVI=IR

Inter-Basin wWater Liversion

Inter-pasin diviasions of water, wnich include such works as the tapping
of water frum lakes or other standing water bodies (indcpendant or in ancother
watershed), the transter of water from the Atlantic slops to the Pacific
slope, or simply the transier of water irom one adjasont or nearly adjacent
watershied to ancther, invarilably lnvolves a net loss of water from the donor
basin an! a net gjain to the recipient basin, aot of sue o ogains and
losses or watsy may be positive or negat.

upon water use, water

wdanc:: Lz both basing and several otoer rao
abund th ba i I ot

Eftects ¢ inter-basin water diverslon on watel guality 1in the receliving
i !

stream or the spread of water-borne liscases and parasitc s have already
Leon ddivon o To thiee extent. ‘iot inter-hasin aiversion
requires additic. 2l construction of canals and & cess roads, the environ-
mental impacts (sedimentation, water quality, eillects an aquatic biota)
will also be increascd.,

Water Impoundment

Creation of an impoundment to ensure adequate year-round avazilability
of water for SHPP operation has 2 number of significant envirormental .
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 spawning sites for riverine
fish. Aquatic organisms adapted to flowing water in the unimpounded stream
will be replaced by species which are adapted to life ir a reservoir
habitat. Depending on the particular situation, this change in aquatic
commnity composition may be either beneficial or detrimental from a human
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use standpoint, and its desirability must be evaluated on a site-specific
basis.

Starage ©! water 1in d reservolr will result in water quality changes,
many of whiol. .o oty e . Fetention ot water within a
reservolr 1lnilcascs the vxposule time of aquatic ol jailsms tu contaminants
and may Uthwrelolc both guyravate aclte and chrona. Loxic ofiects,  Blo—
accumulation o Loxio s hemlcal throuyh the agquatic food chain can also he
increascd by U impoundiment o contamildted wate r,

R

! LAS usod Lo Impouwnl water 1o LHPP

operatic.. may present an impassable balrier oYy upstream=r o 1ating 1ish
and would thoretore Limit the reproau tlve 50 ens of L. i o Lhab dhder=
Go these mir . tins cor the papose Of sphawnilig. Jimidiar iy, downstream
migrating fi. , su b s
delayed or halte ' by the presence ot the posge

juvaedd boeonaoat, oy teve toeoir teamal o wowvenonts

TVOLY alk!l ddim,

One bicological etfect of rescervoldr croestion whioh has adaitilonal
relevance to oHDE Maration and maintolonoe, as well es ol torhate uses, it
the problem of nuliance aquatic plants,  Many new reservolrs are rapidly
colonized by tloating plants (such as water hjacintns; or rooted, sube
mersed vogetation (suwh as Blades). hot only do these plants have profuand

effects on the apuatic blological community, but also thaey can olaog the
SHPP irntake stru ture, increase ovapo~transplration loss. s of water from

the reservolil, reduc tie citec blve waiter volume ol Lhe 0 Lorvoir, harbor
diseas. veotors and parasite hoots, and hinder alterna!. roservolr uses
(such as tilghing, swinmdle;, livestook waterine ). we to Che abilivy of
rescrvolir ot i

voretaln intlowing sedinents and nutvients, thess large plants,
as well as milocos onle plants known ac aljac, o atieon wery great
densities, and their subscequent decomposition o1 releasce of toxins can
sigrnifican:iy Jdegrade the water quality. The development o1 oxcessive
growths o! nuisance aguatic vegetation, and * e cost of its subsequent
control, wust be yiven scrious consideration when eramining the teasibility
of a SHPP site, especiallv those locate ! in warm olunates or low attitudes,

The fact that impoundments retain sediments implics 4 need Cor a more
conservative upstream land use it L eomature sitation »f the ressrvoir is
to be avoeided. Appropriate watel shed vanacenent or protesclon measures
should be conditioncd to the construction of al impowcuhimont,

Downstream impacts of impoundments can take tuie rorm of other phenomena
other than those already mentioncd, on water quality and Fiotic communities,
Degradation of reaches of stream chamnel below th~ dan may leaa to bank
collapse, undcrcutting of bridges and other structures, and the initiation
of headwater erosion into adjacent hilly or mountain regiorn., Changes in
the normal flow regime of the river through regulation can lead to the
haulting of flooding of riparian agricultural lands (with negative effects
on fertility), variations in ground water lcvels and in/and migrations of
the salt-water fresh water interface orn 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. Lowgr water velocities ir. the reservoir decrease the sediment
transport capacity, and suspended material settles out within the reservoir.
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This has the eflect of (1

s =y e
a2

decreasing the useable volume of the reservoir
- 2 s

vdoed ard {3 3daereacing the
() Jawreaging vThe

{(which may rcguirc perio
erosive potential of water leaving the reservoir (which ey result in down-
stream erosion of sandbars, streambarnks, Jdocks, and bridge abutments).
Because Jquiet waters in the jmpoundment permit tne growth ol aguatic plants,
inflowing nutricnts are taken into the flood wel and sotalsed within the

. Yy e we o 3w par ]
= enanoe dredoein

+ (3]
-~ - e

reservoir, theroby decreasing the fertility of downstream watzrs.

