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3.1

CHAPTER 3  DEMAND AND SUPPLY .

Electric Power Systems

o Eleétric powetr systems can be broadly divided into the
Central~Noxth System, South-West Syétem, South—-East System and isolated

systems (Fig. 3-1).

It is planned for the South-West and South-East systems to
become interconnected in the mid-1990s, while it is planned also for
small-scale isolated systems to be intercondected with larger systems
in the_future, However, it is not_plénued for interconnection to be
made between the two large systems of Central-North and South for some

time even on entering the let'century,

The Céhtrél—North Power System can be broadly divided into
systems for the central and northern regions, and these are not inter-
connected at present. Interconnectibn is scheduled to be made in 1988
upon ﬁhiéh-the Centtal-North Power System will become the largest and
most iﬁportant system in Peru. The northern énd'soﬁthern parts of the
Central System are interconnected by the Lima—Chimbote 220 kv
transmiésion 1ine coﬁpleted in 1980 and compfise a region.where
industry and population are concentrated centering at Lima. The
installed generating capacity of the interconnected part of the
Central-North Power System {(Central System) in 1984 was a total of
1,875 HW (hydro 1,528 MW, thermal 347 MW), making up approximately 55

percent of the capacity of entire Peru.,

On the other hand, in case of this Ene River Hydroelectric Power
Development Project, it is deemed the power generated will be
transmitted to Lima and interconnected with the Central-North Electric

Power Systen.

The transmission voltages, besides the 220 kV of trunk lines,
are 138 kv, 60 kv, and 30 kv. '
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32  Power Demand Forecast

3.2.1

Principle and Method of Forecast

The - demand forecast.will be made for.the Central-North Power

System with which the Ene River Development Project will be intercon-

nected, Meanwhile, the power demand forecast made by ELECTROPERU be

agcertained in comparison with that to be madé by this study desctibe&

hereinafter.

(1) Method of Demand Forecast by ELP

(2)

ELP announced a Master Plan in 1983, and in this Master Plan,
electric power market surveys, and power generation, power
transmission, investment, and fund procurement.plans for the
following 10 and 25 years were studied as middle and 1dng term

plans respectively, and these plans are continuing to be revieWed.

The demand forecasts were made according to three types of demand,
namely, general power demand, large-scale power demand witﬁ pri-
vate generating facilities, and new power demand created through
investment, while further, using a mécroscopic technique, load
forecasts for entiré Peru were made considering the correlation

between GDP and demand,
Method of Demand Forecast in This Study

The demand forecast for the Central-North Power System is made as
described below by a macrosco?ic technique using the method of
predicting variation in power demand according to variation in

gross regional domestic pr.odu_ct (GRDP).

a, TFirstly, the value of GRDP elasticity of power consumption is
examined from GRDP growth rate and power consumption growth

rate (both per capita).

In the present study, it is forecast, taking into con-
gideration the general trend with similar nature to that of
Peru such as structure of economy, industry, population, ete,,
that the GRDP elasticity for the coming 25-year period would
be Q.O.in high case of per caﬁita GRDP growth rate and.5.0'in

low case.



b. Secondly, future GRDP'growth rates per capiﬁa are estimated
dividing into two cases of high (1.0%) and low rates (0.5%).

‘¢. Thirdly, the growth rate of power consumption per capita in
future is obtained multiplying the estimated GRDP growth rate
by the abovementioned GRDP elasticity of power consumption.

d. Lastly, the'giowth rate in the powér consumpition of the area
belonging to the Central-North Power System is obtalned by
multiplying the per capita electric power consumption growth

rate by the population growth rate,

e. The forecast of peak demand ig obtained based on the abovemen-—
tioned power demand and taking into consideration the esti-
mated transmission line loss rate of 7% and annual load factor

of 66%.

3.2.2 Results of Examinations

Comparisons of the results of demand forecasts nade by ELP and
of those according to the present study are shown in Table 3-1 and
Tig, 3-2 (electric péwer consumption), and Table 3-2 and.Fig. 3-3 (peak
demand). According to these tables and figures, the forecasﬁs of ELP
fall in between the forecasts of the present study for the cases of

high (1.0%) and low (0.5%) GRDP growth rate per capita.

The annual average growth rate in electric power comsumption for
the 25-year period from 1984 to 2009 will be 6.3 percent according to
~ the ELP forecast and 6.3 percent according to the present study in the
case of high.GRDP growth rate, and from macroscopical point of view,
the results of the forecasts of ELP and the present study are not
gfeatiy different, so that 1t 1s considered the ELP forecast is reaso-

nable.



