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EXECUTION PLAN OF CONSTRUC‘TION WORKS .

In accovdance with the construction schedulé prepared by EEA
the contractors will submit the overall constructioh, installation
programs to EEA, éhd .will-'carry ‘out the'.follbwiné preparatory
works after EFA's apprOQal.'

Electric Power and'Watef'férﬂcdnstfuétiﬁh'Wﬁrks
1) Electric Power for Coﬁsttuétién Works
Since the existiné high vbltage distribution line is not
avéilable near the Ayun Musa site, temporary diesel'éﬁginé
generator will be installed for the poWér.séﬁrcé for construc-
tion works. Approximately 500 kVA will be needed at the peak
demand. |
2) Water for Construction Works
Singe there is no water source such_as river, lake and
industrial water near the Ayun Musa site, desalination plant
will.be constrﬁcted to'suﬁply water fdf construction works.

Approximately 1,060 tons/daQ will be needed at the peak de-

maﬁd.

COnstrﬁction officés and Accormodations

Contractor for each works should prepare, in accordance with
ERA's inéﬁructipﬁs; his consttuctién office and accommodations for
the conétruction workers-énd.iabors'af the vacant spacé along the
national road Route No. 66 near the power plant site and the.ac-
commodations near thé New Sﬁez Substation for the purpose of total

management of the respective construction works.
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Storage Area for Equipment and Materials

Storage area for equipment and materials required for const-

ruction works for the power plant will be arranged at the vacant

spaces between the power plant site and the natiocnal road, Route

No. 66, and the'stOrage area for eguipment and materials for con-

struction works of New Suez Switchyard Station near the site, and

each contractor should use the spaces as divided separately.

. Construction Equipment

1) Equipments List

.

Common_ﬁquipment_

Crane for\unloading, batcher plant, concrete mixer, crawl-
er crane, truck crane, sﬁovel 1dader, forklift truck,
truck, air compressor, winch and inding macﬁine, others
Bquipmen; for éQWer Plant .

Cinpolesl pole-uﬁ equipment for generator, winch for drum
lifting, others

ﬁquipment for Civil Works

Dfedqer, fldating.pilé driver, pile driver, dump truck,
trailer, scraper, bulldozer, road_rdller,.asphalt dfying
and mixipg_glanp,_surfacé finisher, o;hers,.

Equipment for Arcﬁitecturai Works

Pile driver, concrete pump;,others

Equipment'for Blectrical erks g

Pile driver,_cable_extender,_cablé winding machine and

jacking derrik, others

2) Vehicles, Liner and Cargo Ship

Buses, liner, cargo ship, tug hoat
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3)
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Procurement pf Equipment

Equiprment and materials prqcurablé'iﬁ Egypt will be used as
much as péssible. |

The ¢apaéities and quantities of the equibment will be de-
termined after approval by EEA of the detailed QOrking program

submitted by the contractors.

Construction Materials

construction matéerials available in Egypt such as cement,

sand, pebbles, lumber, steel and fuel will be procured in Egypt.

Constfuctibn Workers

1)

2)

Workers

Excepting the speciél techniciéns, skilled labors,
foremen, efc. requiring high téchniqﬁes 'aﬂd coordination
among various works fbr the constrﬁctiOn works of the coal
fired thermal power sﬁétion. Egyptién workers experienced in

the thermal power plant construction works will be eﬁployed as

much as possible. Common laborers will be hired in Egypt.

Accommodations for the Workers
Accommodations for workers will be prepared near the con-

struction site, in accordance.with the direction of EEA,
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8-4-7 FEquipment Transportation Plén
1) Transportation by Sea

The imported eQUipment and materials will be trahsported
by sea tq_the:Gulflof Suez.

The_inte;nationa1 p9rt nearest to the Ayun Musa site is
Suez Port. If the equipment are £0 be unloaded at Suez Port
and transported to the site by land, they have to go through
the Suez Caﬁal crdssing Ahmed Hamdi Tunnel but\large sized
andfor heavy eéuipment such as the generators, main transform-
ers, boiler, drums, etc. cannot pass through this tunnel,

- Therefore, these large and heavy equipment and materials
will be unloaded directly at the site.

The equipmeﬁt and materials will be_transferred from the
ocean-going vesseis,tolbarges in Suéz.Port or off shoré and
will be unloaded from the barges by the floating crane at the
_site.

A temporary unloading pier enough for a_GOO—ton floating
_crane and 1,000 ton barges will beé built adjacent to the cirf

culating water intake,
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Land Transportation

The smaller équipﬁent'aﬁﬁ materials unloaded at Suez port
will be transported from the port to the site by trucks and
trailérs.

The heavy equipment unioaded at the pier in site will be
transported into respeétiﬁe'positiops with the winch and roll-
er method.

Custom Clearance
" The lane'and:heavy'ednipmént to be unloaded at the site
pier will be cleared through the customs on boardiihe'ships in

Suez Port, and other ordinary and small sized items will be

" ¢cleared through the'cusfoms at Suez Port in the conventional

manner.
List of Major Equipment
a. Generator Stator
~om (W) x5m (L) x 5m (H)
- ApProx. 250 tons
b. :Hain Transformer
~4m (W) x6m (L) x 6m (H)
-~ Approx. 200 tons
c¢. Boiler brum
- 3.5 m (W x 24 m (L) x 4 m (1)

'~ Approx. 150 tons
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5). List of Unloading Equipment {Procurable in Egybt)_

~a. 600 .ton Qlass‘f;oating ¢rane

b. 1(00D fpn class barge

c, Tug boat (no need in case of self—drlven barqge) .

B 35 ton class truck crane

This transportation plan has been prepared based on the

assumption and estimations in availabiiity for ahip,_tfans-

portation, custom clearance and heavy construction equipment,

therefore, these should be confirmed_by:further study of ac-

~ tual site situation,

anstruction Works

Prior to the start of the constrqctipn‘QOIKSL_the contractor

will prepare the detailed actual survey map‘of the plot, and carry

out the test piling, lcading test and concrete test, ete. . so that

the construction works may be executed preciseiy_and_smoothly}

1) cCivil Works

a. Civil Works for Power Plant

a)

b)

c)

Temporary access road for constfuction wb;ka will be
constructed from the‘natioﬁal road, ﬁqute Ho. 66 to
the power plant site,

Batcher plant, temporary génerating facilities and
desalination . plant, water distribution head tank, and
plpxngs as’ well as worker 8 accommodations and const—
ruction offices w111 be constructed and installed.

Sand and peﬁbles.for land reclamation will be used for'

causeway, inlet and outlet of circulating Water'faci-

lities and temporary road for wharf, Land reclamation

works will be conducted in order of powerh0use, coal'

storage yard and oil tank yard,
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As for the construction works for ‘circulating water
facilities, seaside .inlet and outlet pédints of the

facilities will be shut off by steel sheet piles and

' then open channel will be cOnSttucted, and the works

e)

f)

9)

“h)

1)

for water intake pit will be conducted by temporary

" shutting off by steel sheéet piles.
Transmission piping works will be installed from power

.?léht"side to seaside and discharge piping works from

seaside to power plant side inétahténébhsiy, respéc-
tively. |

6i1 storage tank foundation and oil dyke will be con-.
structed follewing the above works.

Construction works for coal haﬁdliﬁq énd unloading
facilities éhd coal stdraﬁé_yard’will be conducted in
the énd. .

Construction work§ for bulkhead of ash disposal atéa
and harbor facilities will be conducted at the same
time when the construétibd works for éirculating water

facilities begin.

‘Construction and erection works for foundation of

lighting pole, ésﬁ sluicing .piﬁing; cable trench,
foundation of oil supply piping, neutraliiation pond,
other tanks, desaliﬁatioa plant, etc. will be conduct-
ed after the laﬁd reclamation.

Statioh yoad, greening and_gardening, bebble spreading
will bé cénd@pted after the completion of all of the

buildings and structures.
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Harbor Facilities

a)

b)

Coal unloading wharf

Steel pipe piles of 900 ¢ x 16 t.will be driven to a
solid bearing stratum_by a large pile drivinq barge,
and after the_piling:is_finished, the tirbering and
scaffolding works are made and then the top bed will
be constructed. The concrete will be'transported by
sea on material transport boats from the batcher plant
in the block yard,

Rubblestones will ke thrown in between the piles from
the carrier boats with grab buckets, and will be
finisheé with a slope of 1:3 by divers.

Oii unloading wharf and small vessels wharf

The bed will_ be dfedged carefully by the Pristman

dredger and rubblestones will be thrown in from the

_carrier boats with grab buckets. And after the rubble

'stones are leveled by divers, the blocks manufactured

in the block yard will be¢ transported by material

boats and set in place by divers, The front face wili

_be covered solidly with armor stonés. The top will he

finished with concrete transported_from the . batcher

plant,
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‘Dredging work

‘The dredging work will be executed by 5,000 - 8,000 PS

pump dtedgets,'after:the:pipélinés are pfepéred. The
dre@ging volume will be 3,9ﬁ0,000 m* (anchorage:
3,700,000 m® and waterway: 1,200,000 m3).

In this case, the area in front offthé COaiIUnloading

wharf will be dredged first in consideration of the

" piling work, and then the dredging will be carried out

in the order of the channel and the basin.

Causeway

To economize the construction cost, the bed of the
causeway betweén'thé power plant and the berth will be

filled with good quality dredged soil up to EL +1 m

and the excava£ed land soil will be filled on it, and

then the sténe-pitched embankment and parapet will be

made. The pavement will be made to finish the road.

The ﬁolume of dredged so0il and the filling requiremeﬁt

are nearly balanced.:

- Othexs

After the 6rédging work is completed, the.navigational

-aids, anchdrage buoys and randge lights will be instal-

led,

23 Axchitectural Works

A

after land reclamation works for powerhouse, the power-

house will be constructed in the order of foundation

works, reinforcement, formwork, concrete works interior

finishing and painting works.
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Construction works for appurtenant building and éqﬁipmént
foundations will be'conducted‘in:parallélAwith the tonst-

ruction works of powerhouse or in accordance with separate

constructiéon schedule.

Mechanical Works

as

After the concréte_wqua for the pOwé#houée, somne paits of

turbine and boiler _will_ be hauled==in, erected_ and
fabriéated in. the powerhouse.

After:the,foundation works for Qutdodr eguipméht, boiler
structure will be constructed and equipment ﬁill be hauled

in and installed.

As for boiler proper, drum lifting will be conducted at

first, and then the boiler will be fabricated in oxder of

_upper . parts and lower parts. After completion of major

strudtures, erectibniworks for auxiliary eguipment, ducts
and pipings will be conducted.

After completion 6f fbundation works; éoal handling and
unlqaﬂing facilities will be_carriéd in and fabricated.

After completion of foundation works for auxiliaries,

auxiliary eﬁuipment and tanks will_bé carried in and fab-

ricated.

Electrical and Instrumentation Works

a.

Cabling works wiil be cénducted'with.thg ad;ance of civil
and af¢hiteqtura1 woxks;

After the -cqmpletion of equipment instal}a;ibﬁ,: cable
cgnnectiéns ﬁith equipment‘terminals will bblcpnGUCted.
After the completion of foundation wOIRSprr switching
station and New Suez Switchingyard Station, the frame

works fabrication and erection will be coﬁducted.
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After the fabfiéatidh, overhead Cdnﬁection works will be

conducted, and then various tests will be conducted.

TfaﬁSmission Line Works

a.

Upon the completion of'foun&atiohé works for'tranmissién
towers, the’ tfénémission"toﬁérsuAﬁill be fabricated and

erected.

"Afte::the erection, overhead conductors will be extended

and then various tests will be conducted.

Preparatory before Test Operations

da

e,

At first, connection checks, installatien of instruments
and control devices, alarm and interlock tests will be
conducted.

Station auxiliary pdwer buses will be energized after tﬁe

. measurement of insulation resistance and dielectric tests

for transformers, generator, high and low voltage auxilia-
xy machines and circuit breakers are completed in accord-
ance with the insulation classes.

Upon the completion of dielectric tests for respective
auxiliary machines, tests and fine tuﬁing will be conduCt-
ed.

After the completion of auxiliary mechanicél equiﬁment,
leak tests a'nd'.hy'draulic pressure tests will be ‘conducted

for the respectiveISystem, and then pipiﬁds will be flush-

~ed out with fresh water and finally heat insulation and

painting works will be conducted.
For turbine and generator, oil flushing will be conducted,

in addition leak test will be conducted for the generator.
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f. W®When the initial boiler firing is conducted blowing out
and chemical cleaning Ifor' pipings and tubes will bé con-
ducted instantaneously 'prior to turbine drive test.

9. After the above flushing, boiler will be pressurized to
c_onduct the tests on the safety valves,

Overall Trial Operation
After the coﬁfirmation of n6é abnérmality on all the eguip-

ment by the boiler pressurization, silica purde, turbine drive

test, etc., the overall trial operation will be conducted.
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Fig. B-2 TEMPORARY FACILITIES PLOT PLAN

_Reinforcing bar (8,000 m2)
o a
Form {6,000 m )

*
Prestressed piie -:
(10,000 mZ2 7 |
P Structural steel
~——__agsenbly yard

:__ —— (40,000 m2)
R | I e

Archi tecture :
— @ _Batcher plant (15,000 m2)

L

Egﬂ @ Site offices (5,000 m )

|
:
-

i

}

1 LI . Iy

‘ ..__7 | S g —
!

|

R IR ‘Boiler
ST e T e o . @ .
S D —— ‘l (40,000 m%)
¥ . . .
LA ] T
L I S — arbine 2

(40,000 m")

12 Electricity
{40,000 m2)

|

o Loal handling — =
_ (20,000 m2) ’ - .
Concrete Blocks ! @ Sub stption
: (30,00p n2)
X . . !
\’3 -
o Water supply - i
k by ship (6,000 n2) T ]

C/W pipe (8,000 m?)

___Heavy oil (30,00&_:&_‘27)7

!
l Steel pipe pile

Reinforcing bar a
e | |
Ash pond Form . g
—_— LhWork . sh(j}g_ 1 Water supply }_)1p1ng

Power cable for construction

]
j

/ﬁl_k.

