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CHAPTER 11 CONSTRUCTION SCHEDULE AND WORK PROGRAM

11.1  CONSTRUCTION SCHEDULE

11.1.1 GENERAL

Water supply to Laguna Aricota and Aricota No. 3
Hydroelectric Power Scheme is predicted on the necessity for it
to be implemented as soon as possible in view of the present
state of utilization of lake water.

In effect, according to the growth in power demand, it is
necessary for the water supply scheme to start operation by July
1987, and Aricota No. 3 Power Station by the end of 1987.
Particularly, since the water supply scheme, including dilution
and drainage of Laguna Loriscota, will require a period of 3
years, there will be a necessity for it to be started by July
1984. Besides the diluting and draining, other works, are to
have a construction period of 2 years, and are planned to be
started in July 1985. As for Aricota No. 3 Power Station, it was
assumed the main work would require two and a half years, and was
planned to be started In July 1985. However, preliminary works
required to be carried out in advance in order te be able to
start the main work.

The principle work processes of the two plans are as showm
in Fig. 11- 1 and Fig, 11-2.



11.1.2  WORK SCHEDULE FOR WATER SUPPLY SCHEME

(1) Loriscota Waterway (Laguna Loriscota - Tocco Site)

This project is planned to be done in three years including
dilution and drainage of Laguna Loriscota, and the open canal at
Loripongo will need to be constructed in as short time as

possible,

After completion of the Loripongo open canal and the
downstream—-side waterway to the Tocco site, the dilution and
drainage of Laguna Loriscota will follow. In this case, the con-
necting point between the lake bottom and the waterway left dam—
like in excavation is to be dug down in accordance with lowering

water level due to drainage.

The water collection canal is to be constructed toward the
end of the dilution and drainage process, or after completion of

drainage.

(2) Tocco Waterway (Tocco Site -~ Rio Mataza)

Planning was made for excavation and embankment works to be
carried out first, followed by lining concreate from several

places.

Other than the above, tunnelling is planned for excavation of
50 m/mo and lining for 75 m/mo, with the work to be completed in

two years.

(3) Tocco Dam and Water Pump-up Facllitdies

Although it would be possible for Tocco Dam and the pumping
station to be constructed simultaneously, it was planned for the
work to be done in a series considering the overall schedule in
order to save on the quantity of machinery and number of person-

nel to be employed.
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A period of 20 months was estimated for the pipe line form
ordering to intallation and testing. It is necessry for the pipe
line to be ordered at an early date after start of construction

on the scheme.

11.1.3 WORK SCHEDULE FOR ARICOTA NO.3 SCHEME

In order to start work on the No. 3 scheme in July 1985,
access roads to the portals of the adit tunnels and about 10 km
transmission line for construction (10,000 V) from Aricota No. 2
Power Station to Chulilbaya are to be completed as preparatory
works by the end of June 1985.

The points requiring caution from the standpoint of the work
schedule are the following:

(1) Waterway Tunnel

Work adits are to be provided at three places with planning
done on the basis of average advance of excavation 100 m/mo and
advance of lining 150 m/mo. The 6.4 km of tunnelling work to
the head tank will comprise the critical path for this scheme.

(2) Penstock and Powerhouse Excavation

Since the powerhouse site 1s located immediately downstream
of the steeply~sloped portion of the penstock, the bottom part of
the penstock i1s to be excavated at an early stage after start of
congstruction, following which excavation is to be done from the

tallrace side to the powerhouse.

There are no other places that would especially pose
problems in construction, but since a period of 2 months will be
required for trial operation, all work must be completed by the
end of October 1987.



11.2

11.2.

WORK PROGRAM

1  GENERAL

In the work program for construction, the regional con-
ditions and the climatic conditions of the water supply scheme
area at an altitude exceeding EL. 4,000 m, and the No. 3 scheme

area are taken into consideration.

The traffic and transportation conditions are comparatively
good for both areas and it will not be necessary for large-scale
main roads to be constructed newly. Materials pracured domesti-
cally would be transported chiefly from Tacna and Arequipa, while
imported materials would be landed at the port of Arica in the
Republic of Chile and transported by the Pan American Highway to
Chintari, then to Candarave, and on to the water supply scheme

area.

Of construction materials, cement and reinforcing steel are
produced domestically and are commonly distributed in
Departamento de Tacna, but it will be necessary for measures to

be taken for stable supply during the period of construction,

Transportation Map

Arequipa
{ 400km )
Chintari Candarave Loriscota
{ 1324m )
{54 km ) { SOkm )
Tacng
( 55km }
Arica Republic of Chile
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11.2.2 CONSTRUCTION FACILITIES FOR WATER SUPPLY SCHEME

Regarding temporary facilities for construction, the kinds
of facilities to be installed and thelr scales would be decided
depending on site condition, scales of structures, construction
work schedule, topographical and geological conditions, etec., the
principal facilities being the following:

(1) Worker's Camp

The camp i8 to be provided at a place close to the construc-
tion site, where a water supply for dally life is available, and
an existing road is nearby.

(2) Electric Power for Construction

The waterway 1s to be of great length while there will be no
work requiring a large power supply at one place., The trans-
mission 1line to be provided from Suches for power supply to Tocco
Pumping Station will not be comstructed in time to serve as a
power source for construction. Consequently, all electric power
for construction is planned to be supplied using portable diesel

power geneators wherever necessray.

(3) Concrete Facilities

For concrete aggregates and rock used in lining waterways,
good~quality materials from excavation muck, and river-bed depo-

gits are to be used.

A concrete plant is to be provided at the Tocco site with
concrete supplied to the dam, spillway, pumping station, and for
pump-up pipeline installation. Concrete for lining waterways is
to be supplied by engine-driven mixers which are to be moved

along the waterways.
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11.2,3  CONSTRUCTION OF MAJOR STRUCTURES (Water Supply Scheme)

(1) Loriscota Waterway

The Loriscota waterway can be broadly divided inte the three

parts below.

a) Loripongo open canal
b) Waterway from Loripongo site to Tocco site
¢) Collection canale at Loriscota lake bottom area

0f these, a) and b) can be worked simultaneously while the
work of c¢) would be done in succession to a) and b) after

diluting and draining Laguna Loriscota.

The average dally volume of excavated earth at the principal
part of the Loripongo open canal will be about 1,500 m3. The
excavatlion can be achleved with two parties consisting of 40-ton
class bulldozers, 2.0 n> class wheel loaders, and 10-ton class
dump trucks, but in deciding on the construction equipment to be
used, it would be desirable to carry out detailed studies such as

topographical and geological investigations,
(2) Tocco Intake Dam and Pumping Station

A multiple-stage diversion method 1s to be adopted for care
of river in construction of the intake dam. Firstly, the present
river flow 1s to be diverted to the left-bank side by embankment
work, and excavation and construction of concrete structures
carried out at spillway portion. A temporary diversion bypass 1is
to be provided at the overflow weir, Later, the flow is to be
switched to the spillway side, and construction of the dam proper
is to be carried out. Dam construction 1s to be performed in the
order to excavation, foundation treatment, and embankment, then

the works are-completed by providing a asphalt-concrete facing.

XI-6



The pumping station and pump-up pipeline works are to be

executed in parallel to the intake dam.

(3) Tocco Waterway

The open canal is to be excavated mainly using oil-hydraulic
backhoes, with muck handling and banking operaitons done by
bulldozer.

The waterway tunnel is to be constructed from the downstream
side, driving full face by the rail method.

11.2.4 CONSTRUCTION FACILITIES FOR ARICOTA NO.3 SCHEME

Principal Temporary Facilities in Aricota No. 3 Schem Area

are as following.

(1) Temporary Bulldigns

The office and camp of the owner, and the contractor's
office are to be provided in the Chintari district, with workers’®
quarters provided at both the Chintarl and Chulibaya districts.

{2) Access Roads

Access roads totalling approximately 7 km in length are to
be constructed to Work Adits No. 1 and No. 2 to bhe provided at
the waterway tunnel, and to the head tank site. However, since a
gsteeply-sloped topography 1s seen in part, it will be necessary
to carry out prior topographical investipgations in detalled route

selection.



(3) Electric Power for Construction

It is estimated that the electric power requirements for
congtruction will amount to about 1,600 kW. This power is to be
supplied from Aricota No. 2 Power Station with a transmission
line for construction (10,000 V) to be installed from the powar
station to the Chulibaya district for delivery to the various
recelving facilities.

(4) Concrete Facilities

Concrete aggrepgates are to be collected from the river bed
of the Rio Curibaya, while also, good quality material from tun-

nel excavation muck is to be crushed and used.

An apgregate plant and a batching plant are to be provided
at the Chulibaya site, with concrete supplied to the various work

sites by truck mixers.
11.2.5 CONSTRUCTION OF MAJOR STRUCTURES (Aricota No.3 Scheme)
{1) Regulating Pond and Intake

The regulating pond and Intake facllities such as the intake
must be constructed while continuing operation of the No. 2 power
station. Therefore, a culvert 1s to be constructed from the
tailrace of the No. 2 power station to detour the intake facili-
ties, and the natural flow of the Rio Curibaya and power genera-
tion discharge 1s diverted. Following this, excavation, concrete
placement, and embankment while compacting with heavy equipment
are to be carried out, upon which asphalt concrete 1is to be

placed.



(2) Waterway Tunnel

Tunnel excavation is to be performed with the full face dri-
ven by the rail method. Drilling of holes Is to be done using
oil-hydraulic jumbos. The muck after blasting is to be hauled
cutside by battery-powered locomotive and steel carts. As a
rule, the excavation muck 1s to be disposed at safe places near

portal,

In lining work, transportation of concrete inside the tunnel
is to be done using placer and sliding forms. Since the tunnel
work is on the eritical path, the work is to be on a 24-hour
basls and attention is required so as to manage the work sche-

dule.
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CHAPTER 12  CONSTRUCTION COST

12.1  BASIC CONDITIONS

12.1.1 GENERAL

In estimation of the construction cost of the Project, the
natural conditions of the sites, regional conditions, the scale
of the works, and the technological level which can be expected
at the present time were taken into consideration, and estima-

tions were made based on prices in December 1982,

The construction cost was estimated with items procurable
in Peru as requiring local currency and all other items as

requiring foreign currency.

12.1.2  SCOPE OF CONSTRUCTION COST ESTIMATION

The scope of construction cost estimation was that indi-

catad below.