Table 3-1  Comparison of Projected Interconnectable El_éctric Power Consumption
in Central-North System by ELECTROPERU and JICA

( Uni t: GWh)

-Growth Rate

—JTCK Forecast JIGA Forecast
e G gmentver (o e ol e
Growth Rate: 1.0% ) Growth Rate: 0.5%)

1984 7,625 7,689 7,578
85 7,952 8,213 - 7,978
86 8,483 | 8,772 8,398
87 9,210 9,269 8,841

88 9,762 10,007 9,307 .
89 10,471 10,689 . 9,797
90 11,125 11,405 10,304
91 12,140 12,169 10,837
92 12,812 ' 12,985 ' 11,397
93 13,903 13,842 11,974
94 14,650 © 14,755 12,580
95 15,405 15,714 13,203
96 16,417 16,736 13,858
97 17,381 17,788 14,518
98 18,331 18,907 15,209
99 19,476 20,076 15,916
2000 20,587 21,316 16,656
1 21,838 22,612 17,414
2 23,161 23,987 ' 18,207
3 24,569 25,422 ' 19,017
4 26,058 26,942 19,863
5 27,641 28,523 20,727
6 29,318 30,198 - 21,629
7 31,101 31,970 22,570
8 32,993 © 33,815 23,527
2009 34,999 35,766 . 24,524
Average 6.3 %/p.a. 6.3 Z/p.a. 4,8%/p.a.
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“in Central-North System by ELECTROPERU and JICA



Table 3-2  Comparison of Projected Interconnoctable Peak wagr'_Demand .
in Central-North System by ELECTROPERU and JICA

(Unit: MW)

JICA Forecast

JICA Forecast

Year ELP (High Case of Per (Low Case of Per
Forecast Capita GRDP Capita GRDP
Growth Rate: 1% ) ~Growth Rate: 0.5%)
1984 1,480 1,430 1,409
85 1,527 1,527 1,484
86 1,618 1,631 1,562
87 1,746 1,742 1,644
88 1,854 1,861 1,731
89 1,987 1,988 1,822
90 2,113 2,121 1,916
91 2,299 2,263 - 2,016
92 2,433 2,415 2,120
93 2,619 2,574 2,227
94 2,749 2,744 2,340
95 2,890 2,923 2,456
96 3,070 3,113 2,577
97 3,243 3,308 2,700
98 3,426 3,516 2,829
99 3,631 3,734 2,960
2000 3,846 3,964 3,098
1 4,090 4,205 3,239
2 4,335 4,461 3,386
3 4,606 4,728 3,537
4 4,898 5,011 3,694
5 5,208 5,305 3,855
6 5,529 5,616 4,023
7 5,874 5,946 4,198
8 6,239 6,289 4,376
2009 6,627 6,652 4,561
Average |

Growth Rate

6.1 % p.a.

6.3 % p.a.

4.8 7 p.a.

(Note):

(1) Diversity factor of 0.98 is taken into account for
peak power demand.

(2) Transmission line losses of 7% are taken into account

for peak power demand.
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3.3  Electric Power Demand and Supply Balance

-In order to examiune the appropriatenessés of the powér;demand
forecast and of the future electric power'developmenﬁ_ﬁéde by ELP
.reSpéctiVEly, and to plan the timing and séalé of ihplementation of the
Ene River Development Project, the demand and suﬁply bélénce is
investigated from the aspects of both kW and KWh.

- In examining the kW énd kWh bélances, the kW aﬁd kWh'amounts
interconnected with the Central-North Power System year by year are

adopted.
(1} kW Balance

The predictions of kW balance in.ﬁhe Centraleﬂorth Pdwer_System
are shown in Table 3-3 and Fig. 3-4. 1In the fdrecast value of
peak'deménd a diversity factor of 0.98 is cdnsidéred in thé data
of ELP, and in addition, a transmission line loss rate of 7 per—
cent is taken into account. AS'Shbwn in Table 3-3, the marginal
supply capability ratio will be on the low side from 1989 to 1993,

but there is good balance as a whole.
(2) 1¥h Balance

The predictions of kWh balance are shown in Table 3-4 and

Fig. 3-5, with transmission'line loss rate of 7-perceht considered
with the ELP forecast value for electric power cthumption. As:
shown in the table and figure the kWh balance 1s good for all

years,

~29—



Table 3-3  Projection of kW Balance in Central-North System

Installed Guarénteed' Peak ?ower Marginal Supply:

Year Capacity Capacity Demand Capability
' (M) {(MW) (M) (M) (%)
1983 1875 1462 1184 278 23.5
84 - X 1225 237 19.3
85 2275 1784 1409 375 26.6
86 o " 1495 289 19.3
g7 " - 1606 178 11.1
88 2467 . 1943 1790 153 8.5
89 | 2478 1953 1920 33 1.7
90 "o 2102 2042 60 2.9
91 2812 2242 2220 22 1.0
92 2804 - 2431 2349 82 3.5
93 3018 - 2589 2529 60 2.4
9% 3218 2789 - 2656 133 5.0
95 3346 2921 2795 126 4.5
9 . 3467 13056 2970 86 2.9
- 97 3739 3320 3200 120 - 3.8
98" - 4498 3931 3414 517 15.1
99 . 444D - 3883 3618 265 7.3
2000 - 4785 4244 3832 412 10.8
- " o 4075 169 4.1
2 5179 4635 4319 316 7.3
3 5573 5017 4606 411 8.9
4 5759 5171 : 4898 273 5.6
5 6379 5687 5207 480 9.2
6 6737 6042 5529 513 9.3
7 7095 6422 5874 548 9.3
8 7453 6678 6239 439 7.0
9

7453 6678 - 6626 52 0.8

(Note): (1) Supply and'demand-(MW).show the interconnected values
. -year by year.

(2) Diversity factor of 0;98 and transmission liné losses
of 7% are taken into account for peak power demand..
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Table 3-4  Projection of kWh Balance in Central-North System

~Energy Production Power Consumption Power Consumption

Year (GWh) = . (GWh) (GWh)
Average Dry (Excl. transmission {Incl. transmission
_ Year Year line losses) line losses of 7%)
1983 " 6414 (Actual) 5860 6301
84 9347 8428 _ 6106 6566
85 12068 10918 7390 7946
86 e " 7896 8490
87 " " 8545 9188
88 12923 11609 9425 10134
89 12962 11648 10119 10881
90 13720 12396 10757 11567
91 14816 13408 11749 | 12633
92 16393 14892 12402 13335
93 17620 16135 13471 14485
94 18290 16580 14206 15275
95 . 19291 - 17581 14949 16074
96 20266 - 18368 115948 17148
97 - 21863 19922 17221 18517
98 26228 23107 | 18290 19667
99 26074 22953 19432 20895
2000  * 27137 | 20538 22084
1 % 28478 21785 23425
2 % 29895 23103 24842
3 & 31471 24569 26418
4 % 33033 26058 28019
5 % 34736 27641 29722
6 % 36539 29318 31525
7 % 38456 | 31101 33442
8 % 40490 32993 35476
9

* 42647 _ : 34999 37633

{Note) (1) Supply and demand {GWh) show the interconnectad values
' year by year.

(2)* Annual energy production by the Ene River Project isg
calculated by using hydrological data of past 32 years,
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‘Conglusion

As.a result of the.foregoing studies, 1f the development pro-

"jgbté ﬁresently planned by ELECTROPERU are developed as scheduled,

thére?would be a balance of demand and supply'up_to 1999 with respect
to both kW and kWh. However, in the year 2000, the marginal suﬁply

' gapability'ﬁould be 21 MW as contrasted to the peak demand load of
.3;832:MW so that the marginal supply capability ratio will: decline to

0.5 pértent; and it is expected. that it will be difficult to supply

stable electric power.

Therefore, in order to carry out stable power supply in the
Central—North System of Peru from the year 2000, it is necessary to

further devélop Projects to cope with the above situation.

P
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4.2

4.3

4.3.1

CHAPTER 4  DEVELOPMENT SCHEME

Genera!

In this chapter, a study is made concerning formulation of a
Master Plan of the optimum hydroelectrie development scheme for the
entire Ene River Basin including the upstream part of the Tambo River

and the Perene River.

Dam Sites

In the area of the Ene River investigated, there have been
several proposed sites for dam construction from.tﬁe past,.and in the
investigations made this .time alsd, it was confirmed that sites with
possibilities for dams resulted in the four locations of Tambo Puerto
Prado, Ene Paquitzapango; Ene Cutivireni, and Ene_Sﬁmabeni. From the
topographical and geological characteristics of the abovementioned dam
sites, it is judged that comparatively large~scale dams can be

constructed at the Tambo Fuerto Prado and Ene Péquitzapango sites,

However, for the two other dam sites, Ene Cutivireni and Ene
Sumabeni, they are judged not to he superior to the Ene Paquitzapango
and Tambo Puerto Prado sites.

