'8.4.3 Discussion on Computation Results

in this Project, it is planned that 2 m3/sec of sewage will be inter.
cepted from the Colector Surco after completion of the Phaee I facilities.
The sewage discharge from thé Surco Outfall 1s_pr0jected to véry as showﬂ
in TABLE 8-5 as a result of sewage discharge increase and intefception by
this Project, in which case around 3.3 m3{s_of sewage will be discharged to

the sea from Colector Surco upon completion of Phase I project in 1992,

TARLE 8-5 Projected Sewage Discharge Quantity : _
. ' (unit: m3/sec)

Vear 1000 91 92 83 94 95 96 97 98 99 2000

Sewage Discharge 5.00 5.15 5.30 5.45 5.60 5.75 5.90 6.05 6.20 6.35 6.50
‘Interception - - 2,00 2,00 2.00 4.00 4.00 4.00 &.00 4,00 4.00

Net Discharge 5.00 5.15 3.30 3.45 3.60 1.75 1.90 2.05 4.20 2.35 2,50

In the year 2000, the target year of this Project, Coléctdr Surco
will have a sewage discharge of 6.5 m3/s in accordance with the increase of

population in the drainage area.

However, with the facilities that would intercept & m3/s of sewage to
be completed by the year 2000, sewdge discharge to the sea will be reduced
to only 2.5 m3/s. ' : | '

Simulation results both in cases of discharge conditions with.the
Project and without the Project are shown in FIGURE 8-5 for different
phases of the Project. . :
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From the view point of preservation of the coastal areas in tezms of
maintaining good environmental condition that is suitable for swimming,
Peruvian law sets the maximum limit of fecal coliforms at 1,000 MPN/100ml.

With the present sewage discharge volume of 5.0 m3/s, simulation re.
sults show coliform distribution higher than 1,000 MPN/100ml in the swim.
ming areas of La Chira, Herradura and Club Regatas. Bven in Agua Dulce

which is located north of Club Regatas, fecal coliform concentration

ranges from 500 to 1,000 MPN/100ml.

in case of a 2.5 m3/s sewage discharge'(reductiOn of sewage discharge
by 4.0 m3/s in the year 2000), La Chira will remain unsultable for swimming
but Herradura, Club Regatas and Agua Dulce can be recovered gs'good swim-

ming areas.

Reduction of the sewage discharge by 4.0 m3fs will therefore gignifi-
cantly effect the preservation of the coastal areas in good environmental

conditions.

Treatment of the remaining 2.5'm3[s'seﬁage volume in’GolgCtor Surco
before disposal to the sea should also be seriously considered to =asily

keep the coastal area in good condition.

The quality of sea water in the ares is expected'to pe maintained at
present level at worst, if the Project is implemented on schedule, If the
project will not materialize, the sea water pollution will spread farther

to the north and condition in Agua Dulce will ultimately aggravate.

If the treatment of even 1 m3/s of sewage is effected the limitihg
contour line will recede to the point near Club Regatas and will not reach
Agua Dulce by the year 2000, However, if the Project ié implemented on.
schedule, the sea water pollution-éondition in fhe érea'north of Glﬁb'
Regatas will not exceed the preaent'lgvel for many years after the year
2000,
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CHAPTER 9  PROJECT EVALUATION
9.1  Ymplementation Program
9.1.1 ;.Implementaticn_Plen

As the construction of the sewerage system ‘is one of the important '
‘public works, it is imperative that a reliable constructlon work be ensured
'withln the shortest period practical. In view of this,_the PrOJect impTe-
mentation plan is phesed into two stages, Phase I and Phase II, targeting.
'1992 and 1995 respectively, based on the follcw1ng considerations.-

- A two phase implementation program w111 be appropriate from the view

point of size of invegtment.

- The;aeSumptions_mede?fof the implementetion_periods of'each-phase are

one year detsiled design and two years construction.

- ‘Detailed deeign stages include finan01al procurement such as loan

application with 1ending agency.

_— Construction stages include tendering and construction superv131on by
o'consultant and SEDAPAL

As mentioned in the previous sub section, based on the consideration
of environmental  impact 'technical and financial aspects, Alternative E1

~ plan is_recommended for this P;ojcct.

'This conétruction=program.has been divided into three interrelated
components: the wastewater 1ntake facilities, conduit system and sewerage

treatment plants.
(1) ;implementetion Schedule of Phase I

Phase I aims to. .convey the: sewage from the intake point to San Barto-
lo Plain and & new kreatment’ plant which is planned te be constructed
‘-bes*de the existing San Juan Sewage treatment plant with high elevation

transmiss;on line.



in this phase, construction works are to be commenced immediately
after the completion of detailed design work at the beginning of 1891 and
have to be completed around the end of 1992, o '

Construction of each component-is'planned to be divided aqually

between each year.
(2) implementation Schedule of Phase II

Phase II aims to convey the sewage from the intake point to San
Bartolo Plain and treat the sewage at San'Bartolo-Plain_thfdugh the stabi.

lization pond method with low elevation transmission line.

Assuming a two-year period for the construction work as in the case
of Phase I, it is required to commence the conshructian work at the begin-

ning of 1994 for complet;on around the end of 1995.

Construction of each component is also planned to be divided équally
between each year except plantation work for_new sewage treatment plant

construction.

The implementatiqn plan of the project is shown in'FIGURE 9-1.
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9.1.2 Capital Ynvestmont Schedule
{1) Project Cost and Currency Allocation

In fhe preceding Chapter 7, Preliminary Enginaering Design of Alter-
natives, the estimsted construction cost for the civil works, instéllatién
of the equipment, contractor's profits and overhead, and all related con-
struction works are divided into direct items and indirect items. Project

cost, however, includes other associated costs such as engineering fee and

contingency.

In the estimation of other associated costs, engineering fee 1nqludes
the costs for both detailed engineering design and construction supervision

services.

It is assumed that eight percent of direct construction costs will be
needed for the engineering services, approxlmately five percent is consid-
ered to be needed for the detailed design and the remaining three percent

for the construction supervision services.

As contingency allowance, five percent of foreign currency portion of
total construction cost including indirect cost and 10 percent of its local

currency portion are estimated.

The total project cost including other aééociated costs 1is divided
into the local currency component and fcreign component. The 1ocai curren-~
cy component includes cost of labor and materials actually paid in the
local currency. Namely, it comprises the costs.for-loéal labor and materi-
als locally manufactured or produced, including local handling and trans-

portation charge for imported materials and domestic consumer tax.

The foreign currency component represents the costs to be paid in

foreign currency such as those of imported materials and equipment.

TABLE 9-1 shows the proposed prdjeét cost_summafy divided into fdr»

eipgn and local currency portion..



TABLE 9-1 SUMMARY OF PROJECT COST

{(Unit : Dollar 1,000)

Items © Total Value Foreign Currency Local Currency
' Portion | Portion
1. Intake Facilities 620 312 308
2. Conduit System 71,661 37,480 34,181
‘3. Treatment Plants 19,892 5,708 14,184
4. Plantation 61 0 61

Sub Total 92,234 43,500 48,734

S.IEngineefing Services

BID - _ 3,640 2,366 1,274
cis 2,427 1,577 849
6. Contingency 7,458 2,372 5,086
Total _ ' 105,759 - 49,816 55,943

Note : D/D is Detailed Design

Gls is Construction Supervision

(2) Investment Scheduie

The.pﬁoject will be commenced in 1990 aﬁd completed in 1995, Capital
investment of project cost by each year will be made as stated in TABLE 9-
2, which is based on the Implementation Plan and graphically indicated in
FIGURE 9-2. | |
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9.2 Organizational and Managerial Aspect

After reviewlng the existing administrative organization more or laes
related to the prnposed'sewerage project as stated in previous sections, it
is considered necessary to newly establish the local sewerage management
office of SEDAPAL. The proposed organization consists of the treatment

plant division and sewer division as shown in FIGURE 9-3.
The major tasks of each division are described as follows:

gouthern Lima Sewerage System Office

Office Manager: .
Responsible as the head of new office for the operationm and manage-
ment of total sewerage system in.proposed projéct system. He coqrdi~
nates each division and section including personnel administration as
disciplinary development of the staff and gives adequate orders to’
the division chiefs under full comprehension of the divisions, He
has a duty to report the development and progress of the activities
of the office to SEDAPAL Head Office as required.

Secretary: _ .
Assists office manager in handling documentation and filing end other

miscellaneous works.
- Treatment Plant Division

Chief:
Responsible for the management and administration of the overall
operation and maintenance of the wastewater treatment plant to ensure
adequate treatment of wastewater and sludge and proper disposal of
effiluent. He has a duty to report the activities of the treatment

plant operation to office manager.

Chief and Staff of Each Section:
Responsible for overall control and operating activities of treatment
functions to ensure adequate gquality and desived volume of treated
wastewater, keepiﬁg the facilities of treatment plen in good-wotking
condition and achievement of proper dispasél of the effluent includ-



ing the preparation of the operating records in accordance with the

operational instructions.
Laborers:

Clean the various equipment in the wastewater treatment facilities

for proper function of the equipment including premises of the plant.
- Sewér'nivision

Chief:
Supervisés activities ne¢e$sary in keeping sewers and intake facili-
ties in efficient working order administering the technicians and

other laborers to be involved in all maintenance and repair works.

Section Head:
As an assistant to the division chief, responsible for the direct
control and supervision of routine maintenance and emergency repair
crews to ensure that cleaning activities are performed to keep the

sewvers and intake facilities in satisfactory conditions.

Technician:
To be in charge of inspection and repair of intake facilities and
sewer for the maintenance in accordance with the preventive mainte-

nance program.

Laborers: :
Undertake the. cleaning activities of sewers and intake facilities,

such as grit chamber under the control of technician.

o
!
e
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9.3 Financial Analysnis

The_financial plan study for the proposed sewerage system has been
carried out to.guide'SEDAPAL in the viable implementation of the Project
with due consgideration to existing financial practices,'and potential
funding soufces to.meet'the estimated capital costs for construction and

recurrent costs for operation.
9.3.1 Present Financial Situstion

The present finsncial situation of the SEDAPAL, the agency which will
undertake the.finencial management of'the proposed sewerage project, has
been reviewed as requirement of the finanCial plan study. SEDAPAL is &
corporation which is administratively, technically, economically and finan-~
cially independent from the Central Government. Its objective is to exe-
cute the. state policy regarding development control, operation and mainte—
nance of potable water and ‘sewerage service in the Province of Lima and the

Province of Callao.

SEDAPAL’s main functions are to secure, treat and distribute weter
for residential industrial and commercial consumption, from which services
its income is principally derived. Service rates are established by a
'resoluﬁiOn"pessed by the Comision Reguladora de Agua Potable y Alcantaril-
lado (CORTARA).

SEDAPAL also obtaine income from minor sources like various services
requested by its usere (sales of connections. internal repairs, openings,
etc. ), from closures and reopenings, and financial income. The collective
economic impo:tance of these services, however, is much less than that of
the seles of the service itself. It is important to note that income from
rates (fee for new urban rehabilitation and lor connections to the system)
are considered capital - allotment and are used exclusively to finance in-

veatment projects.

During 1988 SEDAPAL produced net incomes on account of water supply
and ‘sewerage services amounting to 1/. 6,584, 406,638, and If. 232,711,123
.on account of essociated aetivities, representing 96.592 and 3.41Y% of the
totsl income, respectively. (In 1987, these were I/. 1,387,812,555 and 1/.



$2,975,525; 95.667 and 4.34%, respectively).

Detail distribution of income as to the ciassification of users

according to the consumption type is shown in TABLE 9-3.