Power supply

_Supply Eig_i;r}_g_ 1,200 kwh _

_BL_A_N_. _ _ 1,000 T
. m : . . B
1111 0 200 \__Eegalfiyg_t._iom plant 1,000 T/b_

| Svia— . 2 ]

_ Water_ supply Access Road







e ..:-PROCUREMENT PROGRAM I-“OR TH

(lst. Stage 300‘ MN 'x 2 UnitS)”". S







9-1

CHAPTER 9 PROCUREMENT PROGRAM FOR THE PROJECT .

PROCUREMENT PROGRAM

With regard to the developmént time fﬁr this Coal-fired Ther-
mal Power Project, commissioning of the first unif by August 1988
and the secqnd.unit by Jénuary'lgaé is tequired.

As financing.sources fof the Project, an Eqyption Government
fund, a private fund, a government-to-government fund from foreign
couhtry, a found by suppliers' credit, etc. are considered. Since
the Project implementation is urgeéntly required, several funding
conditions like xeqqired period and procedures, interest rates,
disbursement conditions, etc. must be carefully studied, and opti-
muri financing sources satisfying the project construction schedule
should bé sought for.

1) Since the ¥equired fund for the Project is so big that reco-

very of the capital will take a remarkably long period, a

long-term loan with a low interest rate is required. There-

fore, the required'fund is divided into two portions; foreign
currency (FC) and local currency {IC) portions, and the study
was made on assumptioﬁ that the foreign currency will be bor-
rowed‘from foregin counfries on the governﬁent—to—éovernm&nt
basis or from internatioﬁal.financing institutions, while_the
local gutrency will be made available 5y a financial_ihsti_
tutes 13 Eqypt which the government.agencies normally use.
" And the Project scale is so big with a long construction
period that the procurement program is studied dividing into

three phases.
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Terms of Loan

Q.

Foreign Currency

The proportion of the foreign currency portibh is
assumed that 80%.of FC will be loaned with an interest
rate of 4% per annum, and repayment ¢ver 30 years includ-
ing a grace period of 5 years, and 20% “of PC with an
interest rate df79%'per:annum and fepaymént aver 15 years
including a grace period of 5 years. aAnd as to the repay-
ment method, the principal and interest during construc-
tion will be deférred for 5 years, and after:éombletibn of
the Project, thé principal and interesf' (includxng the
intérest on the prlncipal and the 1nterest on the 1nterest.
deferred' during construction) will be repaid in equal
installments.
Local Currency

An épplicéble interest rate of thé‘local currency is
assumed to be BQIper annum. And it is assumed that a
3-year grace period for repaymentnof p}inéipal'and inter-
est during cohsﬁructioh is granted and the repayment of
principal and interest {including the interest ‘on’ the
principal and the interest 6n the intérest deferred during
construct1on) is made in equal 1nsta11ments for 12 years.
*Noté: 1In procurement of foreiqn currency portion for the

Project, 80% of the po;tidh could'bé'botrowed with

a soft loan and 20% with a hard loan.

Interest (%) Répaymeént Period
Soft loan - 4 3% 30 years intlﬁaiﬁg'é'grace

period of 5 years

Hard loan 9% 15 years including a grace
period of 5 years



FINANCIAL ANALYSIS

Method of Analysis

The financial conditions of the Project is analyzed by makin@

comparison of the present costs between the total capital invested

to the Project and sales revenue of electricity generated by the

Project. The process of analysis is as follows:

1)

2)

An equalizinﬁ discount rate (so-called a financiél internal
rate of return), with which the present value of. the tqtal
cﬁst of the Project.including operating expenses and the total
sales revenue of.glectricity couid he equalized, it calculat-
ed. And the financial feasibility of the Projéct is evaluated
by making comparison between the obtained discount rate and
FEA's targeted discount rate of 12%.

Baseé on the assuwred conditions for fund procurement, the
following items of.analysis are made:

a. Preparation of repayment schedule

~b. Préparation of statement of income

¢.  Cash flow analysis

G-2-2 Conditions for Analysis

1} Electricity Tariff

In Egypt, electricity is sold to consumers at a extremely
low price at present. According to the EEA's poiicy, however,
the rise of tariff is now planned and the current tariff will
be increased fo 15.666 mill./kﬁh in 1983/1984, 26.709 mill./
kWh in 1986/1987, and reach 28.85 mill./kwh in 1987/1988,
31.15 miil.)kWh in 198§/1989 And.33.64Hmill./kwh in 1989/1§90‘

ff the escalation rate after 1936/1987 is assumed to be 8%,

 A1£hough the new'ptdposéd tariff has not yetrapproved by the

government, it is anticipated that the new proposeé tariff



2)

3)

will be effective by the year of commissioning of.thg Project.

Therefore, in order to estimate electricity sales revenue
of the project, the new proposed tariff in 1988/1989 and 1989/
1990 are applied in the analysis.
Price Escalation |

It is expected that both the electricity tariff and the
running costs of the project after compissioning of the pro-
ject will rise as price of general commodities rise. However,
the price rise of commodities will equally affects to the
revenue and expenses in operation of the ?rojéct._ such an
inflationaf trend exéept electricity tariff by 1990 is not
considered in this financial analysis.
Coal Price

since the EEA's néw tariff systém is planned with subsi-
dized o0il price (Mazout: 7;5 LE/ton}, the subsidizéd béal
p?ice is also used for the financial analysis of the‘Project.
With a proportion of o0il and coal prices per Kcal, the subsi-
dized coal price as an upper limit of the price is obtained as
follows:

6,500 kcal/kg _

10,000 kealzkg ~ 0+2 LB/ton

7.5 LE/ton x

The price aque is ﬁsed for the financial apal?sis of the
Project as an uﬁper 1imit of bf.cbal'price. The value is
stjll considered to ﬁe cOnseEQafive one, |

BY appropriaiing the oil eguivaleant to tﬁe_coal uséd by
the Project for additional export, the Ministry of Petroleum
could save about 71.1 million Lfﬂ. annuallyf' On the other
ﬁand with such a sutpius, EEA could cope ﬁith the increase of

both the capital cost and operation and maintenance cost by
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5)

Q)

constructing the coal-fired thexrmal power plants instead of
oil-fired plants.. Hence, EFA ﬁrbposes to be compénsated the
amount for the increase in éperati§h'and raintenance cost and
depreciétion.
Allocation of Electricity Saieé ReVenue_to_Generatiph Sector
The'eléctricitf tariff is ésféblishéd to cover production
costs such as generating cost, transmission and substation
costs, administration cost and financial expenses (interest).
In the case of Egypt, cémponeht ratio of.generation cosf,
trénsmission and transforming cost and distribution cost in

the total supply cost of electricity is roughly allocated as

follows:

- Generation cost 70%

- Transmission and substation cost 15%

- pistribution cost 15%
Total ' ' 100%

the: Common expenses'{édministration cost, financial cost,
étc.} are allocated to generating,'transmission and
substation according to thelr respective Qalues of
fixed assets.
Average Rate per Unit sold
The overall average fate per unit.sold in the new proposed

tariff is as follows:

1987/88 - 28.846 mill./kwh
1988/89 '31.154 mill./kWh
1989/90 33.646 mill./kWh

Operating Revenue (Energy Sales Revenue)
Salable annual energy will be 3,700,224 MWh by 300 MW x 2
units_ahd annual enerqgy sales revenue in each year will be as

fdllows:
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7) Cost
a. Construction Cost
Construction cost and interest during construction are

shown in Table 9-2,

-Table 9-2 cConstruction Cost and Interest During Construction

(unit: x 10° 1E)

Fiscal Year 1984 1985 1986 1987 1088 1989 Total
: 4@9g%i§figningL
Schedule : o Construction Period )

Grace Period for FC
_ . Commencénent of
lay . - ‘ Repayment for F.C
Grace period for L.C Commencement of
Repayment for L.C

Construction Cost

_FC 4,0 54,0 121.6- 183.9 58.7 13.2 435.4

1C 1.2 8.2 19.0 29,5 15.9 1.2 75.0
Total : 5.2 62,2  140.6 213.4 14.6 14.4 510.4

*Interest During Construction

FC ' 54.1 54,1

1.C : . . . 3.2 _ 3.2

Total 3.2 54.1 57.3
Total _

FC ' 4,0 54.0 121.6 183,9 58.7 67,3  489.5

LC 1.2 8,2 19,0 32.7 15.9 1.2 78.2
Grand Total 5.2  62.2 140.6 216.6  74.6  68.5 567.7

Tt is noted that the figures in the interest during consutruction
are accumulated amount of the compound interest during the

construction.



LE 567.7 x 10°

Annual Operation/Maintenance Cost and Administrative
Expenses
Aannval Operation/maintenance cost: 2% of the construction

cost

6 6

LE 510.4 x 10 x 0.02

LE 10.2 x 10

0.5% of the construction cost
6

Adninistration cost
LE 510.4 x 10° x 0.005 = LE 2.6 x 10
Fuel Cost
Annual enerqy genefation at generator end will be
4,485,120 MWh, and annual fuel cost will be calculated as
follbws.
tRefer to page 9-4).

2,205 kcal/kwh

%500 keal/kg X 4.9 LE/ton x 4,485,120 MWh

% (1.66 mill./kwh)

= LE 7.5 x 10
Depreciation Cost

Depréciation is calculated on the construction cost
which includes interest during construction, without resi-
dual value. |

Therefore, the depreciation cost of this project will

be as follows:

= LE 18,9 x 106 (Durable Year: 30 years)
30
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RESULT OF ANALYSIS

Fqualizing Discount Rate {FIRR)

As shown in Table 9-3, the equalizing discount rate (FIRR)

derived from the above fiqures.is 13.29%,

Analysis of Cashflow Statemént

1)

2

3)

Fund Procurement and Repayment Schedule

The Repayment schedule for foreign and lécal currencies is
showﬁ in Table 9-4.
Statement of Income

Operating revenue (enerqgy sales revenue), operating ex-
penses (Operétion and maintenance coskt, administrative expense
and depreciation) and financia} expense (interést) are shown
in Table 9-5,
Analysis of Cashflow Statement

Table 9-6 shows inéoming cashflow {net income, fund pro-~
curement and depfeci;tion)' and outgoing ecashflow {capital
expenditures and'repayment of principal), and cash balance of
each year is also shown in this table.

Difference between incoming and outgoing cashflow is sur-

"~ plus. The project keeps the hlack from the year of commis-

sioning, and the reserve accumulated during the service life
of the Project amounts to 1,092 million LE as shown in Table

9-6.
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Conclusion
Sinai Céal—fited Thermal Power Project is coOncluded to be
feasible from the view point of financial aspect as follows.
a. Obtained equaliziné discount rate (11.29%) is npear the
" EEA‘'s targeted discount rate of 12% for financial evalu-
ation,
b. Cashflow balance in surplus will be secured on and after

the commissioning year,



. Discount rate
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i1% 12%
Fable 9 - 3 Bqualizing Discount Rate - Revenue/cost 1. 0240 0.9399
: (Financial Internal Rate of Return} * . Revenue/cost = 1. {)0 A Dlscount rate =
( EDR =11.29 (%} ) ( UNIT t+ % 1073 L.E, )
_ , . <« PREShNT WORTH >>
No.[Fiscal Project Operating Operating e e e e e e e
of Year Cost Expenses Total Revenue Balance :{Disc.Rate Value | Bise,Rate Va]ue
Year (Excl.Depre.Cost} ‘ 11.0(%) |Investment| Benefit’ 12.,0(%) Investment Benefit
_ {A) (8) &> (D) C~(A+8) o (E) (F)=A%E (G)=(C-B)XE (E)' (FY’ —A*E (Gr=(C- B)*E'
0| 1984 5,200 0 0 +5,200 | 1.000000 5.200 0 1.,000000 5.200 0
1| 1985 462,200 0 0 62,200 | 0.900901 56,036 0 0.892857 55,536 0
2 1986 140,600 0 o -140,600 | 0.811622 114,114 0 0.797194 112,085 0
3 | 1987 213,400 0 ‘ 0 ~213,400 ) 0.731121 156,036 0 0.711781 151,894 0
a 1988 74,400 8,390 33,391 ~49,599 | 0.658731 49,141 16,469 0.635518 47,410 15,889
5 1989 14,400 20,300 87,135 52,435 | 0.593451 8,546 39,663 0.567427 8,171 37,924
6 1990 0 20,300 87,135 66,835 | 0.534641 0 35,733 0.506632 -0 33,861
7 1991 0 20,300 87,135 66,835 | 0.481658 0 32,192 0.452350 0 ‘30,233
8| 1992 0 20,300 87,135 66,835 | 0.433926 0 29,001 .6.,403884 0 26,994
9 1993 0 20,300 87,135 66,835 | 0.320924 0 26,127 0.360611 0 24,101
10 | 1994 0 20,300 87,135 66,835 | 0.,352184 0 23,538 0.321974 0 21,519
11 | 1995 0 20,300 87,135 66,835 | 0.317283] 0 21,206 |  ©.287477 0. 19,213
12 1996 0 20,300 87,135 66,835 | 0.285841 0 19,104 | 0.256676 0 - 17,155
13 1997 0 20,300 87,135 66,835 | 0.257514 0 17,211 0.229175 0 15,317
14 1998 0 20,300 87,135 66,835 | 0.231995) 0 15,5035 0.204620 0 13,676
15 1999 0 20,300 87,135 66,835 | 0.209004 0 13,969 0.182697 0 12,211
16 | 2000 0 20,300 87,135 66,835 0.188292| 0 12,584 0.163122 0 10,902
171 2001 0 20,300 87,135 66,835 | 0.169632 0 11,337 0.145645 0 2,734
18 | 2002 0 20,300 87,135 66,835 | 0.152822 o 10,214 0.130040 0 8,691
19 | 20903 0 20,300 87,135 66,835 | 0.137677 0 9,202 0.116107 0 7,760
20 2004 0 26,300 87,135 646,835 | 0.124034 0 8,290 0.103667 0 6,929
21 | 2005 0 20,300 87,135 66,835 | 0.111742 0 7,468 |  0,092560 0 6,186
22 2006 0 20,300 87,135 66,835 | 0.,100669 0 6;?28 0.082643 0 5,523
23 | 2007 ol 20,300 87,135 66,835 | 0.090692 0 6,061 0.073788 0 4,932
24 2008 0 20,300 87,135 66,835 | 0.081705 o 5,461 | © 0.065882 0 4,403
25 2009 0 20,300 87,135 66,835 | 0.073608 0 4,920 0.058824 0 3,931
26 | 2010 0 20,300 87,135 66,835 | 0.066313 0 4,432 0.052521 0 3,510
27 2011 0 20,300 87,135 66,835 | 0.059742 0 3,993 - 0.04689%94 0 3,134
28 2012 0 20,300 87,135 66,835 | 0.053821 0 3,597 0.041869 0 2,798
29 | 2013 0 20,300 87,135 46,835 | 0.048488 0 3,241 0.037383 0 2,499
30 2014 -0 20,300 87,135 66,835 | 0.043683 0 2,920 | 0.033378 0 2,231
31 2015 0 20,300 87,135 66,835 | 0.039354 0 2,630 0.029802 0 1,992
32| 2016 0 20,300 87,135 66,835 | 0,035454 0 2,3?0 '0.026609 0 1,778
33 2017 0 20,300 87,135 66,835 | 0.031240 0. 2,135 0.0237¢58 o 1,588
34 2018 1] 11,920 51,080 - 39,160 | 0.028775 0 1,127 { 0.021212| 0 831
TOTAL 510,400 609,010 2,611,386 1,491,976 - 389,073 398,428 -—- 380,296 J 357,445
2,354 -22,851

