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CHAPPER 1 BACKGROUND AND OB_JECTIVE‘ OF FEASIBILITY STUDY

BACKGROUND OF STUDY

The electric poﬁer iﬁ thé_Arab Republiq of Egypt is represent-
ed by 2,445 Mw'qf:the‘hswan High Dam completed in 1970 on the Nile
and othé:ﬁhfdroﬁp@wer plants and the 500 kV x 2 transmission line
over 800 km to Cairo and vicinity. |

Since the Aswan High Dam (175 MW x 12 units) was completéd in
1970, Egypt hés ad?anced its nationwide electrification program,
and as a result, the electric power demand increased at. a high
annual fate of 12% until 1971 and at 15 - 18% in 1974 - 1977
years.

The peék power demand of the Egyptian Electricity Authority
(EEA), the main body of electric utilities in the Ministry of
Electricity and Energy, in 1982 was 3,900 MW and the generating
capacity reached over 5,000 MW, It is antiéipated tﬁat the elect-
ric ppﬁer_demahd will increase at a rate of 12% annvally in the
next 5 years, and_EEA'plans to expand. the installed capacity to
approximately 8,800 MW by 1987,

As for the composition of the electric power sources, the

:supply capacity of the Aswan power stations is 47% of the total

installed capacity of 5,132 MW in Egypi'in 1982, 12 years'éftér
the #swan High bam was completed; and ‘if there should occur a
failure of Aswan power stations or a failure of the 500 kV trans-
mission lines, the.power supply in whole Egypt would beiaffected.
In this cénnection, EEQ is now proceeding with tﬁe expansion
of base-load thermal power plant for the purpose of stabilization

of pover supply.



Thermal power élants are also operated Ey use of heavy oil in
Egypt, one of o0il producing countries. On the otﬁer hand, oil
export has contributed_ muach to the domestic economy. And the
annual increase rate of domestic 0il demand fofrpOWef generation,
etc. marked 15 to 20%. Therefofe; as for pover generation sub-
stitute energy for petroleum hés been emﬁhasiéed'and petrdléum
export has been promoted. The present project is along this
policy,; and the planﬁ'under this project is first coal-fired theyu
mal powei plant in Egypt, and this project will be very important
one to contributeé much to rehabilitation of Sirai Peninsula.

With this backgréund, in December, 1981, the Egyptian Govern-
ment filed with the Japaneée Governient the request for coopera-
tion in the development of thié prdject.

In response to this request, Japan International 000peration
Agency (JICA} ¢arried out the prelilﬁinary investigation in March,
1982 and the preliminary survey in August, 1982. Then it conduct-

ed and the feasibility study from the period of January, 1983,
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OBJECTIVE OF STUDY

With the forégoing backgréund, thé Japan Internafioﬁai CoGpe-
ration Agency (JICA) has organized the Stdd} Téaﬁ t6 carry out the
study requested by EFA of tﬂe Arab Republie of Egth..‘Thé objec-
tive of this study is to conduct the field survey and formulate
the optimum development plaﬁ and evaluate its technical, econcmie
and financial:feaSibility, with respect to the laxge scale coél-
fired thermal power plant (first phase: 600 MW) planned by EEA on
the Suez Gulf Coast of Sinai Peninsula to utilize a part of coal

from the Maghara Coal Field.



1-3  SURVEY AREAS
The.survey was made iﬁ'the proposed power'plant'Site areas,
coal unloading_pbtt areas, and-the.tfansmission line route And
substation aréeas, and the electric power demand and power system
SUrvey was made éll over Egypt. |
1) Proposed Site fo?_the waef Plant
- Ayun.Musa' (Coast of Gulf of Suez on northern part of
Sinai Peninsula)
- Abﬁ Zenima {Southetn part of East coast of Guif of Suez
on west side of Sinai_Peninsula)
- Zafarana {Western coast of the Suez Gulf on Mainland
Egypt)
2) Proposed Site for Coal Unloading Port and Facilities
-~ Suez Gulf Coast in front of proposed power plant sites