TABLE 9.3 Tncome Distribution during 1988

Users Ihcome
No. 2 Amount(x I/.1000) %
Household 733,689 82,0 3072,064  40.9
Corporated 80,762 9.0 87,674 1.2
Conmercial 67,415 7.5 1,491,496 19.8
Industrial 7,589 0.9 " 556,817 7.4
National 4,267 0.5 447,640 5.9
- Own Source 931 0.1 375,959 5.0
Industrial Sewer ' 552,757 7.4
Collateral Services 232,711 3.1
Sub Total - ' 6,817,118 80.7
Financial 594,818 7.9
Others - o 105,983 1.4
Total 894,653 100.0 7,517,919  100.0

The budget for expenses 1s prepared and disbufsed'achérding to'guideu
lines, Operation and maintenance coste are covered with SEDAPAL'S own re-

‘sources,

The Profit and Loss statement of SEDAPAL for past 3 years are ‘pre-
sented in TABLE 9-4, : R
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TABLE 9-4 Profit and Loss

(Undt: x I/.1,000)

Calenda; Yaoar 1986 .1587 _ 1988
Het ealaa.
Water gnd Sewer Service - 666,363 1,333,8]3 . .6,534§¢D7
. Collatersi.Se;vice . 21,413 62,976 . 232,711
.Othe:.0§aratin3 se:QLco . 12,?26 23,791 'gs,szﬁ
TOTA;‘IHCéﬂE 7 700,%96 1,%74.580 6,912,442
o, brotution o ot O o nisam s
'cﬁoss QROBIT(LOSS) . ' __325.#79 429,277 (5,113,776)
_Salea.Exéanées o | ' 109}812 158,913 1,166,157
Aﬁéigi%;zativa B¥penaas . 260?710 488.955 . 4,496,916
Allotments to SENAPA 18,017 - 40,440 146,720
GRQSS QPERATIVE PROFIT(LOSS) (59,260} (259.0?1) (10{923.569)
: ﬁfhef Income and Expsenses
Pinsncial Tncoms o 37,996 | 57,713 594,818
'-Finaucial Expansas . 64,568 . 282,603 . =6.088,781
.Extréordiuéry Lcs;as o . :33962 éZD. . 3,594
PROFIT (LOSS) of THE FISCAL YEAR (90,094) (484,761) 7.(16,4é§;126)




9,.3.2 PFunding Arrangements

Major fund requirements are categorized into the comstructlon capital
cost and recurrent cost for annual operation and maintenance of the system,

including debt service, depreciation and other miscellaneous expenses,

1) Funds for the Construction Costs

out of the total capital costs, the foreign currency portion is
financed by the international lending agency whilg the local currency

portion is financed by government subsidies, SEDAPAL’s own equity or loan.

Such international loans are normally provided to finance only the
foreign currency portion of the project costs, However. in certain cages,

a part of local currency portion is also financed by international loan

when such is desirable.

If the funding Cﬂpabillty of the executing agency is not sufficient
the subsidy from the central government to the possible extent may be
desirable and gofter loans with low interest and longer period of repayment

should be sought.
a. Loan from the international lending agenciés

International loans are broadly categorized inﬁp the'multilﬁge:al and
bilateral loans. Example of multilateral'loans are those loans from the
World Bank and Inter-American PDevelopment Bank, Inté:est on such loans
presently ranges from 648 percent per annum and repayment pe#iod:ié_ndrmalu
ly 20 years with grace period of about five years. Bilateral 1oahé are
exemplifled by loans from West Germany, France or Japan with very conces-
sionary terms, for example, low inierest rates of 2.3 percehtiper’annum and
long maturity periods (up to 30 years}) including extended grace period of
up to 10 years. a B

9—i4



b. Government Subsidy

The subsidy from the central government shall be allocated under the
construction category for the construction of public utilities such as
sewerage syStem_and Jrrigation, water supply and other infrastructure

development undertakings.

Sewerage system development projects are intended to provide the
community with benefits such as enhanced public health and economic devel-
opment; thus they: should be encouraged by the government through allocation

of substantial amount of subsidy.
c. Domestic Loan and Retainéd Profit

_ The local currency portion of capital costs aré nqrmally-fiﬁanced'by
the domestic commercial bank and retained profit including depreciation.
'SEDAPAL borrows funds f0r such suppose from commercial banks with guarantee
by the central government. In Pefu the terms and-conditiohs of such loan

are not fixéd.

TABLE 9-5 shows loan conditions of international lending agencies.

-

_TABLE 9-5 Loan Conditions

Agency :' Interest Rate Duration (Grace Period) Chargé
S : : ' Year :
IBRD 7742 15-20 (3-5) ' Front-end Fee:
Commitment Charge:
_ 0.752
IDA ' ' 0% “ 40 (10) or Service Charge:
35 (10) : 0.752

Commitment Charge:

IDB 8.1% 15-25 (4-6)  Commitment Charge:
: ' : 0.75%
Ingpection Fee:
17 of lomn amount

ADB - . 6.372 10-30 (2-7) Commitment Charge:
' 0.752

" OECF * - 2.741 . | 28.8 (9.6) —

* Average condition of 1988.



2} funds for the recurrent cosis

These funds are normally required after the construction of the
system to meet the annual costs including OperatiOn and maintenance costs,
and debt service payment if any loan is provided.. There are established
practices in developed countries that such recurrent costs are'mét by the

users of the system who receive the benefits through thd collection of

sewerage use charges directly or by imposing surcharge on water rate.

The.water rate surcharge is service charge related to water consump-
tion which is calculated by adding a fixed rate to metered water consump-
tion, 4a¢ the volume of waste discharge is clnsely related to water con-
sumption which 1s accurately metered. This method is widely employed in
the world including Japan. Another benefit of this method is that the
éolleétion of charges can be made without difficulty in combination of
billing procedure for water supply already in existence. The collection of
the charge is enforceable by cutting off the water supply in the event of

non-payment.
9,3,3 Alternative Financing Plan

The financisl plans are develop;d based on the capital disbursement
schedule and funding arrangements, the latter being considered as one of
the most decisive factor for the financial viability of the project. The
funding arrangement which will not impose unbearable burdén uponISEDA?AL ié
most desirable, subject to the availability of sufficient fund or loan with

lenient condition.

The fellowing five alternatives considered for funding arrangement
are assessed as to their financial impact on SEDAPAL as well as individual

consumer in order to select appropriate funding arrangement for the

Project.
Alternative 1: Total project costs is financed by the inter-
' national lending agencies (IBRD).
Altexnative 2: The foréign currency.portidh équivalenﬁ to

47,444 thousand dollars is financed by bilat-



eral loan and local currency portion of
50,857 thousand dollars is financed by the

international lénding agehcies.

Alternative 3: The foreign currency portion equivalent to
47,444 thousand Dollars Is financed by inter-
national lending agencies and local currency
portion of 50,857 thousand Dollars is fi-
nanced by equal contribution of bilateral

loan and government subsidy.

Alternative 4: "The whole of foreign currency portion and a
part of local curremcy portion equivalent to
20,333 thousand Dollars (approximately 70
percent of the total project cost) is fi-
nanced by bilateral loan and 30,524 thousand
Dollars is financed by contribution of gov-

ernment subsidy.

Tn the alternative plans above, the conditions of the loan are as-

sumed as follows:

Intérnational Loan (IBRD):
20 year repayment period including 6 year grace period with 8

percent interest per annum.

Bilateral Loan :
30 year repayment period including 10 year grace period with

2.5 percent interest per annum.

Such government funding contribution can also be justified by the
p;oépecfive increase‘df socio-economic bLenefits to be derived from the

proposed project as manifested in the project economic analysis.

_;_Sumﬁarigéd fund arrangements for each alternative plan are shown in
TABLE 9-6.
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TABLE 9.6 Funds Arrangements
(Unlt : Dollar x 1,000)

Source of Fund

Fuuds Plan International Bilateral . quérnment
Loan Loat Subsidy
Alternative lH‘ 98,301
Alternative 2 50,857 47,444
Alternative 3 47,444 25,6285 25,428.5
Alternative 4 67,777 30,524

The source of capitsl costs and subsequent recurrent costs including
debt services and operation and maintenance costs are indicated in alterna-
tive funding plans in TABLE 9-7 and the funding burden to be impéééd on
SEDAPAL in each alternative is highlighted in FIGURE 9-4.

As clearly shown in this figurs, alternatives 3 and &4 appear more
. agreeable since required funds from SEDAPAL in successive years are less
than other alternatives. Although there is no significant difference in
graphic indication hetween alternatives 3 and 4, alternative 4 imposes less
initial funding burden on SEDAPAL during construction stage and operation

period.

Alternative 4 is, therefore assumed as & recommendable funding ar-
rangement, The further financing analysis are made based on this alterna-
tive to identify the various factors necessary for making the project

financially viable.

TABLEs 9-8 to 9-10 show the detail debt sexvice alternative 4 financ-
ing plan and TABLE .9-11 shows summarized project cost and funding alloca-

tion of alternative 4.

In Appendix 23, show details of debt services for each alternative

plans are shown,
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TABLE 9-8 Debt Services foxr Phase I (Altermative 4)

Condition of Amortization ' .
Loan Amount ' 34,835 Dollar x 1000

Interest Rate(year) 2.5 %

Repayment Period 30 years

Grace Period - 10 yeaxs

{Unit : Dollax x 1000)
Total Annual Balance of
Year Capital Interest Repayment Capital
1990 0 41.0 41.0 1,638.0
1981 0 459.0 459.0 18,360.0
1982 0 870.9 870.9 34,835.0
1993 0 870.9 870.9 34,835.0
1994 0 870.9 870.9 34,835.0
1995 0 870.9 870.9 . 34,835.0
1996 0 870.9 870.9 34,835.0
1997 0 870.9 870.9 34,835.0
1998 0 870.9 870.9 34,835.0
1999 0 870.9 870.9 34,835.0
2000 1,363.7 870.9 2,234.6 34,835.0
2001 1,397.8 836.8 2,234.6 33,471.3
2002 1,432.7 801.8 2,234.6 32,073.5
2003 1,468.5 766.0 2,234.6 30,640.8
2004 1,505.3 729.3 2,234.6 29,172.3
2005 1,542.9 691.7 2,234.6 27,667.0
2006 1,581.5 653.1 2,234.6 26,124.1
2007 1,621.0 613.6 2,234.6 24,542.6
2008 1,661.5 573.0. 2,234.6 22,921.6
2009 1,703.1 531.5 2,234.6 21,260.1
2010 1,745.6 488.9 2,234.6 19,557.1
2011 1,789.3 445.3 2,234.6 17,811.4
2012 1,834.0 400.6 2,234.6 16,022.1
2013 1,879.9 354.7 2,234.6 14,188.1
2014 1,926.9 307.7 2,234.6 12,308.3
2015 1,875.0 258.5 2,234.6 10,381.4
2016 2,024.4 210.2 2,234.6 8,406.4
2017 2,075.0 159.5 2,234.6 6,382.0
2018 2,126.9 107.7 2,234.6 4,307.0
2019 2,180.1 54.5 2,234.6 2,180.1
2020 0.0 0.0 0.0 .0
2021 0.0 g.q0 0.0 0.0
2022 0.0 0.0 0.0 0.0
Total 34,835.0 17,323.3 52,158.3
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TABLE 9-9 Debt .Services for Phase II (Alternative 4)

Condition of Amortizétion

Loan Amount _ 32,942 Dollar x 1000
Interest Rate(year) _ 2.5 % '
Repayment Period 30 years

Grace Period - 10 years

{Unit 't Dollar x 1000)

e S L s i e vy e T Mre p e el i e T I I A S RS RS T T T e I T S I A e S AT N I L IO En e T IR T S o mm b el