11.29%



Table 9 - 4

Repayment

Schedule

: : Repéyment Schedule E
Fund Requirement . : ‘ : _ — - .

to. Fiscal ' Foreign Currency 1 (4.0%) Foreign Currency 2 (9.0%) Foreign Currency Total . - 'Local Currency (8
Ygzg Year zsii232; ggzi;néy Total Principai Interest| Total mgj?jﬁﬁznqpriHCipal Ihtefégt Total oggﬁzﬁggégprincipal Interest ToFal (hgztgzgzmiprincipal IhfefesF motal
011984 4,40 1.20 5.20 0.00] (0,69 (0.69) 0.00 0.00| (0.43)] (0.2 0,00 0.00| {1.12)) (1.12} _0.00 6,00 | (0.31) - (o,
1 {1985 54.00 8.20 62,20 0.00 ( 7.340  ( 7.34) 0.00 0.00|  (4.25)) (4.45) 6.00 0.00| (11.78)] (11.78] 0.00 6.00 | " (1.36) (1,
2 1986 | 121,60 19,00 140.60] 0,00} (12,19 (12.15) 0,00 0.00| (7.8 (78| 0,00 0.00| 019,32} ' (19,32 0.00| 0.00] (.52 @ @,
3 |1987 | 183.90| = 29,50} 213.40 0,00 |  (12.00 (12.00f 0,00 0,00 (6.92 (6,92 0.00 0.00| (8.92)f (18.92) 0,00 4.2 6.26 10,
411088 | ss.70| 1s.90| 74.60]  o0.00| ¢ 1.88 ( L.88) 382.38 0.00] (1.08)  (1.06}] 107.11 0.00) (2,93)] - (2,931 489,49 4.45 5.93 10,
5 |1989 13.20]  1.20 14.40 9.18 15,30] 24.48| 373.20 ' 7.05 9.64| 16.69 | 100.06 16.23|  24.94| 41,37 473,26 4.81 5:57 10,
6 |1990 0.00 0.00 0.00 39.55 14.93] 24.481  363.65 7.68 9.01| 16.69 92.37 17.23| 23,94 41.17) 456,02 5,19 5,19 10.
7 {1991 0.00] . 0,00 6.00| 9.93 14,55 24,48 353.72 8.38} 8.31| 16.69 84.00 § 18,31 22.86 a1.17] 4372 5.61 4.77 10.
8 1992 0.00 ©.00 0.00]  10.33 14.15|  24.48| 343,39 9.131  7.56| 16.69 74.87 19.46| 21.7% 41.17] 418.26 6.05 ©4.33 10,
9 |1993 0.00 .00 0.00 10,74 13.74 24.48 332.65 9.95 6.74 16,69 64.92 20.69] 20:48 41,17 397.57 6.54 3.84 10,
10 | 1994 0.00] 0,00 0.00| 11.17|  13.31] 24.48| 321.48| 10.85| 5.84| 16.69 | 54.07 22,02 19.05)  41.17] 375.5% 7.06 3.32] 0.
111995 0.00y  0.00 0.00] 11.62 12.86] 24.48| 309.86 [ 11.82) 4.87| 16.69 42,25 23.44| 17.73 a1.17|  352.11 7.63 2.75 10,
12 [1996|  0.00 0.00 0.00) ~12.08 12,40 24.48| 207.78| 12.89] 3,80 16569 ] 29,36 | 24,97| '16.20 41.17]  327.14 8.24 2.14 10
13 [1997 0,00 0.00] . 0.001 33 57 11,91 24.48] 285.21 14.05 2.64| 16,69 15.31 26.62]  14.55 41.17|  300.52 8.90 1.48 10
14 | 1998 0.00 0.00 0.00f 13.07| 11.41] 24.48| 272,14 15.31 1.38] 16.69 0,00 | 28.38| 12.79| 41,17 272.14 9.60 |  0.78 10]
15 | 1999 0.00 0.00 0.00]  13.50 10,80] 24.48| 258,55 0.00] 0,00 0,00 0.00 13.59| 10,80 |  24.48] 258,55 0.00 0.00 0
16 | 2000 0.00] 0.00 0.00] 14.13] 10.35]  24.48| 244.42 0,000 6.00{ o0.00 0.00 { 14.13| 10.35 24.48| 244,42 0.00 0.00 0
17 | 2001 0.00[  0.00 0.00| 14.70 9,78 . 24,48 220,72 0.00| ©0.00| _0.00 0,00 { 1470  9.78 24.48|  229.721 " 0,00 0.00 0
18 |2002] " 0.00] o0.00| 0.00] 15.39 9.19] 24.48] 214.43] o0.00| o0.00| 0.00 0.00 | 15.28]  9.19 24.48| 21443 o0.00|  0.00 0
19 | 2003 0.00/ — o0.00 0.00| ys5.00| .58 24.48] 198.53 0.0 o0.00] 0.00 0.00 15.90| 8.58| 24.48] 198.53]  o0.00| 000 0@

20 | 200 0.00f o0.00]  0.00f 16,54 7.04|  24.48| 181.99 0.00] o0.00| 0,00 0.00 16.54| " 7.94| 24,48 181.99| 0,00 0,00
21 | 2005 .00 0.00{  0.00] 17,20 7.28] - 24.48] 164.80 0.00 0.00| - 0.00 0.00 17,20 7.28 24.48]  164.80 0.00 0,00 3
22 | 2006 0.00f  0.00 0.00[ 17.89| 6.5 ' 24.48[ 146.91 0.00] ©0.00| 0.00 10.00 17.89)  6.59 24.48| 146.91 0,00 0.00 o
23 | 2007 0.00 0.00 0.00| 18.60|  s.88] 24.48| - 128.31 0.00 0.00 0.60 0,00 18.60 s.88 |  24.48| 128.3 0.00 0,00 0
24 [ 2008 0.00] . 0.00 0.00] 19,34 5,14]  24.48| 108.97 0.00/ o0.,00] 0.00 10.00 19.34 5.14 24,48] 108,97 0.00 0.00 0
25 {2009] " o0.00| 0.00}  o0.00] - 20.12f  4.36] 24.48)  88.85 0.00] "0.00] o000 | 000 | 20,12] 4.36| 24.48] 88.85] - 0.00 0.00 0
26 | 2010 0.00 0.00 0.90| 20,92 3.56|  24.48 67.92 0.00 0.00| 0.00 0.00 20.92 3.56) 24,48 67,92] 0.00 0.00 0
27 | 2011 0,00 0.00 "0.00} - 21.76 2,72 24.48 46.16 0,00 0.00 0.00 10,00 21,76  2.72 24.48 46,16 0.00 0.00[ 0
28 | 2012 0.00] 0,00 0.00|  22.63 1.85| 24,48| 23.53] 0.00] 0.00| .0.00 0.00 22,63| 1.85| 24.48] 23,53 0.00 0.00 0
29 | 2013 0.00f 0.0 0.00] 23.53 0.95  24.48 0.00| 0,00 o0.00] 0.00 0.00 23.53]  o0.05| 24.48] 0.00f ©0.00| 0.00] o
30 | 2014 0.00]  0.00 0.00 0.00 0.00 0.00|  0.00 0.00 0,00 0.00 {  0.00 0,00  0.00 0.00 0.00 0.00 | . ©0.00 0
31 | 2015 0.006 0.00 0,00 . 0,00 0.00 0.00 - 0,00 0.00 0.00 0.00 0.00 0.00 T 0,00 0.00 0,00 0.00 0.00 0
32 [ 2016 0.00]- . 0.00 0.00 0.00 0.00] _ 0.00 0.00 o.00] 0.00] o0.00 0.00 0,00  0.00 0.00 0.00 0.00 | 0,00 0
33 2007 T o.00 0.00 0.00 0.00 0.00/ 0,00 0,00 0.00] 0.00| 0.00 0.00 0.00]  0.00 0.00 0.00 0,00 0.00 0
3412018 0.060 0.00 0.00] 0,00 0.00]  0.00 0.00 0,00 0.00| 0.00 0,00 0,00} 0,00 © 0.00 0.00 0.00 0,00 0
Total 435,40 75.00| ~ 510.40] " 332,38 229.62] 612.00 ——— 107.11 59,79 | 166.90 - 48%9.49} 289.41 778.90 ——— 78,20 46.36 124
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Table 9 - 4 Repayment Scheduie R
(uniT: Million L.E.)
Repayment Schedule ) |
-1 - - = = v
Foreign Currency 1  (4.0%) Foreign Currency 2 '(‘).:0%) Foreigh Currency Total Local Curreéncy - (8.0%) 7 Total o
P.r‘incipal Interest 'I‘otal_ Ou;:aslt::f:ng Principai Intéges:t 'I‘d’f_a_l 'Oléis;:r?f;ng l-":rin'c;ipal Int_ea_fest Tt‘)té_\.l. .Ou;:t::gglg Prino__ipa]] Interest| Total : Ol'l;t:l'?;;mg Principal _Interest ’I‘otgl m;i:::g?g
o 0.00| (0.600 ( 9.69) 0.00 C0.00]  co0.4n| (o0.amn]  0.00 "0.00] (1.12) (1.12] 0.00 0.00 (0.31)  (0.31 0.00] - 0,00 (1.43)| ( 1.43) 0.00
o] o0,00| (7.34) {7.34) 0.00. 0.00| (4,45} (4.4%) 0.00 0.00] (1.78) (1.78] 0.00 000 (1,360 (3@ 6.00] 0.,00| (13.24)[ (13.14) 0.00.
o] o.00| G2a9 w2asd .00 0,00 :(rae)| (718 o.00 0.00] (19.32) = €19.32] 0.00] o.00| (.52 .53 78.20]  0.007| (20.84)| (20.84)] 567.69.
0 0.00| (12.00. (12,00) 0.00 0.00| (6.92 (6.92 0.00 0.00| (s.92)] (18.92] 0.00 4,12 6.26 10,38}  74.08 412 | -6.26 10.38.|  563.57
0 0.00| (1.8® (1.88) 382.38 0.00|  (1.08)) (1.08) | 107.11) 0.00| (2,93 (2,931 489.49 4.45 5.93 10.38 69.631  4.45| -5.93 10.38 | 559,12
of s.as| 15.30] 24.48{ ~373.20 7.05| - 9.64|  16.69 | 100.06 16.23| 24.04| 4107 473.26 4.81 5.57 10.38] 4.8z 21,04 | "30.50 | 51.55| 538.08
o 9,55 14,93  24.48| 363,65 7.68 9.0L| 16.69 92,37 17.23| 23.94 41.17| 456.02 5.19 5.19 10.38 59.63| 22,42 | 29,13 51.55 | 515.65
0 9.93 14,55/ 24.48| 353.72 8.38]  8.31] 16.69 84.00 | 18,31| 22.86 4i,17| 437,72 5.61 4,77 10,38 54.0z|  23.92 |  27.63 51.55 |  491.74
o] 10.33 14.15]  24.48| 343,39 9,13 7.56| 16.69 74.87 1946 21,71 41,17 418.26 6.05 4.33 10,38 47.97] 25.51| 26.04 51.55 | 466.23
EQ 10.74 13.74]  24.48| 332.65| 9,05 6.74 | 16.69 64.92 20,69 20.48 4117 397,57 6.54 3.84 10.38 41.43] 27,23 24.32 51,55 | 439.00
po] 11,17 13,31 24.48| 321.48 | 10.85 5.84| 16.69 | . 54.07 22,02]  19.15 41,17} 375.55 7.06 3.32 10.38 34.37] 29.08 | 22.47 51.55 | 409.92
DO 11.62 12.86| 24.48 309.86 11.82 4.87 16,69 42,25 23,44 17,73 41.17 352,11  7.63 - 2,75 10,38 26.74 31.07 20.48 51.55 378.85
00 12.08 12,40 24.48 297.78 | 12,89 3.80 16.69 29.36 . 24.97 16.20 41.17]  327.14 8.24 2.14 10,38 18,50 33.21 18.34 51.55 345.64
00l 12,57 11,91 24.48] 285.21|  14.05 2.64 16.6% 15.31 26.62|  14.55 41,17| - 300.52 8.90 1.48 10.38 9.60| 35.52 | 16.03 51,55 | 310,12
oo 13.07| 114y 24.48) 2724 | 5.3 1.38| 16,69 | 0.00 26.38| 12,79 41.17| 27214 - 9.60 0.78 10,38 0,00 37,98 | 13.57 51,55 | 272,14
Q0| 13.59| 10.89] 24.48] 258.55} ° 0.00 0,00 0,00 _ 0.00 13.59]  10.89 24.48|  258.55 0.00 0.00 0.00 0.00] 13,59 | 10.89 24,48 | 258,55
00 14,13 10.35 24.48]  244.42 0.00 0.00 0.00 0.00 14,13 10,35 24.48|  244.42 0.00 0.00 0.00 o.00l 14.13 10.35 24.48 | 244.42
%ﬁ T 14,70 9.78] = 24.48| 229,72 0.00 0.00 0.00 . 0.00 14.70 9.78 | 24.48|  229.72 0.00 0.00 0.00 0.00[ 14,70| 9.78 24.48 | 229.72
00 15.29 9.19| 24.48| 214.43|  o0.00| 0.00| o0.00| o000 | 15.29] 9.19) = 24.48| 214.43] o0.00 0.00| 0,00 0.00| 15.20 | 9.19 | 24.48] 212.43
00| 15.90 -8.58] 24.48| 198.53 0.00 0.00 0.00 0,00 15.90|  8.58 24,48] 198,53 0.00 0.00 0.00 0.00] . 15.90 8.58 24.48 ] 198,53
00| 16.54 7.04] 2a.48| 181.99 0.00 0,00 0.00 6.00 16.54 7,94 24.48| 181,93 0.00 0.00 0.00 0.00| 16.54 7.94 24.48 | 181.99
00| 17.20]  7.28] 24.48 164.80 0.00{ 0.00] 0,00 o.00 | 17,20]  7.28| 24,48 164.80 0.00 0.00 0.00 0.00} 17.20 7.28 | 24.48 | 164,79
0O - 17.89 _6.59]  24.48| 146.91 0.00 0.00 0.00 0.00 17.89 6.59 24.48| 146.91| = ©.00 0.00 0.00] 0.00] 17.89 6,59 24,48 | 146,90 |
00|  18.60|  5.88] 24.48| 128.3 0.00 0.00 0.00 "0.00 | 18,60 5.88 24,48} - 128.31 0.00 0.00 0.00 0.00] 18.60 5.86 | 24,48 | 128.30
(00| 19.34| 5,14 24.48 108.97 0.00] 0.00{ o0.00 0.00 10,34|  s5.14| 24,48 108,97] 0.00 0.00 ¢.00 0.00} 19.3a| 5,14 | 24,48 108.96
loo]  20.12 4.36]  24.48 88.85 0.00 0.00| 0.00 - 0.00 20,12 4.36 24.48 88.85 0.00 .00 - 0.00 0.00] = 20.12 4.36 24.48 88.84
00 20.92] 3.56|  24.48 67.92 0.00 0.00 .00 0.00 20,92 3.56 24.48 67.92 0,00 0.00 0.00 0.00] 20.92 3.56 | 24.48 67.92
00l 21,76)  2,72)  24.48 46.16 0.00 0.00 0.00 .0.,00 - 21.76 2.72 24.48] 46.16 0.00 10,00 0.00 o.00] 21.76|. 2.72 24,48 46.16
ool 22,63 1.85  24.48 23.53 0.00 0.00 0.00 0.00 22.63 1.85] 24.48 23.53| 0.00 0.00 0.00] o.00] 2283| 1.85 24,48 23,53
00 23,53 0,95  24.48 0.00 0.00] o0.00| 6.00 0.00 23.53|  o0,05] 24.48 0.00] o0.00]  o0.00 0.00 0.00] 23.53| o.o5 | 24,48 0.00
.00 0.00 0.00 0.00 0.00 0.60 0.00 .00 0.00 0.00 0,00 | .0.00 0.00]  0.00 0.00 0,00 0.00 0.00 0.00 0.00 10.00
.00 0.00 0,00 0.00] 0,00 0.00 0.00 0.00 - 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
00 0.00 0.00| 0,00 0.00| o0.00] 0.00 0.00 0.00 | o,00] 0,00 0.00 0.00] o0.00 0.00 0.00 0.00] o0.00] o.00 6.00 0.00
00 " 0.00 0.00]  0.00 0.00] " o9.00] 0.00] o.00 0.00 0.00] 0.00 0.00 0.00| - 0.00 0.00]  0.00 0.00]  o0.00] 0.00 0.00 0.00
.00 - 0.00 0.00] 0.00]  0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00| = 0.00 0.00] - 0,00 0.00 0.00| 0.00 0,00 0,00
-40]  382.38|  229.62] 612,00 @ --- 107.11] 59.79 | 166,90 | --- | '489,49] 289.41| 778.90| -~- 78,20 46,36] 124.86]. - | 567,69 335.77 | 903.46| ---