Procedure for Study of Development Plan

Study Procedure

The study of the development plan is to be made divided into the

two stages described below,
First Stage Study:

The principal objective of this stage is to grasp the charac-

teristics of the each project sites (dam sites) from technical and eco-

‘nomic points of view. Preliminary, comparison studies are to be made

of independént development plans for the respective sites varying dam

height, effective storage capaclty, Installed capacity of power houses,



etc., and the characteristics of the varlous project sites (dam sites)

are to be grasped.

Second Stage:

Taking into account the slte characteristics of each independent

development.plan studied in the first stage, comparison studies are to

be made of some development schemes for the entire Ene River with com-—

binations of two or more dams, and finally an optimum development

scheme is to be selected.

4.3.2

(1)

(2)

(3)

Study Condition

Firm Discharge

For the 32 years from 1951 to 1982, which is the period of calcu~
lation for this study, the minimum assured discharge of the second
dry year corresponding to 95-percent probability of the minimum
assured dlscharges of the each years obtained from mass curves was

made the firm discharge.
Equivalent Peak Duration Time

Based on the past daily.load curves of 1982, the daily load curves
of the days of peak load in the months after 1999 when the Ene
River Project will become necessary are obtained. Dividing the
incremental daily energy consumption (MWh) by the incremental peak
load (MW) from 1999, the equivalent peak duration time of each

month 1s }udgedeto be about 18 hours.
Maximum Discharge

The maximum discharge is to be obtained by the above firm
discharge and the equivalent peak duration time (18 hr}.

That is,
: _ 24
(max = Qf x Tp
Where Q max : Maximum Discharge
Qf : Firm Discharge
Tp : Equivalent Peak Duration Time (=18 hr)



(4)

(5)

(6)

Installed Capacity and Unit Capacity

The installed capacity is to be determined by the maximum
discharge‘and the normal effective head obtained from the normal
intake level of the reservoir. Where, the maximum discharge per
turbine unit is to be limited to about’ 250 m3/s taking account of
the transportation limit (apbroximately 70 ton). Unit capacity of
each powerstation is to be determined_based on above limited

discharge.
Caleculation of Energy Production and Dependable Capacity

Energy production of each power house is calculated by the monthly
inflows for the 32-year pericd from 1951 to 1982 at each dam site.

The dependable capacity 1s to be the smaller of eritical maximum
capacity and equivalent capacity at required peak duration time
{18 hr). In calculation of kW values, the average_depandable

capacity by month during the dry season (May to.October) is used.

0f the annual eﬁergy production, the part cot;esponding t6 the
incremental energy consumption from 1999 of the Central-North
System is taken as the‘firm anergy and aﬂy energy p?oduction
beyond this 1s taken to be the sec0ndary energy which is limited
to the annual energy production of eiisting thétmal plants, -
However, in the study of "ohe—stage development" without con-
sidering the demand and supply balance (aftermentioﬁed), the part

corresponding to the firm discharge is taken as the firm energy.
Evaluation Procedure

Evaluations are made, at the level of constrﬁction costs in
December 1984 without considering future escalation, by B/C and
B~C through comparisons with an alternative thermal and comprehen-—
sive evaluations are to be made by upon taking into account
construction cost per kW, cbnstruction cost per kWh and equivalent

annual cost per kWh through the service life.

The comparison studies are to be made for a case of development of

all generating facilities at one time without considering the



demand and sdpply balance (one~stage development) and a case of

developiﬁg generating facilities in stages (stages development)}.

The characteristics of the alternative thermal used for this study
are set as follows based on the construction cost and fuel cost of
Alto Chicama Power Station (coal-fired) planned by ELECTRO PERU

and considering also costs at other international coal-fired ther-

mal plants.

‘Unit kW cost (annual cost): US$175.5/kW
(estimated as of December 1984)

Unit kWh cost : Flrm 24,0 mill/kWh
Secondary 36.1 mill/kWh
(average fuel cost of thermal plants
in the Central-North System)

4.4 Studies of Development Schemes

4.4.1

Studies of independent Development Projecis

These studies are made preliminarily with the purpose of

gfasping the characteristics of each project site (dam site) to be

~ developed indepéndently.

With respect to reservoir high water level, the topography,

_geology; and condition of the foundation ground of each dam site are

comprehensively studied, and the highest elevation to which it is

thought technically feasible to construct a dam at the site is made the

upper limit, and the high water level is varied under this upper limit.