(1) Laguna Aricota Water Supply Scheme

a) TLapuna Loriscota drainage works
b) Intake facilities
Loriscota waterway
Tocco Dam, pumping station, switchyard,
pump-up pipeline and head tank
Tocco waterway
Access road and temporary facilities
for construction
e¢) 69 kV transmission line
Suches = Tocco 35 km
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d) Suches substation

69 kV transmission line outgoing

facilicies for 1 cet
e) Telecommunication facilities

Aricota No. 2 terminal station HF

(2) Aricota No. 3 Scheme

a) Aricota No. 3 Power Facllities
Dam and intake
Headrace tunnel, head tank, and penstock
Powerhouse and switchyard
Access road and temporary faclilities
for construction
b) 138 kV Transmission Line
Aricota No. 3 ~ Aricota No. 2 8 km
c) Aricota No. 2 Power Station
138 kV transmission line outgoing

facilities for 1 cet
d) Telecommunication Facilites

Arlcota No. 2 terminal station PLC

Aricota No. 3 terminal station PLC

12.2  COMPONENTS OF CONSTRUCTION COST

12.2,1 CIVIL WORKS COST

(1) Work quantities were calculated based on the drawings
attached to Chapters 7 and 8. The principal work quantities by
type of work are shown in Fig., 11-1 and Fig., 11-2.

{2) Of reference unit prices, for those of local currency such

as materlals and labor procurable in Peru, the prevalling prices

in Departamento de Tacna were used.
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As for imported materials and imported machinery, CIF prices
were calculated by adding ocean freight and insurance to inter-
nationally competitive FOB prices in Japan, and these were all

listed as requiring foreign currency.

The principal ones among the reference unit prices adopted

are given in Table 12-1.

(3) For unit prices of works, the unit prices in civil works in
the neighborhood of the project area were referred to, and based
on the reference unit prices, the figures were determined taking
into conslderation empirical prices under similar construction

conditions 1in Japan.

(4) Conatruction Equipment, Hydraulic Equipment

Construction equipment and hydraulic equipment were predi-
cated on imports, but the conditions were that they would be
exempted from import duties and sales taxes. It was assumed that
hydraulic equipment would be manufactured overseas and supplied,
and tramsportation to the job site and all expenses incidental to
the transportation, and the costs of assembly, installation and
adjustment at the job site would be included in the construction

cost.
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Tahle 12-1 Basic Unit Prices for Civil Works

Unit: USS

Item Unit Price Currency
(labor)
Foreign Foreman day 105 in foreign currency
Foreman " 13 in local currency
Operator " 11 "
Labor " 9 "
{Material)
Cement t 85 in local currency
Reinforeing bar t 850 -
Dynamite kg 2.1 "
Diesel oil lit. 0.3 "

Note : 1. day = 8 hours

2, Materials prices are for Chintarl site. 5Z%.
Additional price is applied for Andes site,

12.2.2 ELECTRICAL WORKS COST

It was considered that the main equipment and materials
{turbine, generator, main transformer, outdoor switchgear, steel
tower, conductor, insulator, and telecommunications equipment)
would all be manufactured abroad and supplied, and the costs of
these imported items requiring foreign currency were calculated
on the basis of CIF prices adding ocean freight and insurance to

internationally competitive FOB prices in Japan.
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All equipment and materlals imported from Japan would be

landed at the port of Africa in Chile, from where they would be

transported by truck and trailer to the project site, the cost of

such transportation belng calculated In the local currency

requirements.

The costs of inetallation works were calculated referring to

work performances in the past, assuming that all of the

transmission line constructlon cost would be covered by local

currency, while generating and transforming equipment were calcu-

lated separated into foreign and local currency requlirements.

12.2.3 ADDITIONAL INVESTIGATION WORKS COST

Expenses required for additional investigations to be

carried out prior to the definite design study were included.

12.2.4  ADMINISTRATIVE COST AND ENGINEERING FEE

The expenses required for management of the construction
project by CORDETACNA, and the costs for definite designs and
supervision to be made hereafter by a foreign consultant were

calculated.
12.2.5 CONTINGENCY COST
As a reserve to cope with changes in work gquantities which

are unforeseeable at present, 15% of the direct construction

costs, additional investigation costs, administrative costs and

engineering fee for the water supply scheme, and 10% of the same

ltems for the Aricota No. 3 scheme were included as contingency

costa.
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12,2.6  IKTEREST DURING CONSTRUCTION

The rates of 4.5% for the foreign currency and, 10.5% for
the local currency are taken as the "interest during construction

period respectively,

12.2.7 COMPENSATION COST

12.3

Expenses agsuming effects on the Rio Tambo Basin due to
dilution and drainage of Laguna Loriscota water amd the necessary
land compensation costs in the project area were Included as com—-

pensation costs.

TOTAL CONSTRUCTION COST AND CONSTRUCTION COST BY YEAR

The December 1982 prices obtained from the construction
schedule, work program, and estimating conditions for the
construction cost will be US538.40 million for the water supply
scheme of which US518.505 million would be a foreign currency
portion and US$19.895 million a local currency portion,
Similarly, for the same time, the cost of the Aricota Ne. 3
scheme would be US529.00 million, of which US5$15.628 million
would be a forelgn currency portion, and US$13.372 million a

local currency portion.

Therafore, a total construction cost for the project
including two schemes will be US$67.40 million, of which
US534.133 million would be a foreipgn portion and US§33.267
million would be a local portion.

The water supply scheme would require a construction period
of 3 years including dilution and drainage of Laguna Lorlscota,
while the Aricota No. 3 scheme would require 3 years inecluding

preparatory works. Regarding the direct construction costs
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durlng these periods, the terms for payment of the foreign and
local currency portions were assumed to be the following based on
which the abovementioned total construction cost was allocated by

year.

On Com—

pleting
On Con- On Load~ Instal~ At Com—
tracting ing Ship lation pletion

Foregin Currency Portion

Transmission line equip-
ment, materials 30% 30% 30% 10%

Generating & transforming
equipment, pumping
station equipment,

telecommunlcaticn

equipment 10% 50% 40%
Hydraulilc equipment

(gate, penstock) 10% 50% 30% 1G%

Local Currency Portion

Civil & building con-
struction Work accomplished basis

Personnel costs, materials
procured in Peru Work accomplished basis

It was presumed that all construction equipment would be
brought into Peru at the responsibility of the contractor.

The total constructlon cost and funds required by year are
shown Iin Tables 12-2 and 12~3.
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Table 12-2

Summary of Estimated Construction Cost

Item Total Cost Forelgn Currency Local Currency
1. WATER bUPPLY SCHEHE
A. Water Supply Facllity 24,456,000 12,632,000 11,824,000
A.l Civi) Work 21,320,000 10,051,000 11,269,000
{1) Wversion Works 7,440,000 4,123,000 3,317,000
{2) Urainage Canal 2,100,000 1,050,000 1,050,000
(3) Collectiny Canail 180,000 L4000 64,000
(4} Tocco Intakedam 1,000,000 400,000 600,000
(9) Pumping Sctation 540,000 174,500 365,500
(6) Pipe Line 330,000 113,000 217,000
(7) Head Tank 200,000 89,500 110,500
{8} Water Way 8,030,000 3,967,000 4,043,000
(%) 1,500, 000 0 1,500,000
A,2 Hyaraulic Equipment 1,440,000 1,152,000 288,000
A.3 Etectrical Equipment §,696,000 1,429,000 267,000
B8, Transmission Line 1,294,000 79%,000 503,000
C. Additfonal Investigation 400,002 160,000 240,000
L. Adwministration Cost 2,705,000 1,358,000 1,347,000
E, Compensation 960,000 s} 900,000
F, Contingency 4,437,000 2,230,000 2,207,000
G, Sub-Toral 34,192,000 17,171,000 17,021,000
H. Interest during Construction 4,208,000 1,334,000 2,874,000
Total 38,400,000 18,505,000 19,895,000
Il, ARICOTA NO. J POWER STATION
A. Generating Facility 2i,247,000 11,990,000 9,257,000
A.l Civil Work 12,823,000 5,192,000 7,631,000
(1) Care of Kiver 413,000 187,000 126,000
{2) Dam and Intake 631,000 287,000 344,000
{3) Water Way 9,369,000 3,707,000 5,662,000
(4) Mead Tank 434,000 179,000 255,000
{5) Penstock and Spillway 706,000 316,000 390,000
{6) Powerhouge 804,000 299,000 505,000
(7) Tatlrace 330,000 Y46, 000 184,000
(8) Switchyacd 136,000 71,000 65,000
A.2 Mydraulic Equipment 2,065,000 1,652,000 413,000
A.3 Electrical Equipment 6,359,000 5.146,000 1,213,000
B, Transmission Line 343,000 254,000 129,000
C. Addiclonal Investigatlon 256,000 102,000 154,000
b, Admintstratlon Cast 2,200,000 1,241,000 959,000
E, Compensation 100,000 [+ 100,000
F, Contingency 2,379,000 1,291,000 1,088,000
G. Sub-Total 26,565,000 14,848,000 11,717,000
H. Interest durilng Construction 2,435,000 180,000 1,655,000
Total 29,000,000 15,628,000 13,372,000
GRAND TOTAL 67,400,900 34,133,000 33,267,000
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Table 12-3

Fund Requirement in Each Year

Unit: 103 Us$

lten Total 1984 1985 1986 1987 1988
Total F.C L.C Total F.C L.C Total F.C L.C Total F.C L.C Total F.C L.C Total F.C L.C
1. WATER SUPPLY SCHEME

A. Water Supply Facility 24,456 12,632 11,824 3,265 1,656 1,609 5,795 3,049 2,743 8,042 4,522 3,520 7,357 3,405 3,952
A.1  Civil Works 21,320 10,051 11,269 3,265 1,656 1,609 5,506 2,792 2,714 6,653 3,37 3,279 5,896 2,229 3,667
A.2  Hydraulic Equipment 1,440 1,152 288 0 0 0 144 115 29 Bb4 691 173 432 346 86
A.3}  Electrical Equipment 1,696 1,429 267 0 0 0 142 142 0 525 457 68 1,029 830 199

B. Transmission Line 1,294 791 503 0 a 0 0 0 0 904 557 347 390 23 156

C. Addittonal Investigation 400 160 240 400 160 240 0 0 0 0 0 0 0 Yy 0

D, Administration Cost 2,705 [,358 1,347 367 182 185 57-9 305 274 894 508 326 365 36l 502

E. Compensation 900 g 500 0 o 0 0 0 0 0 0 0 900 0 900

F. Contingency 4,437 2,230 207 605 300 05 955 503 452 1,476 839 637 1,401 588 813

G. Sub-total 3,192 17,17 17,021 4,637 2,298 2,339 7,326 3,857 3,469 11,316 b,426 4,890 10,913 4,590 6,323

H. Interest during Construction 4,208 1,334 2,874 175 52 123 618 190 428 1,289 422 367 2,126 670 1,456

I. Total 38,400 18,505 19,895 4,812 2,350 2,462 7,944 4,047 3,897 12,605 6,848 5,757 13,039 5,260 7,779

I1, ARICOTA NO., 3 POWER STATION .