Requloabed rlovs which result from roservols leleases desioned to
optimire SHPF gencration will euse water level lluctuations on ¢ dally
and reasonal basis which are 3iftvrent fram natural rilows. This can have
effects on pirysical, chemical and blologlcal processes Lboth within the
FESCIVOLT and downetream of the reservoir. These inpacts snolude alteratioa.
of the tiwrmal rogime, leaching of et and bank substrate noeterials, altered
downstroam e osion, and exposure o fish spawning growsds.  Por most SHPP
installations thew: effer tu will probabiy nol e sigraticant, but the
potential seriousness of altered water Lovel !luctuation patterns will be
directly related to the size of the Impoundment and 1ts releascs.

Sirze of the Project

As with most man=induced stxoesses, the magnitud. of cnveoouaental impacts
resulting from PP develop ent 1s generailly reloted to the s17: o the
facility. That is, a 100 ¥w facility is likely to oause tewer problens than
a 1000 Fw facility, simply because the amounts ol Constiuotion naterial,
watershed disturbance, grading «d diverted water are lows tor the smaller
facility. Of equal importance, hovever, is the amourt of water diverted
relative to the total flow in the stecam. A 100 YW lant may have a greater
impact if it withdraws a proportionally amount oif the {low rfrom a small
stream than 2 1000 Kw plant located on & large river, The cigpnlficance
of environmental impacts can vary seasonally; a 100 Fw o wey hewve little
adverse impact during high stream flows in the rainy scason but may represent
a significaat stress to thw agquatic system during tiwcs of low ilow, These
variable conuitions must be considered during the conduct of the rfeasibility
study in order to arrive at a reliable cvaluation of environmental impact.

Farming

a) Diesel vs, electr'c pumps for irrigatiorn:

Low Lift Pumps Ass mptions:

1) A single pump set driven by an clectric motor is considered to
have 150% more sustained capacity than ‘liesel driven sets of similar horse-
power rating.

2) The pump set is usually replaced every 6 years.

3) A single phase 7.% H.P. electric notor is replaced every 10 years.

4) A 7.5 H,P, diesel enginc is replaced every 6 years,

Additional information:

- average pumping hours per year on season
- fuel consumption
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= fuel cost and electricity rate
- malntenance costs, including rceplacement, labor and other costs.

ESTIMATED ANNUAL COST

DIESEL MOTOR ELECTRIC ENGINE
Motor/engine annualized cost $ S
centrifugal pump sct annualized cost S 5
fuel/electricity cost per year $ )
maintenance cost per year §$ =
Compare total costs $ 5

b) Shallow Tubewell

Assumptinns

1) A single motor driven shallow tubewell is considered to have 140%

more sustained pumping capacity than a diesel,

2) The punmp, pipe and fittings are replaced every 10 years,

3) A single phasc % P motor and contactor is replaced every 10 years,
4) A 5 HP diesel engine is rejplaced every 6 years,

Addicvional information:

~ average pumping hours per year
-~ fuel and maintenance costs

Annual Costs
Divsel] Electric

Moror  Enaine

well and casing o o
centrifugal puang 5 5
motor/engine $ 3
electricity/tuel 3 S
maintenance s S

TOTAL S 5

Stn = average cost savings per tubewell pump

econamic wholesale price S/
distribution & marketing S/

economic retail price S/


http:Motor/engir.ne

c) kerosene lighting costs psr year

gconamic rotail price w 265 liters
capital costs of kerosene lantern
(annualired)

replacement & parts

total costs/year

d) electric lighting costs per year

electricity (.02 x 0,43 x 365)

light bulbs expenditure per year

capital costs (wiring, meters)
(annualized)

total costs/year

e) cost savings per houschold
total kerosene costs/v:ar

( - ) total electricity costs/year
net cost-savings/year

)
(24
w
]

n
it

zn

S/.
S/.

S/c

s/.

5/.
S/.
S/c
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Ave. cost savings in year n for H/H in category
Ave, cost savings in year n for H/H in category

Ave, cost savings in year n for H/H in category



POWER SALES FCR SELECTED SHPF

REpencix 1.