’
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Table 9 - 5 - :Statement ofTIncbme

€ UNIT : x 1073 L.E, )
{{ Operating Revenie »> . . w0 £€ Opérating Expenses )

No.|Fiscal|Aval .Energy|Sala.Energy| Salable Qepre~ | Operating &]:-General -Fuel . Operating Finangial _ Accumulated

of Year |at Sending |at Consumer Price Total ciation | Haintenance] -~ Expensé | Cost . Total - Incoma Expenseas Net Income Net Income
Year End (guh)|End  :(gwh}|{Millaskuh)} _ ) {Interest)
KA (8) {C} {D)=BxC : . | (E) (F)=0-E {G) tH)=F-G

0 1984 o o 0.00 Q 0 0 0 0 0 0 0
1| 1985 0 0 0.00 0 0 0 0 0 0 0 0
2 | 1986 0 i 6.00 0 0 0 0 0 o 0 0
3| 1987 0 .0 0.00 0 0 : 0 0 _ 0 4,260 -6,260 ~6,260
a { 1988 1,740 1,531 | ~ 2t.81 33,391 | - 7;820]) 3,100 - 16,210 17,181 { 5,930 11,251 4,991
S 1989 4,205 3,700 23.55 87,135 - 18,900} .. - 2000 32,200 47,935 . 30,510 17,425 ' 22,416
é 1920 4,205 3,700 23.95 87,135 18,900 | . i 73900 - 39,200 47,9335 29,130 18,803 41,221
7 1991 4,205 3,700 23.55 87,135 ‘18,900 | S 7,300 .7 39,200 | 47,935 27,630 20,305 61,526
8 1992 4,205 | 3,700 23.55 : 87,135 | 18,900} i Ce7y900)] - 39,200 . 47,935 26,040 21,895 83,421
b4 1993 4,205 | 3,700 "23.55 87,135 | 18,900 - Ce e300 - 39,200 47,935 24,320 23,615 107,036
10 1994 4,205 3,700 23.55 87,135 | - 18,900 .-, R 1] 39,200 47,935 22,470 25,445 ' 132,501
11 | 1995 4,205 3,700 | 23.55. 87,135 | 18,900} Coo7,500| 39,200 47,935 20,480 27,455 159,956
- 12 1996 4,205 3,700 23.59 87,135 | 18,900 - 500 - 39,200 47,935 18,340 29,595 189,551
13 | 1997 4,205 3,700 23.55 | s87,135] 18,900 - 107,500 39,200 47,935 16,030 | - = 31,905 221,456
id 1998 4,205 3,700 23.55 . 87,135 | - 18,900 7,500 © 39,200 47,935 13,570 34,3635 255,821
15 1999 4,205 - 3,700 23.55. 87,135 18,900 7,500 . 39,200 . 47,9235 10,890 | 37,045 292,866
16 | 2000 4,205 3,700 23.55 87,1351 18,900 - 7,500 39,200 47,935 10,350 37,585 ' 330,451

1?7 2001 4,205 3,700 23.55 © 87,135 18,900 | - ST 4500 © 39,200 47,935 _ 9,780 38,155 |- . 368,606
18 2002 4,205 3,700 23.55 - - 87,135 18,900 | < 745500 39,200 47,935 7,190 38,745 4a07,351
ie 2003 . 4,205 - 3,700 23.55 . 87,135} 18,900 - 75900 - 39,200 47,935 8,380 39,355 446,706
20 2004 : - 4,205 3,700 | 23.55 . 87,133 18,900 : ‘7,500 . 39,200 - 47,935 7,240 39,993 486,701
21 | 2005 4,205 3,700 23.55 87,135 ~ 18,900 | 75500 © 39,200 47,935 7,280 40,655 527,356
22 | 2006 4,205 3,700 "23.55 87,135 | 18,900 c 7,500 392,200 47,935 4,590 41,345 368,701
23 | 2007 4,205 3,700 23.55 - 87,135 | 18,900 f o ?4,D00 39,200 - 47,935 . 9,880 42,055 | - 610,756
24 | 2008 4,205 © 3,700 | . 23.55 87,135 | 18,900 P 7,500 | 39,200 47,933 5,140 42,795 653,551
25 | 2009 4,205 3,700 23.55 87,135 | ' 18,500 e d,500 39,200 47,935 . 4,340 ' 43,575 _ 697,126
26 | 2010 4,205 3,700 | 23.55 87,135 | 18,900 - 74500 - 39,200 47,935 3,560 44,375 741,501
27 | 2011 4,205 3,700 23.55 87,135 18,900 ;i y900 39,200 47,935 2,720 43,215 786,716
28 | 2012 | - 4,205 3,700 23.55 . 872,135 | 18,900 ;7500 - 39,200 47,935). = 1,830 46,089 832,801
29 | 2013 4,205 | 3,700 23.55 CL87,135 ] 18,900 :: 0 24000 . 39,200 47,935 1 950 | 46,985 879,786
30 2014 | 4,205 - 3,700 '23.55 © 87,133 . 018,900 P 2500 . 39,200 a47,935) .. { ¢ 47,935 927,721
31 | 2015 4,205 3,700 - 23.35 87,133 . . 18,900 Ci7sS00) - 39,200 . 47,935 t 0 : 47,935 975,656
32 ) 2016 4,205 . 3,700 23.55 - 80,135 | 18,900 L7500 | . 39,200 47,935 i 0] o AT,933 1,023,591
33 | 2017 4,205 3,700 23.55 87,135 | . 18,900 7,500 | 39,200 47,935 10 47,935 1,071,526
34 2018 2,465 2,169 23.55 . 31,080 |- 11,080 o 4,400 | - 23,000 28,080 ! 0 - - 28,080 1,022,606

T0TAL | 126,150 111,000 == 2,611,386 | 547,000 .- °306,0468 |- 78,000 225,000 |: 1,176,010 | 1,435,376 335,770 1,099,504 -

| | | . . _ . : . 6l
Remarks: 1) Operating & Maintenence Cost: 2% of the Construction Cost. - (L.E 510.4 x 106 % 0,02 = L.E 10.2 x 107)

t2) Administration Cost'{General Expense): . 0,5% of. the: Cosntruction Cost. (L.E 5i0.4 x 10° x 0.005 = L.,E 2.60 % 107)
2,205 keal/xwh o, e . P U N <1
g:gaa—iggijga- x-dfg-LéEftbn_X 4,485,120-§wh_r L.E ?75;3 10‘
4) Depreciatioﬁ Expenses: '§§112§%_19~_%7L;E JB.Q'R'IOQ.'l fi 

3) Fuel Cost:
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Cashflow Statement

Table 9 - 6 ..
¢ UNIT : x 10°3 L.E. )
<{ INCOMING CASHFLOW >> {{ QUTGOING CASHFLOW  >> << CASH BALANCE >>
: — ) _ j - ' T P ' ; _ (Benefitable Amount)
‘No.|Fiscal| Net Income | Foreign: Local 1o Grand Capital Repay. of . Annual Aecumulated
of Year + -] Currency Currency Total ‘Lo Total! - Expend. Principal Total Amount Amount
Year| Depreciation ' ' R | (Constructions)| (Incl.lntersest - .
(A) (B): UACY=AB | _ during Const.)| (D) c-D
0] 1984 o 4,000 1,200 5,200: 5,200 - 0 5,200. 0 0
i | 1985 0 54,000 8,200 62,200 62,200 0 62,200 0 0
2 1986 C | 121,600 19,000 140,800 140,600 . 0 140,600 D 0
-3 1987 -6,260 |! 183,900 29,500 b 207,140 213,400 4,120 217,520 -10,380 -10,380
4| 1988 19,071 | 58,700 | 15,900 93,671 74,600 4,450 79,050 14,621 4,281
-3 1989 36,325 | 13,200 1,200 50,723 14,400 21,040 35,440 15,285 19,526
6 1990 37,705 | 0 0 37,709 0 22,420 22,420 15,285 34,811
g 1991 39,205 | 0 0 39,205 0 23,920 23,920 15,285 50,096
.8 1992 40,795 |. 0 0 a0,795 0 25,510 25,510 15,285 65,381
9 1993 42,515 0 0 42,515 o 27,230 27,230 15,285 80,666
10 1994 44,365 |- 0 0 44,345 0 29,080 29,080 15,285 93,951
11 1995 46,355 || 0 0 44,359 -0 31,070 - 31,070 15,285 111,236
12 1996 48,495 | 0 0 48,495 -0 33,210 33,210 15,283 126,521
13 | 1997 50,805 | 0 0 50,805 0 35,520 35,520 15,285 141,806
ia 1998 53,265 |- 0 0 53,265 0o 37,980 37,980 15,285 157,091
15 1999 59,945 0 0 55,945 0 13,590 13,590 42,355 199,446
16 2000 56,485 0 0 56,435 0 14,130 14,130 42,355 241,801
17 | 2001 57,055 0 ¢ 57,055 0 14,700 14,700 42,355 284,156
i8 2002 57,645 0 0 57,645 0 15,290 15,290 42,335 326,511
19 | 2003 58,255 |° 0 0 58,255 0 15,900 15,900 42,355 368,866
20 2004 58,895 | -0 0 38,895 0 16,540 16,540 42,355 . 411,221
21 2005 59,555 |. 0 O 59,355 0 17,200 17,200 42,355 - 453,576
22 2006 60,245 0 0 60,245 o 17,890 17,890 42,355 495,931
23 2007 60,955 0 0 60,955 0 18,600 18,600 42,355 538,286
24 | 2008 61,695 | 0 0 61,695 0 19,340 19,340 42,355 580, 641
25 | 2009 62,475 || 0 0 62,475 0 20,120 20,120 42,355 622,996
26 | 2010 63,275 | | 0 0 63,275 0 20,920 20,920| 42,355 665,351
27 | 2011 64,115 || 0 0 44,115 0 21,760 21,760 42,355 707,706
28 2012 64,985 | . 0 0 64,985 .0 22,630 22,630 42,355 756,061
29 | 2013 163,885 |, 0 0 65,885 0 23,530 23,530 42,355 792,416
30 | 2014 66,835 | 0 0 66,835 0 0 . 0 66,835 859,251
31 2015 66,835 0 0 66,835 -0 0 ’ G 66,835 926,086
32| 2016 66,835 0 0 66,835 0 0 0 66,835 992,921
33 2017 66,835 0 0 66,835 o 0 ) 66,835.| 1,059,756
34 2018 39,160 0 0 39,160 - 0 0 0 39,160 1,098,916
TOTAL 1,666,606 435,400 75,000 © 992,172,006 | .. 510,400 - 567,690 1,078,090} 1,098,916 ==
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CHAPTER 10. ECONCMIC ANALYSES