A. Generating Facility 21,247 11,990 9,257 0 0 0 4,244 2,023 2,221 6,637 3,786 2,851 7,459 4,078 3,381 2,907 2,103 804
Al Civil Work 12,823 5,192 7,631 0 0 0 3,705 1,525 2,180 4,194 1,680 2,584 3,642 1,468 2,174 1,282 5i9 763
A.2 Hydraulic Equipment 2,065 1,652 413 0 0 0 205 164 41 1,035 828 7 620 496 124 205 164 4]
A.} FElectrical Equipment €,359 5,146 1,213 0 0 0 334 334 Q 1,408 1,278 130 3,197 2,114 1,083 1,420 1,420 0

B. Transmission Line 383 254 129 Q 0 0 0 0 0 0 0 0 358 229 129 25 25 0

C. Additional Investigation 256 102 154 156 102 154 0 0 0 +] U 0 0 I 0 0 0 0

D. Administration Cast 2,200 1,214 989 36 . 0 36 433 206 227 741 423 318 784 432 352 206 150 56

E. Compensation 100 - 100 100 0 100 0 0 0 0 0 0 0 0 0 0 0 [

F. Contingency 2,379 1,291 1,088 40 o 40 47 227 250 815 465 350 821 434 387 226 165 6l

G. Sub-total 26,565 14,848 11,717 432 102 330 5,156 2,456 2,698 8,193 4,674 3,519 9,422 5,173 4,249 3,364 2,443 921

H. Interest during Construction 2,435 780  L,655 19 2 17 236 60 176 723 220 503 1,457 498 95% 0 0 Y

[. Total 29,000 15,628 13,372 451 104 347 5,390 2,516 2,874 8,916 4,894 4,022 10,879 5,671 5,208 3,364 2,443 921
GRAND TOTAL 67,400 34,133 33,267 5,263 2,454 2.80; 13,334 6,563 6,771 21,521 11,742 9,779 23,918 10,931 12,987 3,364 2,443 921
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CHAPTER 13  ECONOMIC ANALYSIS

13.1  BASIC CONSIDERATIONS

In economic analysis of the Project, the financial cost and
benefit are analyzed first, and the effect of implementing the
project is evaluated financially. This amounts to analyzing the
cost. and benefit from the standpoint of a single project, or the
glde of the enterprise carrying out the project, with cost based

on market prices.

Meanwhile, an economic cost—benefit analysis of the effect
of implementation of the project through comparison and analysis
in the economic policy of the state as a whole is also made here.
The aim of this analysis is the long-range economic growth of the
state, with cost analyzed replacing market price by efficlency
price. The concrete techniques and detalled preconditions In the
two analyses and evaluations will be described in their respec-

tive sections.

The evaluations will be economic analyses comparing the
total expense and benefit during whole service 1life of the pro-
ject whether to do financial evaluation or economic evaluation

from the viewpoint of the state economy.

The total expense consists of the construction cost of all
facilities involved in the Project, the equipment replacement
cost of electrical equipment, and operation and maintenance
costs, The total benefit, in case of considering a hydroelectric
development project, may be the electricity charge revenue from
power production through operation of facilities in financial
evaluation, or the cost due to an alternative facility, for
example, in economic evaluation. Further, in case there 1s agri-

culture in the downstream area utilizing the power generation

XHI-1



discharge, the net benefit obtained from that agriculture is
calculated. The net benefit in this case i{s the gross income
from agricultural production less the expense required for pro-

duction.

In the case of the present Project, the incremental electric
energy at the exsiting power station group realized through the
water supply scheme, the electric energy produced at a
new power station {Aricota No. 3), and the benefit from irrigated
agriculture in the Locumba Valley and at Ite Norte using power
generation discharge may be calculated, and the economic analysis

is made considering cost and benefit as described below.

a)} The construction cost covers the facilities of the water
supply scheme, the power generating facilities in the
Aricota No. 3 scheme, the power transmission facilities to
the No. 2 power station, and expansion of the switchyard at

the No. 2 power station.

b) The intake facilities and water pump-up facilities at
Laguna Aricota are not included in the construction cost.
This is because the cost of intake facilities at Laguna
Aricota in the case of without the Project is included in
the Aricota No. 1 and No. 2 power generation projects,

and reservoir operation with the Project does not

require new intake facllities, besides the case of without

the project.

¢) The equipment replacement costs of intake facilities,
power generating facilities, and power transmission facili-
ties for Aricota No. 1 and No. 2 Power Stations were
included in calculations only from the second term. This
was because the period of evaluation of Aricota No. 1l and
No. 2 Power Statlons must be extended 15 years so as to
coincide with that of Aricota No. 3 Power Station.

Xi-2



d) For a similar reason, after original service lives of
Aricota No. 1 and No. 2 Power Stations expire (A.D.2018 and
after), the ratio of the operation and maintenance cost will
be doubled.

e) The operation and maintenance cost for the existing
power statlon group is to be evaluated at the same level as
for the No. 3 power station. In effect, the operation and
maintenance cost of the existing power station group is
calculated from that of the No. 3 power station on the basis
of installed capacity ratio. The operation and maintenance
cost sought, or that corresponding to increased energy pro-
duction 1s allocated according to the ratio of energy pro-

duction.

£} What may be included as benefits are those fram the net
increased energy production at the existing No. 1! and No. 2
power stations through the water supply scheme, the energy
production at Aricota No. 3 Power Station, and irrigated
agriculture in the Locumba Valley and at Ite Norte utilizing

the power generation discharge.

g) Of these, the benefit from energy production 13 calcu-
lated in the financial analysis based on the actual average
alectricity rate at the end of December 1982, On the other
hand, in the economic analysis, calculations by the two
methods of considering the cost of a capable facility of
which is able to furnish service equal to that obtained by
the Project as benefit, and of considering the electricity
charge as the amount payable by reciplents of service are
used. The respective electricity rates are described in the
following sections,

h) The method of calculating agricultural benefit is
described in detall in the Appendix-VII. Ounly existing
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cultivated land in the Locumba Valley and at Ite Norte are
included as areas benefiting from implementation of the

Project, and new cultivated land is not considered. In

effect, the difference between the minimum irrigated area
with the water supply scheme and that without the Project
will be the area recelving benefit. By minimum irrigated
area is meant here the irrigated area which is secured by
the minimum monthly average discharge based on 90% depen-

dable one.

1) The agricultural henefits thus obtained would be on the
basis of market prices in Peru, whereas in an economic ana-
lysis the basis should be efficiency prices, or border pri-
ces, the same as benefit from electric power, but here it is
hypothesized that market prices and efficlency prices are

equal.

j) TImplementation of the Project is an urgent matter, and
the lead time from planning to start of operation of facili-
ties 1s comparatively short. Therefore, escalation will not
be considered in the economle analysis, in view also of the
fact that it will be difficult to predict the future from
the present economic situation.

13.2  FINANCIAL ANALYSIS

13.2.1  CONDITIONS

The effects of implementation of the Project will be ana-
lyzed from a financial standpoint. The fund requirements by year
for construction of facilities are shown in Table 13-1. The cash
flow for the entire service lives for wvaluatlons are as shown in
Table 13-2 based on the fund requirements by year and the basic
conditions on costs described in the preceding section.

0f the benefits, that of electric power 1z calculated by the
average electricity rate in the South West Reglon as of the end
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of December, 1982. On looking at the state of electricity rates
in the most recent past, it may be noted that revisions have been
made several times a year in accordance with escalation in com-
modity prices. Therefore, Table 13-3 was prepared making correc-
tions based on the newest data obtained, "Resumen de Venta de
Energla Electrica a Nacional, Ano 1982, ELECTROPERU S.A.," and
the rate of price escalation in 1982. According to this, the
average electrlcity rate in the South West Region as of the end
of December 1982 is estimated to have been 33 mills/kWh.

13.2.,2 FINANCIAL INTERNAL RATE OF RETURN

The total cost of the Project according to market prices
(cash flow) and the results of calculating internal rate of
return based on the cash flow are shown in Table 13-4 and
Table 13-5.

The calculation results indicate that the financlal internal
rate of return with the Project will be 7.5%.
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Table 13-1  Financial and Economic Costs in Initial Stage
Unit: 103 uss
Item 1984 1985 1986 1987 1988 Total
[1] Financial Cost
Foreign Currency
Water Supply Scheme 2,298 3,857 6,426 4,590 o 17,1711
Aricota No. 3 Power Station 102 2,456 4,674 5,173 2,443 14,848
Total of F.C. 2,400 6,313 11,100 9,763 2,443 32,019
Local Currency
Water Supply Scheme 2,339 3,469 4,890 6,323 o 17,021
Aricota No. 3 Power Station 330 2,698 3,519 4,249 921 11,717
Total of L.C. 2,669 6,167 8,409 10,572 921 28,738
[II] Economic Cost
Foreign Currency
Water Supply Scheme 2,298 3,857 6,426 4,590 0 17,171
Aricota No. 3 Power Station 102 2,456 4,674 5,173 2,443 14,848
Total of F.C. 2,400 6,313 11,100 9,763 2,443 32,019
Local Currency
Water Supply Scheme 1,842 2,733 3,793 4,229 0 12,597
Aricota No. 3 Power Station 178 2,142 2,766 3,222 705 9,013
Total of L.C. 2,020 4,875 6,559 7,451 705 21,610
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Tahle 13-2  Financial Cost Flow

Unit: 103 uss

INVESTMENT cosT 0 & M GRAND

Year Aricota
Water Supply Scheme Aricota No. 3 P/S Total  Arlcota Aricota Total Aticota No.l, 2 & TOTAL

Dem and Transmission Dan and Transmission No. 1 No., 2 Pumping Transmission Water No, 3 Pumping