The cases studied and their general features when the project

sltes are deveioped independently are given In Table 4~1, The results
of the studies are as shown in Tables 4-2(1), (2) and Fig. 4-1, and the

following are revealed:

1)

2)

" Of the four'project sites (dam sites) the Ene Paquitzapango site is

the best in economics.

In the studies on the Ene Paquitzapango site, the plans for high

water levels of EL. 455 m and EL. 465 m are roughly equal in econo-

mics, but in stages development the EL. 455 m plan which has less



3)

4)

4.4.2°

(1)

initial comstruction cost would result in a lower equivhlent'annual

cost per kWh and is judged to be more advantageocus.

The Tambo Puerto Prado sité is siightly inferior in economics com-~
pared with the Ene Paquitzapango site. This is because as a result _
of the geologicalIinvestigations conais;ing of bgring; seismic
prospecting, ete,, just made, 1t is estimated that the thickness of
the river-bed deposit at this site is at least 60 m, and compared
with the plan having been proposed based on past surface rédon—_
nalssances, the quantity of foundation excavation and the dam

volume will be greatly increased.

With regard to the Fne Sumabeni and Fne Cutivireqi_sites, tﬁe study
was carried out based on the result of the investigations by-aefial
and field reconnaissances, topographi¢al_maps newly prepared and
geological analysis by.air photography, and it is thought the plan
of the Ene Sumabenl site with high water level at EL. 555 m is eco-
nomically feasible to an extent. If this site weie to bhe developed
in combination with a dam located downstream as wiil be stu&ied
later on, it is thought the economics will be improved by combined

operation of the two reservoirs.

However, for all other alternatives, the economics would not.be.
preferable, Particularly, with regard to the Ene Cutivireni site,
it is thought development will be difficult unless further field
investigations are carried out and as the result of which espe-

cially favorable conditions are found to exist.

Studies of Development Schemes Combined with independent Projects
Cases Studied

Based on the results of the studies under the preceding section,
some development schemes for the entire Ene River centering on Ene
Paquitzapango. and Tame'Puerto Prado for which the economics are

good will bhe examined.

Although it is not thought to be an advantageous development scheme
judging from the results of the studies in the preceding section, a
development scheme_including Cutivireni Dam will also be studied

for the sake of reference.



(2}

‘Ther¢fore, three schemes as shown in the conceptual drawing below

concelvable as alte_r_nat:ive integrated development schemes for the

" Ene River_ are studied.

Alternative Schemes of Mastér Plan

Scheme - l - = Tambo Pto. Prado

Ene Sumabeni

-{ high)

— 1
—— il

Scheme.— 2

‘Ene Sumabeni

Ene Faquitzapango

Tambo Pto. Prado
{low)

Scheme - 3 = Ene Cutivireni
‘ - nrS '\ " Tombo Pto. Prado
| | )

Ene Sumabeni

n

The general features of three schemes are shown in Table 4-3.

Results of Study

The results are given in Table 4~4 and Fig. 4~2, and the insta-

" 1iation progréms for each scheme are shown in Table 4-5(1) - (3).

The foll_owiﬁg were revealed as results of the studies,

1)

2

When Scheme-2 [for combined development of the three dame of

_Ene Paqui'tzapa_ngo (HWL 455 m), Tambo Puerto Prado (HWL 335 m)

and Ene Sumabeni (HWL 555 m)] and Scheme-1 [for combined deve-
lopment of .the two dams of Tambo Puerto Prado (HWL 445 m) and
Fne . Sumabenl (HWL 555 m)] are compared in stages development,
Scheme-2 1s more advantageous with_regard to B/C, B-C and
equivalent.annual cost per kWh. This is because the counstruc-
tion cost of Tambo Puerto Prado (high dam) is high compared

with others and the charge of the construction cost at the ini-

“tial stage will be heavier,

Scheme-3 which Ineludes Ene Cutivireni 1s not economical.
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3) Consequently, for the integrated development scheme for the Ene
River, lacluding the Tambo River and the Perene River, Scheme-2
is comprehensively judged to bé the most superior, while
Scheme~1 is judged to be the second in order,

Optimum Development Scheme

As a result of the foregoing studies, the following development
scheme is obtained as the Master Plan for the entire Ene River
including the Tambo River and the Perene River. The outline is as

described below.