_ ' Total Annual Balancé.of
Year Capital Interest Repayment Capital

1990 0 0.0 0.0 0
1991 0 0.0 0.0 0
1992 0 0.0 0.0 0
1993 0 47.0 47.0 1,742.0
1994 0 470.9 470.9 17,441.0
1995 S0 889.4 889.4 32,942.0
- 1996 - 0 889.4 889.4 32,942.0
1997 .0 889.4 889 .4 32,942.0
1998 0 1 823.6 823.6 32,942.0
1999 0 823.6 823.6 32,942.0
2000 0 823.6 823.6 32,942.0
2001 0 823.6. 823.6 32,942.0
2002 0 '823.%6 823.6 32,942.0
2003 1,289.6 823.6 2,113.1 ~ 32,942.0
2004 1,321.8 791.3 2,113.1 31,652.4
2005 1,354.9 758.3 2,113.1 30,330.6
2006 1,388.7 724.4 2,113.1 28,975.7
2007 1,423.5 689.7 2,113.1 ~ 27,587.0
2008 1,459.0 654.1 2,113.1 26,163.5
2009 1,495.5 617.6 2,113.1 24,704.5
2010  1,532.9 580. 2 2,113.1 '23,208.9
2011 1,571.2 541.9 2,113.1 21,676.0
2012 1,610.5 502.6 2,113.1 20,104.8
2013 1,650.8 462 .4 2,113.1 18,494.3
2014 1,692.0 421.1 2,113.1 16,843.5
2015 1,734.3 378.8 2,113.1 15,151.5
2016 1,777.7 335.4 2,113.1 13,417.1
2017 1,822.1 291.0 2,113.1 11,639.4
2018 1,867.7 245.4 2,113.1 9,817.3
2019  1,914.4 - 198.7 2,113.1 7,949.6
- 2020 1,962.3 150.9 2,113.1 6,035.2
2021 2,011.3 101.8 2,113.1 4,072.9
2022  2,061.6 51.5  2,113.1 2,061.6
Total 32,942.0 16,6247 9,576.7
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TABLE 9-10 Debt Services (Alternative 4)

(Uniﬁ : Dollar = 1000)

Total Annual - Balance of
Year Capital Interest Repayment Capital
1990 0 41 41 1,638
1991 0 459 459 18,360
1992 0 871 871 34,835
1993 0 918 918 36,577
1995 0 1,760 1,760 67,7717
1996 0 1,760 1,760 67,777
1987 0 1,760 1,760 67,777 -
1998 0 1,694 1,694 67,7117
1999 0 1,694 1,694 67,777
2000 1,364 1,694 3,058 67,777
2001 1,398 1,660 3,058 66,413
2002 1,433 1,625 3,058 : 65,016
2003 2,758 1,590 4,348 63,583
2004 2,827 1,521 4,348 60,825
2005 2,898 1,450 4,348 57,998
2006 2,870 1,377 4,348 55,100
2007 3,044 1,303 4,348 52,130
2008 3,121 1,227 4,348 49,085
20089 3,199 1,149 4,348 45,965
2010 3,279 1,069 4,348 42,766
2011 3,361 987 4,348 39,487
2012 3,445 903 4,348 36,127
2013 3,531 817 4,348 32,682
2014 3,619 729 4,348 29,152
2015 3,709 638 4,348 25,533
2016 3,802 546 . 4,348 21,823
2017 3,897 451 4,348 18,021
2018 3,895 353 4,348 - 14,124
2019 4,094 253 4,348 10,130
2020 1,962 151 2,113 6,035
2021 2,011 102 2,113 4,073 -
2022 2,062 52 2,113 2,062
Total 67,777 33,948 101,72
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TARLE 9-11 Project Cost, Disbursement Schedule
and Funding Allecation of Alternative 4

a. Projeét Cost and Dishursement Schedule
(Unit : Dollar x 1,000)

Year Foreign Local Total
Portion Portion

1990 1,147 | o617 1,764
1991 11,750 12,205 23,910
1992 . 11,532 ' 12,002 23,534
1993 1,220 657 1,876
1994 10,950 . 12,756 23,746
. 1995 10,851 12,620 23,471
Total 47,686 50,857 98,301

b, ‘Funding allocation
(Unit : Dollar x 1,000)

'¥ear ~ 'Bilateral Goverument Total .
' Loan Subsidy
1990 1,638 126 1,764
1991 16,722 . 7,188 23,910
1992 16,475 7,059 23,534
1993 1,742 134 1,876
1994 : 15,699 8,047 23,746
1995 15,501 7,970 23,471
- Potal 67,777 - 30,524 98,301




9.3.4 Revenue Plan

1) Sewerage Charge

the revenue which is required to be raised by the executing dgEncy to
meet -the annual cash requirements normally include the operation and main-

tenance costs as well as debt service if a certain loan is made to finance.

the capital costs.

Most of the required revenue is raised by collecting sewerage charges

from the individual beneficiaries.

As mentioned in the previous sub-section, SEDAPAL'’s sewerage tariff
system 1g expressed as surcharge on water rate. If ¢onsumer does not have
water supply connection to the SEDAPAL system, independent sewerage rate is

adepted.

The following TABLE 9-12 shows the Tariff Structure of SEDAPAL.

TABLE 9-12 Monthly Tariff Structure -
(Unit : Inti).

Rate 1085 1986 1987 1988

(1], /M3y Dec. Dec. T Dec, Dec.
Domestic 1.28 2,13 3.78 57.54
0-10 0.55 1.15 1,92 22.50
11-30 1.1 2.07 3.48 36.50
31-50 1.84 3,45 5.76 76,50
51-80 2.30 4,26 7.20 97,50
over 80 3.04 5.52 9.24 131.50
Commercial 2.52 5.00 8.40 131,50
Industrial 3.15 5.80 9,72 131.50
Govermnent 1.5% 3.22 ..5‘40 © 69.00
Institute 0.49 0.75 1.32 15.00
Sewerage 1.78 3.34 . 5.03 34 .60




2) Projected_Sewerage Chafge Revenue
_ Estimated revenue from sewerage charge which is summarized in TABLE
9-13 and detall in Appendix 21, is based on the following conditions and

assumptions:

(1) _Surcharga‘rate of domestic sewerage charge is 352 of average

domestic water tariff.

(2) Other wgstewatef charge is 3527 of commercial water tariff,
d.e., 131.5 Intis/m3/month % 0.35 = 46 Intis/m3/month.

(3 Industrial sewége charge is 57.5 Intis/m3/month.

(4) Above sewerage charges and surcharge rate will remain unchanged
until year 2010.

(5) Subject pdpulation is restricted within the Surco Drainage Area.
{6) Exchange rate is I/.500 to US$.

TABLE 9-13 TIncome from Sewerage Charge
(Unit : Dollar x 1000)

Year Domestic ' Others Total
1990 4,305 . 2,658 6,963
1991 | 4,504, 2,677 7,181
1992 4,72 2,697 7,509
1993 4,929 2,715 7,644
1996 5,152 2,736 7,886

1995 5,383 2,735 8,136
' 1996 | 5,623 2,773 8,396
1997 5,872 2,793 8,665
1998 ) 6,129 2,813 8,942
1989 6,396 2,833 9,229

2000 6,672 2,853 9,525

927



3) Ability to Pay

The ability to pay is commonly expressed as the ratio of the proposed
sewarage chafge to the total income of potential benefihciry households.
The maximum 1imit of the ratio usually adopted for sewerage charge in

developing countries is about two percent.

TABLE 9-14 shows the average monthly income per capita in Metropoli-
tan Lima. Noticeably, monthly incomes are increasing in acchdance with
the domestic inflation rate. Using M.U.C exchange rate, the income of
minimum charge, public sector and p:ivate'sector, would amount to 50 del-

lars, 150 to 200 dollars, and 200 to 250 dollars per month, respectively.

TABLE 9-14 Average Monthly Income per Capita

Period Minimum Charge Public Sector Private Ssctor

(Inti) “(Dollar) (Inti) {Dollar) (Inti)  (Dollar)
1988.1 2,200.0 66.67 8,093,3 245,25 ;
2 2,200.0 66.67 8,093.3 265,25 15,563.6 471.62
3 3,520.0  106.67 11,280.5 361,83
4 3,520.0 106.67 11,280.5 341.83 20,411.6 618.53
5 3,520.0  106.67 11,280.5 341,83
6 3,520.0 106.67 11,280.5 341.83  24,547.4  743.86
7. 6,020.0 182.42 17,493.4 530.10  31,691.0 .  942.15
8 6,020.0 182.42 17,493.4 530.10  34,762.0 1,053.39
g 15,050.0 60.20 27,4934 109.97 :
10 15,050.0 60.20 48,663 .4 194.65 51,481.1 205.92
11 21,070.0  42.14 86,129.9 172.26 72,197.7 144,40
12 21,070.0  45.14  100,841.6 201.68  89,346.8 178.69
1989.1 28,000.0 40.00 132,147.9 188.78
2 36,000.0 39.13 166,433.3 180,91  142,180.8 154.54
3 49,000.0 40,83 226,292,7 188.58 ' ' :
4 60,000.,0 36.59 286,044 .4 174.42° 378,858.8 231,01
5 84,000.0  41.48  286,044.4 . 141.26
6 108,000.,0 45.09 286,044 .4 119.42  593,884.0 247,93
7

140,000.0 48.59 ' 407,555.6 141.46




TABLE 9-15 shows expenditure of household.

TABLE 9-15 Expenditure of Household

{(Unit + )
Ttems | Year 1978 1986 1088
Foods and Beverages ' 44,9 46.9 51.4
Clothing ' 7.3 11.9 11.2
Rent, Fuel, Light and Water 15.6 8.9 4.6
Housing ' 7.0 6.3 8.0
Medical Expenses 2.6 3.9 3.2
Communications : 9.8 8.6 9,1
Recreation 7.4 7.3 6.6
Miscellaneous 5.4 6.2 5.9
Total 100.0% 100.0% 100.0%

Source:: INSTITUTO NACIONAL DE ESTADOSTOCA, INE

If the proposed sewerage charge is below two percent of household
income, the owners of such households are considered capable of paying such

charges.

The ratio of the unit sewerage charge for domestic users to average

monthly income is calculated as follows:
A. Unit sewerage charge 20,14 Intis/m3/month

B. Per Capita Sewage Flow _ :
D/s.H 210 1l/capita/day
Dis.L 180 1/capits/day

C. Monthly Sewage Flow per Household
DIS.H ' 33.39 m3/month
D/S.L 28.62 m3/month

Average number of persons per household is assumed to be 5.3.
D. Monthly Sewerage Charge per Household in dollar

D/S.H 1.34 $/month
p/s.L.. 1.15 §/month



E, Average Monthly Income _
Private Sector 211 $/month/capita
Public Sector _ 162 $/month/capita .

F., Ratio D/E
Private Sector 0.64 %
Public Sector 6.71 %

* D/S.H : Direct Water Supply High Consuming Group
D/S.L : Direct Water Supply Low Consuming Group

It can be seen from these figures that average sewerage éﬂﬁrge.iS'
less than one percent of average monthly income of respondent, so this
sewerage charge is considered within the ability and willingness-to-pay of

consumers.
4) Water Sales for Agriculture

After completion of this Project, it is expected that jrrigation and
dévelopment of agricultural land ares in San Bartoelo Plain will be real-

ized.

As shown below, about 4,300 ha of land can be developed in this area
by using treated water of this Project. Water charge shall be collected
from farmers in this area who will avail of the sewage effluent for-irrga-

tion.

Water sale revenue from the agricultural project is estimated based

on the following conditions:

{1) Local water applicafion'ratés_for farm irrigation in the desert
climate is 0.8 l/s/ha.



(2) Possible area for development as agricultural land.