METHOD OF ANALYSIS

The économic evaluation of the Sinai coal-fired thermal power
project sﬁa]l be made by the comparison between the preésent woith
of the total costs incurred from the start of its construction
works to the end of its service life and the present worth of thé
correspondinq .costs. of an alternative o6il-fired thermal power
project. The total costs of the oil-fired power project is consi-
dered to be tﬁe "benefit" of the coal-fired thermal power project
and the coal-fired power préject should be economically justified,
in comparing the following ratio with a so-called social rate of
discount,

- Benefit/cost ratio

Tn the above COﬁparison, thée most important is how to assumeé
the value of the social rate of discount. Generally speaking, the
direct portion of the costs needed for power development project
is financed mainly by the international and governmental financial
institutions, and the serxvices produced from the project are to
increase social welfare. Therefore, the discount rate to be used
in suoh.eCOnomic evaluation should be determined from éocial stand~
point. For this reason, this discount rate should be a prescfip—
tive function which reflects accurately an overall evaluation of
the society on the so-called consumption benefit at different
peoints of time, or the social time-preference ratio, and should be
decided by the goVernment_judging fgom its soclial policy as well

as its provision on the country's future economic conditions.
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: However, a c¢oncrete method fprnmeasurinqléhé”sbéial rate of dis-
count has ﬁot.yét gstébliéhed.

n Egyét, EEA's Planniné.bepértment applys the discount rate
at- 8% for:éconbmic.evaluatiOn of pr0jé¢ts. Thekefofe,‘iﬁ this
;stﬁdy:the;diécount-rafé'of é%:is:adopted; And also the discdpnt

rates of 10% and 12% are - studied 'as ~‘alternative - plan,
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10-2  CONDITIONS FOR -ANALYSIS

1)

2)_

3}

4)

_Cohditiong' adopted- for ‘this economic  evaluation are as
foilow#: ‘

_Construction cost, operation and maintenance cost, administra-

tion cOSﬁ fuel cést; efé., shall be estimated at the weighted

mean year during the constructlon horks.

SAL1LC the costs shall be converted to the present worth as of

the beglnnxng ‘of 1984 which is the starting vyear of

construction of the Project.

The service life of bofh the coal-fired and oil-fired power

plants shall be 30 years.
For fuel prices, the 'foilowing two assumptions shall be

applied:

a) Theoretical.basis ﬁhich forecaéts a long rahge énerqy
situation of Egyét
- coai: 48.6 LE(US$59) casea InternagiOnai price as'per
.dppoituhity cast
‘- oil §148.1_LE(US$150}'..;. International price:
b} Actual basis which takes into account tﬁe actual financial
conditiQns in which EFA is placed.
—coal: 46.5 LE(US§56.5)
* Annual fuel cqnsumptidn:
.Domestic coal:  '300,000 foﬁs
Imported coélz.l,zzi,OOO ;6ns
tbomeStic éoél price waé applied.44 LE/ton, whiéh is
average price of sellinq price of Maghara coal (48
LE/ton; tentative) and annual operating_ cost (40.5
' LE/tOn: 1ncluding transéortation coSt)} and improtgd

~ coal price was applied 47.1 1E/ton (Australian coal),
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-'6il 1 7.5 LE(US$9.1) ..... Subsidized price
It .is ndféd.thaE in case of b) thé’Saviﬁq:bbtaiﬁed by
" using coal instead of 6il shall be reduced from costs of

the Sinai Coal-fired Thermal Power Project,  °
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10-3 - DATA FOR ANALYSIS OF THE PROJECT
The ‘data for analysis of the project (installed capacity, .

. annual generation, station service loss, transmission loss, ther-

mal efficiency, etc.) aré shown in Table 10-1.

" Table 10-1  bata for Analysis.

10,000 kcal/kg .. 6,500 kcal/kg

" 0il-firea Coal-fired L .Remarks
A, Installed capaciﬁy '62§”MW, o o : 640 MW
B. Seﬁding_end capacity GOOqu. .o - 800 Mﬁ
C. Statioﬁ service loss{kW) ~ 3.5% . S 6.25%._
D. Utilization factor 80% 80%
E. Transmission and . Lo : . :
distribution losses 12% . 12%
F. Annual ;Jlel."ier;ti"i.c‘mi A x 8,760. x 0/16-0' o
at Generator end 4,344,960 Mvh 4,485,120 MWh
G. Anfual §alable energy #'ﬁ_f£‘¥ cfibO)f1 - Eflﬁof.. |
at consumer end_ 3,689,740 Mwh 3,700,200 MWh -~
H. Consttuctidn'cosé " 466.4 x 10° LE | 510.4 10.6 LE
I. Gperétion and | : 3 :
maintenance cost H x 2% H X 2%
J. Adéini;tratidn cosﬁ H x 0.5;. . H x 0,5%
K. AnﬁualnFuél | |
coggﬁmétion 958.1#103.£6ﬁ - 1}5i1:5x103 ton
L. Fuel price. $180(148.1 LE) /ton - $59(48.6 LE)/ton. -~ Theoretical basis $9.1
M. Durable years 30 years' o 30 yeérs. |
. blént'efficiency 39%(2,205 kcal/kwh) 39%(2,205 kc§1/kwh)
O..Céiorificlvalue- . |
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EXPENSES.- fhéorétical fueI:Cost BaSis.(;nférnatiQnal price Basis)
Constrqction cost

The c&hstrugfibn costs of - the cbal;fired.-and oil-fired
(alternatiVé) pbwér ﬁlants sﬁall be the nét coﬁstfﬁCtidn'cOst,'not
including the iﬁtereét'dﬁring cdnstrﬂcéioﬁ.

T

sinai Coal-rired Power Plant : 510.4 % 10

Alternativé 0il-fired Power Plant: 466.4 ¥ 10° LE

10-4-2

The annual disbursement of the ¢onstruction costs 1s estimated

as shown in the following table,

Table 10-2 Construction Cost by Year (Unit: x Jbﬁ-LE) ;

Sinai Power Plaﬁt o 0il-fived Plant

Foreiqh ‘Local - * Poreign Lbcai

Curréncy Cu;rgney Tpta}r Currency Currgngy Total
1984 4.0 1.2 5.2 3.7 1.1 - 4.8
1985 54,0 é.?  6?.2 494 7.4 56.8
1986 121.6 19.0_ 140.6 111L4 .17.1- .128.5
1987 183.9 29.5 213.4 - 168.5 26.6°  195.1 _
1988 587 15.9 7.6 538 143 68.1
1980 132 1.2 _14.4 121 1.0 13,1 |
Total  435.4 5.0 510.4  398.9 67.5 466 .4

Opetation aﬁB'ﬁainténance.COSt -

Operation and maintenance éost'is:éstimﬁtéd to be 2% of the
constqu;ion.cbst'for both éoal—firéd'powér'plaht and_oil-fired
powef-plaﬁt és £011ows. | | N

Sinai Poﬁer Plant : 51§;4_x 10§ x_6.02 = 16.2 x 10° 1B

x0.02 = 9,3 x 10° 18

Oil-fired waef'flént: -466,4 b 106
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10-4-4

10-4-5

10-4-6

10 ~ 7

Admihistratioﬁ Cost

‘_‘Administratién cost ié.ésﬁiﬁéted to be 0.5% of the_construé-
tion cost for both Sinai CoaifFiréd'bbwer P;ént:ahd oil—fifgd
power plant. Thus, |

sinai Power Plant t 510.4'x 10%°x 0.005

= 2.6 % 10° LB

6

n

Oil-fired power p;aﬁts 466.4 Qflo X 0.005 = 2.3 % 10° e
Fuel CoOsL o B
| Thé.théfmai efficiency will be 39%'f2;205 kcaifﬁwh) for both
Sinai Cdal;Firéd'Powet‘PlanE and oiléfiféd ﬁowér'biéﬁt.'
The fuel édst'pér XWh will be as £0110Q5= _ |

2,205
6,500

sinai Power Plant @ X 48.6 mill./Kg = 16.48 mill./Kih

2,205

_———‘10 000 x 148.1 mill.?kq = 32-.616. mill./kWh
’ : ,

Oilgfired power plant:
 Thus, the'annual.fuel'cést Qiii be:
Sinal Power Plant : 4,485,120 MWh x 16.48 mill./kwh
= 73.9 x 10° L.B. |
0il-fired power plant: 4,344,960 MWh x 32.66 miii./kﬁﬁ:
L1410 x 10° L.E.

Total Annual Cost |

From the fotegoiné; the tdtal aphﬁal ebsts wiii'ﬁe as'fbllows:

Sinai Power Plant T 10.2 4 2,6 + 73,9 = 86,7 x 106 LE

Oil-fired power plant: 9.3 + 2.3 + 141.9 = 153,5 x 10° LE
Qénéfit/tost'ﬂatio
When the social discount rate is assuméd to be 8%, 10% and

12%, the benefit/cost ratio will bé as follows.
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1} Present Worth of Construction Cost
The presént worth of construction cost will be éalculated
by the following formilat

{Construction cost) = 2 N
' ' (1+ 1)
i : Socaial Discount Rate

n : Number of Year

(Unit: % 10° LE)

Sinai Power Plant 0il-fired Power Plant
Discount Rate 8% 10% 128 8% 10% 12%
Year : s

1984 . 5.2 5.2 5.2 4.8 . 4.8 4.8
1985 57.6 56.5 55.5 - 52.6 51,6 50.7
1986 120.5 . 116.2 112.1 - 110.2 106,2 102.4
1987 169.4 160.3 151.9 154.9 146.6 138.9
1988 54.8 51,0 47.4 50.1 -46.5 43.3
1989 9.8 8.9 8.2 8.9 8.1 7.4
Total 417.3 398.1 380.3  381.5 "363.8 347.5

2) Present Worth of Anhual Costs
The present worth of annual éosts for 30 years will be

célculated by the folldwing formula:

_ . 30 - 1
(Annual costs) x (1 +.}?_“ .50 . # 1, 3
' ix 1+ 1) 1+ 1)
i * Social Discount Rate
_ SR :
i=gy, 120909 L., 1 = = 7.662
0.08 x (1+0.08) {140.08)
i=10e, 20000 Lo, 1 + = 5.853
0.10 x (110,10) (1 +0.10)
f=2e, ML FOAD -1 2 = 4.571

0.12 x (140.123°%  (140.12)°
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Therefore, the present worth of annual‘costs for 30 years
becomes as follows.
Sinai Power Plant:

86,7 x 10° x 7.662 664.3 x 10° LE (i = 8%)

10%)

86,7 X 10° x 5.853 = 507.5 x 10° L& (i =
- 86.7 3_106 % 4.671-=,396;3 x 10% LE (i = 120)
Oil-fired pOwér plaﬁt;
153.5 x 10° x 7,662 = 1,176.1 x 10° g (i = 8%)
153.5 x 106_x'5.853 = 898.4 x 10° LB (i = 10%)
153,5 x 10° x 4.571 = 701.6 x 10° LE (i = 12%)

Thus, the benefit/cost ratie becores,

381.5 + 1,176.1 _ .
417.3 +  664.3 1.440 {i = &%)

363.8 + 898.4

398.1 + 507.5 ~ 1-3%94 U

il
[

10%') '

347.5 + 701.6
380.3 + 396.3

1.351 (i = 12%)
Accqrdingly, at the any.socidl discount rate of 8%, 10% and
12% in theoretical basis, the ratio of Behefit/Cost is fairly

higher than 1, and prove that the Sinai coal-fired Thermal Power

Project is feasible.
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EXPENSES - Actual Basis
Construction Cost
Theé net construction costs of the Coél-fiféd and oil-fired

(alternative) power plants are as follows.

Sinai Coal-fired Power Plant : 510.4 % 106 LE

Alternative 0il-fired Power Plant : 466.4 x 106 1.E
The annual disbursement of the construction costs of the both

plants is estimated as shown in the following table.

Table 10-3 Construction Cost by Year {(Unit: x 10° LE)

Sinai Power Plant " 0il-fired Plant

Foreign  Local E Foreign. Local
Currency Currency Total Curvency Currency Total
1984 4.0 1.2 5.2 3.7 1.1 4.8
1985 54.0 8.2 62.2 49.4 7.4  56.8
1986 121.6 19.0 140.6  111.4 17.1 128.5
1987 183.9 29.5 213.4 168.5 26.6 195,1
- 1988 - 58,7 5.9  74.6 53,8 :'14.3 68,1
1989 ° 13.2 1,20 14.4 12,1 1.0 13.1
Total 435.4 75.0 510.4  398.9 67.5 466.4

10-5-2

Operation and Maintenance Cost

The operation and maintenance cost is estimated to be 2% of
the construction cost of both. the coai-fired power plant and
cil-fired power.plant.

sinal Coal-fired Power Plant 16.2 x 10% 1x

Alternative 0il-fired Power Plant : 9.3 x 106 LE
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10-5-3 Administration Cost

10-5-4

10-5-5

Oil-fired power plant: 2.3 x 10

Administration - cost is estimated to be "0.5% of the

construction cost  for both Sinai Coal-Fired Power Plant and

‘oil-fired power plant.

Sinai Power Plént 1 2.6 x 106 1E

® 15
Fuel Cost
The thermal efficiency will be 39% {2,205 kcal/kwh) for both

Sinai Cosl-Fired Power Plant and oil-fired power plant.