Firstly, a concrete gravity dam 165 m in height woﬁld be
constructed at the Ene Paquitzapango site, the inflow stored and regu- .
lated with an effective gtorage capacity of 10,600 x_lO6 m3 obtained
between high water level of 455 m and low water level of 423 m, and
with maximun discharge of 1;540 m3/s and effective head of 103 m, power
generation of maximum output 1,379 MW (197 MW x 7 units) and annual
energy production of 10,960 GWh woﬁld be performed.

In succession to the Ene Paquitzépango Project, a concrete gra—

o vicy dam 110 m in height for high water level of 335 m would be

constructed at the Tambo Puerto Prado site, and with maximum discharge
of 2,400 m3/s and effective head of 30 m, power generation of maximum
output 620.MN (62 M4 x 10 units) and annual energy production of 4,870
GWh would be performed.

Lastly, a rockfill dam 160 m in height would be constructed at
the Ene Sumabeni site, the inflow stored and regulated with an effec-
tive storage capacity of 6,900 x 106m3 obtaiﬁed between high water
level of 555 m and low water level of 51? m, and with maximum discharge
of 1,302 m3/s and effective head of 95 m, power géneration of maximum
output of 1,074 MW (179 MW x 6 units) and annual energy production of
8,990 GWh (including downstream Increase) would be performed,

The total maximum cutput of the three power stations would be

3,073 MW and the total annual energy prbduction 24,820 GWh.

To transmit this electric power to Lima, the largest load center

ln the Central-North System, two 500-kV, l-cct traﬁsmission line



routes, length approximately 210 km, are to be constructed from Ene
Paquitzapango to aun intermediate gwitchyard planned in the San Ramon

(1 cet to pass Ehrough Tambo Puerto Prado Power Station), while two
SOOeRV, l-cct transmission line routes, length approximately 260 km are
to be constructed from San Ramon Switchyard to Zapallar and San Juan

. Substations in Lima.

The electric power of Ene Sumabeni Power Station 1s to be
transmitted by constructing an approximately 380 km, 500-kV, l-cct
_trénsmissibn line along the Rio Mantaro to pass through Concepcion and

reach Lima (San Juan Substation).

The total construction cost requifed, including the transmission
lines estimated as of December 1984 will be US$6,262 million, and the
construction costs per kW and kWh, US$2,038 and 252 mill, respectively.

The commissioning of these three power stations would be in step
with the demand growth of ﬁhe Central-North Systeﬁ'with first 2 undts
of Ene Paquitzapango commissioned in the year 2000, with Tambo Puerto
Prado 1in 2005, with first 2 units of Ene Sumabeni in 2006, and with
installation of the final 2 units of Fne Sumabeni in 2008, the three
power stations of this development scheme wlill. have all been put into

full operation.

The economihs for the service life-in stages development
accérding to this installation program results in B/C = 1.27 and NPV
{B-C) = USS§1,147 = 106, and ample economic benefit can be obtained.

The equivalent annual cost per kWh at demand end will be 49.0 mill/kWh
(38,2 mill/kWh at sending end), and it will be possible to supply cheap
electrieity through this development schenme.

The general feature, construction costs, installation program
-and econonic evaluation of the selected development scheme are given in
Tables 4~6 - 4-8 and Fig., 4-3.

- The coustruction program is shown in Fig, 4~-4.

The work schedule for Ene Paquitzapango project, which is the
development project of first priority, is also shown in Fig. 4-5.



4.6

Economic Analysis

An approximate economic analysis was made at the Master Plan

Stage by economic internal rate of return (EIRR) on the optimum deve~

lopment scheme for the Ene River Hydroelectric Power Development

" Project described in the preceding section, and also on Fne

Paquitzapango, which is the development project of first priority.

4.6.1

1)

2)

3)

4.6.2

Preconditions

The economic costs are as shown in Table 4-9., 'These economic costs
were obtained deducting import duties, various taxes, price dif-
ferentials between labor costs and shadow wages, etc. from the
financial costs (excluding interest during construction) using
market prices as bases, and also referring to similar projects in

Peru,

The benefits were considered as the electricity sales revenues
obtained from the annual salable energy of the hydroelectric power:
station and the electricity tariff at Lima City, Regarding:the
electricity tariff, the 48.5 mill/kWh obtained from ELECTROPERU was

used for calculations.

The cash flow is shown in Table 4~10. In preparation of the cash
flow, the yearly investments during the construction were calcu-
lated based on the constructién program in the preceding section,
The service 1llfe of eivil structures is taken to be 50 years as a
rule, while the service lives of hydraulic and electrical equipment

and power transmission facilities are taken to be 25 years.
Results of Study

The EIRRs calculated based on the above preconditlons were 14.4

percent for the optimum development scheme for the Ene River (Scheme

2), and 18,1 percent for Ene Paquitzapango whiéh is the priority deve-

lopment project, and it may be said that the Project is of ample econo-

mic effect.