Equipment Line Total Equipment Line Total P/S B/S Station Line Total Supply P/S Station Total

1984 4,637 o 4,637 432 0 432 5,069 0 0 0 0 o 5,069 o 0 0 0 5,069
85 7,326 i3 7,326 5,154 0 5,154 12,480 0 ¢ 0 0 0 12,480 0 0 0 0 12,480
86 10,172 1,144 11,316 8,193 0 8,193 19,509 0 0 0 ] 0 19,509 0 0 0 4] 19,509
87 10,420 493 10,913 8,989 433 9,422 20,335 0 Q 0 0 g 20,1335 0 0 0 0 20,335
88 0 0 0 3,334 30 3,364 3,364 0 0 U 0 0 3,364 162 276 360 798 4,162
89 0 0 c 0 0 n 0 0 0 0 0 0 0 i62 276 360 798 798
1930 0 0 0 0 0 0 0 0 0 0 0 0 0 162 276 360 198 798
91 0 0 0 0 0 0 0 0 0 [ 0 0 0 162 276 360 798 798
92 0 0 0 0 0 0 4] 0 0 0 0 0 0 162 276 360 798 198
93 0 0 o 0 0 0 0 0 0 0 0 Y 0 162 216 360 198 798
94 0 0 0 0 0 0 0 0 0 ] 0 0 0 162 276 Je0 198 798
95 0 0 0 o 0 0 0 0 0 0 0 0 0 i62 276 Ja0 198 798
96 0 0 0 0 0 0 0 0 0 0 0 0 0 162 276 360 798 798
2008 [t} 0 0 0 ¢ 0 0 0 0 0 0 0 0 162 276 360 798 798
9 0 0 0 0 0 0 0 0 0 0 0 0 0 162 276 360 798 798
10 362 0 362 652 0 652 1,014 0 0 0 0 0 1,014 162 276 360 798 1,812
11 1,755 1,144 2,901 2,956 0 2,956 5,857 0 0 0 0 0 5,857 162 276 360 198 6,655
12 1,849 493 2,342 4,619 433 5,052 7,394 0 0 0 0 0 7,294 162 276 360 798 8,192
13 0 4] 0 1,967 30 1,997 1,997 0 131 0 0 131 2,128 162 276 360 798 2,926
14 0 0 0 0 0 0 0 207 2,872 0 0 3,079 3,079 162 276 360 798 3,877
15 0 0 0 0 0 0 0 2,584 4,498 0 0 7,082 7,082 162 216 360 798 7,880
16 0 0 0 0 0 0 0 3,490 2,019 *2,000 3,380 10,889 10,889 162 276 360 798 11,687
17 0 0 0 0 0 0 0 1,527 0 *1,000 704 3,21 3,231 162 276 360 798 4,029
18 0 0 0 0 0 0 0 0 0 0 4] 0 0 162 274 720 1,158 1,158
19 0 0 0 0 0 0 0 0 0 0 0 0 0 162 276 720 1,158 1,158
2020 0 0 0 0 0 0 0 0 0 0 0 0 ] 162 276 720 1,158 {,158
2035 ] v 0 0 0 0 0 0 0 0 0 0 0 162 276 720 1,158 1,158
3o 0 0 0 0 0 ¢ 0 0 0 0 4] 4] 0 t62 276 720 1,158 1,158
37 0 0 0 0 0 0 0 0 0 0 4] 0 0 162 276 720 1,158 1,158
TOTAL 36,523 3,274 39,797 36,296 926 37,222 77,019 7,808 9,520 *3,000 4,084 24,412 101,431 8,100 13,800 25,200 47,100 148,531
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Table 13-3  Calculated Tariff Rate

Unit: mills/kWh

Northern Central Southwestern  Haucho
Public Use
Street Lamp 11.62 3.97 12.53 15.77
Residencial 32.51 31.32 30.31 38.35
Minor Industry 58.62 67.99 52.64 73.41
Commerclal 95.25 92.78 78.38 115.32
General 51.30 56.53 46.65 77.16
Pump 15.87 21.25 7.38 18,01
Average 37.00 43.87 30.16 45,24
Major Industry 57.48 71.93 35.57 96, 84
Others 27.90 10.14 - -
Enter Prise - 15.38 - -
Average in total 38.77 33.83 33.10 59.78

XI1-9



Table 13-4  Estimated Financial Net Present Value

PROJECT EVALUATION BY FYHE NET PRESENT VYALUE ({N.P,¥) METHOD
e== W|THOUT $HAQQW PRICE FICTOR ==e

o3¢ EVALUATION CRITERIA osx

. 3
CALAULATION PERIQD =-= 54 YE4RS BISCOUNT RATE === 10.0 I Unit '10 US$

HYDROPOWER AaLTERNALT I VE

I ' 1
1 ] ]
1 ( | 1 ! MET PRESEMT VaLUE ] [ 1 HET PRESENT varue |
| YEAR | [MYEST= | ANNUAL 1 €OSY t tI= 10,0 2 INYEST= | ANNUAL | BEWEFTT | { 1= 10.8 %) i
] | MEMT | casT 1 FLON |ecemcacsvscncccnenam=| HENT 1 tost 1 FlLOW 1 1
1 ' ! 1 I P.Y.F 1 N.P.V 1 ! i I PLY.F b ONJPLY 1
1 IotRIL.TL YRENTLLTL 30 (ATLLTL 0 IP,U3 0 IMIL.TL I EMILLTL SLOMILLTU D1 OMILLTL 31 (P.Uy 1 TWIL.TL 3
1 1984 ) %5049.00 1 0.0 1 5069.00 1 0.9091 | ~b0B.18 | 6.0 | 0.0 | 6.0 t 0.90%1 1 2.0
17T ) 12480.00 ) 0.0 © 124680.00 1 0,825 ) 103&.06 ¢ D.O ¢t 3.0 1 0.0 I G.8286 1 9.0 |1
1 1980 1 19549.00 1 0.0 ¢ 19549.00 | O.7S13 | 1468749 1 .o ¢ 0.0 1 0.0 1 0.7513 1) 0.0 |
1 1987 ) 20439.00 1 0.0 1 20639.00 1 0.BAXD 1 13960.16 | 0.0 1 4.0 1 0.0 1 0.56830 1 0.0 1
| OLYAN Y 336,00 1 TRE.O0 1 &)162.00 1 O.8200 1 25468.29 ) 0.0 ) &337.00 & 53IIT.00 1 0.6209 1| 393,79 ¢
11989 1 0.0 1 Y98.00 T98.00 3 0.5645 1 630.45 ) B.0 3 8337.00 1 B3IIT.00 I D.S543 ) 3STT.D9 ¢
1 1990 1 0.0 ) T98.00 1 798.00 1 0.5132 1 L0%.50 | 4.0 | 6337.00 1 433700 1 0.5132 1 32%1.,90 3
119911 0.0 1 798,00 ¢  T96.00 1| 0,446% | 3T2.28 1 0.9 1 8337.00 1 4337.00 1 0,4645 | 2995.22 8
11992 1 0.0 1 T98.00 1 T8.00 | 0.4241 1 338043 | 0.0 | 6337.00 1 &4337.00 1 0.42401 | 2687.%3 i
11993 1 0.0 1 T98.00 1 798.00 1 0.38%5 | 307.67 1 Q.0 ¢t 633790 1 633T7.00 | 0.385% F 244321 |
1 1996 @ 0.0 1 79%.00 1 798.00 ) 0.3%0%5 279.10 ) 0.0 ¢ &337.00 1 #337.00 1 0.3%0%5 1 2221.10 1
11995 1 0.0 1 TI8.00 1 T98.00 4 0.31086 | 254,27 & 0.0 t $337.00 ) 5337.00 1 Q.3186 1 2019.14 |
1 1996 | 0.0 U 798,00 1 798.00 1 G.28%% r 231.15 1 0.0 1 633T.00 1 H3IFT.00 1 0.2897 1 1B835.82

1 1991 ) 0.0 1 T9B.00 1 798.00 ) 0.2633 1 210.14 1) 0.0 1 £337.00 I 4337.00 ¢ 0.2633 1 166B8.T%5 |
119948 ) 0.0 !} 198,00 ) 794,00 1 0.239% 1 191.04 ¢ 0.0 ) &331.00 1 4337.00 1 0.2394 ! 1517.0%

1 1999 4 0.0 1 190D TIR.00 ) 0.2174 ) 173567 ) 0.0 1 §33T.00 1 533700 1 0.2175 1 1379.14

I 2000 ) 0.0 1 798.00 ) T98.00 | 01978 ) t157.84 1 0.0 I $337.00 % S337.00 ¢ 0.197TH 1 12%3.Tb ¢
i 2001 1 8.0 1 Y98.00 1 795.00 | a4.1799 1 143.53 1 9.0 1 8337.00 + 6337.00 ¢ O0.1799 1 1l319.78

1 2002 1 0.0 1 798.00 1 798.00 b Q.1439 1| 130,48 1 0.0 © 5337,00 1 833700 1 0.163% | 1036,1T

1 2003 1 0.0 1 798.00 1 Y98.00 & 0,140 | 118.482 ¢ 0.0 F 63300 ¢ &337.00 1 Q. 1488 § 941,97 |
1 2004 | 0.0 1 T98.09 | 798.00 10,1391 ) 107,84 | 4.9 b #3001 633T.00 t 0.1351 1 A56.3% 1
1 2005 4 0.0 + T98.00 1 798,00 1 0.1228 1 95,03 § 0.0 ¢ 8337.00 1 8337.00 1 Q0.1228 1 TTA.49
1 20048 ¢ 0.0 1 T9R.00 T98.00 1 0.1L17 | 29.312 ¢ 0.0 1 6337.00 ) #337.00 1 0.1117 ¢t 707,72 1
1 2007 1 0.0 1 798.00 1 798.00 ) 0.101% | al.02 0.0 t 337,80 1 8337.00 1 0.I01% I 643.38 |
1 o8 ) 0.0 1 198.00 13 798.00 1 0.0923 | T3.65 ¢ 0.0 1 633T.00 1 &33T.00 1 0.0923 ! 584.89

| Zooe 0.0 1 T98.00 3 T98.00 1 0.08% T 56956 1 0.0 I 8£337.00 1 5337.00 1 0.083% b  %31,72 9
1 2010 ) JOL4.00 1 198.00 ) 1812.00 1 O.0783 F 138.22 1 0,0 § $337,00 | &)37.00 1 0,0783 I 433,38 1
1 2000 1 $857.00 ) 7T98.00 1 5655.00 1 D.0MF3 | &b81.49 ) 0.0 1 833T.00 1 AIA7.00 ! 0.0693 bt 439,44