The fuel cost per kvh will be as follows:

sinai Power Plant : z'ggg x 46,5 mill./kg = 15.77 mill./kWh
’
(1 e o 2,205 . _
0il-fired power plant: ———- % 7,5 mill./kg = 1,65 mill./kWh
16,000 ?

Thus, the annual fuel cost will be:

‘$inai Power Plant  : 4,485,120 MWh x 15.77 mill./kwh

- 70.7 x 10° &
0il-fired power plant: 4,344,960 MWh x 1.65 mil;./kwh
= 7.2 x 10° L.E.
annual Saving
Coal priée (Imported ¢ Domestic) : 46.5 LE/ton
International 0il Price .t 148,11 LE/ton
Thus, annual saving of total fuel cost by construction of a
coal-fired power plant isntead of a oil-fired power plant amounts
to the following:
3

(1.521.5 x 103 ® 46,5) - (958.1 x 107 x 148,1) = -71.1 x 106 LE
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10-5-6 Tota; Annual Cost
From the fﬁrering, thé tofal annua;'costs will be ‘as follows:
Sinai Power Plant : 10.2°+ 2.6 + 70,7 ~ ?.1'.1-‘
= 12,4 x 1b6 LE
‘Oil-fired power plant: 9.3+ 2.3 + 7.2 = 18.8 x 107 L&
16—5—7 Benéfit/COst Ratio
When the sbcial discount rate is assumed ﬁo be 8%, 10% and

12%, the benefit/cost ratio will be as follows.

1) Present Worth of Construction Cost

- {Unit: x 106 LE}
Sinai Power Plant : 0Oil-fired Power Plant
Discount Rate 8% - 10% 128 8% 10% 12%
Year
1984 5.2 5.2 5,2 4.8 4.8 4.8
1985 57.6 56.5 - 55.5 52,6 51,5 50.7
1986 © o 120.5 116.2 112.1 110.2 106.2 102.4
1987 169.4 160.3 151.9 154.9 146.6 138.9
1988 54.8 51.0 47.4 50.1 46.5 43,3
1989 0.8 8.9 8.2 8.9 8.1 7.4
Total 417.3 398.1 1.5 363.8 347.5

380.3 38

2} Present Worth of Annual Costs
The present worth of annual costs for 30 years will be

calculated hy the following formula:
30 -1 -

{Annual costs) x‘(1-+'1) '-30 X 1

: 1_3\(} *,1). o {1 + 1)

5

i : Social Discount Rate

(a+0.08)3% -1 L1
0.08 x (140.08)°2  (1+0.08)

5

10%: = 5,853

[
I

1+ 0.103° - 1
' 30 * 5
0.10 x (140.10) (1 + 0,10)
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30 -
jmqze, 2030 -l L gen

0.12 x (146.12)3%  (110.12)°

Therefore, the présent worth of annual costs for 30 years
becomes as follows.
Sinai Power Plant:

12.4 x 10% x 7.662 = 95.0 x 10° L8 (i = BY)

12.4 x 10° x 5.853 = 72.6 x 10° 1£ (1 = 10%)

12.4 % 10% x 4.571 = 56.7 x 10° LE (i = 12%)

i

0il-fired power plant:

18.8 x 10° x 7.662 = 144.0 x 10° LE (i = 83)
18.8 x 106'x 5.853 = 110.0 x 106 LE (i = 10%)
18,8 x 106 x'4.571_= 85.9 x 10° 1P (i = 12%}

Thus, the benefit/cost ratio becomes,

381.5 + 144.0
417.3 + 95.0

= 1,026 {i = 8%)

363.8 + 110.,0
398.1 + 72.6

= 1.007 (i = 10%}

347.5 + 85.9
380.3 + 56.7

= 0.992 {i = 12%)

Accordingl&, at the social discount rate of 8% and 10% in
actual basis, thé ratio of Bnefit/Cost ratio is higher thaﬁ
one {1). And at fhe.rate of 12%,_th§ gatio'of Benefit/Cost.is
near one (0,992)}. fTherefore this project is still feasible

even in actual basis,
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Fig.10-1 Benefit/Cost Ratio
0il/Coal

1.440

1.408 N
1,351

1.026 - Actual Basis
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Social piscount Rate(3)
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Fig.10-2 denafit Curve (Benefit Ratio)

. Qil/Coal -
. .
o
&
2
1)
-
g Social Discount Rate=3%
fra]
1.5
L 1.440
Benefit Ratio
1.4}
1.3}
1.2 _ ‘ .
Present Worth(109L,B) |  Benefit
Year [ i1-giring(a) | smarm | @-a | @1/6)
0 381,5 -417.3 35.8 0.914
_ 1 478.2 471.9 ] -6.3. | 1.013.
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OUTLINE OF PLAN FOR ULTIMATE OUTPUT OF 1,200 MW

QUTLINE OF PLAN

This project is to realize as the first stage, the construction
of 300 MW X 2 units of coal-fired thermal power plant at Ayun Musa
on the Sinai Peninsula ih'igéé/IQBQ, and it is'planhed that another
600 MW will be added in oi 1990 as the second staﬁé to meet the in-
creasing demand.  ‘Therefore, in this chapter, the generating cost
and the financial internal rate of return (FIRR}) for the ultimate
1,200 MW coal-fired power plait are reviewed.

As seen in the outline of facilities for the 1st stage of the
power plant, the advance inveétment.on the condenser ciiculatihg
water intake and discharge channels and fuel unloaéing facilities
will be to satisfy the ultimate output of the plant made.

The power generating facilities for the second stage is assumed
to be the same 300 MW % 2 units of dual type of coal- and oil-fired
thermal power plants, As for the transmission facilities, thé volt—.
age raise to 500 kﬁ‘df Vew SUez Substation, and the work of leading-
in of the 220 kV transmission line from Abu Sultan to Sueg Substa-
tion into New Suez Substation were included in the second stage,

The 108 km 500 kv x 1 cifcuit transmission.line from New Suez
Substation to Katamié Substation on the south-east of Cairo City

will be constructed in the other project.



OUTLINE OF FACTLITIES

Since the port facilities, unleading facilities, stackers and

reclaimers at the coal storage yard, etc. for 1,200 MW plant ocutput

are already installed in the first stage, there is no need of their

extension, but only thé expansion of the coal yard would be required.

The cpnaenser circulating water. intake and discharge channels,

etc. are also prepared in the first stage and the expansion can be

made without shutting down the first 300 MW x 2 units.

The outline of facilities in the second stage will be similar to

those in the first stage as follows.

Outli#e 6f Power Plant:
Output
Steam conditions:
Main steam pressure
Main steam.teﬁp,
ﬁeheat sfeam temp,
Condenser vacuum

Boiler

Stack

-

300 MW x 2 units

169 atg

' s53g°C

538°C

710 wmmig

. Dual type boiler

Outdoor type, balanced draft.system,
either natural or forced circuiation,
N,C.R. 320 MW x 2

{net output 300 MW x 2)

Collective stack-fo£.300 MA x 2,
steel made,

Height: 85 m



Turbine

Generator

Fuel Storage Yard:

for coal

for oil

'

Reheat, condensing, tandem compound

type

Rated output at generator 320 MW x

2 units (net output at fS Tr. end

300 M % 2 units)

Main steam pressure at turbine

inlet: 169 kg/cm?

Main steam temp.: 538°C

Rated spéed: 3,000 rpm

quiZOntal—sﬁaft, totally enclosed,

hydrogen cooléd type

Rating: 400 MVA

Povwer factor: 0.8

Rated voltage: 18.3 kV or appro-
priately

No. of bhase: 3

Frequency: SOIHz_

Stérage capacity: 300,000 ton, 60

days foi 600 MW

‘50 mx 300m ¥ 16 m x 4 piles

Storage capacity: 100,000 k{, 30
days for 600 MW
#¢ 52.3 m, height: 15.22 m,

Capacity: 32,000 k{ x 3



Cooling Water System:
Intake pit

Scale of pit

Capacity of pumping up

Circulating water pipe

61.4 m3/sec for 1,200 MW

: . 30.7 m?/sec for 600 MW

ﬁi: 2.0 m/unit x 4

. Length: - 800 m x 4 lines

Additional Ash Disposal Area for 10 Years of 600 Mw

Ash produced per annum

Required area of ash pond:

Outline of Transmission System

Outline of T/L. Route

Voltage & Ho. of circuits:

Conductor

Supporting structures

Cutline of New Suez Substation

Circuit breaker

Transformer

-
.

-
3

Approx, 32ﬁ,000 m3 /600 MW/annum
1,616,000 m2/600 MA/10 years
{interconnection line)

Pértiél change of T/L for Abu

Sultan P.S. - Suez S.S. to Abhu

-Sultan P.S. - New Suez S.85.

Length: - about 2 km
220 kV x 2 cct
400 mm? x 2 TACSR

Overhead line, steel tower for 2 cct

500 kV x 3 units

.220 kV ¥ 4 units

500 kv/220 kV transformer

Capacity 750 MVA x 2 units



3.

CONSTRUCTION COST

1}

2)

Basic Conception of Construction Cost Estimate

The basic concéptidh of construction cost estimate is the
same as tﬁat fof;tﬁé.first stéqg. (Sée Chépter 1)
Scope and Coﬁditioﬁs of Construction COSt.Estimate

out of the 1,200 MW Sinai Coal-_fired Thermal Power Plant
Projecﬁ, the 300 MW x 2 units of powef plants, c¢oal unloading
facilities transmission and substation facilities in the Ffirst
stage and addition of 300 MW = 2 units of generatiﬁg facilities,
extension of transmission aﬁd suhstatioﬂ .facilities iﬁ the
second stage are taken intd the'scbpe of estimate,

The specificationé of f%ciiitiés fbr.tﬁe sécond stage are
assumed to be the same as those of the first stage.
Scope of Works in the 2nd Stage

Civil and Harbor Works

- All harbor works are compléted in‘the first stage and
are not iﬁcludéd in'the 2ﬂd stage.

- AdditiOn of intake pump hbuse, outdbor'cbndenser cooling
water pipe, diécharqe chaﬁnel {box culvert), coal stor-
age yard, tank foundation aﬁd.oil retéining dyke and ash
‘pond |

- Oﬁhers |

Architectural

- addition of powerhouse, boiler foundation, stack, water
treatment house, seawater electrolysis house and other
appurtenant buildings

- Others



Transmission and Substation Facilities

- Addition Of 2 banks of 750 MVA 500 kV/220 kV trans-

formers at New Suez Substation

- Conneéction of 220 kV Abu Sultan Power Station - Suez

Substation Line into New Suez Substation

Note: A 500 k¥ 1 circuit transmission'liﬁe'from New Suez

Substation to Katamia Substaticn (108 km) will be

constructed under some other project.

Power Generating Facilities

Addition of raw water tanks {2,006 tons x 2) aqd iﬁter—
connection witﬁ the exis;ing system

Addi£i0n of circulatiﬁg Qater intake screens and sea-
water electrolysis equipment

Addition of.ﬁoilefs, turbines and generators

Addition.of main stép-up_transformers'and extension of
outdoor substation |

Addition of étation séiqicé electrical_system

Extension of water spray system for the cocal storage

.yard

Addition of heévy bilistéraqe tanks (36,000 XL % 3)
Adéitiqn of b&iler feedwater tgeatment.fa¢ilities {incl,
500 tons x 2 deminerélized water tan?s)

Addition of electrostatic precipitatqrs,_ ash -disposal
fécilities, drainage water treatmeﬁt :faéilitiés, air
ﬁreheateré with acéessories,:gondensei circulating water -

piping, and other appurtenant équipment and facilities

Note: Equipment not needed in the 2nd stage



3)

4{

- Generator equipment for blaék starﬁ ié'not hecessary if
the seconé stage uhitéiare 300 MW x é.

- Ceoal unloading and coal ﬁa;dlihgieéuipment are.already
fufﬁishéd.in {hé:fitst staﬁe and no éddition is neces-
sary.in'thé second staﬁé.

- Heavy oil receiving facility is not ﬁeeded fof the same

reason.

Addition of lith 0il tanks is not needed.
Conditions fo;'Calcﬁlation of Cbnstfuctiéﬂ Coét

The conditiohé for éélcuiation of”the constrﬁction cost fof
the second stage are assumed to be.tﬁe saﬁe as those for.the
first stage;

.Hbﬁéver, as stated before, the works tﬁat.have been fiﬁished
in the first stage and.thé common facilifiéé for the first stage
and the second stage éré.exclﬁdea from the construction éost
estimate for the second stage.

Prices.

Thé COnaitions of pricing are the same as for the first
stage,

However, the contingency of 2% is includéed for both the

foreign currency portion and the domestic currency portion.



5)

Construction Cqst Estigation

the construcfioﬁ éost estimation on fhe baéis of foregoing
1) - 4) is g’iven on Table A-1.

The cénétruction.cost for the secpnd'étagélis_345.7 x 10°
L.E. and thé. £ota1 construction cost of the prdjﬁct becomes
856.1 x 10° L.E.

.The budget by each year éﬁd.the budget by each phase are
shown on Tables A-2 and A-3, respectively.

Hote: If the financing of the secoﬁd stage should be cbtained
smqothly féll@winq the first stage and the same cont-
fgctér as the first stage is seleqted, continuous use of
the temporary facilities for constructjon,_ sa#iﬁg in
design <¢ost, 'shorteninq of construction .period, etc.
would be expected, and the decrease of cpnstrudtioﬁ cogt

from the foreéoing may be expected.