Name of Place - Sewage Amount  Reclaimation Area No. of Employment

villa El Salvador - 0.5 m3/s 500 ha 1,000

san Bartolo - B 3.5 m3/s 4,300 ha ' 9,000
Total 4.0 m3/s 4,800 ha 10,000

{3) Required unit investment cest for irrigation pre;ect
1, 250 $/ha

(4) 'Water sale revenue from egrlculture

SZ of gross sales of annual agrlcultural produce

-(5). Shere of water sale revenuc
SEDAPAL Weter sale revenue x 2!3

M.0.A. Water sale revenue x 1/3

SEDAPAL'S ehare of. this water sale revenue ls credlted as a flnan01al
benefit to this Proiect the calculation for which is developed in TABLE 9.
16.

9.3.5 Administrative Ekﬁenees'ef Project

As mentioned in fhe:previeus’eub~section.‘SEDAPAL is administrative-
ly, technically, economically snd financially independent from the central
government. Therefore, in order that totel flnancial 1ndependence can be
achieved by the SEDAPAL in the future, admiuistretive expenses of its head
office, such as inventories, personal expenses and consignment fee shall be

charged to the revenue of each project.
In view of the ebove, it is recommended that in the share allocation

of adminietretive expenses shall be calculated based on service population

. and_grose revenue of each project.
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TABLE 9-16 Income from Agricu!fure

(unit : Do

SoEREnhMEIERE AR SN SEID NS D RN N A SR

Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

2005

2006
2007

2008

2009
2010

Investment  ORM cost

Cost
0
0
0
2,875,000
6
0
3,125,000

o [ [T — R ] [~ B -~ 2 — R - A - R -~ B -] L]

(- - 2 - -]

13,215,800

13,215,800
13,215,800
27,580,800

27,588,800

27,580,800
27,580,800

27,580,800

27,580,800
27,580,800
27,580,800
27,580,800
27,520,800
27,580,800
27,580,800

27,580,800

27,580,800

CEE LY T ]

Incoms Net Benefit

31,422,600
31.422;500
31,422,600
55,577,600
65.575;600
65,577,600

§5,577,500

85,577,600
'55.577,600
65,577,600
65,577,600
85,577,600
65,577,600

66,577,600
65,577,600

65,577,600

p= oo [} =

0

0

0
~2,875,000
-13,215,800
18,206,800

15,081,800

3,841,800
37,996,800
37,996,800
37,996,800
37,996,800
37,995,800
37,596,800

-

.

37,996,800 :

37,996,800
37,996,800
37,996,800

37,996,800

37;995,309
37,996,800

ae

-

Water Sale SEDAPAL

Incon= 2/3

e & o s o
(=] [— 2~ < <

1,571,130 1,087,420
1,571,130 1,047,420 .

1,571,130 1,047,420
3,278,880 2,185,920

3,278,880 2,185,920 .
3,276,850 2,185,920

3,278,860 2,185,920
3,278,880 2,185,920
3,278,880 2,185,920

3,278,880 2,185,520

3,278,880 2,185,820
1,278,880 2,185,920
3,278,880 2,185,920
3,208,860 2,185,000
3,278,880 2,185,020
3,278,880 2,185,920

1lar).

CLEDETLE T

H.0.A,
1/3

o o o o 9o

523,710
523,710
523,710
1,092,960 -
1,092,960
1,092,960
1,002,960
1,002,960
1,062,960
1,092,960
1,092,960
1,692,960
1,002,960
1,092,960
1,092,960
1,092,960

Hote : M.0.A. is Hinistry of Agriculture

ET i -



About 34% to 35% of total served_populétion is.plannad to be covered
in this project area, the surco Drainage Area, and the suréharge rate of
sewerage charge is 352 of average water tariff, So, approximately 12% of

total administrative expenses of SEDAPAL would be charged to this project.

TABLE 9:17 shows yearly administrative expenses forecasting.

9.3.6 Cash Flow Statement
1) Cash Flow

' TABLE 9-18 shows the projected cash flbw_from 1990 to 2010. Assumed
Estimate conditions of each item considered in the cash flow are as fol-

lows.
a. Caéh Infiow

- Government subsidy
Capital contribution for investment cost of local ciirren-

ey portion.

- ‘Lban'
Local and foreign loan disbursement is estimated based on

'the Alternative é finanéing plan.

- = Sewerage charges _
Detailed.esfimation is shown in TABLE 9-12 and Appendix.

- other income
‘This income includes financial income, connections,
repairs, service and other, and estimated two percent of

total annual sewerage charge. -

" Waterisales Income

Water Sales for agriculture project.
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b. Gash Outflow

-  Project expenditure
In accordance with the capital disbursement schedule for
Implementation plan.

- Amortization
Alternative 4 financing plan is adopted in the debt
service calculation.

-  Operating Expenses
Details are shown in TABLEs 7-3 to 7-10.

-  Administrative expenses
Head Office share of allocation for total administrative
expenses. :

- Payment to SENAPA
Three percent of sewerage charges and others.

As clearly shown in this table, net annual revenue surpluses are
forecasted enough cover throughout the operation and expenditures in the

maintenance pericd, amortization cost and operating expenses.

The result of this cash flow statement reveals that the annual net
cash flow will continucusly raise profit surpluses with cumulative surplus

increasing to 40,412 thousand Dollar in 2010.

This result may demonstrate the simple financial feasibility of this

project,

As g sensitivity analysis, cash flow statement are also made on the
assumption that government capital contribution is not applied to construc-
tion cost. The result of this study reveals, as shown in Appendix 23, that
in construction period tota1.19,528 thousand Dollars come into fund short-
age which shall be covered with SEDAPAL's own fund.

The cumnlative deficit amount will be 5,244 thousand Dollar in 2000
and cumulative surplus is 9,888 thousand Dollar in 2010, respectively,



2} Unit Cost of Sewerage

As shown in TABLE 9-19, the unit cost before debt service which will
register 0.02 Dollar per ctubic meter in 2000 and 0.04 Dollar in 2010. The
average unit sewerage cost from year 1990 to 2010 is 0.03 Dollar per cuble

meter or equal to 15 Intis per cublc meter, which is almost 70. percent of

average sewerage rate for domestic.

The unit cost after depreciation is shown in Appendix 23,
3) Dapreciation

At the end of the project, it may reasonably be expected that some
residugl (or terminal) walue will still exist, that is. the capital asset
will not have been used up in the course of the project period, hence
there will be a "residual asset”. In this financial study, established
project period is 21 years, from 1990 to 2010. The residual value is,

therefore added to the benefit stream in the last year (2010).

TABLE 9-20 shows the depreciation of the project fixed assets of each

sewerage system.
For calculating, following conditions are adopted.

Depreciation method Straight - line method

Final Salvage value : 10 percent of investment Cost
Estimate economic life :

1. Pipeline System = 30 yéafs

2. Treatment Plant = 30 yegfs

3. Intake'facilities = 30 yeafs
Estimated economic life of fécilitiés indicﬁted‘ﬁbéyé-is the_wéiéhted.}

average of each component.. As shown in the TABLE 9-20, total éalvage.value
in the year 2010 is 45,6444 thousand Dollars. ' '



TABLE 9-19 Unit Cost of Sewerage Treatment
(Unit : Dollar x 1000)

A By P > R B W faik Dok {200 e s doncn ik ol A AL Bkl Bk ek AT dar o Al B LM RN Rk bt e e o Rk Goand sk i i At 4 iy B e AR e . s o 0y oop byt W B Dl Dy o wey ik mmb a1
T R I T R A R I S S L S R N N L N e T N L N T O N N N S T e s s S EE S I s L e R R e R eyl o e o

Treated Operating Debt Total Unit Cost

year  Sewerage Expenses Service Expenses Sewerage

{cu.m/day) o ($/cu.m)
1990 0 0 41 41 ——
1991 0 0 459 459 ————
1992 0 0 871 871 S—
1993 172,800 122 918 1,040 0.02
1994 172,800 122 1,342 1,464 0.02
1995 - 172,800 122 1,760 - 1,882 0.03
1996 =~ 345,600 154 1,760 1,914 0.02
1997 345,600 154 1,760 1,914 0.02
1998  345,60C = 154 1,694 - 1,848 0.01
1999 . 345,600 154 1,694 1,848 0.01
2000 345,600 154 3,058 3,212 0.03
2001 345,600 154 3,058 3,212 0.03
2002 345,600 154 3,058 3,212 0.03
2003 345,600 154 4,348 4,502 0.04
2004 345,600 154 4,348 4,502 0.04
2005 345,600 154 4,348 4,502 0.04
2006 345,600 154 4,348 4,502 0.04
2007 345,600 - 154 4,348 4,502 0.04
2008 - 345,600 154 4,348 4,502 0.04
2009 345,600 1154 4,348 4,502 0.04
2010 345,600 154 4,348 4,502 0.04
Average Unit Cost {1990-2010): 0.03

et £ e v £ Pt P Pt S Bt ot s Kt o e o TR Tk e iy ey e de LR Y S o ey i pmm g IS SR Er e b e g g S S A At S e et ot T A e e e e




TABLE 9-20 DBepreciation
(Unltr Dollaw x 1000}

FOETSTS LT i R S B

Bt o 0 3 R D A PV N I T R e e MEEERR =

Phasa 1 ] Phago I1

Pipa-Line Treatment Tntakae ¢ Pipa-Line Trestment Intake Yearly - Aceum. Salvage

Systen Plant Facllity @ System " Plant  Faeility Tptai Total Value
1990 0 0 01 0 0 0 e 0 0
1991 0 o 0 : 0 ) o 0 9 o
1992 499 0 10 : 0 0 0 " 509 509 22,767
1993 997 379 10 & 0 0 0 1,386 1,895  4h,312
1994 997 379 10 ¢ 0 0. 0 1,386 3,280 42,926
1995 997 379 10 & 576 0 B 1,971 5,252 64,076
1996 597 319 10 ¢ 1,153 218 8 - 2,765 8,017 ‘84,157
1997 997 379 16 3 1,153 218 8 . 2,765 10,783 81,321
1998 997 379 10 & 1,152 218 8- 2,785 13,548 18,626
1999 957 379 10 1 1,153 218 8 2,765 = 16,313 75,861
2000 997 379 10 ¢ 1,153 218 8 - 2,765 19,078 73,096
2001 Y 379 10 3 1,153 218 8 2,765 21,843 70,331
2002 997 379 10 = 1,153 218 8 2,765 24,609 67,565
2003 997 319 10 3 1,153 18 8 2,765 . 27,374 64,800
2004 997 379 10 ¢ 1,153 218 g 2,765 30,139 62,035
2005 997 379 10 3 1,153 218 8 2,765 32,904 59,210
2006 997 379 10 ¢ 1,153 218 8 2,765 35,670 56,504
2007 997 379 10 3 1,153 218 8 2,765 - 38,435 53,7138
2008 se7 379 10 1 1,153 218 8 2,765 41,2000 50,974
2009 997 379 1o s 1,153 218 8 2,765 43,965 48,209
2010 997 a79 10 3 1,153 218 8 2,765 46,730 45,844
2011 997 379 10 1 1,153 218 8 2,765 49,496 42,678
2012 997 379 10 s 1,153 218 8 2,765 52,261 39,913
2013 997 379 10 3 1,153 218 8 . 2,765 55,026 37,148
2014 997 379 10 ¢ 1,153 218 g8 2,765 57,791 34,383
2015 957 379 101 1,153 218 8 2,765 60,557 31,617
2016 997 379 10 ¢ 1,153 218 8 2,765 - 63,322 28,852
2017 937 379 10 1 1,153 218 8 2,765 66,087 = 26,087
2018 997 779 10 1 1,153 218 8 . 2,765 68,852 23,322
2019 997 379 10t - 1,153 218 8 2,765 71,617 20,557
" 2020 997 379 10 1 1,153 218 8 2,765 74,383 17,791
2021 997 319 10 @ 1,153 218 8 2,765 77,148 - 15,026
1022 499 374 L 1,153 218 8 2,256 79,406 12,770
2023 0 0 0 1,153 218 8 1,379 - 80,783 11,391
2024 ¥ ] 0t 1,153 218 8 1,378 82,162 10,012
2025 0 0 0 576 218 0 796 82,957 9,217
2026 0 0 0 0 0 ) 0 82,957 9,217
2027 0 0 01 0 -0 0 0 82,957 9,217
2028 0 0 02 0 0 0. 0 82,957 9,217
2029 0 0 01 ) Y 0 0 82,957 9,217
2030 o 0 0 0 0 0. 0 82,957 9,217

LR DL P P N P P T - - - - ne



9.3.7 Financisl Analysis

To determine_the.viability the project, all costs and benefits shall
be transformed to thelr present values at eight percent discount rate.
This ie the rate assumed to represent the pertinent opportunity cost of
capital.' A low discount rate, however, is éOnsideréd justified since:the
project'shall benefit the rural consumers whose annual incomes are general-

1y .lower than urban consumers.