1 2012 1 3900 1 TOR.OO 1 MiITF2.00 1 Q.0630 4 F16.43 0.0 1 #337.00 1 AIIT.00 1 0.0430 1 JU9.69 3
1 2013 1 2128.00 ) T98.00 1 2926.00 1 4.0573 1 167.89 3 0-0_-_1.8337.00 | .4337.00.1 .0.0573.18 363.17 ¢
1 201% | 30T9.00 ¢ T98.00 | 3877.00 | 0.0%21 3 201.9% 1) 0.0 | &337.00 | &337.00 ¢ 0.0%521 1 330,18 1
1 20185 1 7QBZ.00 1 T98.40 1 TEM0.00 1 G.84T4 1 373.23 9.0 1 8337.00 1 4337.00 t 0Q.0474 ¢ 300404 1
1 2004 1 10889.00 1 798.00 1| 114687.00 ¢ 0.0431 ¢ 503.22 1 0.0 P 8337.00 ¢t 6337.00 t 0.Q431 I 272.846 1
12017 ( 2231.90 ) T98.00 ©  &Q29.00 © 0.0391 | 157,11 1 9.0 1 8337.00 1 833T.00 © 0.039] | 148.0%

| 2018 ) 0.0 7 1158.00 1 1158.00 ¢ 0.33%8 1 #l.21 1 0.0 ! 8337.00 ¢ SIIT.00 ¢ 0.03%8 | 22%.50

12019 ) G.0 ) 1I5R.00 | 1158.00 ! 0.032% ¢ 3T.46 % 0.0 1 5337.00 ¢ &3IT.00 t 0.032¢ 1 20%.00 1
I 2020 0.0 1 L154.00 t 1158.00 1 0Q.029% | 36,06 ) 0.0 1 8337.00 1 $337.00 1 0.029% 188,37 ¢
t 2021 0.0 1 1152.00 1 1158.00 1 0Q,0257 ) 30.96 | 0.0 1 337,00 1 833700 1 0.0287 1 169.62 ¢
1 2022 1 0.0 1 11%0.00 1 11%8.00 ! 0.0243 | 25.15 | 0.0 1 6137.00 1 &33IT,00 1 0.0243 1 154,02 ¢
52023 ) 0.0 1 11%4.00 1 1154.00 1 0Q.0221 ) 23.59 1 0.0 1 6337.400 1 8337.00 1 0,022% 1 140.02 )
£ 2024 | G.0 1 1154.00 1 1158.00 | 0.Q20% 1 23.26 8 0.0 ¢ 4337.Q00 | &33T.00 [ 0.0201 | 127.29 |
1 202% | ¢.0 1 l158.40 1 113%8.00 | 0.0t4% 1 2t.13 1 0.0 | 4337.00 | 433T7.00 1 0.0183 | Lis.12 1
1 2028 | 4.0 1 1158.99 1 11358.00 1 0.40l8é 9 19.22 1 0.0 1 433T.00 t 433700 1 O,0L4b I 105.20 ¢t
12027 | 0.0 1 11%8.00 1 11%8.00 1 0Q.0(SL 3 17.48 1 ¢.0 1 833,00 © 4337.00 & D.OLS1 1 .86 ¢
2028 | 0.0 | 1158.00 | 11%8.00 1 0.4137 1 19.89 ¢ 0.0 ¢ 6337.00 I 6337.30 t 0.0137 ) 8494 )
12029 0,0 1 1158.00 1| 1158.00 1 0.00125 ) lhoask Q.0 & 8337.00 1 &337.00 1 0.0125 | 79.04 1
tozo3o g 0.0 ) 1158.00 ) 11568.00 1 0Q.9113 1 13.13 1 0.0 1 6337.00 1 8337.00 1 0.0113 1 71.85 1
t o203t ) 0.0 1 11%4.00 ¢ 1158.00 ) 0.0L0) 3 LL.9% i 0.0 ) 6337.00 ) 6337.00 1 0.0103 1 65.32 1
12022 ) 0.0 1 L135A,00 ) 11%8.00 1 0.009% ) 10,83 ) 0.0 1 46337.00 1 &33T.00 1 0.0094 | 59.38 1
? 2031 ) 0.0 1 11538200 3 L1SB.00 1 0Q.008% ) 9,88 1 8.0 1 337,00 1 &337T.00 1 ¢.0085 1 53.98

I 203 2 0.0 1 J188.00 1 1158.00 | 0.0077 ) 8.9T ) 0.0 1 &337.00 + 5337.00 1 0.0QFT | £9.08 1
t 2a¥9 r.0 f L198.00 ¢ 1198.0C 1t Q.0070 ¢ .15 1 0.8 ! §337.00 ¢ 337,00t o.0070 1} LI o]
1 2034 i ved B 1158.00  1158.00 1 0.0064 1 T 1 0.0 1 8337.00 t &#337T.00 1 0.006% 1 «0.56 1
I 2037 ¢ G.0 0 11%4.00 1 1158.00 1 0.00%0 F b.T4 8 0.0 1 &337.00 | &33T.00 1 0.0058 ¢ 38T I
I t | 1 ' r t 1 ¢ 1 1 ]
8 TOTALL10137%.00 | 1 ' I $33145.40 ) 0.0 1 ! 1 1 42918232 1

Note: Benefit of Irrigation is included in the Alternative Cost.
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13.3  COMPARISON WITH ALTERNATIVE THERMAL PLANT

13.3.1 ALTERNATIVE THERMAL FACILITIES

As the technique employed most commonly in the past, the
method of assuming an alternative thermal power facility capable
of furnishing equal service and comparing with the cost of that

facility will be taken up.

In this case, the purpose 1s to select one of either,
construction of a hydroelectric power plant or an alternative
facility.

The increased energy production at the existing Aricota
No. 1 and No. 2 Power Stations and the energy production at the
niew Aricota No. 3 Power Station will be 84 GWh and 71 GWh,
respectively. In case of evaluating the 1ncreased energy pro-
duction at the existing power stations by the alternative thermal
facilitles, the method generally adopted 1s to use the fuel cost
and varlous operating expemses Iincurred by additional firing, and
not to calculate the cost involved in construction of the thermal

power station.

If the construction cost of the alternative facility is
calculated versus the increased electric energy, the evaluation
on benefit will be overestimated from the standpoint of the
balance of electric power, while 1f not calculated, the result

will be underestimated.

As previously stated in the chapter on the power demand
forecast, there is no thermal power generating facility in the
power system of the Project for additional firing to produce the
equivalent of the Increased electric energy. Here, to be on the
conservative side, the figures in case of estimating based on

Aricota No. 3 Power Station alone is adopted for the construction

XlI-12



cost of the alternative thermal facility, and for the increased
energy production, only the operating cost per kWh is to be

calculated.

The scale of the alternative thermal power plant is indicated
in Table 13-6. The cost for the entire service (cash flow) based
on this is shown in Table 13-7. This corresponds to the benefit
in economic analysis, and the benefit from irrigated agriculture
and the total benefit are also given.
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Table 13-6 Alternative Thermal Power Plant

Ltem Unit
Installed Capacity kW 16,600
Thermal Bfflclency (%) 35
Annual Plant lactor %) 50.2
Annual Lnergy Production 108 kih 72.9
Statlon Service Hatlo z 6.0
Annual Available Energy 106 kWh @8.5
Fuel Consumption Rate 2 fkWh 0,253
Unlt Fuel Price Uss/ke 195
Conastruction Cost 10Juss 10,790
Unit energy Cost US5/kWh 0,045

Note:

1/ Inatalled Capaclty of Thermal Power Plant
*2
Pr » 13,400 x 1.24 = 16,600 kW
2/ Annual Energy Preduction
*1 *2
Er = 155.01 x» 10% x 1,03 = 159.60 x 106 kwh

®], Including Increased Energy Production

*2, Adjustment lactor for kW and kWh

Jtem Hydro Thermal
Station Service loes (X) Q.3 [
Failure loss (Z) 0.3 5
Repalr loss (3) 2 12

*2 kW Adjustment Factor

- (1-0.003) x {1-0.003) x (}-0,02)
(1-0.06) x (1-0.05) % (i-o.13y ~ 1*Z*

. _(1-0.03)
kall = —regpey = 1403

3/ Investment Cost = Unit Construction Coszsx Tngtalled Capacity
= 650 USS/KW x 16,600 kW
= 10,790 x 10duss
*3 Insterest durlng construction is not included.

4/ Investment Schedule

x toduss

Ist 2nd Jrd Total

{0.10) {0.50) £0.40) (1.00)

Total 1,080 5,400 4,310 10,790
F.C, 920 4,600 3,660 9,180
L.C. 160 800 5650 1,610

5/ Fuel Cansumption Rate

. _B60.216 Kead/kih
9,700 Keal x 0.35 =~ 0:253  /kWh
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Table 13-7 Cost Flow of Alternative Thermal Power Plant
and Benefit of lrrigation
Unit:10%Us$

Alternative Thermal Power Plant Benefit
Year Iunvestment 0&M Energy of Total
Cost Cost Irrigation

1984 - - - - -
1985 1,080 - - - 1,080
1986 5,400 - - - 5,400
1987 4,310 - - - 4,310
1988 - 270 7,823 1,375 9,468
1989 - 270 7,823 1,375 9,468
1990 - 270 7,823 1,375 9,468
I

I

2008 - 270 7,823 1,375 9,468
2009 - 270 7,823 1,375 9,468
2010 1,080 270 7,823 1,375 10,548
2011 5,400 270 7,823 1,375 14,868
2012 4,310 270 7,823 1,375 13,778
2013 - 270 7,823 1,375 9,468
2014 - 270 7,823 1,375 9,468
|

|

2034 - 270 7,823 1,375 9,468
2035 - 270 7,823 1,375 9,468
2036 - 270 7,823 1,375 9,468
2037 - 270 7,823 1,375 9,468
Total 21,580 13,500 391,150 68,750 494,980

Note: lj Investment Cost (10,790 x 103US$) is based on the price level
on Dec. 1982 without interest during conmstruction, import
duties and escalation etc.