~Table 'A=1-.: gg_nstfuction Cost

Unit: x .10

6

A

LE  (x 10° usg)

435.4 (529.0)

345.7 (420.1)

4)

st stage 2nd Staqge Total :
Items F.C. L.C. Total F.C. L.C, Total F.C. L.C, Total
1. Generating Facilities N . | _ | | - T B} T
1) Equipments 262.0 (318.3} - 262.0 (318.3) |.:7220,0 {267.3) - 220.0 (267.3) 462.0 (585.6) - 482.0 (585.6)
' 2)  Erection 42,2 (51.3) | 19.6 (23.8)| 61.8 (75.1) 34.3 (41,7) [ 16,0 (19.4) | 50.3  (61.1) 76.5  (93.0) 35.6 {43.2) | 112.1 (136.2)
3) civil works 10.4  (12.6) | 18.3 (22.2)| 28.7 (34.8) 5.4 (6.5} 9.4 (11.4) | 14.8 (17.9) 15.8  (19.1) 27.7 {33.6) 43.5 (52.7)
4) Architectural works 34.0 (41.3) | 16.1 (19.6) | 50.1 (60.9) |5 24.4 (29.7) | 11.5 (14.,0) 35.9  (43.7) 58.4° (71.0) | 27.6 ({33.6) 86.0 (104.6)
5) Harbor facilities 28.3 - (34.4) | 7.6 (9.2) | 35.9 (43.6) 0 {0) 0 {0) 0 (0) 28.3  (34.4) 7.6 (9.2) | 35.9 .(43.6)
Sub-total 376.9 (457.9) | 61.6 (74.8) |-438.5 (532.7) |.: 284.1 (345.2) | 36.9 (44.8) | 321.0 (390.0) £61.0 (803.1) 98,5 (119.6) | 759.5 (922.7})
Unit construction cost 730.8 (887.8) 535.0 {650.0} 632.9 (768.9)
[ LE/kW (US$/kW) ]
2, Transmission Lines and Substation . |
1) Transmission Lines 25.6  (31.1) 7.5  (9.1)! 33.1 (40.2) 1.0 (1.2} 0.3 (0.4) 1.3 (1.6) 26.6 (32.3) 7.8 (9.5) | 34.4 (41.8)
gnit construction cost 760.9 {924.1) 650.0 {800.0) 756.0 (918.7)
x 103 x 102 . :
CLE/kn (US$/km) ) _ :
2) Substation ' 10.8  (13.1) 2.3 (2.8 13.1 (15.9) | 10,1 (12.3) 2.9 (3.5} 13.0 (15.8) 20.9 (25.4) 5.2 (6.3} 26.1 (31.7)
Sub~total 36.4  (44.2) 9.8 (11.9)| 46.2 (56.1) 11,1 (13.5) 3.2 (3.9) 14.3  (17.4) 47,5 (57.7) 13,0 (15.8} 60.5 (73.5)
3. Engineering Fee 5.4 (6.6} - - ‘5.4 (6.6} 3.6 (4.4) - - 3.6 . (4.4) © 9.0 (11.0) - - 9.0 (11.0)
fotal (L + 2 + 3} 418.7 (508.7) | 71.4 (86.7) | 490.1 (595.4) |+ 298.8 (363.1) | 40.1 (48.7) | 338.9 (411.8) 717.5 (871.8) | 111.5 (135.4) | 829.0(1,007.2)
4. contingency 16.7 (20.3) 3.6 (4.4)| 20.3 (24.7) 6.0  {7.3) 0.8 (1.0) 6.8 (8.3) 22.7  (27.6) 4.4 (5.4) 27.1 (33.0)
Grand Total {1 + 2 + 3 + 4) 435.4 {529.0) | 75.0 (91.1) | 510.4 (620.1) ‘| -/ 304.8 (370.4) | 40.9 {49.7) | 345.7 (420.1) 740.2 (899.4) | 115.9 (140.8) | 856.1(1,040.2)
Table 11~2 Budget for Each Year Unit: x 10° LE (x 10° us$)
1st Stage _ 2nd Stage _ Total
F.C. S L.C. ‘Total .°. - F.C. L.C. Total F.C, L.C, - TPotal
"~ 1984 4.0 (4.9 | 1.2 (1.5)] 5.2 (6.4) = - - 4.0 (4.9) 1.2 (1.5) 5.2 (6.4)
-1985 . 54.8 (65.6) 8.2 _(].0‘0} 62-2 (?5.6) : - - - --54_0: (65.6) 8.2 (]_:0:‘0) 62.2 {75.6)
19856 121.6 (147.8) | 19.0 (23.0} { 140.6 {(170.8) - |¢ 38.1 .{46,3) | 4.5 (5.5) | 42.6 (51.8) 159.7 (194.1) | 23.5 (28.5) | 183.2 (222.6)
1987 183.9 (223.4) | 29.5 (35.8) | 213.4 (259,2) 86.0 (104,4) | 10.5 (12.8) | 96.5 (117.2) 269.9 (327.8) | 40.0 (48.6) | 309.9 (376.4)
1988 '58.7 (71.3) | 15.9 (19.4) | 74.6 (90.7) - . 129.8 (157.8) | 16.4 19.9) 146.2_(177;7) 188.5 (229.1) 32.3 (39.3) | 220.8 (268.4)
1989 13.2  (16.0) 1.2 (1.4) | 14.4  (17.4) i 41,5 (50.4) | 8.9 (10.8) | 50.4 (61.2) 54.7 (66.4) | 10,1 (12.2) | 64.8 (78.6)
1990 - - - 9.4 (11.5) } 0.6 (0.7) | 10.0 (12.2) 9.4 (11.5) | 0.6 (0.7} | 10.1 (12.2)
Potal 75.0  (91.1) | 510.4 {620.1) #.|¢ 304-8 1370.4) _ 40,9 (49.7) 740.2 (899, 115.9 (140.8) 856.1(1,040,2)
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“Table A-3 - Budget fby Rach P.}-IBISQ .
| Unit: x 10° L& (x 10° us$)
Items F.c. L.c. Total
1st stat';er |
1st Phase 63.4 (7700 201 (29.3) B7.5  (106.3)
©2nd Phase 207.5 (253.1) . 32.6 (39.6)  240.1  (291.7)
3rd Phase  164.5 (199.9)  18.3 (25.2) 182.8  (222.1)
Fotal 435.4__(529.0) 75.0  {91.1) 510.4 (620.1)
2nci Stége |
1st Phase 195.1  (237.1) 26,2 (31.8) 221.3  (268.9)
2nd Phase 109,7 .(133.3) 147 (17.9) 124.4  (151.2)
‘Total 304.8 (370.4) 40.9  (49.7) 345.7  (420.1)
Grand Total 740.2 (899.4)  115.9 (140.8) -556;1 {1,040.2)
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Table A-4 Generéting Cost for 1,200 MW Power Generating Facilities

Ttenm
Unit Capacity
Utilization Factor

Annuél Gross kwh

Station Service Loss(kwh) %

Annual Availahle Energy
- at p/s Tr. End

Plant Efficiency'

Construction Cost
including /L

Fuel Calorific value
Fuel Consumption

Unit Price of Fuel
Fuel Cost

Operation Maintenance
Cost '

Administration Cost

Depreciation

Annual Cost

Generéting Cost at
P/S Tr. End

T/L and D/L, Loss

Salable Energy at
Consumer End

. Salable Unit Price

Revenue/kWh

Annual Revénue

Unit Formglg
MW
% .
x10° kwh Ax8.760xB/100
6 .
%10~ kWh  Cx(1-D/100)
Y
b4 106LE
kcal/kg
Cand 860xC . .-
x10™ ton FH§_h X 100
LE/ton _
x10° LE IxIx10 >
- 6 ‘
%10 LE Gx0.02
x10% LE Gx0.005
6 - :
x10° LE G/30
x106 LE K+L+M+N
Millimes/kWh  O/Ex10°
%
6 _ o
x10° kWh  Ex(1-0/100)

Millimes/kiWwh 33.646x0.,7

Millimes/k¥wh

:-:106 LE

. 8=p

RxTx10™3

1st Stage
plus
1st Stage 2nd Stage
320 x 2 320 x 4
80 80
4,485.%  .8,970.2
6.25 . 6.25
 4,204.8 8,409.6
39 39
510. 4 856.1
' 6,500 6,500
1,521.5 3,043.0
4.9 4.9
7.5 15.0
10.2 17.1
2.6 4,3
17.0 28.5
37.3 64.9
.87 7.72
12 12
3,700.2  7,400.4
23,55 23,55
14.68 15.83
54.3 117.1
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Generating Cost and FIRR
Generating Cost _

The géneraﬁinq'cost'at‘the'ultiﬁété éufpﬁt of i,200 MW is as
shown on Tablé A-4, 7.72 millis/kWh at ‘the main.ﬁtanéférmef terminal
of the power station and is fairly lower than 8.87 mill./ kWh at the
first stage. | - . N

Because of the advance investment in the harbor facilities, coal
unloading and ccal handling facilities, circulating water intake and

discharge facilities, etc. in the first stage, the generating cost

~ for the second stage gets lower.

~ The project in_ the first stage ﬁould increase :its economic
effect by the continuved implementation of the second stage.
Financiai Analysis |
1} The method of analysis and the conditions (electricity tariff},
' price escalation, coal price, allocation of electricity sales,
vevenue to dgeneration sector, conditions for fund procurement,
etc.) are the same as the first stage.
2) Gperating Revenue (Ene;gf sales reveéenue)
No. 1 unit and No. 2 unit of the firét_staqe.are scheduled
to start commercial operation in 198é and 19B9Irespec£ivé1y, aﬂd
No. 3 and Ho., 4 units of the second étage are scheduled to start
operation in 1990 and 1991 respectively.
The total revenue from energy sales will be double that in

the first stage.



3)

4)

A - 13

Operating expenses are assumed as follows.

a. Anmual operation/mainﬁehancé cost: _
L.E. {510.4 + 345,7) x 10° x 0.02 = L.E. 17.1 x 10°

b. Adninistration cost: o
CL.E. (510.4 + 345.7) x 10° x 0.005 = L.E. 4.3 x 10°

c., Fuel cost:

2,205 kcal/kWh o N .
61500 Tcaizhg X 49 L.E./tog X 4,485,120 kWh % 2

6

= L.E, 15 x 10~ (1.67 mill./kWh)

Results of Analysis

As shown on Table'llaS, and the'éQUaliziﬁQ'discouht'fate
(FIRR) is 13.71%. This value is far better than 11.29% for
the first stage, and it follows that if the second stage is

implemented smoothly following the first stage, the project

would prove far more favorable.
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Discount Rate 11y 123 A

Table A - 5 Equalizing Discount.Rate: : : . Revenue/cost 1.0557 0.9763
(Firancial Internal Ratoe of Return) *  Revenue/cost = 1.00; Discount Rate = 13.71%
{ EOR =13.71 (%) ) C UNIT § « 1073 L.E )
<< PRESENT WORTH >
No.|Fiscal Project Operating Operating T T T T e e e e e e e e e e e e e e e e e e
of Year Cost ‘ Expenses Total Rewvenue Balance Disc.Rate Value PDizc.Rate _ Valuye ~
Yaar (Exclt.Pepre.Cost? 13.0(%) jlInvestiment BaneTit 14.0(%) {Iavestment Benefit
(A) (B ' (C (B3)=C-(A+B) (E) (F)=A=*E (G)=(C-B)=E ()’ (F) =A%E"| (Gi)=(C-B)sE’
o 1284 5,200 0 0 . =5,200 1.000000 5,200 O ~1.0000G00 5,200 0
1 1?85 62,200 t] 0 CL.=62,200 | 0.884256 55,044 0 0.877193 54,361 0
4 1986 183,200 0 0 . =183,2060 0.783147 143,473 o 0.7494458 140,946 0
3 1987 309,900 0 0 =309,900 0.4693051 214,776 a 0.574972 209,174 1]
4 1988 226,800 8,390 ©33,3%1 . =195,799 0.613319 135,421 15,334 0.592081 130,731 14,803
5 1989 464,800 26,815 123,190 31,575 fF 0.542740 35,171 52,309 0.51936% 33,655 20,054
é 1990 14,000 34,400 174,270 . 127,870 0.480319 4,803 66,222 0.455587 4,556 62,812
7 1991 0 36,400 1?&,2?0 137,870 0.425061 0 28,5603 0.399638 1] 35,098
8 1992 0 36,400 174,270 137,870 0.375180 ] 51,861 0.390560 g 48,332
9 1993 i 356,400 174,270 137,870 0.332885 0 45,895 0.307508 0 42,395
10 1994 0 36,400 174,270 137,870 0.22458¢9 0 40,615 0.26%744 0 37,190
11 | 1995 0 36,400 174,270 137,870 0.250698 0 35,942 0.236613 0 32,627
12 1996 0 36,400 174,270 .1137,870 0.230706 ] 31,807 | 0.207560 0 28,616
13 1997 0 356,400 174,270 v, 137,870 0.204145 0 23,148 0.182070 0 25,102
14 1998 2 36,400 174,270 .. :137,870 0.180&677 0 24,9210 0.159710 0 22,019
15 1999 0 36,400 174,270 137,870 0.152821 0 22,044 0.140097 0 19,315
16 2000 g 36,400 174,270 . 137,870 0.141497 0 12,503 0.122892 0 - 16,943
i7 2001 N, 36,400 174,270 .:137,870 0.125213 0 17,2564 0.107300 0 14,862
18 2002 0 36,400 174,270 +137,870 0.110813 0 15,278 0.094561 0 13,037
i9 2003 0 36,400 174,270 . 1137,870 0.093064 0 13,520 0.082949 0 11,436
20 2004 0 36,400 -174,270Q ©. 137,870 0.086783 0 11,9465 0.072762 0 10,032
21 2005 0 36,400 174,270 4137,870 0.076799 0 10,588 . 0.063826 G 8,800
22 2006 0 36,400 174,270 137,870 0.0567754 0 2,370 0.055988 0 7,719
23 2007 a 36,400 174,270 - :137,870 0.060145 o 8,292 0.049112 0 6,771
24 2008 0 36,400 174,270 ~:137,870 0.,053225 o 7,338 ¢.043081 0 . 3,940
25 2009 Q 36,400 174,270 . 1137,870 0.047102 o 6,494 0.037790 1] 5,210
26 2010 0 36,400 174,270 . 1137,870 0.041633 4] 5,747 0.033149 1] 4,370
27 2011 1] 346,400 174,270 ~:137,370 0.036888 o 5,086 0.02%073 0 4,009
28 2012 0 36,400 174,270 - 1137,870 0.032644 0 4,561 0.025507 0 3,517
29 2013 0 36,400 174,270 137,870 0.02888¢9 0 3,783 0.022375 0 3,085
30 2014 0 35,400 174,270 - :137,870- 0.025%545 0 3,525 0.019627 0 2,706
31 2015 1] 36,400 174,270 :137,370 0.022624 o 3,112 0.017217 0 2,374
32 2016 0 36,400 174,270 . 1137,870 0.020021 n] 2,760 0.015102 0 2,082
33 2017 1] 36,400 174,270 T8137,870 0.017718 o 2,443 '0.013248 0 1,826
34 2018 a 17,330 138,213 .0 120,88% 0.015680 o 1,8%5 0.011621 0 1,405
35 201¢% 0 9,465 51,080 241,619 0.01387s o 377 0.010194 0 424
TOTAL 856,100 1,081,200 5,225,436 3,288,136 {- -—- 593,888 626,944 - 578,844 565,108
33,055 -13,736













Design of 220 kV Busbar( Aluminiﬁﬁ:Pibé'Typé”C§ndu¢t0r )

1. besign conditions Of 220kV Bus bar

‘Notation Main Bus Branch Bus

- Circult Voltage = - - V- ©o220 kv 220 kv

L o x) %2 .