Furthermore, the costs and benefits obtained in the preceding

section were regpectively varied 20 percent to perform sensitiyity ang-—.

lyses of EIRR.



The results of sensitivity analyses on the optimum development

gscheme are as shown in Fig. 4-6,

According to this, when benefit is constant, if the cost were to
rise by 20 percent, the EIRR would fall from l4.4 percent of the base
case to 12.5 percent, while 1f the cos'_t were to conversely fall by 20

percent, the EIRR would rise from 14.4 percent to 16.8 percent.

_ Even on the severe condition of cost increasing by 20 percent,
the EIRR would exceed 12 percent, and taking this into consideration,
it may be said that this is a feasible project from the polnt of view

of the national economy.

Thé.reéﬁlts of sensitivity analyses of the individual develop-
'menﬁ scheme of first priorify Ene Péquitzapango are as shown in
Fig. 4~7, with EIRR exceeding that for Scheme-2 in all cases, and it
can be said that the Ene Paquitzapango project possesses the charac-~

teristics for first priority development.

— 44— .
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Table 4-6  General Feature of the Optimum Scheme

Item gait Ene | Tambo Ene
Paquitzapango | Pto. Prado | Sumabeni -
STREAM FLOW
Catchment Area Km? 104,500 126,100 98,290
Average Annual Runoff 1061113 52,500 .75,730 49,380
RESERVOIR
"Normal High Water level m 4355 335 555
Total Storage Capacity 10653 17,000 600 12;060
Sedimentation Level ju 406. - 500
Low Water Level m 423 - 517
Available Draw Down pul - 32 - 38
Effective Storage Capacity 10653 10,600, - 6,900
DAM
T&pe - Gravity Gravity Rockfill
Height m 165 110 160
Volume 106n3 2.2 1.3 3l.d
POWER GENERATING
Normal Intake Level m 441 335 535
Tail Water Level n 336 302 441
Normal Effective Head m 103 30 95 -
Firm Discharge m3/sec- .1,157_ 1,631 978
Maximum Discharge m3/sec 1,540 | 2,400 1,302 :
Installed Capacity MW 1,379 620 1,674,
Number ofrUnits - 7 10 | _6
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Tabhle 4-8  Construction Cost of the Optimurh-Scheme :

. (Unit: 10%pss)
Ene Tambo Ene
item Pagultzapango | Pto. Pradoe | Sumabeni Total.
1. Preparation Works 122 53 123 298
2. Power Generating Facilities 821 847 1 1,266 2,934
2-1 Clvil Works 582 584 1,030 |2,19
(1) Care of River 276 300 430 | 1,006 .
(2) Dam 212 214 390 - 816
(3) Water Way
(4) Power Station 24 70 2;0 374
- 2-2 Hydraulic Equipment 51 30 60 141
2-2 Electrical Equipment 149 193 116 458
2.4 Others 39 40- 60 . 139
3. General Cost 82 42 110 234
3-1 Land and Compensation 23 7 7 37
3-2 Administration Cost 14 8 il 33
3-3 Engineering and Super- 14 8 12 34
visipn Cost
3-4 Cost of Electric Power 31 15 80 130
Construction
4. Contingency 130 115 201 446
Sub total (1 - &) 1,155 1,057 1,700 3,912
5. Interest during Construction 471 - 431 776 1,678
Total (1 - 5) 1,626 1,488 | 2,476 5,590
6. Transmission Line 436 12 224 672
Grand Total 2,062 1,500 2,700 | 6,262
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Fig. 4-3 Supply and Demand Balance of the Optimum Scheme
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5.2

CHAPTER 5 TRANSMISSION LINE AND SUBSTATION SYSTEM |

Purpose

The purpose is to study and plan transmission 1ines and substa-
tion faecilities to interconnect the electric powef produced at the
power stations of Ene Paquitzapango, Tambo Puerto . Prado, and
Ene Sumabeni to be constructed on the Fne and Tambo Rivers with the
Central-North Power System centered at Lima, The differences in eleva-
tions of these transmissioﬁ line routes will be great, from approxima-
tely 500 m above the sea level at the power station sites to cross the.
Andes Mountain of approximately 5,000 m class,_while the lines are of
long distances as much as approximateiy 380 km at maximum, and Ehere-

fore, a study is to be made including calculations of system stability,

Study of Transmission Line and Substation System

{1) The maximum transmission line voltage ﬁresently adopted in Peru
is 220 kV, but transmission capacity will be insufficient with
220 kV as the voltage for the projected transmission lines from
the standpoint of critical transmission capacity in view of.
transmitting distance and stability. Theréfdre, in order to cofe
with this situation, 500 kV planned by ELECTROPERU és the future
trunk line voltage is to be adopted for the study here of Master
Plan., ‘