2/ Operation and Maintenance Cost are as following.
Power Facilities: 10,790 x 103US$ x@2.5% = 270 x 103uS$
*
Energy: 1159.66 x 106 kih x @0.049US$/KWh
= 7,823 x 103Us$

* including increased energy production
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Table 13-9  Economic Cost Flow

Unit: 10% Us$

INVESTMENT COST 0 & M CRAND

Year Aricota
Water Supply Scheme Aricota No. 3 P/S Total Aricota Aricota Total Aricota Na.l, 2 & TOTAL

Dam and Transmission Dam and Transmission No. 1 No. 2 Pumping Transmission Water No. 2 Pumping

Equipment Line Total Equipment Line Total P/S P/S Station Line Total Supply P/S Station Total

1984 4,140 0 4,140 280 0 280 4,420 ] 0 0 0 0 4,420 0 0 0 0 4,420
85 6,590 0 6,590 4,598 0 4,598 11,188 0 0 0 0 0 11,188 0 0 0 0 11,188
86 9,195 1,034 10,229 7,450 0 7,450 17,679 0 0 0 0 0 17,679 4] 0 0 0 17,679
87 8,437 398 8,835 8,057 386 8,443 17,278 0 0 0 1} 0 17,278 0 0 0 0 17,278
88 0 0 0 3,120 28 3,148 3,148 0 0 0 0 0 3,148 139 258 337 734 3,882
a9 0 0 0 0 0 0 0 0 0 0 0 0 0 i39 258 337 734 734
1990 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 139 258 337 734 734
9l 0 0 0 0 0 0 0 0 0 0 0 0 0 139 258 337 734 734
92 0 0 0 I} 0 a 0 0 0 0 0 0 0 139 258 137 734 73
93 0 0 0 0 0 0 0 0 0 0 0 v 0 139 258 337 74 134
94 0 0 o 0 0 0 0 0 0 0 0 0 0 139 258 337 134 734
95 0 0 c 0 0 0 0 0 0 0 0 0 0 139 258 337 734 134
96 0 0 0 0 Q 0 0 0 0 0 0 0 0 139 258 337 734 734
2008 0 Q 0 0 0 0 0 0 0 0 [¢] 0 0 139 258 337 734 734
9 0 0 ¢ 0 0 0 0 g 0 0 0 0 0 139 258 337 734 734
10 341 0 341 612 0 612 953 0 0 0 0 0 953 139 258 337 734 1,687
11 1,655 1,03 2,689 2,173 2,713 5,462 0 0 ¢ 0 0 5,462 139 239 337 734 6,196
12 1,742 398 2,140 4,333 386 4,719 6,859 0 0 0 4} 0 6,859 139 258 337 734 7,533
13 0 0 0 1,845 28 1,873 1,873 0 125 0 0 125 1,998 139 258 337 734 2,732
14 0 0 o 0 0 0 0 197 2,728 0 4] 2,925 2,925 139 258 337 734 3,659
15 0 0 0 0 0 0 0 2,455 4,273 0 0 6,728 6,728 139 258 3% 734 7,462
16 0 0 o 0 0 0 0 3,316 1,918 1,900 3,200 10,334 10,334 139 258 337 734 11,068
17 0 0 0 0 (] 0 0 1,451 0 950 669 3,070 3,070 139 258 337 734 3,804
18 0 0 0 0 0 0 0 0 0 0 0 0 0 139 258 674 1,071 1,071
19 U 0 0 0 0 0 0 0 0 0 0 0 0 139 258 674 1,071 1,071
2020 0 4] [} 0 0 0 0 ] 0 0 0 0 0 139 258 674 1,071 1,071
2035 0 0 0 0 0 0 0 0 0 0 0 0 0 139 258 674 1,071 1,071
36 0 0 0 0 0 0 0 0 0 0 0 0 0 139 258 674 1,071 1,071
37 0 0 0 0 0 o 0 0 0 0 0 0 0 139 258 674 1,071 1,071
TOTAL 32,100 \2.\86& 34,964 33,068 828 33,896 68,860 7,419 9,044 2,850 3,869 23,182 92,042 6,950 . 12,900 22,916 42,766 134,808

XHI-17






13.3.2 ECONOMIC COST

The cost of the Project versus the cost of the alternative
thermal power plant (the benefit from the hydro power facility),

nust be based on the efficiency prices previously mentioned.

This is obtair . by eliminating the following from the

financlal cost based on market prices:

a) Customs duties on importation of materials and equipment,

b) Sales taxes, etc., included in domestic materials prices,

¢) Price differentials concerning domestic materials and
equipment in comparison with international .prices,

d) Price differential between lahbor costs and shadow wages of

labor,
e) Items (b), (c) and {d) contained in transportation cost.

In caleculation of financial costs, imported materials and
equipment are based on CIF prices, so that conversion to effi-
clency prices is mainly done by corrections of the local currency
portion. The results, which are the ratlios of efficiency prices

to market prices are as shown in Table 13-8.

The cash flow of economic costs is given in Table 13-9.

Table 13-8 Ratio of Market Price and Efficiency Price

Schenme Water Supply Aricota No. 3
Civil Work 0.90 0.88
Hydraulic Equipment 0.94 0.94
Electric Equipment 0.95 0.94
Transmission 0.88 0.89
Weighted Average 0.87 0.90
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13.3.3  EVALUATION BY ALTERNATIVE THERMAL PLANT

The total cost for the entire service life (cash £low) based
on efficiency prices is given in Table 13-9. As shown in Table
13-10, in case the discount rate is taken to be 10%, the benefit-
cost ratio (B/C) of the Project is 1.53 indicating that imple-
menting the Project is more advantageous than the case of the
alternative thermal. Further, as shown in Table 13-11, the
equalizing discount rate of the Project in comparison with the

alternative thermal power plant is 17.1%.
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Table 13-10  Estimated Net Praesent Value of the Alternative Plan

PROJECT EVALUATIDON BY THE NET PRESENT VALUE {N.P.¥] METHOD
=== WITtH SHADOW PRICE FACTOR ===
aee EVALUATION CRITER[A ves
CALAULATION PERIOD ~=~ 54 YEARS DISCOUNT RATE === 10.0 % Unit: ]_03us$

1 1 HYDRDPOWER i ALTERNATIVE 1
1 1 - ] 1
' 1 1 1 1 NET PRESENT VALUE | 1 1 ) NET PRESEMT VALUE |
! YEAR 1 [NVESY= | ANNUAL | £OSY 1 le 10,0 % § INVEST= ) ANNUAL 8 BENEF!T 1t e 10.0 T ) !
1 ] MENT 1 cosT | FLOW 1 1 HENT 1 cosT | FLOW 1 f
[ | 1 1 1 P.Y.F ) NJBuY 1 ] I P.V.F 1 H.P.Y
1 EOCMILLTL YUAMTLLTL 33 EMILLTL 31 {P.Ub 0 EMILLTL 31 {MILLTL JUEMILLTL 01 CMILLTL 00 EPLUY 1 IMIL.TE M
) 1984 | 4420.00 1 0.0 1 &420.00 1 D0.9991 ¢t AD1E.18 Y 0,0 1 0.0 | 0.0 1 0.90%1 1 0.0 1
1 1985 t 11i08.00 1 0.0 1 LLLBA,00 | 0.826& ' 9246.29 1 1080.00 1 0.0 1 1080.00 1 D.B264 | B32.56 0
1 1986 t 17679.00 0.0 I 17679.00 10,7513 & 13282.53 1| %400.00 1 0.0 1 500,00 1 0.T513 & 4057.11 1
| 1987 | 17278.00 1 0.0 ) 17278,00 | 0.6830 ) 11801.14 1 431D.00 ! 0.0 ¢ 431000 I 0.6830 ¢ 2963.80 1
1 1938t 3168.00 1 734,00 ¢ 38B2.00 F 0,6209 1 2610.43 1 0.0 | 9468,00 )| 9458.00 I 0.6209 | *873.91 1
| 1589 1 0.0 1 73400 ¢ T34.001 | 0.%564% 1] &16.33 ) 0.0 | 9468.00 1 9468.00 | 0.3645 1 .34x.6b )
1 1990 0.0 | 734.00 1 734,00t 0.5132 1 3.0 | 0.0 | 9458,00 1 9488.00 ) 0.5132 | &858.61 |
11991 1 0.0 t 734.001 TI4.00 ¢ Q.4865 1 362,462 1 0.0 1 9868,00 1 948,00 | D.4665 | 461692 )
11992 ) 0.0 | T34.00t Y3400 P 0.4241 1 311.29 0.0 | 5468.00 | 9468.00 1 0.4241 1 4015.39

11993 ¢ 0.0 1 734,001 T4, 00 ) D.IAS5 1 282,99 | 0.0 1 5468,00 | 9668.00 1 0.385%5 1 3850.36 1
1 1994 1 0.0 ¢ T36.00 1 734,00 1 0.3505 1 257,26 | 0.0 | 9468,00 | 9448.00 10,3505 | 331B.51
1 1995 ) 0.0 1 T34.00 1 734,00t O0.3186 ) 233,88 ) 0.0 1 Q488,00 ) 9468.00 1 C.3186 1 30)6.83 1
1 1996 1| 0.0 1 T36.00 1 TI4.00 ) D.2897 1 212,62 ) 0.0 1 9488,00 1 9468.00 1 0,2897 1 2742,57
11997 ) 0.0 | 734,00 1 734,00 t 0.2633 1 193.29 0.0 | S448.00 | 9468.00 1 0.2633 1 2493,25,1
11998 1 0.0 1 T3%.00 1  T34,D0 bt 0.2394 F  175.72 4 0.0 | 948B.00 | 94b8.00 | 0,239 1| 2264.59 !
1 1999 | 0.0 t T36.00 1 734,00 1 0.21TH &  159.74 | 0.0 | 9488.00 | 9468.00 i ©.2176 1 2060.54 1
b2000 | 0.0 ) 734,00 | T34.00 9 0.197B b 145,22 1 0.0 | 468,00 | 9468.00 I 0,1978 1 1873,22 1
1 2001 1 0,0 1 734,00 1 734.00 1 Q0.179% | 132,02 1 0.0 | 94568.00 1 9468.00 1 0.1799 1 1702.93 1
b 2002 1 0.0 1 734.00 1 734,00 b 0.1635 ¢t 120.02 ¢ 0.0 | 9448,00 | 9458.00 1 0.183% | 1568,12 1
| 2003 1 0.0 1 734,00 1 Y34.00 | O0.148& 109,11 | 0.0 | 9468,00 1 9458.00 1 0.1486 | 1407.38 I
I 2004 ) 0.0 1 734,001 TI&.00 1 D.1351 1 99.19 1 0.0 1 G448.00 | 9468.00 1 0.13%1 1 1279.44 1
| 2005 1 0.0 1 734,00 1 T36.00 t 0.1228 90.17 0.0 ) 5448.00 1 9668.00 1 0.1228 1 1163.13 1
1 2006 ! 0.0 1 734,00 | 734,00 5 0.1117 1 81.97 1 0.0 | 9488.00 1 944,00 | O0.1117 1 1057.39 i
) 2007 0.0 ¢ 734,00 1 734.00 | 0.1015 1 74,52 1 0.0 | 9488.00 | 9488.00 1 0.1015 1 961.26 1
1 2008 0 0.0 & 734,00 1 T734.00 I 00,0923 1 8775 ) 0.0 | 488,00 1 F488.00 1 0.0923 1 B73.8B 1
! 2009 1 0.0 | 734,00 ) 734,00 | 0.0839 1 61.59 1 0.0 1 9448.00 1 468,00 | 0.08239 1| 79,43