In this analysis the viability of projéct shall be measured by the
following financial feasibility criteria:

BfC > 1
NPV > O

where;

=
4

present value of benefits

. present value of costs

o .
1

B/C - ratio of'benefits.to costs

t

NPV net pfesént value or B - C

A B/C » 1, or an NPV >0 at eight percent discount rate, indicates
that the project.is feasible, i.e. financial benefits exceed financial
costs at the prevhiling.opportunity cost of capital, fence, the project is
viable for implementaﬁion, TABLE 9-21 represents the tabulation and calcu-
lation of Financial Benefit and Cost for the Project. As clear in this
tablé, NPV is 30,6860 thoﬁsand Dollar and B.C. Ratio is 1.20 respectively.

_ ‘Sinde these figures exceed financial feasibility criteria, the
project is considered financial feasible. The undertaking of the project
is therefore ‘suggested itself to proceed positively on condition to repay

the interest for borrowed capital.
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9.4 Economic Analysis
9.4.1 Introduction

This section presents an evaluation of the anticipated economic

benefits to be derived from the Ptoject and economic cost.

Evaluation is concentrated mainly on guch benefits, among others , as
public health, improvement of living environment and economic contribution
‘to the ccmmunity 'Regérding the economic evaluation of the project, the
most preferable approach would be the quantification of economic benefits
and coets. In many cases. however, there are many unquantifiable factors
in infrastructure development prOJects. such as this sewerage progect. But
in this Study. all quantifiable benefats and costs are counted for analysis

to the extent possmble. Intangible factors are also considered.

The first step in the economic analysis is tb adjust financial prices to
econoﬁic values by.eliminating direct transfer payments. Direct transfer
payments are payments that represent not the use of real sources but only the
transfer of claims to real resources from one ﬁarty in the same economic
gsociety to annﬁher. in this Project, the largest transfer payments are
direct'government subsidies and credit transactions that include loans, re-
ceipts, repaymenté of prinéipal and interest payments and tax. All these
entries should be taken out ‘before the financial accounts are adjusted to

reflect economic values.

9.4.2 Economic Benefits of the Project
1) Benefit Pertinent to Health

Benefit pertaining to health whlch is one of the purposes for in-
stalling a sewerage asystem, 1nvolves both the community concerned and the
individuals in the area. The anticipated benefits concerning health,
viewed From puﬁlic and individual standpoints, are detailed in the follow-

ing paragraphs:



(1} Benefits from Public Health Standpoint

Health benefits that accrue to the community from the sewerage system
has two aspects, namely: 1) the preventive effect brought about by
the sewerage system reduces the burden on local and central govern-
ments concerned with disease prevention and patient treatment activi-_
ties, and 2) the elimlnation of opportunities of contact with infect-

ed matters reduces incidence of diseases on the part of the individu-

als.

Regarding the first item above, budgetery and physical provisions.ef
the governments will be reduced with respect to fequipements of
chemical disinfection for prevention of epidemics, and of hospitals
together with necessary personnel, equipment and materials. Regards

ing the second items, details are presented in the next subsection.
{2) Individual Health Benefits

The provision of the proposed sewerage system will result in health
benefits to individuals in the service area, such as reduction in the

risk and incidence of water-borne diseases, consequent elongation of
life span, reduced expenditure on medical care, reduction in inceme

ioss because of absence from work, and others.

It has been pointed out in Section 2.4 Public Health Conditions that
the mortality and morbldlty rates assoclated with water- borne dis-
eases in Lima are fairly high. For example, in 1988, water- borne
diseases in infants had a vate of incidence of 5.3 per 1[000 and
infectious intestinal diseases were the 1eading cause of child mor-

tality in Peru.

Epidemiologic dats were collected by CAMPOSE) for pupulations in
districts generating sewage and those consuming food crops from the

reuse site around the San Juan STP. . These data shows that the most

a) CAMPOS, M., Cuadro Epidemielogice-de las Enfermedaedes Infecclosas
Relacionadas a la Disposiclon de Exeretas en Lima Metropdlitane.

Instituto de Medicina Tropical “Alexender Yon Humboldt®, Lima, 1984
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prevalent diseases are {principal agents'are rotaviru, enterotoxige-~
nid and entefopathogenic E. Coli., campylobacter, salmonella and
ghigella): typhoid and paratyphoid fever, viral hepatitis, polio, and
intestinal parasites such as entamoeba histolitica and giardia Lam-
blisa.

A comparative prevalence study conducted in the San Juan Experimental
Area in the year 1980, revealed that 96 Z of the farm workers in-
wvolved in reuse of sewage for irrigation and their families are
carrierg of enterﬁparasites. a great majority of them muitiple carri-
eré. ‘This contrasted with the statistics for a student population in
a local school 1 km from the reuse site, in which intestinal parasite
covefége was 75 Z. . The high carriage rate among agricultural workers
is ﬁainly-due to the raw sewage used for irrigation which may also
have some effects on the consumers of the products of these agricul-

tural workers.

Reuse of treated ‘sewage for agriculture needs to be carried out with
extreme caution to avoid creating, in the reuse process, an addition-

al link in the chain of transmission of enteric diseases.

In this Studj.:the plan involving the construction of a treatment
plant beside the existing San Juan STP is expected to improve the
sanitary environment and health condition around the treatment plant,
Main beneficiaries will be the farm workers and their families as
well as pecple'ﬁho consume their preducts as their chances of con-

' tacting water-borne diseases will be lessened.

This is one of the benefits that could be derived from this Project.
However, in order to obtain such kind of benefit, it is necessary to
promulgate some rules prohibiting the use of raw sewage for agricul-

ture in addition to the establishment of water quality standards.

. According to TABLE 9-15, it is estimated that medical expenses is

about three (3) percent of total household expenditure.

The following assumptions are made to calculate the savings in medi-

cal care cost as a result of the installation of the sewerage system.



The average rate of incidence of water-borne diseases 18 2.2
per 1,000 persons in the Study Area on the basis of the records
from 1980 to 1988, which are described in Section 2.4.

b. About 50 percent of the above cases is attributable to the non-

provisien of the adequate sewerage system.

c. puration of hospitalization for treating these cases is two
weeks on the average, and amount spent for medical care is

about 6 Dollars per patient.

d. About 30 percent of the population is actually economically
active or painfully employed. The final figure for. the cost of
time lost due to illness was dérived by taking the economically
active portion of those afflicted by water-borne diseases by
-minimum daily salary of 3.9 Dollars and 15 days, which is based
on ﬁhe assumption that an average laborer of private sector
earned 1,927.36 Intis (equivalent to 3.9 Dollars) per day in
Lims Metropolitan area in December 1988, and was unable to work

for an average of 15 days as described above.

The cost of the medical expenses was derived by multiplying the
morbidity rate by the sgerved population and the average expenditure for

medical expenses of 6 Dollars.

The sum of the two economic costs related to health benefits was
sd justed by 50 percent to account for the fact that not all water-borne
diseases are caused by a poor sewerage system but may also be due to poor

personal hygiene or lack of water supply system.

The economic values derived from health benefits is shown in TABLE 9-
22.

These benefits are more quantifiable with due assumptions which are
based on various available data. All possible means to translate such

benefits into monetary terms were therefore exhausted.



TABLE 9-22 Economic Health Benefit

{(Unit : Dollar x 1000}

SRk O 1 3 KD B H 3 £5 B3 B0 52X 12 £ KX I B X0 TR O £ Kl 0 R PR I R S S AT K% BT S BT AY IX X5 kX ES T XR GY TU AT BN 3 oY S S IR AT s s dy i wh R i i GO Y

Year

- Served

Cost of

Population Time Loss

(A}

Medical
Expenses
{B)

Tota

1

Economic

Loss

Reduction
Due to

Project

MG T8 O O S W S Y T e 50 G £ K e 6 G 0 8 D W3 B M e 63 R0 TP T e e £ ST kA 9 R0 R DR AN DT R A S A Ak e A e e T

1,806,500

1,882,700
1,961,700

2,043,300
2,127,000
2,213,200
2,302,300

. 2,394,400
2,489,000
2,586,600
2,687,100
2,687,100
2,687,100
2,687,100
2,687,100
2,687,100
2,687,100
2,687,100
2,687,100

+.2,687,100

- 2,687,100

318

S Ty S L LI T T IS T S S E S R SR B ER 6T

Note : (A) 30 X x 2.2/1000 x S.P. x 3.9 Dollar x 15 Days

{(By 2.2/1000 x S.P. . x 6 Dollar x 15 Days
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2) Improvement in Living Environment

One of the primary purposes of the Projéct. as important as health
improvement, is the enhancement of living conditions in areas where water
and air polilution has been rapidly worsening in the recent yeatrs. This
will be achieved by the construction of ﬁhe currently planned gewerage

system project, in the following forms:
(1) Improvement of Environment from Aesthetical Viewpoint

Unpleasant £ilthy conditions of the area around Cerro La Chira will
be considerably eliminated by the p;opésed Project.,. Offensive'smell
emitted from the sludge and trash in sea water will likewlse be
eradicated. Thus in areas where human activities gfe most concen-
trated, pleasaﬁt living conditions that are essential for such an

area will be greatly enhanced.
(2) Recreational Effect

Elimination or reduction of sea water contamination by sewage will
render Chira Coast safer as well as more attractive for swimming,

fishing, boating, and similar activities.
33 Centribution to Local Economy

The construction of the sewerage system will contribute substantially

to the local economy in several ways.

Firstly, land value in the area will appreclate, and together with
such an increase in land value, related propertles will also rise in value.
Also, the construction of the system will ﬁrqvide.eﬁplbyment opportunities
to the iocal people and will boost.the sales of local materials.and equip-

ment. Some of the above benefits are quantifiable while others are not,
(1) Value Added to Land

Investment in sewerape facilities, like in bther public ﬁtilities
such as water supply, electricity and road improvement, have the

effect of raising the intvinsic value of the parcels of land served
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by such facilities. The value added per unit of land tends to egual

or exceed pro rata share of the investment involved.

¥n the Project area, this benefit is consldered especlally signifi-
cant because the San Bartolo Plain has presently no economic land
value: It is expected that about 4,300 ha of agricultural land will
be developed and iriigated using treated sewage. The value of the
benefilt ig messured by the additionzl amounts buyers are willing to
pay for pfopertias on which physical improvements. have been made, It
is béc&ﬁse the buyers realize the possible intensive use of land, not

to mention the improved quality of amenity in the area,

Possible development agricultural areas in San Bartolo Plain as

estimated by the Ministry of Apriculture are shown in TABLE 9-23.

TABLE 9-23 - Developed Agricultural Area

Sewerage Project

Construction phase Area (ha)
" Phase 1 1,800
Phase I1 _ 2,500
Total | &,300

The adopted price of developed land is 6,000 Dollar per hectare.