‘Max. Cuirent Ic 4000 A T 2000 A
.Shorficircuifg : *3 _ o ;3 R
Current capacity Is 40 ka - 40 kA
Interval of Bus : _

- Conduetor _ D 4 m 4 m
Intérval of Bus a
Support - s 16 m 12.5m
Note: #1 The same current as rated current of 220 kV

Gas circuit breaker for bus cdhpief.
*2 The same current as rateﬁ current of 220 kv
Gas éircuit Sfeaker.fér.Trénsﬁission line.
%3 The same capacity aé‘tupturihg capacity

of 220 kV Gas circuit breaker.



2, Using conductor of Aluminum pipe

Fw

"6 kg/m

notation Maiﬁ Bus Branch Bus
-_Condudtor size {Outside , - o

diameter Thickness) Dxt 180mmx10mm '120mm £ Bmn
Current capacity | o  : | o -
at 80°c - 4420 Anp. 2810 Amp,
Cross-sectional area: A 5340 mm? - 2815 rn?
Per unit_wéight W | 14.42 kg/m 1.6 kg/m
Modulus of section zZ. 215,0 cn® 73.93 cnd
Mo@eﬁtxﬁf fnertia 1 1936 cmt .4§3.é cmé
Modulus of elasticity E 7000 kg/mmé: 70bd.kg/hm?
Coefficient of L
Linear expangsion X 23x10%12C '231(10’5._1/'(:
Strength 17 kg/mm? 17 kg/mm?
Wind load

9 kg/m

3. Calculation

(1) Natural vibration of Aluminum pipe : f
- 2 r—_-
= o'-—-?.-_-_.s_i -
£ 7%7 ] .otz
Basic value, . £2 = 3 Hz
Where,

A ¢ Modulus of Horizontal Vibration of bar = 3.%3

S : Interval of Bus support. {m)

g : Acceleration of gravity = 9.8

E ¢ Modulus of elésticity ( kg/mn?)
"I : Moment of ineatia ( cmé)

"

W : Per unit weight of pipe { kg/m )



1) Main.Bus
£ o 3,932 _\/9.ax?000x109x1936'x10"_3
YU TEX3.14%162 T 14.42
. =3 (Hz) . OK
2) Branch Bus
£ n o 3.93 . f9.8x7000%10°443.6x10°
T T2R%3,14%12.52 7.6 i
=3.14 (Hz} > 3 (Hz)  OKXK.

{2) Elecfromqgnetic force of short circuit ¢ Fs

{ ka/m ) |

A3 2.05x%x K x 16x 16°
Fg =g D . .

Where,
Is : Short circuit current = 40 kA
D ¢ Interval of Bus conductor = 4m

K : Factor of average electromagnetic force = 3

1) Main Bus

5 : L aT 2. 8
Fe ‘_.‘s,!’_'%—__.‘z.OSx:*.x(:ox;O)xlo =21.3  ( kg/m )

2) Branch Bus

J3 2.05x3 % (40 x 103 x 10
2 R e EX10. . 2103 (ke/m)

Fg =

(3) Total force of Aluminum pipe : T

T e WA (BT (ka/m)
 Where, i
W }_Pet unit weight of pipé;.‘ - kg/m )
F;fﬁ g;ectrgmééﬁégic forcé of short circuit ( kg/m )

Fw : Wind load . ( kg/m J



1} Main Bus

7= 4f14.422 4 (21.3+ 6 )2 = 30.9  ( kg/m )

2) Branch Bus

T e 7.6 + (21.3-+9)2 =31.2 (ke/m)
(4) Stress of Aluminum pipe

5.0.8 1

shearing force @y =2 ( kg/om )
o , a2 gy
Bending gtress Mp = TBS ”}%Q. ( ka/cm §

Basic safety factor > 2.0
Where,
f =:T9ta1 forcé of #1uhinum pipe  { kg/m )
5 Interval of Bus suppbrt {m)
A CroséfSeCtion atéé of Aluminum-pipe ( mm?)-
Z Modulus'of section i'cm3r
1) Main Bus

0p = 5Xx30.9x16 1 -
p 8 5340 x 102

5.8 { kg/cn?)

£ _ a7 x10°
Qp 5.8

Safety factor §q = =293 > 2.0

\ |
30.9 x 162 | 100 o0 o senny

Mp = 8 215.0 |
safety factor sm = Sp = - .174'§'51°2= 3.7 > 2.0
2) Branch Bus |
% Sxal.zx 12.5 . m%_&? ( ,‘;q/c'mz)
Safety féqto: 5q = gp =. 178f7;0? =195 > 2,0
': Safety factor _s:ﬁ__'e_ f’? - :.;‘.lia;,,l?? =21 > 2.0

0.K

0.K

0.K



{5) DeflectxOn of Aluminum pipe

Deflection is based cn plpe welght 5 St

S .54.106 R
SI=—1—S—¥—' (cm)_

185-E-1
Defléection is based on fixed contact of pantograph type
Disconnecting switch : 82
53 s L ;
$2= 0.009317-—-2 x 10 {cm)

I .
Total DéflectiOn 8 = 8| + 82. { em ).
Basic value, Total deflectio <i Diaméter of pipe x—%—
Wnere, |

W : Per wnit weight of pipe { kg/m )
§ 1 Interval of Bus support ( m )
E : Modulué of elasticity " { kg/mm?)
I MOment.of_iﬁertia E { cm )

W : Weight of fixed contact of pantograph -
type disconnecting switch = 90 kg

1) Main Bus
|  14.42 x16% % 20 o
$¢ = T35 x 7000 k 10Zx163¢ ~ 3-8 lem)
$2 = 0.000317 - —SQXIEX DO, oy
- 7000 x 102x 1936 .
€ = & + &2 = 6.3 cm < 13)(—%' ¢m 0.K

2) Branch Bus

) Ly 100
§) « —1e6 x12.50x10

185 % 7000 X 102x443.6 - -2 (cem})

S22 0

s 3.2 cm < 12 x_—%- cm 0.K

(6) stfetch of Aluminum pipe
a8 s S-- te10? ( em )

Basic strech 45 < 2.5 ¢m



Where, -
S 1+ Interval of Bus support (m)
K s coefficient of li_néa_r expansion ( 1/C)
L Tempéraﬁuré rise = 60 C
1): Main Bu.s .
S = 16 x 23 x 10%% 60 X 102 = 2,2 em < 2.5 cn
2) Branch Bus

§ =12.5x 23 x 10%°x 60 x 10° = 1,7 cm < 2.5 c.m



" APPENDIX - €,

REVIEW OF TEMPERATURE OF O.F. CABLES IN AHMED HAMDI TUNNEL =







ALLOWARLE CURRENT (A)

Figure of cable cmstmctim _
Trough {noa-sand) —= (FRP made)
/‘ D (30 x 350 x D)

400

220 k¥ 2000mn? OF CABLE AMPACETY

2000

T=35C

1500 |——————-- -

1000

-4
-

0 M 40 50 _ 60 . 70 ¢80
| o | CONDUCTOR TEMPERATURE {°C)



ALLOWABLE CURRENT (A)

2000

1000

Figure of cable construetion
[ Troxh (pon-sand) ~~ (FRP made)
/ {360 x 250 % 3)

e
[o1] . _

— g

(o] y

\/\\

220 kv _2000mn? OF CABLE AMPACITY

Axbient T=20C. T=35C

y

P

- 20 % a8 % .. & . 10 .re
'CONDUCTOR TEMPERATURE (*C) "~ 7~



. APPENDIX - D _
¥ LOAD FLOW FOR YEARS OF 1989







GENERATOR LIST

172

Node
NO. -

, NAME of
SUBSTATION

No.of

X Out

Géne
put

Rated -

?6§éib

¥ear of

Operate

out put operation
1990 amy

THERMAL POWER

ot

P

ML

| €59

AYUN MUSA ¢

860

600

1990

S0

570

570

fsez

EL KRIMAT |

600

T

6o

1996

570

£70 .

. 370

562

EL XRIMAT |

“300

1589

285

285

285 |

542

EL KRIMAT -

300

300
300

300

1489

265

285 - -

téSST"-

659

AYUN MUSA

;3691

300

300

1588

285“ﬂ

285"

285 -

€55

AYON HOsA

[

340

390

L300

1988

285 .

TN

285 |

és2

T DAMANHOUR

o

300 .

300

360

1986

285

. 28%

113

%55

SHOBURA

360 -

360

300

1486

285 -

285

285

113

"ISHMARIA

s |

156"

‘156

150

T 19BE

142

107

556

SHOBURA

»

300

300

300

1985 |

285

142 .
285

55¢

SEOBURA

300

300

‘300

1985

.235‘r

285

285
. 285

4

-

651

DOUWER

130

110

Clte

1985

108

205

e |

657

"EL SUB2

364

300

300

1?55'

285

285

285

651

DOUHER

w x| Ix

“116

‘110

110

190{

.;05.

Tog

1

657

"EbL SUE3

150

150

. 156¢

'1éa§

142

142

107 : -

657

EL SUEZ

L ]

‘150

150

iso

1364

142

142 .

107

§58

ISMARIA

o+

»

150

As¢

150

1583 |

132

142

107

453

ABU QIR

*

186

150

156

1984 |

142

142

107

753

 ABU QIR

»e

150

156

150

1984

142

142

- 107

656

LSMARIA

»

150

150

is0

1983

142 -

142 -

107

753

ABU QIR

®

159

150

150

1963

103

167

153

“ABU 0IR

x

150

156

S 159

1983

142
142

142

L))

656

ISMARIA

x

‘159

is¢

156

is82

142

142

07

DOUWER

oo o e J e P L T d b e L fm D e | Fee ] g e |

-

110

220

220

1586

210

210

§s1

56

| 552

 ¢AIROG WEST

87.5

“87.8

61.3

1979

55

46

552

CMIRO WEST

87.5

262.5

183.8

1966

165

46 |

652

. BAMANMOUR

rss

163.8

‘1968

653"

EL SUIF

66

60

1949

652

2 x |

654 | TALKHA . 3% 30 50 23.8 | 1966 | 66 - - -
‘854" | assiovr 3 x 30 40 ss | 1se6 | 50 - --
¢s8 | svEz o - 4 x25 | 100 75 19€$ 67 -- -
557 ] carné souse | 1 x 6o 56 s 1 13¢5 40 -- -=
| "¢s3 | B1 surr | 2 x 26 52 47 T 1961 42 - -
T oannnnour | 2 x 15 EY 25 1360 22 - -




GENERATOR  LYST

2/2

Node _Name of [No. of Genl Rated |Possiblyg Year of Out put Operation
No. Substation |% Out put [Out Pot]Out put Ope;até 1390 (M)
GAS POWER .- R S P D.T. | M.N.
€52 | DAMANHOUR 2 x 560 100 - 106 1984 95 - -
$60 | WADI HOFF 3 x°33.3 | 160 100 1984 . —— .
653 | EL SUIF 3 x 33.3 100 | 100 1983 . 9% — —
653 | KoEMOUDIA 8 x 25 |- 200 " | 200 1983 150 -= -
653 | EL SUIF 2 x 33.3 66.6 66 1582 63. - --
€53 | HoxMoupDIA 1 x 50 50 50 1982 48 - -
53 "HORMOUDIA 4 'x 50 260 . 200 _1}31" - e -—
561 | EL SuaBAB 3 .x 33.3 100 | 100 1983 - - -—
653 | EL' SUIF 1ox 33 33 33 1981 - e -
€53 EL SUIF L x 33 33 . 30 1980 - - e
559 'f M. TEBBIN 2 x 25 50 *oas 1380 - - — |
654 | TALRHA 2 x 24,2 | 4s.4| a3 1980 - - -t
556 | BELWAN 5 x 24.2 121 110 1980 -- -= -
554 | HELIOPOLIS 3 x12.5 31.5 3s 198¢ - - “
555 | CALRO EAST 2 x 25 50 S 1986 -- - e
€55 | PORT saIp [ 2 x 20 40 36 . | 1579 - = s
65¢ | Tatxaa 6 x 24.2 1 14s.2] 130.7 | 1979 - -= -
553 | CAIROG NORTE | 1 x 20 20 18 1979 — -l —
751 | EL MATAMIA 2 ox 23 23 20 1978 - - -
€56 | ISMARIA 1.x 22 22 . is 1977 e -- -—
5581 SUEZ © 1 x 17 17 s | 19;;_ - el -
753 '] EL Max 2 x 14 28 24§ 1968 - - -~
HYHDORO PGWER | 1 p | o.p N
"851 | Aswan DAR | 7 x 46 322 |" 322 f aseo | 199 | 199 | 199
§52 | AswAM 11 4 x 18 300 300 1983 | 205 205 | 155
853 | aswan micuoai Y0x 175 | 1750 [ 1950 P38 . 11616 650 | 354
TOTAL OUT PUT {pA). | 8764 |. €691 | 5595
POSSIBLE OUT PUT CAPACITY . (B) .| 9305 | 8117 | 7944
SPINING RESERVE CAPACITY. ' (B)-(A)] 561 | 1426 | 2348
o - § 6.1 21,3 | 42.0
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