! 2010 1 9%3.00 ¢ 734,00 1 1687.00 | 0,0763 I 128,68 | 1080.00 I 9468.00 | 10548.00 | 0.0763 1 AD4.50

1 2011 1 5462.00 £ 734,00 | 5196.00 | 0.0693 | 429,66 | 5400.00 | 9468.00 | 14B&8.00 [_ 0.0693 ¢ 1031.02
V2012 1 6B59.00 I T34.00 ) T593.00 | 0,0830 1| &TB.6T 3 4310.00 1 9468 00 I 13778.00 | 0.0630 | As8.52 I
1 2013 1 1998.00 | 734.00 I 273200 1 0.0573 1 156.57 | 0.0 1 9658,00 1 9458,00 | 0.0573 | 542.81
1 2004 1 292%5.00 © 734,00 1 36%5.00 1 0.0%21 1 190,43 1 0.0 1 9468,00 I 9448.00 10,0521 | 493,281
I 2015 1 &6728.00 | 734,00 t 7482.00 1 O.0875 1 353,83 3 0.0 ) 9468.00 1 9480.00 § 00,0474 1 &sB.ek |
1 2006 | 10334,00 | 734,00 1 11068.00 1 0.0631 |  «76.57 1 8.0 | 9A48.00 | 9468.00 ) 0,0831 1 4DT.6T &
P ZOLT | 3070.00 | 724,00 | 3A04.00 | 0.0391 1 148,90 | 0.0 F 9448.00 1 Q4p8.00 | 0.0391 1 3T0.81 1
I 2018 1 0.0 1 107t,00 [ 1071.00 | 0.03%56 ¢ kL PR | 0.0 1 988,00 1 9468.00 | ©0.03% 1 338,92 1
I 2019 1 0.0 1 10Y1.00 t 1071.00 | 0Q.0324 1 I4.bS ) 0.0 F 9488.00 1 94bA.00 1 0.0324 1 N6.29 1
1 20201 0.0 1 1071.00 ¢ 1071.00 1 D,029% 1 3l.50 ¢ 0.0 1 9458.00 | 948,00 1 0,029+ | 278.45 1
12021 ) 0.0 1 1NT1.00 1 071,00 | 0,027 1 28,43 D.0 1 9448.00 | 94468,00 1 0.0247 1 253.13
12022 14 0.8 1 1071,00 t 3071.00 | 0.0243 1 26.03 1 0.0 ) 9468.00 | 9458.00 1 0.0243) ¢ 230.12 1
1 2023 i 0.0 I 1071.00 1 1071.00 | 0.6221 1 23.68 1 0.0 1 9488,00 I 9488.00 1| D.0221 ) 209.20

1 20241 0.0 | 107T1.00 ¢t 1071.00 1 0,0201 1 21.51 14 0.0 1 9%48.00 1 9448,.00 | 0.0201 1 190.18 ¢
t 2025 1 0.0 1 1071.00 1 1071.00 1 O0.01%3 | 19.5%6 1 0.0 ) 9468.00 | 9458.00 1 0.0183 1 172.89 1
1 2026 1 0.0 1 1071.00 1 1071.00 | 0.0168 1 17.78 1 0.0 ) G48B.00 ) 948,00 1 0.0186 I  157.18 1
P 2027 1 0.0 1 1071.00 1 107L.00 1 0.0i51 1 16.16 ¢ 0.0 ¢ 9658,00 1 9448.00 1 D.0151 8 142.89 1
I 2028 1 0.0 1 1071.00 ) 1071.00 1 0.O0L37 1 14,89 1 0.0 1 9458.00 1 944R.00 3 0.0137 1 129.90 1
1 2029 1 0.0 1 1071.00 ) 1071.00 1 0.0125 13.36 1 0.0 1 468,00 1 $488.00 1 0,0525 1 118.09 )
1 2030 1 0.0 f 1071.00 1 1071.00 1 0.0113 1} 12.14 0.0 1 9468,00 1 9468,00 1 0.0113 1 107.35 )
12031 0.0 I 1071.00 1 1071.00 ) 0.0103 1 11.0& 1 0.0 1 948,00 1 9453.00 | 0.0103 1 9T.60 |
1 2032 1 0.0 I 107TL.00 1 1071.00 1 0.009% 1 10,04 0.0 | 95368.00 | 94b3.00 | .00%% | 8872 1
t 2033 0.0 1 1071.00 1 10T1.PO 1 0.0085 I .12 1 0.0 ) 9468,00 | 9468.00 & 0.008% | 80,66 |
I 2034 ¢ 0.0 I 107L.00 ¢ 1071.00 1 10,0077 1 8.29 ) 0.0 1 9468.00 1 9458,00 ¢t 0.0077 I 73.32 1
b 203% 0.0 1 107,00 ¢+ 1071.00 0 0,000 1 7.8 0.0 1 9468.00 1 948,00 1 0.0070 1 66,56 1
I 2038 | 0.0 1 1071.0% 1 1071.00 1 0.0084 1 5,85 ) 0.0 | B46B.C0 ' 94BA.D0 1 0.0064 | 50,80 1
1 2037 ¢t 0.0 1 1071.00 | 1071.00 1 0.0058 8.2% 10 0.0 1 9468.00 | 9458.00 1 0.0058 | 55,09 1
! 1 ' ] ' 1 ' 1 1 1 1
| TOTAL1 $2042.00 1§ ] ] | 47420.25 1 21580.00 | [ | ) T2738.75 )

Note:

Benefit of Irrigation is

included in the Alternative Cost.
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13.4  ECONOMIC INTERNAL RATE OF RETURN

13.4.1 CONDITIONS

As previously deseribed, a financlal analysis was made based
on the averaged electricity rate in the South West Region of
33 mills/kWh as of the end of December 1982. In obtaining the
economic internal rate of return, similarly to having replaced
cost by efficiency price, the benefit also must be based on effi-
ciency price determined under full competition in a free economy.
From the mode of the electric power industry, 1t is a difficult
natter to estimate benefit from efficlency price in such an eco-
nomic society, and it may be that a considerable amount of sub-

jective elements will be contained.

Here, the following were done:

a) Several regions similar economically and socially with
the South West Region are selected. R.0. Norte, R.0. Sur
Oeste R.0. Centro, and Zone Huacho were selected as

gatisfying this condition.

b) The average electriclty rates of the four regions,
including the South West Reglon, are obtained from energy
pales and the electricity charge revenues, and the average
vale of these are obtalned. This value may be a border
price not distorted by pricing policies or other artificial
conditions, and {8 a rate possible for service reciplents to
pay.

Accordingly, 50 mills/kWh is adopted as the effective price
(Fig., 13-1). The benefit when obtaining the economic internal
rate of return is evaluated combining the electric power benefit

based on this electricity rate and the agricultural benefit.
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13.4.2 ECONOMIC INTERNAL RATE OF RETURN

The results of calculations are given in Tables 13~12 and
13-13. The economic internal rate of return according to
electric power benefit based on effective price and electricity
rate payable by service recipients and agricultural benefit is

indicated to be 13.1X%.

The value i1s an advantageous one even when compared with the
internal rate of return used as a reference by the International
Financing Institutions such as World Bank. Consequently, it is
Jjudged that the Project is amply feasible from an economic stand-