Localit  /Frovince Actual Urba: N Irszalled Selec Number 27 Avge. PFwi
Population Service Capzcity (GwH)} Corrections Cornectizon/¥YAa,
1 Foars (Kw)
Otuzco/La Libertad 10,200 24 312 .433 736 588
Acobambe /Junin 9,800 24 220 . 49¢ 438 1,134
Huanschucc La Libertad 5,902 24 17¢ 35¢ 8732 47t
Chucuibart s /Arequirpa 3,7CC 1g 207 a0z 556 ~23
Tayabarba Lz Libertad 4,300 1z 00 3z: 54¢ s9.
Hyuaychucz T3 Ilibsrzas e, 207 1z gL 1=- 597 <E2
Cascas Corcarazg Iacamarcs €,30¢ 1z eal 332 80¢& <23
Pomatambe Ancas’: 3,420 1z 22E 2Ce 352 $9:
LOra. va hAyacuchd 5,500 12 19¢ .236 645 35¢€
Ayakbacs /Piura 5,200 8 200 .237 439 541
Huarochbri Lima 3,200 6 320 .114 274 416
1/ Estima:?d Population growth: 2.5% per year.
Source: Elecéroperﬁ, Divisi6bn de.Estadistica , Lima, 25 de Julio de 1980.
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DESIGN OF TRAPEZIQIDAL CHANNELS WITH A WALL

SLOPE RATIC OF 2:!

APPENDIX 1]

Thickneass of the Concrele Lining e = 10 cm,

. s the FLCOu PROFILES
Veloc4ty Cranned 1 11 111 I V
v (m/8) Stepe Lered? v ! n \ 0 v X v Q v £
and FLow : {— > :
Capac4t = 13 | Yes ._~_Q,Z}._w45 1.0.26 65 _74Q:3}_4_}ffgl 0.3 130 ] .35 21¢
0 (1/8 T No 0,56 100 | 0.¢2 155 0.7¢ 2501 0.73 {310 1o gy ] %00
- | ves 1 0.37 Je6 0.4z 705 | 0.46 | 165 ] 0.47 1700 0.5 | 3¢
Z. Ne 0.89 | 160 | 0.99 1 250 | 1,13 | 420 | 1,18 |500 1.33 | 800
Fottor Width 1 0 35 . 0.45 0.5¢ i ¢.60 910 ]
fiedight H 0.45 0.55 0.60 0.70 ‘.80
Distance belfween _ 1T o200 0 20
O NETRILIN] 0.10 p o o.te 03 om0 0T
Dimensionspaten Heeght., __ SR ]
n Hedgth -t 0.35 0.39 0.47 0.5¢0 . o0 B
et Cross Section A 0.150 0.252 0.355 0.425 0.600 £Dx
Wet Bourndanry ¢ 1,12 1,32 1.58 1,72 2.0¢  EE

NOTE: The dimensaions F end

eq

Lining uséd,

t change slightly (+ 2 cm) with changes in the channel Alope and the kind


http:Li.ni.ng
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14
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DA IR i
/
FDITCOSON {
' — o /,-A ’),' -
/i } « pig de Tue Deberen O sanes ' - Lo edmend
- ,'-v/ e 2 - 4 '_’—- D T

CONMDlRANDO :

Qu- es neceserio madificor olguias farifes de los servicios peblicer  de
electiicidad conio consccuaiciu del cumenio re-gistrodo on los costo, Oc o,’.oeroci\f,:. ac
dichn: wrvicios @

Estando o lo dispoesio por ol Deaetoley 21732

. A . . - » . .
Conlo opinion javorable dul Dircctor Gencrol de [lechicidad y | Diren

tor Suparior ;
SE BLSUSLVE ¢«
1
ALTICULO 19+ n'\.’.t;diffcusc Jos tarifas fijeaas & FLECTRORERU pix fus R

S(;fUCiCH‘CS-)\‘U.’\-:'-i(‘iiii\(:s Moo, 552-y 597~79—EM/DQ§ de fecho 11 dt Julio oo Vo7
A UCRYE Agosio da 1979, jespeciivamanic, quo ¥ wiholo o continuociGn :

O

F Jorifas jora conswumo industriol c:xupiondidns en los plicgos taiiforios 1, Uy

iv.-

Tosifa e 20 Indusirial Fonor :

Polcnciv ¢ oofra’ade nno: de 50 KW,

Por polern i in tolows s/. 260.00 K\Y s

[rncigio Activa ) /. 9.30 KW
Tesifo N° 31 industriol fayor . ) )

Potencio Contratode igual o mayor €
50 KV,

Suminisitos €N alimerdaciGn o fenio
nas noninales de hvo a2, 300 voliion:
MIxIG G nde (;..f;,i|.~~.:,',‘.:;ne,“nl feic
ymoble (05 de lo potoi 0 contiata

da) - 5/. 1,620.00 K\¥ruis
En:rgn’o Aotivao S/. 8.00 1X\Wn
Fumigio Reoctivo C s/. 4.20 LVAvh

Iul”ﬂ l\lo 32 |ndustriu! f\t‘l’JyOf . . BES


http:1,620.00

To.lfo N© 33

Tarila N° M

Tarila N° 35

Potencio conbuiado de 50 a 999 KW
. . . . .
Sumininiros con alimentacion o enstons
nomincos ente 2,300y 15,600 voltion.
4 . l F 2
Wayvine Leoanda(minimo s neuul focluia

hle 60 d» o poiencia coatintada)