{2) The transmission line facili;ies are to be such that transmission
will be possible in a steady state, and 1 cct steel towers for

500 kV voltage are to be used with the aim of achieving econonmy.,

(3) The following two sites were consldered as receiving substationms

at the Lima side:

(a) A 500 kV substation is to be newly constructed at the
existing San Juan Substation (220 kV) to the south of Lima.

(b) A 500 kV substation is to be newly constructed at Zapallel
Substation (scheduled for start of operation in 1994 ini-



tially at 220 kV) planned by ELECTROPERU to the north of

. Tdima.

"These substations would be siltuated in the northern and southern

(4)

outskirts of Lima, the largest load center, and it 1s considered

reasonable
gystem and

taken into account.

These substation sites also coincide with the

long range'plans of ELECTROPERU.

to have_substatibns at two sites when stability of the

supply to power systems to the north and south are

The transmission line routes in this Project may consist of two

routes such as the line for the two power stations of Ene

Paquitzapango and Tambo Puerto Prado, and the transmission line

for Ene Sumabeni Power Station, and these are to interconnect with

the Lima district by separate routes. The approximate route is

shown in Fig. 5-1.

5.3  Resulis of Study

The transmission line and substation facilities planned are as

described below.

Transmission Lines

5.3.1
. Ene Paqui._tzapango P.S. § San Ramo_n 5.Y. Ene Sumabeni P.S. | Zapallal §.S.
Sector . Tambo Puerto Prade P.S. Substations - -
-— Z . .
San Ramon S.Y. ( apallal §.8 San Juan S.8. San Juan $.S.
7 San _Juan S.S.
Nominal :
voltage 500 kv 500 kv 500 kv 500 kv
ber of
Ngr;rzsi:s 1l cct, 2 routes 1 ecet, 2 routes 1 cet, 1 ro.ute 1 cct, 1 route
Conductor ACSR410T x 4 ACSR410% x 4 ACSR41OT x4 ACSR410Y x4
Length approx. 210 km approx. 260 kn approx. 380 km approx. 55 km

— 65




5.3.2  Substation Facilities

It was recommendable that the following substations should be

constructed under the Project.

(1) San Ramon Switchyard (500 kv)
(2) Zapallal Substation (500 kV)
(3) 8San Juan Substation (500 kvV)

5.3.3  Approximate Construction Gost

- The approximate conétfﬁetibn costs of the ébOVemgntioned
transmission line and substation fapilities estiﬁated in this Master
Pian Study are US$436 x 106 for.the Ene Paquitzapango line, US$12 x 106
for the Tambo Puérté Prado line, and US$224 x 108 for'tﬁe_Ené Samubanil
line, & total of US$672 x 106,

5.3.4  Problems to be Further Studied

The greatest problems about the transmission lines planned for
this Project are that the lines will be long, and at the same time,
have to cross the Andes Mountain with elevations of 5,000 m class on

the transmission line route.

A vﬁltage of 500 kV is being considefed fof'the.projected'faci-
lity in the Master Plan, but there is no precédent anywhere in the’
world of such high altitude design at 500 kV. ConseQﬁehtiy, in.fﬁe
study of the next level, detailed examination including design con—
ditions such as for inmsulation design,.toroﬁa countermeasureg, scales
and routes of transmission lines and substation facilities will be

required.



5.4 Power System Analysis
5.4.1 Precondit'ions'for‘ System Analysis

The power system analyses for the transmission and transfor-
mation system concerning the Fne River Project will be performed for
" the year 2004 when all units of_Ene Paquitzapango Power Station will
have gone into operation and for the yeér 2008 when all power stations
including Tambo Puerto Prado and Ene Sumabeni will have been com~

migsioned.

5.4.2 'Hesults of Analysis

The results of analysis by cowmputer show that system will be
stable in both 2004 and 2008.

The approximate confirmation of stabllity of the power
transmission system planned for the Eme Project was the principal
object of the present Master Plan level study and more detailed exami-

nations will be necessary in the study of the next stage,
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