point also.
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2% EYALUATION

Table 13-12  Estimated Economic Net Present Value

PROJECT

EYALUATION BY THE
e WlTw

CRITER|A a3z

SHa00w

CALAULATION PERIDD «== S& YEARS

NET PREJENT VALUE
FACTOR ===

PRICE

[N, P, ¥V}

DISCOUNT RATE -~- 10,0 2

METHOD

Unit;10°USS

o

)
1
I

YEAR | IHYEST-
1
1
|

-——

MY URQODPDWER

AL TERNAMAT | VE

) NET PRESENT YaLUE 1

]
I
It NET PRESENT YILUE |
1

i
1
] [ ]
] V' ANNUAL 1 COST 1 P Is 10,0 29 1 INVEST= 1 ANNUAL 1 BENEFIT { I= 0.0 X2
1 WENT t cOsT | FLOW fa-mscasemmnoo e amaan) MENT 1 £OsT FLOW | avmememeammemmeasae]
1 ' | TOR.F 1 NLPLY 1 t I P.¥LF 1 NoPLY o
1 FRIL.TL FUIAILLTL 30 PMILGTL 30 UP,U1 ) (HIL.TL B0 CHMILLTL PIOMEL.TL 19 (MILLTL 31 (PL.UT 1 THIL.TL 31
| 1984 1 4%20.00 ) 0.0 | 4420,00 ) 0.509] @ &0lA,i8 1 0.0 i 0.0 0.0 1 0.9091 1 0,0 1
11985 1 1118b.00 ) G-0 1 2I1BA.00 | Q.8284 ) 9265.29 | 0.0 ! 0.0 1 0.0 t 0.8266 1 D.O
) 1946 1 17679,00 L 0.0 1 17619.00 1 0,7513 1 13282.5%3 ¢ 0.0 1 0.0 1 0.6 1 g.7313 1 0.0 1
11987 ) 17218.00 0.0 | 17274.00 1| G.68330 | 11801.14 ¢ 9.0 ) 0.0 1 0.0 t 0,6830 1 4.0 1
| 1988 ¢ 31%8,00 1 736.00 | 3BB2.00 1 D.6209 ¢ 240,63 ¢ 0.0 1 3A%3.40 1 8893.00 ! 0.6209 | 5521.87 1
11989 1 0.0 1 736,00 | 734,00 1 0.%65 1 414,33 ) 0.0 ¢t 8893.00 1 AA93.00 | 0.5645 1 501%.29 1
bo1990 1 0.0 1 735.00 ¢ TI&.00 | 0.5132 1 3Th.b6 0.0 ) B8893.00 t B8893.00 v 0.5132 & 4563.5& |
1 19% 0.0 1 73s.00 1 735,00 1 0.488% ) 342,42 0 2.0 1 BROI.00 v ABII.00 ) D.45665 ) 414B.568 1
11982 1 0.0 1 7300t TIRLO00 1 G.6241 ) 311.29 1 0.0 ) AR9I.00 1 BA93.00 ) Q,82&41 ) 3TT1.53
11993 1 0.0 ) 738,00 | TIA.O00 1 0.38%5 ) 292.99 1 0.0 ) 4893.00 1 #B93.00 | C.38%5 1 328,87 1
) ot99s ot 0.0 t TIQ0 Y400 1 6.350% 4 257.28 Q.0 ¢ 38%3.00 1 8393.00 1 0.350F 1 E1A.97 ¢t
11999 ) 0.0 1 73400 | 734,00 1 0.318a 1 233,88 1 G.0 | B8%3.00 | BBY3.00 1| 0.3186 1 2833.41 |
11996 1 0.0 1 735,00 b 734,00 ) 0.2B9T t 212.62 ) 0.0 1 BB93.Q0 I B893.00 | Q,289T | 2576.001
) 1997 0.0 1 734,00 1 734,00 1 9.2633 1 193,29 1 .0 | 6893.00 | BB93.00 t a,.2833 | 2341.83
LT 0.0 1 734,00 1 TI&L00 1 0.239% ! 175,721 0.0 1 B393.0¢ 1 B8693.00 1 0.23%4 | 2128,9% |
1 1999 | 0.0 1 TI6Q0 1 TI&00 1 0.2176 0 159.T74 1 0.0 1 ABYI.O0 1 889100 ! 0.2176 | 193%5.40 1
12000 t 0.0 1 736,00 1 TIS.00 | 41078 1 1e$,22 1 0.0 1 @8893.00 1 8893.00 ! O.I97A b 1758.45 |
12000 1 0.0 4 T73¢.00 1 TI&00 1 0.1799 1 132,02 ) 0.0 | BB93.00 & AM92.0C 1 0.1799 | 1599.51 1
t 2002 t 0.0 1 734,00 1 134,00 1 0.183%5 1 320,02 1 Da) 1 AAOY.O0 1 B893.00 ) 0.1635 1 1454,10 )
+ 2003 ) G.0 1 736,00 1 734,00 3 O.b488 9 109.11 1 0.0 5 A893.00 | #893.00 1 Q.1485 | 1321.91
12004 1 0.0 1 73.00 I 734.00 1 Q.t35L ¢t 99,19 ) 0.0 ¢ BA93.00 | B893.00 t Q.13%51 & 1201.7%
1 200% 1 0.0 1 734,00 ¢ 734,001 0.1228 4 90,17 ¢ 0.0 ) A893.00 1 A893.00 ) 0Q.1228 | 1092.49 |
1 2006 1 0.0 1 734,00 F 734,00 ¢ 0.1117 1 8L.97 1 0.0 ) 8893.00 | BA93.00 | 0,117 1 993,17
1 2007 |1 0.0 1 734,00 1 73600 1 0.1015 ¢ 74,52 1 0.0 1 8893.00 1 B8893.00 ) 0.101%5 | 902,89
1 2008 1 0.0 ¢ 73¢.00 1 734,00 | 0.0923 ) 67.75 ) 0.0 1 88%3.00 | AA93,00 1 0.0923 |  820.8)
1 2009 1 0.0 t 734,00 1 734,00 | 0.0839 ) 61.%9 1 0.0 1 BAS3.00 1 BAYIL00 1 0.0839 | TH6.I9 1
| 2000 b 953,00 ) 734,00 1 167,00 1 0.0763 ) 128,568 1 0.0 ) B893.00 | 8893.00 ) 0,0743 | 478,35
102013 ) 5482.00 ) TIA.00 | 519,00 ) 0.0B93 ) 429.6h ) 0.0 ) BASI.00 ) BA9Y.00 ) D.OBPI 1 BMb.69 I
P 2012 | 68%9.00 & 734,00 | 7593,00 1 0.0630 1 47,817 1 0.0 | 8893.00 1 2893.00 | 0.0630 | S540.62 1
12013 1 1998.00 ¢ TI4.00 1 2732.00 1 0.0573 1 l58.57 1 0.0 ) #893.00 1 A893.00 | 0.0573 |  S09,b4
) 2014 | 2925.00 ) 734,00 | 36%9,00 1 0.0521 1 t90.863 1| 0.0 | 8B93.00 1 8893.00 | 0.052) | 463,33 1
| 2015 1 £728.00 1 734,00 L 7462.00 1 0.0%Te 1 353,43 | 0.0 | 8893.00 | A891.00 | Q.0474 1 421,21 |
12016 ) 10334,00 1 734,00 | LIOBA8.00 1 0.0631 1 &76.57 1 0.0 « 8A93.00 t B8893.00 1 0.0631 1 382,91 1
1 201T 1 3010,00 1 TAA,00 1 3804,90 1 0.0391 | 144.90 1 0.0 | 8893.00 1 08593.00 t 0.0391 1| 34A.10 )
12018 7 0.0 1 1071.00 1 1071.00 t 0.8)56 1 TS| 0.0 1 8893.00 | A8293.00 1 0.03%& | 3ls.6b 1
12019 1 0.0 f LOTI.00 1 10TL.00 0 0.0324 ) 36,65 3 0.0 1 893,00 1 AB93.00 1 0.0324 1 287.69 1
12020 1 0.8 i (OT{.00 ¢ LOTI.O0 [ 0,829 ¢ .50t Q.0  S891.00 t A893.00 1 §,029¢ ¢ 261.5%
1 2020 0.0 1 1071.00 3 t0T1,00 | 0.026T7 4 28.83 ) 0.0 © 8893.00 1 8893.00 t 0,0267 1 23T.78 )
120220 6.0 1 LO71.00 ¢ 1070.00 | 0.0243 4 26,03 1 0.0 I 8893.00 1 H893.00 ! Q.0243 ) 216,15 ¢
V2023 ) 0.0 1 \0T1.00 1 107,00 ¢ 0Q.0221 1 23.66 1 0.0 1 8893.00 | 8893,00 | 0.0221 | 194.50 |
1 202% 1 0.0 t loTi.00 1 1071.90 1 0,020t | 21.51 ) 6.0 | 3893.00 1 8£93.00 | ©.0201 ) 178,63 |
1 202% 1 0.0 t lOTL,00 1 107t.00 1 0.01R3 ¢ 19.58 1 0.0 1 B5893.00 | 8493.00 t G.0L83 1 162.39 ¢
[ 0.0 1 10TL,00 1 107).00 1 0.0186 | 17.78 1 0.0 | 2892.00 1 #832.00 ¢ 0.0l&6 1 1&7.63
12027 1 0.8 ) tD¥L.00 ) 1071,00 1 0.0151 ) 16,16 ¢t 0.0 | AB93.00 1 £893.00 1 0.0151 1 134,21
1 2028 ) 0.0 ) tO7I.00 1 1D7Y.00 1 0.0137 ) 14,69 1 0.0 1 9893.00 1 a893.00 Y 0.0137T I 122.01 ¢t
(2029 0.0 1 1OTL.00 1 107(.00 t 0.012% 1 13.38 | 0.0 1 8493.00 ¢ 8893,00 ¢ 0Q.0125 ¢ 110.92 ¢
r 2030 1 0.0 I LO7L.00 | 107{.d0 ¢ 0.0113 | 12,14 ) 0.0 ¢ 5893.00 1 83%93,00 ¢ 90,0113 1 100.83 )
12031 ) 0.0 1 107{.00 1 10TL,00 ¢ 0.6103 | 11,04 ) 0.0 1 %393.00 ) 8893.00 b 0.0103 1 .67 |
12032 1 0.0 « L071.00 1 1071.00 1 Q.009% 1 10,06 1 0.0 1 4A93.00 1 2893.00 | 0.009% | £3.33
12033 ) 0.0 | tOT1.00 t 1071.00 I 0.008% ) 9,12 1 0.0 1 5893.00 1 #A93.00 1 0.0085 | 5.76
52034 ) 0.0 1 10T1.00 & 10TY4,00 1 Q.0077 .29 ¢t 0.0 | 8893.00 1 8893.00 ) 0.807T 58,87 )
12038 1 0.0 1 1071.00 ¢ 107500 1 Q.0070 ¢ .54 ¢t 0.0 | 3893.00 ¢t 88%3.00 | 0.0070 ) b2.81 1
12036 0.0 1 LO71.00 1 107L.00 1 Q.0064 ) 5,88 1 0.0 I 8893 30 ) 3893.00 I 0.0064 | 56,92 1
b 2037 ¢ 0.0 t 1OT1.00 1 1071.00 ¢ 0.0658 4.23 ) .0 ) &B93.00 1 8893.00 1 0.00%58 | 51.74
] 1 ) 1 1 1 ] i 1 ] ]
) TOTSLI 92042.00 ¢ 1 1 | %7420.25 | 0.0 1 1 1 1 60223.64 1
Note: Benefit of Irrigaticon is included in the Alternative Cost.
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13.5  SENSITIVITY ANALYSIS

The benefit and cost of the Project have been estimated
based on the conditions previously described, and an economic
analyses has been made based on indices such as the internal rate
of return. Here, a sensitivity analysis will be made for the
case of evaluating benefit by the amount payable for service
recipients and agricultural benefit, and evaluating cost by effi-
ciency price. Although data of sufficlent accuracy were not
avallable for some sectors, the various values adopted as the

bases of calculations are quite capable of occurring (most pro-
bable figure).

The results of calculations are shown in Fig. 13-2,
According to this figure, in case cost and benefit respectively
vary 10%, the econcmic internal rate of return respectively vary
1.4 - 1.3%, Even under the most severe condirions of cost
increased 10% and benefit decreased 10%, the general reference

value (10%) of internatiomal financing institutions 1s satisfied.

Fig. 13-2  Sensitivity Analysis
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