. .
Fozegro Aotive

I .
Enagc [eactiva

Vlusdnial Mayorn s

Poinn i contiotada mayo: de 999 KW,
N . . . . .
St st o LD ohirvntocton o fenaon:s

nomiteides sor neres a2, 500 voltios

nores oo A0800 voltios

Miruae Do f::dn(mrnim:' o
Ble 000 et paencio ¢ ontratada)

. rd i . \ i .
[oergia Activo dunnafcn mmada enlre las

10y 27?2 hoias)

rd -
Incroio Aorivn nae turnalc onsumida e ntre

Tao 72y 10 fioras)

- Al
{notoio Neostiva

Indu-teial 10 iy

ble (o o 1c potancio conhotoda)

- ‘< AT ' .
Encinio A ten dionnal, crevtoida enbe los

10 y 27 Vi)

< ’ - N
Encroie /e nocturn Ao onsumida entie feas

27y 100

P )
[nctgiu e ot

Indudiiol A o

. . i o .
mimles or wds de 0,000 voltios

rual faciuwa

. Ve NI I YL A ol e 999 K\M
S Suminntier Cun ol ok 1on O Jensiones
nomimler e 39,000 a ¢-,000 voltion:

4 . - -
Noad i_B;rr,n:(d;:(nn:nu‘:r cenmnol foctaa

Poteneio coatioada mayor de 999 LW
. ¥

0 . 0 g .
Suminititos ¢ on olimnindion o lensiones no
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S/. 1,600.00 K\ -inze
' 7.10 KWre
4,20 KVAh

$/. 1,900.00 KW-mes
8.00 Kwh

4.70 13
3.80 KVAm

S/, 1,600.00 KWW-mes

S/- 7 . 50 K \"./n

S/, 4.25 KVin
S/. 4,00 K Vath


http:1,100.09
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Tarifa IN©

Tori fo e

Tariiu !

l'v?”ﬂ conT

[
i

N
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I\’L'Sximf) U‘~!¢..}ndu(sm’:|;a.‘»..v mr"r.t.uill {CJ(‘.‘uLJi'u!)lr

0% de do y orencia coiratada) 5/.
Lnerolo Zotiva divrne{conumica entie oy

10 y 27 henad) </
[revgia A tive Barovaconsumiaa endre jae
22y Tono o . . S/.
[HL"I\(};.‘J Foo tiva

Indusiiiod f4yor

ffoteva g connatads oo de 990 LW

. . . .
Sut.,):‘,'a‘ CON b s 00 6t 1yas Noma

nufes o T e G DU vl b o

Moxivs Don Al aie vensual focturable

(L‘.% air b potwio connutada) S/.
Erncaic Aotive Jurnac cmomido entie los

]Uy ),, Gy : S/
Eossgrn Azivive st {consumida o ntre las
?2)' Foohorass S/.
[r,gr.«___uc.' eactivg Q/,

Indestsl Mayor ¢
)
Pot-nc's condratxin Ny d" 990 KW

Suminition con G i nlagan a temiongs nomn

. - N -
oy o 1, 20,000 voliios:

i - I . 1
feayiner D ‘;v:,'n’;\’l(unh!l'r'.l ool factorohle
T F S NPT, dictod) $/.

o ' ] ~ '
Eresrai o (\,hv" givtnas{cenanrida 1as 10

y 22 ) ) S/_
{r;slgn’a: Astiva nocioro (conwimida cane los

22y 10 horas) 5/,
Eneraio L octivo 5/,

ool y de uso Gl

40

Comerciol Monor:

Suministon conalimentocion a tensionss nom|
rnoles d Logia 2,300 v;.!:io\ -
Comuinon de hasta 00 EWhi=nes S/

Contumos mayores dio 3 KWn- e - S/,
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ad

Cranciciol a Peoion Fijo:
Atnino 100 Vicie conirciuio. 5/. 3,60 Woit-n.
Comneacial Moyoi:
Sumiintios con i -">f":"i"'m ¢ icrmiones

nominales o e a 2,500 voliios

Lo {miatmn memvol faciu

robl o D% Go to puientio contratado) B S/. 1,200.00 Lyy-imes
!'nf-l'nu Sctiee diene {(de 10 0 22 hora) S/. 18,50 kvl
Encigio Active noecsone (Je 22 a 10 ho-

1(),,) S/. 106.00 kyih
f;’wlgTC Reactiva S/. 4.00 kV/ah

v

'u[-."\ i

Usc CGenerst a
Convumo: oo }1«:13?:: Y {\ S heimes S/. 481,00 mc.
Comumos s ayorvs e 30 EWie mes 5/. - 16.00 kWi

oo Genesh o Pinsile Iija
fhianno 100 Vo coshioode S/. 3.00 Waoii-me

D.- Torifas pate comume coretciot y do uso general comprendidus en el Pliego

Tarifario 1-A:

Tarifa N¢40

Tarife IN@41

Tarilo N®42

Tarifa N°50

Comercial fhoenias

L . ;
Conninisites @l nentaeion o demaonc
nominoles do feete 2,503 vohine

Comunes e toas 20 8- S/- 729.00 wee

Cornuinos myorrs o 530 NV ie-mes 5/. 24.20 LW
Lamercin' nooeraalny i

Minimo 107 W ok cns ol S/, 3.65 Wait-mc

Comnerciat Moy
Somin b cone abiuea neicn o fension:
pominale supooores o 7,300 voliion.
Moxine Doy o’ mo noemoel foddu
rolide 6077 0 by porcrcia Cantratoda) B S/. 1,150,000 Ly =nce
Lneria Activg Qoree S 10 a 22 haes) (:/ 15.00 twh
'

Lnorain Active oo o (de 72 0 10 hisiae /. 9.00 L\n
fneigic endiie S/, 4.20 vl
Uso G(‘nclul a Meoedidor:

Constmier de hasta 20 TWh=-1es S/, 452.00 rics
Cimuumuﬂ mayoret ae 30wl mes S/. 15.00 KWh
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Tavito N°5I U.o Cuoregol ¢ Periln Lo

Jaine 102 Watls contialunion S/. 2.60 Wali-mi-
t. Tarifo poro oot cormcrcial J o cencrel compie ndidos en el Plicga

' S 9]
ro H

Torito Nl Cumerciar L nor:

Surnininiis. Gl ol ndocidn o feniones

pomingts . hota :/13\/){} volies

Conuines 0 haste &0 o limmes S/. 695,00 e

Consume, mayores dJo S0 bwWhi-nio 5/. 23.10 bWh
Tauiila N4 Comercial o Pensiln | hja: .

Mioimo V000 Wasts contbeiaoda S/- 3.80 Wati-mes
Tanio N¢42 Comercial Moyor:

Suminivticn con olimrniucidon a fen-iones
nominales supirtaren @ 7,300 voltice

Masime 1 mands (@d amo meosuol foctu

roble ¢ St poccncic connutod) TS/ 1,050.00 Lyvi-mes
Lnoralc fo o dior (de 10 a 22 hora) S/, 16.00

[noaafe /o siva nonanen (g 272 0 1+, ho-

'
t

Ay I

o) .5/, C. 00 VW

}_I’I"‘H‘Hli). Voo tiva S/. 3.90 EVAh

Torifa N°LO Uss Cenool o Medisio

Cornumney o b 55 I Wh-rmos

481,00 mos
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Tarifo NI Uso Gon ol o Powsiln Tijo:
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r -
Y
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i
Taifa N°AU Comercint Moo

Suminisiics €on aYure ndocidn o demsionss.

pominaiv. o Tuaa 2,300 vollion

Consuine, o hosto W W s e 5/. 570,00 s
Convume. moyores deo S0 W B e S/ 12,00 Lwh
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Minimo 16D Vialy coniralodos S/. 3.00 Wett-mos

Tarifa Neay Comerc vorl l\‘“,)‘“r;
Sumie 1. con obinontacien ok TRINISA
. ) e .
nominaton soporions © 7,300 voltio:

Maximo Denmda (minimo menwal foctu

rable 600 de o potencio conhetada) - S/, 7450.00 IN{-imes



LTS

* Jarifa o5

v .y
rarido

Tinas

Tarifa N°4Q

Tariic

Tarifo N°42

Tarifa N°50

Tarifa N°O)

H.-

N 2 " N .
Lrongio Adhive dinmnn (i
Jncrgio oaive nocininn (oo

Encrgio Readlivo
Uso CGeorvaol o Modidor:
di hemio S0k

IR e

°50

Coisitmen, Vo Y=

Coivuinr s,

Use Gl o Persibn o
Minhue 100 Waotss conbroiouo
Surifos parg con o comeciol y dvouso

jorifario 1H~/v

A

sub Meovers
con olisniacdin a
hasdes 2,300

hasta 30 Lywh-mnen

Comere
Sumiird i
minoles de vaoliies
Comsurios dz

b 1A

L]
MGyt Gu ol i

v.yy

Consutiay

’

o fon Fije.
Minweo 100 Woens conds

INLA IAE PO

mel

}(l(i(é

Come:
Sumti-tdion

.
0! Moyocs

cewe oliicracion o

N

S0 e

He h(:l(!:)

ANNIEX )
Exhibit

Page 7 of 20

s

s .
: <1 I’/’ //'
’(g_/ (- [ g

i

) S/,
('/
5/.
it
5/.

: /

'\I I\'

YR
) lx\..h

1.
6

3%90. G0 e
14.50 kvin

5/.
5/.