On the basis of proportionate shares of this sewerage Project about
60 Z of total increase in land values and increase during five years
after completion of sewerage treatment plants héve_been attributed to
thé:aVailabilitf of sewerage system. This benefit is developed in

TABLE 9-24.
(2) inténsified-Land Use

When sewerasge systems become available, together with other public
utiliﬁies in general, the land in the area can be more intensively
used, as the present Project is iﬁ?lemented._ More people can be
supported and more activities in industry, commerce and others can be
conducted in the Projeét area. This Project will, therefore defi-

nitely contribute to the development of the area through intensified
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TABLE 9-24 Feonomde Land Valua Increase
{Unit : Dollar x 1000)

ey S LT o B 99 A €115 Y A O D T o ) 2 L S WY AR A T T T

BRoA CELL

Phass 1 Phage II
Land Avea  Incroase Land Land Aren  Increnag _ Land _ Total Incveazs
(ha) UnitZend Valus _ (ha) Usit Land  Value Dus to

Youx : Price Increge Price Incrasa Project
1990 0 0 0 0 o o 0 )
1991 o o 0 o 0 a 9 0
1992 0 0 0 ) 0 0 0 )
1993 0 0 0 0 0 0 ) )
1994 1,800 4000 7,300 o o 8 7,200 4,320
1995 1,800 500 900 ) 0 o - 900 540
1995 1,800 500 900 0 S0 0 300 540
1997 1,800 500 900 2,500 4000 10,000 10,500 5,540
1998 1,800 500 900 2,500 500 1,250 ' 2,150 1,290
1959 1,800 0 0 2,500 500 1,250 1,250 750
2000 1,800 0 0 2,500 500 1,250 1,250 750
2000 1,800 0 0 2,500 500 1,250 1,250 750
2002 1,800 0 0 2,500 9 o 0 0
2003 1,800 0 0 2,500 o ) o )
2004 1,800 0 0 2,500 o ) 0 0
2005 1,800 0 0 2,500 0 s 0 0
2006 1,800 o 0 2,500 0 o -_ 0 )
2007 1,800 0 0 2,500 ) 0 o o
2008 1,800 ) 0 2,500 o ) 0 0
2009 1,860 0 0 2,500 0 0 o 0
2010 1,800 0 0 2,500 6. 0 | 0 o

mamae T e e - - - LET

Npte t Land price of first yesar is § 4,000 per hectara.

Annual in;reasa rata of land value is § 500 per hectare.



land use but economlc benefits in these terms cannot be immediately
quantified.

(3)  Public Revenue

Publlc tax revenue to the local and central'governments will be
ihc;eased'in two ways. First, the appreciated land value will pro-
doce an increaée_in land tax revenue. On the other hand, commércial,
_reéidehtial,'and éther buildings will increase in number and improve
in quality, thus making possible an increase in property tax. This
benefit cannot readily be quﬁntified,.but it constitutes an important

reliable tax-source_for-the_gdvernments concerned.
(4) Employment and Local Products

During the construction period, the local economy will benefit through
the employment of individusls for construction work and through the
sale of locally made materials and suppliés. The amount of invest-
ment. for the Project is sizable. The Project after completion will
also providé_permanent employment opportunities for the operation and

maintenance of the sewerage system.

These economic benefit of production for employment opportunity
. should be tgken into account in the ecdnomic cost analysis by ueing

the shadow pricing factor. -

_ Some'of the economic benefits, presently regarded as unquantifiable, may
.becqmaiquantifiabie in the fﬁﬁure when scientific tools useful for such
evaluation are devised. Even at this stage where those benefits
cannot be measured in moneétary terms; the benefits justify, it is
_'judged, the propoéed investment for the Project. Further, the evalu-
ation justifies that the investment is to be funded from sources of
pﬁblic and private bemeficilaries, namely, the central and local
iprovinCial goveinments, the SEDAPAL, and the people in the area

involﬁed,



(5) Inerease of Tourlsm Income

For the environmental improvement of this project, tourism lncome

will increase in the Metropolitan Lima Area, egpecially around Chira

Coast.

As mentioned in Chapter 2, there are several beach resorts in the
southern part of Metropolitan Lima. Together with the ruins in the
inland area, these beach resorts are the main spots of tourism indus-

try in Peru.

Tn 1988, the number of tourists that visited the-metropolitaﬁ-area,
including El Callao was 2,154,063, which consisted of 281,406 for-
eigners and 1,872,659 Peruvians. . This figure shows an increase of

14.20 I, as compared with the previous year.

The average lengths of stay of some fdreigners and Peruvians are 2.80
daysfcapits and 1.57 days/capita, respectively, with average of 1.73

days/capita.

The amount of money spent by each foreign tourist in the year 1088

averaged 1,211 Dollars.

In Peru, the summer season is from December to April. About 40 2 of

total tourists visit Lima during this period.
Along Chira cosst, the lowering of the ses water contamination level
is assumed to result in the increase of 1 2 in the number of foreign

tourists.

This incremental increase in economic benefit is estimated to amount

to:

281,406 x 0.01 = 2,814.06 say 2,800 people per yedr.
2,800 x 1,211 Dollars/capita = 3,390,800 Dollars per year

Summary of Economic Benefit is shown in TABLE 9-25.
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TABLE 9-25 Summary of Economic Benefits

{ Unit : Dollar x 1000)

- Health Land Tourism Economic : Total
Year Benefit Value Income Hater H Economic
Value - :. Benefit

OF B W 4D G e e v A5 Em b b e ey e e e e ach e A et b O ke ek G K e e T O N M e D T S D WO M DN W G WA TR W W % B Gm e Ow w o W ow e

1990 0 0 0 : 0
1991 0 0 0 0 s 0
1992 0 0 0 : o
1993 242 o 1,696 0 : 1,938
1994 252 4,320 1,696 0 : 6,268
1995 262 540 . 1,696 806 : 3,304
1996 272 540 3,391 806 : . 5,009
1997 283 6,540 3,391 806 : 11,020
1998 294 1,290 3,301 1,681 : 6,656
1999 306 - 750 3,391 1,681 : 6,128
2000 318 750 3,393 1,681 ¢ 6,140
2001 318 750 3,391 1,681 : . 6,140
2002 318 0 3,391 1,681 : 5,390
2003 318 0 3,391 1,681 1 5,390
2004 . ¢ 318 0 3,391 - 1,681 : 5;390
2005 318" 6 . 3,301 1,681 1 5,390
2006 318 0 3,391 1,681 : 5,390
2007 318 0 3,391 1,681 : 5,390
2008 318 0 3,391 1,681 : 5,390
2009 318 0 3,391 1,681 : 5,390
2010 318 0 3,391 1,681 : 5,390




9.4.3

costs.

“ Bene

fits of the Project have so far been consldered from the view-
points of health, land value and contribution to the local evonomy

Some of the benefits were quantified, but most of them were treated
as unquantifiable. .Therefore..the benefits of the latter category
have been elaborated in purely descriptive or qﬁalitative manner.
The calculations of the quentifiable benefits show that the monetary
values to be galned in 15 years after the complet{cn of tHe Project
would be equal to 101 million.Dollars ' At present worth, this amount

is equivalent to 41 million Dollars.

Economic Costs of the Project

The direct costs of the Project should be traﬁsformed'inta acononic

For thls purpose, the progect cost and operating “and madintenance

costs are considered in the Study. fThese costs will be. converted lnto

economic cost using factors of shadow prlcing

The financilal project costs explained in Section 9.3 was converted

into economic costs by the following modifications:

1)

2}

Import duties and domestic consumer taxes are assumied to be 26,320
thousand Dollars for foreign portion and 4,202 thousand_Daliars“for

the local portion of the project cost.

Shadow exchange rate factor of 1.3-(Details:are shown in.TABLE'Q-ZS)
was applied to the local currency component. A premium factor of 0.5
was applied to the percentage of unskilled Laborzportioh, which 1is

about 20 percent of local currency po:kion of project cost,



TABLE 926 Shadow Exchmnge Rate _
(Unit: x 1,000,000 Dollars)

Year 1986 : 1987
Import Amount (AY 2,525 50.2 ¥ : 3,068  S4.1 %
/- Import Tax _-(B) 80 % S 80 2
'Export Amount - (C) 2,508  49.2 % : 2,605  45.9 %
Export Subsidy (D) 20 2 s 20 %
Total Trade Amount 5,034 : 5,673
‘Shiadow Exchange Factor is 1¥(A x B)-(C x D). |
. 1986: 1 + ({0.502 x 0.8) - (0.492 x 0.2)) = 1.303

1987: 1 + ((0.541 x 0.8) - (0.459 x 0.2))

o

B
*
(V)
s
o

.Ecoﬁdmic Costs of the,P:oject_ﬁhd depreciation are shown in TABLE 9-
27 and TABLE 9-28, respectively.
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TABLE 9-28 Doprealation of Feonomic Projeet Cost

(Uaixs Dollar x 1000)

Phass 1

1990
1994
1992
1993
1994
1995
1995
1997
1998
1999
2000

2001

2002
2603
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

2016

2017
s
2019
2020

2021 .

7022
2023
2024
2025
2026
2027
2028
2029
2030

™

LT LY

Pipe-Line Truatvant

Syatam
0

0
282
563
563
563
565
565
565
565
365
565
5653
565

565 .

565
565
565
565
585
565
565
553
565
565
555
565
565
565
565
565
565
282

L=~ I~ B ~ N~ - I~ -]

Plant
-{
0
0
237
257
237
237
237
237
237
237
237
237
237
237
237
37
237
237
237
237
237
237
237
237
237
237
237
231
237
237
237
237

L= - RN - - I - B - -]

Faelilicy

L=~ N - B - B = B - R - IR - TR = BT - T T - B~ Y - T T - U - T T S - R - T~ < A AT - T - T - T R T - T - - - = ]

1
¥
S

- o -

Phase X1

LT

Pipa-Line Treatment Intake

System

[~ T - B~ B =~ Y ]

352
664
664
664
6664
664
664
664
664
664
564
664
664
664
564
664
664
664
664
864
664
664
664
664
664
8§64
664
664
664
664
332

LTI N~ -~ A -}

Plant

=T = = N B = Y = ]

15¢
159
159
159
159
159
159
‘159
159
159
158
. 159
159
159

159

159
159
159
159
159
159
159
158
159
159
159
159
159
159
159

LT~ B - I~ A =}

Faclllcy

S S O 0 2 O Wi th bl n Wt s e e OO OO

Yearly
Total
0

0
288
808
808
1,145
1,635
1,635
1,635
1,635
1,635
1,635
1,635
1,635
1,635
1,635
1,635
1,635
1,635
1,635

1,635

1,635
1,635
1,635
1,635

1,635
1,635

1,635
1,635
1,635
1,635
1,635
1,347
821
827
490

L~ I~ — I — T~}

1,096
1,504
3,049
4,684
§,319
7,954
9,588

11,224

12,859

14,494

16,129

17,764

19,400

21,035

22,670

24,305

25,940
27,575
29,210
30,845
32,480
34,115
35,750
37,385
39,020
40,655
42,290
43,925
45,560
46,907
47,734
48,561
49,052
49,052
49,052
49,052
49,052
49,052

-

Balvage
Yalue
o
0
19,325
25,838
25,028
35,105
49,818
48,183
46,548
44,913
43,278
51,643
40,008
38,373
16,738
35,102
33,467
31,832
30,197
28,562
26,927
25,292
23,657
22,022
20,387
18,752
17,117
15,482
13,847
12,212
10,577
8,942
7,595
6,768
5,941
5,450
5,450
5,450
5,450
5,450
5,450
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9.4,.4 Economic Analysis

To determine the viability of the Project, all gcouomic_cqsts and
benefits shall be transformed to their present value at eight {8) percent
discount rate. This is the rate assumed to represent the pertinsnt oppor-
tunity cost of capital. A low discount rate, however, is considered justi-
fied since the Project will benefit the rural consumers whose annual in-

comes are generally lower than that of urban consumers.