5/.

ueneral comprendides en el Flicgo

S

ie e ioncs no

rﬂ"'

L,

i i 1oneEs no

00 kv/irk

3. 65 VWail-

2.65 Voti-mos

nes

) minat . supeo a2, 000 voliio
Moxpae Toooeta (minin - o reacl Tacimoble
60% v o poivncio Comtiotody) S/. 735,60 1N =
Eneyeiodiciovs Cnne (.« 10« haoron) S/. 11.20 1y
Ercrs: i’:: Sciten poctune (de 27 0 Y0 hees) S/, 6.45 L
. frxclg}:'."; I imvo S/, 2.95 kNS an

snorel o Medistar
")

(AN

Lo &
Consumo do
Consuvney

Nt LN h-mees

(’,n"t‘)‘Cu [ (;

Uie Cornncet o Tondddn Fijoe:
Minimio 102 Viatis cordratasion

Tarifos para connumon convrcial y de

rifario 1V:

30 tWh-nmce

uno cencrual

3/7.00 mel
13,80 1V

2.55 Wott

5/.

comprendidas e, el Plico

=rmnes

Ta



Turnda (NI

Tarifa N4l

Taiifo N°42

Comrcial Mono:
SUn L 0. Cln b ndar o
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457,00
15,25

3.80

Summinictia con alimendociin o fenuiongs

',
N

nominulcr woperiones o 2,300 volito

Moximo D manda (minimo ool fociuro

He 6075 de lo podencie conusinda) S/ 700.00 kyw-incs

Encrafu Activa divina (do 10« P2 horas) S/ 10.60 Jow:

Encraio Activa nooioing {00 22 a 10 horas)  S/. 5.30 kwh

Encrgio Rouctive S/. 3.00 L\/ah
Tarifa N°50 Uso Generol ¢ Medidorn:

Cornsuma. de MY b S/ 314.00 mes

oo , ¢

Concuines moyores de 30 bvin-nce S/. 10.50 kvt

Tarifa N°51 Uso Geneial o Porstin o
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Para s Jefe U E.R. Norte
Jefe U.E.R. Cantro
Jefe UE.R. Sur Oeste
Jofe U,E.R. Sur Este
Jefe U.E.R, Oriente
Jefe de Sistema Interconsciado

Asunto : TRANSCRIPCION DE LA RESOLUCION
MINISTERIAL N° 0552-79-EM/DGE QUE
DICTAMINA LAS NUEVAS TARIFAS DE
ELECTROPERU

Ref. s Telex GE-1877-79 del 17.07.7¢.

S ER G Mn e AR Up e SR e MR R e e e S M ae e G M e T e AR e M e S Me M M e TR AR W e R e Aw o SR e A E e A s v e

Nos e grato dirigirnos a Uds., remi:iéndoles adjunto, la copia Oficial de
la nueva estructuro tarifaria ue nucstra Empresa, o fln de que se sirvan di-
fundlr en las Oficinas Zonales a su cwrgo y e procsda a la aplicacién de
dichas tarifas a partir d=l pte. mes, trato a los abonodos comunes wsi como
ai Sector Industiial Mayor, d: conforridad a lo dispussto medionte nussiro
telc.. de {a referencia. Les iiccemos nota: que, en loy nuevas tasifas, ao se
hen ¢ pecificado las custas mensuaies de Alumbrado POblico; en efecto, se -
mantendrén los monte, fiiados mediante la Resolucién Ministerial N® 0533-77-
EM/DGE del 21 de setiernbre ds 1977.

Con retoclbén a nuestro telex ds la referencia, les relteromos que, ef Pliego
Torifaric I-A s8lo s apiicable en las localidades de Pucailpa, Torapeto ; -
Moyobamba; v, cl Pliego Taritarlo lii-A, s#lo e; aplicable en la ciudod de
lquitos, de conformidad o lo Resolucldén Ministerial N°® 0551<79-EM/DGE, ~
cuya oopic adjuntaincs. En efecto, en las demds localidades, o nivel nacio
nal, se aplicarfin las torifas N8s: 1 = H - Iil y IV de la presente Resolusidn,
sagln la relacién especificada en lo Resoluzién Minlsterdal N® 0032-78-EM/
DGE del 19 de enero de 1978,

En virtud de fo expuesto, agradecaremos se sicvan fomar debida ncta de Jos -
observacionas sehaladas, a fin du quc nuestra facturacién se efectle en farma
corecta, hujo responiabilidad de coda Jefe de Unidad de Explotacién.

Vel

Ateniamente, - /
/

/
/
) ’
P

< 4
4
Aa,;./\ Lorindicado {R.M.0552 y 0551-79-EM/DGE )
BEC/AWR/nap.
_q'c : GG,

Cor.nerc .
Tarifas.
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PERU's ENERGY RESOURCES AND CONSTRUCTION

1. Egssil Fuels

PETRGPERU's (the Peruvian state 0il Company) estimate of Peru's
total petroleum regerves in #1% million barrels, broken down as follows:
measured reserves= 560 million barrcls, indicated reserves 160 million
barrels and inferred reserves 9% million barrels, United States Geologic
Service (Usub) spevialists who participated in the DOB's cooperative
Energy Assessment estimated identitlcs rescrves ot billion barrels,
the difference being accounted for principally by ¢scs's higher wstimates
of the potential for sccondary rocovery in the Talara Basin. Peru shifted
from a net 0il exporter to a net oil importer in the late 1960%'s, however,
with the discovery of the new ficlds and the completion of the trans—
Andean pipeline and the nortlurn braosch pipeline, domestic production

2

once again exceecded damestic conswygtion in mid-1974, Unlecs additional

new discoverics increase output, it in expected that Peru's oil production
will peak at 21.3 million barrcle pxyv vear (bbl/yr) in I9l, level off at
70 million bbl/yr by the wid 19nUs and drastically decline to approximate-
ly 10 to 15 miilion bbl/vr by the yoor 2900, bocause the normal lag time
between exploration and production is § to 5 years, the Usob specialists
consider that the prodicted decline in production through the carly to
mid 1980's is irrcversible, Howowver, oxplovatosy ventures in Lhe next

10 years could reversce the anbloipats loav jroduction rates by 1%20's.

Based on y1cooent opelation. and exilsting knowledogs of petroleum
i 1 J i
reserves in Peru, the cowntrs shouli b Lolf=suificient in oil until 1985,
Currently, damestic ately 45 wmilidion barrcls per year,
and Hr the past decade it has beon rowilg ot an avVelage annual rate of
4,6%, Expected domestic oonouny tion by the year 2006 1is cstimated at 117
I ; y
million barrels pei yodis

demared Lo oapprosn

s omueh sinollery rolo s dan cnelny source,

Natural ¢
supplying G.4© of peru's totoel onoer iy neeids, s production in feru is
expected to pomieini o lative L Gign wita curcent profuction at about 72
billion cubic feet per ye ar, «ud an ostimatea 5» decline per year, Peru's
natural 7as, producei wmainly fros the Talera kasin, is used primarily for
fertilizer production,

1/ Measured Reservces: That part ot the identificd resource which can be
economically extracted using cxisting technology, and whose amount 1s
estimated from geoloa;ir cvid.once supported divectly by engineer ing
measurements,

Indicated Reseinvs: bescerves that include additional recoveries in
Known reservoir (in excess of the measured rescerves) which engineering
knowledg~ and judgement indicate will be cconomically available by
application of fluid injection whether or not such a program is
currently installed.

Inferred Reserves: Rescrves in addition to demonstrated reserves
eventually to be added to know ficlds through extension, revisions,
and new pays.
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Lvoal depssits are reportod to ocour in ld of Peru's 24 departe
ments and include ceal renging in guality fram lignite to anthracite.
Although the ool tonid 1o most arcas 16 ol little cconomic value, in
central {(yHn Coruia ot Jatunbvasic cuet nortdeen Peru (Alto chicama and
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Solar Energy - No camprehensive 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
represcnted; (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 encrgy units, Preliminary information suggests that the Sierra
has the highest potential for sclar energy resources exploitation
followed by the jungle and coastal areas.

Although, solar photo~voltaic systems could be used to provide
small-scale electrical generation for pumping water and powering
commmication cquipment in rural areas which do not have small hydro
energy resources, the basic limitation of current photo=voltaic
applications is the high production cods of solar cells and the need for
expensive battery storage, This option will become attractive as cell
production costs decline to a level at which the cost of photo~voltaic
generated electricity is campetitive woth the cost of isoleted diesel
or hydro~generated electricity.

wind Power -~ Wind turbines may be used to Jenerate electricity
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 natiocnal 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,

EBEiomass = This general title encompasses a large variety ot
potesitial resources including vegetablce and animal products and residues,
Peru has fairly abundant forest resources, most of which are located in
the jungle ceagion where the population density is low. Approximately
70 million hectores of natural forost and 106 thousand hectawes of tree
plantations (99% of the latter is cucalyptus) exist in the country.

An estimatced 99 of the native rorests and 60t of the lumber mills are

in the junyle region. The potentiul use ot biomass on the coast is
limited because of the lack of sufficient agyricultural wastes, poor
soils, desert conditions and the qreat distances between the neecded
gources of vegetable wastes and the industrial and population centers.,

In the Sierra the cucalyptus could be uzed to produce additional fuel

for domestic use through tihie commercial production of charcoal and gas,
although the rem.ining residues will not prov.i-de for bio~fuel conversion,

The two muin non=~cormercial cnergy resources utilized in Peru
are wood and animal dung. of the total amount of c¢nergy consumed in the
country energy produced from wood represents approximately twelve per=
cent, While the information on the aiwount of energy producea from
agricultural wastes and dung is scarce, during 1976, approximatelv 43%
of the population utilized wood and dung for cooking. The use of tihese
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noo—~camercial energy resourceg declined between 1965 and 1976 with
respect. to cammercial cnergy resources, i.e. their growth rates during
this period have been 1% and 4.2% respectively. An explanation for
this relatively low rate of growth of non~camercial energy is related
in part to rural-urban migration and to the increased use of kerosene
as a fuel by rural populations.