In this analysis the viability of Project shall be measured by the

following economic feasibility criteria:

EIRR

BiC > 1

NPV > 0

where: EIRR: Economic internal rate of return
B; Presenf value of benefits
o Present value of costs

B/C: Ratio of benefits to costs
NPV: Net present value or B - G

The rate of return was computed based on the present value of cash

inflow and outflow.

A BJC > 1, or an NPV > 0 at eight (8) percent discount rate, indi-
cates that the Project is feasible, i.e., economic benefits exceed economic
costs at the prevailing opportunity cost of capital, hence the Projéct is
viable for implementation. TABLE 929 represents the tabulation and calcu-
lation of Economic Benefit and Cost for the Project. It can be seen in
this table that the calculated.EIRR is 9.67 percent, NPV is 5,717 thousénd
Dollars and B/C Ratio is 1.15.

Since EIRR exceeds the opportunity cost of capital of 8 percent and
interest rate of international lending agencies, and the B/C and NPV also
exceed economic feasibility criteria, the Project is considered to be
feasible economically, The implementation of the Project is theréf¢re
strongly recommended, even if on condition to repay the interest on bor-

rowed capital.



TABLE 9-29 Eoonomic Benefit and Cost

{Unit : Dollar x 1000)
Prosent Value

-yea: Land Haalth I'l'&.aurism Water Total Capital Cperat. Total Nat | et
VYalua Benofit Incoma Valua Income Invest. Exp. Exp. Incoma Benafir Cost Incoma
1990 ) 0 o o 0 906 0 906 -906 0 906 906
1991 0 0 0 1] ¢ 13,117 0 13,117 -13,117 0 12,145 -12,145
1992 0 V] _ 0 0 0 12,909 9 12,9.09 «12,909 . ¢ 11,067 -11,067
1993 0 242 1,696 0 1,938 985 9% 1,079 859 1,538 8356 682
1994 4,320 252 1,685 0 6,268 13,363 9% 13,462 7,194 4,607 9,895 5,288
1995 540 262 1,696 806 3,304 13,217 94 13,311 -10,007 2,248 9,059 6,811
1996 540 272 3,391 806 5,008 0 U 18 4,891 3,157 75 3,082
1997 6,540 283 3,391 806 11,020 0 118 118 10,902 6,430 69 6,361
1998 1,290 254 3,391 1,68 6,636 0 118 118 6,538 3,596 64 3,532
1999 750 306 3,391 1,681 6,128 0 118 118 6,010 3,066 55 3,006
2000 150 318 3,391 1,681 6,140 0 118 118 6,022 2,845 55 2,789
2001 750 318 3,391 1,681 6,140 0 118 - 118 _ 6,022 2,633 51 2,583
2002 0 3ls 3,391 1,681 5,390 0 118 1is8 5,272 2,140 &7 2;093
2003 ¢ 318 3,391 1,681 5,390 0 118 118 5,272 1,982 4% 1,938
2004 a | 318 3,391 1,681 5,390 0 118 118 5,272 1.8'35 AQ 1,795
2005 0 318 3,391 1,681 5,390 0 né 118 5,272 1,6%% 37 1,652
2006 0 318 3,391 1,681 35,390 [ 118 16 5.272 1,573 35 1,539
2007 o 318 3,391 1,681 5,390 0 118 118 5,272 1,457 32 1,425
2008 L] 318 3,391 1,681 5,390 0 118 118 5,272 1,349 30 1,319
2009 0 318 3,391 1,681 5,390 0 118 118 5,272 1,249 27 1,221
2010 0 318 3,391 1,881 5,3% 0 118 -26,809 32,199 1,1.56 -5,752 6,908

Salvage Valua (-26,927)
Prossat Value £4,559 38,842 5,717
B.C.Ratio 48 .15 IRR is F.67%




9.5 Sensitivity Analysls

Sensitivity anlysis is a technique to test systematically what hap-
pehs to the earning capacity of this Project if events differed from the

estimates made during planning. It is & means of dealing with uncertainty

about future events and values. A sensitivity analysis is done by varying
one element or a combination of elements and determining the effect of the

change on the output, most often on the measure of project values.

A sensltivity test may be ﬁade, for example;.to deterhine ﬁha effact

of different fund rising on the capital investment for project construc-

tion.

In this Study, following elements shall be considered in sensitivity
analysis and detail tables are shown in APPENDIX 23. '

a) Capital contribution by government,
b)  Sewerage charge. '
¢) Interest rate of foreign loan and fund allocation.

d) Without or delay of agricultural project.

9.5.1 Financial Sensitivity Study
The result of éensitivity studies are summarized as'fqlluws:
1) Cash flow analysis {in terms of accumuiatiye sﬁrplus in.ZOlO).
a) Basic Plan
Financing Plan + ‘Alternative 4
Sewerage Charge : unchanged until year 2010.

Govermment Subsidy : 25,428,500 Dollars
Accumulative Burplus: 40,412,000 Dollars



. b)

c)

d)

e)

- £)

Sensitivity Study A

Finanding Plan H

Sewerage Charge :

Government Subsidy

Accumulative Surplus:
Sensitivity Study B

Financing Plan -
Sewerage Chﬁfge e
Government Subsidy
Agricultural Project:

Accumﬁl&tive Surplust

‘Sensitivity Study C

Financing Plan
Sewerage Gh&rge :

Government Subsidy

Accumulative Surplus:

Sensitivity Study D

'Financiﬁg Plan :

Séwerage'charge :
Government Subsidy :

Accumulative Surplus:

Sensitivity'Study E

© Financing Plan H
. Sewerage Charge :
: 25,428,500 Dollars

Government:Subsidy
Agricultural Project:

Accumulative Surplus:

Alternative 4

unchanged until year 2010
not applied |
9,888,000 Dollars

: Alternative 4

unchanged until year 2010
not applied

without

- 21,671,000 Dollars

: Altérnative 2

unchanged until year 2010
not applied
- 31,045,000 Dollars

Alternative 2
increased by 5 percent every three years
not applied

714,000 Dollars

Alternative 4

unchanged until year 2010

3 years delay
33,854,000 Dollars



2)

Financial Criteria

B/G NPV (Dollars)
a) Basic Plan . 1.20 30,660,000
b) Sensitivity Study A 1.04 5,331!000
¢} Sensitivity Study B 0.96 5,683,000
d) Sensitivity Study C 0.95 -9,659,000
e) Sensitivity Study D 1.08 13,957,000
£) Sensitivity Study E 1.18 26,964,000

In cases B and C, cumlative surpulus are ended in deficit and
also financial criterias indicate negative financial feasibility of
the project. In case D, net annual surplué are not enough to cover
annual recurrent cost of project from 2000 (refer tb APEENDIX 23). In
these case, deficits shall be éovered with SEDAPAL‘'s oun fund or rate
of sewerage charge shail be increased to achieve a financial self-

standing of SEDAPAL,

Economic Sensitivity Study
The result of sensitivity studies are as follows:

EIRR B/C NPV (Dollars)

1) Basic Plan | 9.672 1.15 5,717,000
2) Sensitivity Study A 9.677 1.15 5,717,000
3) Sensitivity Study B 6.88% 0.9%. -3,562,000
4) Sensitivity Study C 9.677 1.15 . 5,717,000
5) Sensitivity Study D 9.677 1.15 5,717,000
6) Sensitivity Study E 8.832 1.07 2,875,000

An economic sensitivity study indicates that the Project is
economically feasible in all cases exéept for case B where Ehe £i-
nancing plan is Alternative 4, thé éharge is unchanged untill year
2010, goverment subsidy is not applied, and agricultural project is
omitted. '



9.6 Justification of the Project

In the case of projects related to transportation like airport facil-
ities and port facilitles, or public facilities projects such as power
plants‘and waterworks, quantitative evaluation of benefits is obtainable

with respect to increase in productivity, prevention of losses, etc.

On the other hand, with regard to generally uﬁproductive or non-
revenue producing infrastructure projects as sewerage systems, the evalua-
tion of the benefit is quite difficult if such measurable variables like

costs are to be used,

~The present state of the sewerage system in Lima is as follqwéé The
cityward drifting of population into Lima has cdhsiderably been on.the
incfeasa since about 20 years'ago and the trend continues even today. The
sewage produced by the population of Lima has therefore liKewise increase
with some very adversé effects. Around one third (113) of this sewage is
being discharged to the coast of Surco without any treatment resulting to
progréssive deterioration of the environmental conditions. Today the coast

has become a terrible eyesore.

.‘For this reasdn, the construction of the sewage treatment plant to
protéct.theKSea watér against pollution has now become & subject of inter-
est among the Lima inhabitants. In this regard, this Project is evaluated
from the points of view of the necessity, the benefit, and the effect of
its implementation. as follows: '

(1) Improvement of Water Pollution at Surco and its Effect

Currently, as much as about 5.0 m3lday of raw sewage is being dis-
charge to the Pacific Ocean, polluting severely the recreation resort
atretching from Pta. La Chira to the Club de Regatas. This condition has
prompted the Ministry of Health of Peru to issue an ordinance to especially

designate the resort as a restricted area unsuitable for swimming.

In view thereof, it is bu: strong belief that once this sewerage
‘project is completed and the improvement cof the environment has been at-

tained through the elimination of the pollution source, the Costa Verde



(green coast) will surely regain the beautiful ‘landscape it once had;
hopefully in the immediate future. When that time comes, the coast will
again be able to sexve the people of Lims and surrounding regions as the
most famillar recreation resort. In particular, people in the lower Income
prackets can again avail safety of the leisure and comfort of the popular
coastal resort. Effects of the improvement in the sea water poliution

condition are described in detail in Chapter 8.
(2) Greening of San Bartolo Plain into Agricultural Land and_its Effect

1) Most suitable site for construction of the plant is found in San

Bartolo.

As revealed in the Study, a sewage treatment plant is neceasary in
order to cut the volume of effluent to thé3sﬁrco outfall. Tt is also kinown
after due consideration of appiicable treatment methods that the stabiliza-
tion pond system would be most favorable because this system does not need

any mechanical nor electrical facilities.

In contrast, a mechanical treatment system requires mechanical and
electrical facilities, which would entail huge amounts for payment of

electric charges and replacement costs of facilities when the need arises.

The stabilization pond method requires 32 ha of treatment area for a
planned sewage amount of 0.25 m3/s and 450 ha for 3.5 m3/s. It is there-
fore concluded that only the $an Bartolo Plain can prc#ide.éuCh a 1argé
area while it was impossible to find a site of suitable_size on the rignt

bank of the Rio Lurin.

23 Formation of Commuﬁity in San Bartolo Plain with Greened Farmland in

its Center

When the planned amount of 3.5 m3/s or 3,00,000 m3/day of sewage is
supplied, it would enable the cultivation of 4,300 ha of farmlands, and
provide employment to about 5,000 people in agriculture. This.situation in
expected to bfing about a chain of economic reperéuséioné in this communi-
ty, such as the build-up of new communities around the farmland and togeth-

er with it an anticipated brisk activities in the transport enterprisé.



Ezokérageﬁ.agricultural chemicals, agricultural machinery and {mplements,
fertilizer, and other business aesoclated with agriculture and distribution

- of products.

| Furthermore, the emergence of & large-scale farmland in the outskirts
‘0f the urban region of Lima city can probably bring about a very great
sécial impact bécéuse the urban populatiocn, those in the lower income
goclety particularly, would benefit from a plentiful supply of fresh and

cheap farm products.
'3) Impact on the Inhabitants of the Greening of San Bartolo Plain

The Republic of Peru has a land area three and a half times as large
ag Japan. It is divided into three mgjor zones, namely; Costa (Coastal

zones), Sierrs (Mountainous areas), and Selvs (Dense forest zones).