D
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siness frontiers.  H:
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Regional statistical report -

ul the Minmictry of Industry and
Tourism

Employment statigstics pubilishey
by the NHattional Office for
statistica.

Hational Accounts prepared by
the Central Reserve Bank.
Project evaluations.

Visual wnspections.

ssumpt ions for achieving goal
target
The I continues recognizing
the need for better producti-
ty levols as well for the
redistribution of ancome in
favor the rural poocr
Suffrcicent budgetary alloca-
tions are provided Ly the GOP
for analyring and carrying-out
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titution of peurelews for do-
mestic and industrial use.

An efficient elecetrici-
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tiple stage price scheme.
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Political
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use of

Stability prevails.

End of project status:
Institutionalizarion of the Mini-hydroelec-
tric Development Frogram. OPTA actively

OPTA's Mini-hydro Development
Plan for the long-range.
Enlargement of the technical

Rssumpliont for actiioving
purpone:
A core of OFTA and ELbTROPERU

techniciang are ajpuinted to

itovadiny reasonably priced hydro-generatelt  engaged in project development & mkharation, staff of OPTA and inciecased work at full time 16 the Fro-
eloectty al energy for secial and pro- - Hydroelectric plants in operation in rural budgetary allucations. jest.
dustive uses inotural towns i1p the sierra areas of San Martin, Junin and Cajanarca -~ Prnject Manager aonitering ve- = Tamely acsuisition of egquip-
and b yunale, with a total capacity of P.4 Mws. pores. ment and machinery.
- 100% of (atal energy available for sale 1s ~ Annual joint evaluations. - Techmical assistance aveilable
consumed by domestic and industrial units, - Visual inspections. on a timwiy basis.
- Approximately A0 Families using electric - iwtion 1s firashed on
lighting. schedule.
- "ffectiv ddemand for electricrty
- Pursability for indusrrial
develoument |
Gutputs: Magnitude of Outputs : R TT¥er () to (6 + Aseumptions for achieving outputs :
L - instaliation of mini-hydroelectric 1- 28 plants distribut d praincipally in the - Rkecords of ELECTRUPERU, GUTA = crogect plan as g lesented
ttant . Departments of San Martin, Junin and aja- and USAID. as scheduled,
? - Studies outlines for idenfitication marca and with an averice capacits of - Publication of Pre-frasibilit, - AT and &1 counterpart funds
vf sub-prolects. 360 KW, and Feasibility Methodology for are drsbursed as plaraed.
3 - Promaticn mpalan 2- Pre-feasihili v and Feasabilite meth wiolo- ELECTROPERU technicians. - Froject procurement 15 deli-
4 - Maintenance Plan gy designed to identify those sub-:rojects | - Frodress Reports submitted hy vered withie expected time
% - irained Personnel which meet minimum techarcal, econsiac, ELFCTROFERU/GPTA L frame.
sccral and environmenta. criteria. - Froject Manader monitoring - Technieal astistance 1y Lro-
3- An on-geing edurational procram decsgned o reports. vided on a timely basis.
inform and train the ta.get communities on § - Yisual inspections. - 0T ante =t 15 maintained in
how to take advantage of electricisy G - Fublication by MEM of the search ord exvcutson of
merease thelr ecanemes activity and pro- Mini-hydroelectric Development proyects whion constitute an
ductivivy. Plan for Peru alternative to conventional
4~ An on-going jlant staff with four (4 turbing encrgy Sources,
HENEratour pPreventive maintenance noehanics
5- 48 man/months of local training for rural
2rOmotors and CainteLance endinect ;.
Inputs: Implementation Tarqgqet (Type and uant - USAID and ELECTROPEREU accoun- sumptions for providing inputs
ting recceds. - ELECTROPERU complivs with
- Froject financial reports. conditions precedent.
- Project audit reports. - The GOP provides ELECTROPERN
A.1.D. with the required budgetary
Investment Category Loan Grant GOP Toral allocations to implement the
(Thousands of U.S$.Dcllars) Project.
1. Studies
- Fre-feasibility - - 200 200
- Feasibility - - 560 500
11 Im; lomentation Support for
Fromotion Campaign ’
- eration Expenses - 100 160 200
nstruction
- ‘ivil Engineering Works 2500 - 2090 4590
- LJuijrment and Machinery 6500 - 1030 7515
- apervision - - 240 240
V. T hnical Assista S - 870 - 870
v. Muintenance
- Jperataon Expenses - 30 20 60
- Spare part:s = - <10 210
Grand Total 9000 1000 4400 14400
694 ERLY 0o
1/ Inciudes: 60 m/months of Project Advisor, 8 m/months of Econemist,
4 M/months of Environmentalist, 4 m/months ol Curriculum Specialist.
& m/months of Energy Planner, 6 m/months of Administrative Specialist,
4 m/months of Maintenance Specialist, & m/months of Procurement

Spec

ialist

and 4 m/month of Evaluation Technician (totai of 102 m/months).
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