_ Lima has varied geographical features, being surrounded by sea,
desert, and the denuded beige mountains. Climatic conditions in San Barto-
lo is unlque in that the temperaturé and the duration of sunshine necessary
for farm crops raising are plenty while the water indispensable for the
plants to grow is practicélly nil. However, based on a successful evidence
.with the San Juan STP, even the San Bartolo Plain can be converted into an
agricultural land covered with rich green once the treated water produced
-from the sewage treatment plant is used to irrigate the area. The greening
of San Bartolo into a farmland will not only contribute to the promotion of
health conditions through the generation of precious oxygen for the con-
gested urban region of Lima city, but will also provide visual and emotion-

al relaxation to the people.

It is also our firm belief that the development.of #,300 ha of new
green zones is a matter of deep significance, a welcome deviation from the
present global trend_of diminution of forests. Forest cover worldwide is

disappearing at fast rate of 38.6 ha/minute.
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CHAPTER;ﬁ', CONCLUSTION AND REC&HMENDATION
lofl_-;gnnglﬁaion_

.Ogtline a§d_fe$u1ts ofmana;?s;s_of regomﬁepded planrare as-foilowsa
ti)Ta?geﬁEYeg;-

'.fhe.tdrget yéar.for.the Projéct in.tﬁlsIStudy.is yéaf 2600;.
" {2) Study Area

Stqdy.Afea covers the'soﬁthernfpért §£ ﬂima, with the ménégem&nt of

‘the sewage generated.by surco drainage'areé béing sﬁecifically ﬁhe.ébjec-

tive of the Project (refer to FIGURE 3- 1) " The .area in héctares of the

Surco drainage area is as follows:

. Year Metropolitan Lima Related 16 Distrlcts Surto Drainsge Area
1989 - £ 282,000 43,000 . 12,200
2000 282,000 - 43,000 : 23,100

{3) Type of Sewerage Systém-

Since the precipitaticn depth in the. Study area is only around 30 mm
a year.‘lt was deemed appropriately to have sanitary sewage as sole subject
_'of the Pro;ect.

(aj_glgnned;popuiationf'

Present and future populatlon in Metropolitan Lima and the Study Aren

are as follows-

?éar'-Metrbpolitaﬁ'Lima..Related'le.Dis;ricts Surco Drainage Area
1989 © 6,000,000 . - 2,800,000 . . 1,700,000
2000 7,600,000 .. 3,600,000 ' 2,700,000
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(5) Planned Sewage Quantity
a. Unit Sewage Quantity

Domestic sewage {(Daily Avefage in 1989 and 2000)
Direct Water Supply Service High Consumﬁtion Group (Df§.H) 210'lpgd
Direct Water Supply Service Low Consumption Group (DIS{L) 180 Iped
Indiréct Water Supply Service Group (I.D) - 110 lped

Industrial Wastewater

1989s 0.323 m3/s in total

2000: 0.355 m3/e in total (0.323 x 110 2)
Other Wastewater

1989: 0.778 m3/s in total

2000: 0.467 m3/s in total (0.778 x 60 Z)

b. Planned Sewage Quantity (Daily Average)

1989: 5.0 m3/s

Estimation based on population:

- ' Domestic Sewage Industrial :
Item ' Unit — — . 4 & Other - Total
D/s.H b/s.L I.D. |Wastewater _
Population |person| 639,660| 829,320| 263,520} 1,732,500
Unit Q 1pcd 210 180 110
———————————— -l«_......_....--..,_..,._....._—-.,...-_-—.__-1-__“.._......_--....,—_--..............-—......_..._-.._..-.-
0.323 _
Sewage Flow| m3/s 1.555 1.728 0.336 + 0.778 4,720

Estimation based on results of flow measurement:
May 31, 1989 5.370 m3/s
February 25 to March 2, 1988 4,773 m3/s

Qavg = (5.370 + 4.773) [ 2 = 5.072 m3/%

Therefore, 5.0 m3/s was adopted for present sewage quantity.



2000: 6,5 m3/g

Domestic Sewage |industrial
Ttem Unit ~ & Other Total
DfS.H b/s.L I.D |VWastewater
Population |person| 899,290]1,507,860| 279,950 2,687,100
B L B R RIS SN AN DS [mm e —— s ———
Unit Q. lped 210 180 110
uuuuuuuuu _.-..-.---—-_----'--—a..---—n-..J-_--—..-.———»»—-..-u-’..n...n-‘....;__.,....._..-.-l»n.an--.»--an-
. 0.355 6.506
Sewage Flow| md/s 2.188 3.142 0.356 | + 0.487 -gay 6.5

¢. Planned Sewage Flow Balance

6.5 m3fs
San Bartolo
3.5 m3/s > reuse
0.5 m3/s
| Villa El Salvador
2.5 m3/s reuse

Surcd Outfall
Pacific Ocean

Sewage treatment plant

(6) Planned Sewage Quality

Item Inflow Treated Water Removal Rate
BODs 250 mg/l 49 mg/l (Stabilization Pond) 80 Z
30 mg/l (Aerated Lagoon) . 88 2
88 250 mgfl - mg/l (Stabilization Pond) R
: ' 60 mg/l (Aerated Lagoon) 76 2

(7)'0ptimum Plan

Out of 14 alternative plans, Plan Ej was selected &s the optimum

pian, The outline of the optimum plan is as follows:
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a. Outline of plan

Phase 1
Tntake Point No.1l Intake Point No.2
Circunvalacion V.M, del Triunfo
GL +147.0 GL +146.0 _
: San Bartolo
E]ldo m3/s I .1.0 m3/fs _ GL +100.0
L > > - $1200 P> B et A, I
$1000 $1100 $1400{¢1350 L~—~—J 1900 n3/s
® 950 Stabilization
Aerated f-wa>0.5m3fs Pond :
Lagoon

villa El Salvador GL +85.0

Phase 11
Intake Point No.3 ' ' ) San Bartolo
Surco, GL +93.0 . GL +50.0 .
[:}2 .0 m3]s b ¢1400 F _
> 1400 ’ 2.0
$L400 ¢1500 l—~—~*—*wj.¢1500L—ﬂ*f 2100 m3/s
% 950 Stabilization

Pond

b. Outline of facilities

- Intake facilities:

Control Gates, Screens, Grit Chambers, and Flow Meters will be

provided.

- Transmission facilities: .
Sewage will be transmitted by gravity. Gravity flow sections
will be made of concrete pipes and open channel. Invérted
siphon sections will be made of p;estreésed concrete'pipes'and-
cast iron pipes. Air valves and blow-off valves ﬁill be.prq—_

vided at places where necessary.

- Sewage treatment facilities: _
The treatment method adopted for the site at Villa El Salvador

is the Aerated Lagoon System.

in —->{Complete Mixing}--> Partial Mixing~n—>—Sedim?ntation-w>out'
Aerated Lagoon Aernted Lagoon Pond -
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Mechanical serators will be provided on aerated lagoons,

Detention time is set at & days for aerated lagoons and 1 day

for sedimentation ponds.

30 ha/m3/s % 0.5 m3/g = 15 ha

Required site area is:

The treatment method adopted for the site at San Bartolo is the
Stabllization Pond System.

in —>

This treatment method does not require any power supply.

No.1

Facultative Pond

No.2

Facultatlve Pond

Tle—>out

Total

detention time for No.l and No.2 facultative ponds is set at 15

days. Required site area is:

130 ha/m3/s x 3.5 m3/s

= 450 ha

Construction Cost
Estimated construction cost of the Project is summarized as follows:
{unit: 1,000 US§)
T T T
| Direct Cost | Indirect Cost |
Phase | T T T t T T ]
|Iaraks - { | Treatment Facility) i | Total
|Factiity| Condulrl- T —{Sub Total] Overhead| Others [Sub Toral]
i | C &k A Equip. I 1 | i I
- + - t t f - i !
Phase T | =~ 283 7] 27,2061 | 5,4%4 | 4,331 | , 9 | 11,338 ] 61 } 11,399 | 49,208
Phase II| 226 | 31,563 | 5,976 | - ] 37,765 | 11,328 | - 1 11,3281 49,093
--------- +unww+"“n%"""~+nwu"+n~~"+""~w+-vu+~~~n4~u~wu
Total | _: 509 1 56,764 | 11,470 | 4,831 | 75,574 | 22,666 | 61| 22,727 | 98,301
. 1 (i o i : 1 1 1 t
C & Ay Constructiﬂn ,cust for C3vil and Architectural works.
Equip,t Gost for Machanieal snd Electrieal equipment.
Others: Cost for plantation. -
The baso date of cost eatimation is October 26, 1989,
Exchange Rates I/, 6,050,75 = US§ 1.00
Operation and maintenance cost

Estimated opexation and maintenance cost of the

a8 follows:
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(unit: ﬁs$lyear)

' Preatment Facility
Phase Conduit - Total
Labor Power
Phase I 1,888 | 31,200 | 89,261 122,349
Phase 11 1,884 29,952 | .- - 31,836
Total 3,772 | 61,152 | 89,261 154,185

(é) Project Evaluation
a. Improvement of water pollution at Surco

Currently, the sea area along the coasts stretching from Pta. La
Chira to the Club Regatas is designated by the Ministry of Health as
a restricted area unsuitable for swimming (refer to FIGURE 8-5)}. '

In year 2000, the polluted sea area will recede by 3.0 km. Thus, the
sea area in north of Playa Herradura will be improved as a pleasant
recreational area,

b. Greening of desert into agricultural land

The expected area to be converted by the Project at the time of

completion is as follows:

Name of Place Sewage Amount Reclaimation Area} No, of Employment

Vvilla Ei Salvador| 0.5 m3/s 500 ha .- . 1,000

San Bartolo 3.5 m3/s 4,300 ha . 9,000
AT T MR RS A 23 AT S8 06 WE On SW W SRR STl AL SRS S D N SR S AT L i e ST AL A3 G5 S SO MR M e M On —--‘—-.'"J"‘-"*‘“-'--F”ﬂ"'ﬂ—‘-“u‘ -----
Total 4.0 m3/s 4,800 ha 10,000

Turnover ratio of capital by agficultﬁre benefit: |

Irrigation area . | 4,300 + 506 = 4.806 ha.

Capital cost of Project . _035 96,391,000 i |

Capital cost for irripation facilities 1,250 Usslhd

Capital cost per ha Uss 98,501;000 + 4,3&0 ha + 1,250 US$/ha
= 21,729 USS/ha
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Agridulture benefit (SaleS‘of farm products.- Production cost)

5,000 USS/ha/year
Therefore, turnover ratio is:

21,729 USS/ha + 5,000 US$/ha/year = 4.3 year
¢. Financial analysis

Assumption:
Financing:
around 70 % (67,777,000 US$) - bilateral loan
_ arcund 30 7 (30,524,000 US$) - government subsidy
Cash inflow: ' '
o ‘Goverament gubsidy
Loan
Sewerage charges
Other income (2 I of sewerage charges)
 Water sales income
cash outflow:
Project expenditure (capital cost)
Amortization
Opérating expenses
Administrative.expeﬁses

" Payment to SENAPA (3 Z of severage charges arnd others)

Results of analysis: _ _
“BJC ratid - 1.20 (with discount rate of '8 Z) > 1.0
NPY  US$ 30,660,000 (ditto) > O

d. Economic analysis

Assumption:
Benefits:
Health benefit
'Inc:eése of land value
Increase of tourism income
L 'Economic water value (shadow exchange rate - 1.3)
Cash outflow: :

. Economic project ekpenditufe (capital cost)
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