(Ayun Musa, Abu Zenima and Zafarana and the following

sites)
- Adabiya (Western coast of the Gulf of Suez and the
Mainland Egypt)
and/or

El Galala (Gulf of Suez Coast ¢n thé Mainland Egypt}
3) fTransmission line route and substation sites for interconnec-
tion with the existing ulfrafhigh voltagée power system.
4) Wwhole area of FEgypt was covéred with respect to the power

demand and power systém'studies.
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E&COPE OF S'i‘UDY

Field surveys including the geological suiﬁéyfﬁeré hédé';t'
Ayun Musa, the power plant site, and the coéi'ﬁnlbadiﬁg port and |
transmission line route selected by cémbafativé'é£ﬁdies 6f the
foregoing ptdpbséd'sites, and thé facilities planﬁihg;‘GOnétxuc—
tion program, finanéiﬁg pfogfam=Qeré-éreﬁared.a

And the:fiﬁéljfeésihiiity report covering the evaluation of
feasibility of the Projéct from the technical, economic and finan-

cial stand points are submitted.



' 1-5  STUDY ITEMS
1-5-1 Main Study 1tems
The maiﬁ itehs of study are as follows, and the study was
carried out in two phases.
1) Phase I
The survey team ﬁas formed and the team visited Egypt to
carry out the éﬁrvey on the f6110wing basic items.

Main Item Items to be Compiled

s . 3\ oy -
{1) Review and analysis of |°General conditions of Arab

available data and Republic of Egypt

information _ °General electric power situation
(2} Reéconnaissance of pro- °Power déemand Fforecast

posed power plant and “Necessity and size of power

port sites and trans- ” developmént |

mission.line routes | °Decision on sites and routes

{3) Final decision of sites |[°Preliminary design conditions
and routes {It was carri-|°Conditions of construction cost
ed out in Phase II,) estimate and construction program

°Conditions and data for economic

/ and financial studies

2) Phase II
Feasibility rebdrt.is prepéred based on the field survey
and analysis‘of data as a result of the First Phase and on the
basis of the following basic items,
The site survey of the most prospectife Ayun Musa and
finél decision of sites and routes was made additiOnaliy in

this Phase by the circumstances of the site.



Main Itém

(1)

(2)

(3

{4)

(5)

(6)

Preliminary dééign of

_povwer plant

préliminary design of
coal and other fuel

storage facilities adja-

cent to power plant site

Preliminary design of

_coal unloading and trans-

portation facilities
Preliminary design of
ash.and othér waste
handling system
Preliminary design of
interconnection of trans-
mission lines and sub-

stations to the National

“Grid

Utilization of by-

. products such as ash,

(7)

heat and steam
Preparatory works and
construction program for

execution of the project

\

itéms'to'be'C6mpi1éd"

> Preliminary design

Seawater aesalination, cement,
brick, road pavement and other
by-product utilization pians
Construction Program of different
project parts e.q. pOWethUSe;
_ dbal'recéiving hérbdr,uéoal
storage, o0il storage, desalination

plant



{8) Economicland.finanéial . Economy and financing
analysis Of'projeé£ Cost of kW installed
Cost of kwh generated
qunOmic.return of projedt
Cost of Cu. m of desalted water;
etc?
{3) Analysis and assessment. Environmental measures in desiga:
of environmental impact E.P., stack height, coal sulphur
counte:mgasure, et¢.
(10) ReCommgndations Canlusion and recommendation for

project design and impléﬁentation

1-5-2 Field Surveys
1) First Field'Survey
The First Field SurQey was carried out by the team com-
prising the following:members_and fie;d recéonnaissance, col-
lection of data and infofmapiop and_discussions_with EEA were
made according to the basic'pléné prepared prior to the depar-

ture from Japan.

Name . In Charge of Survey Items
Tetsuya WACHI Team.Leadér Collectidnland study of
Géneral o ekistinq_data and general
anaiysis
‘Yutaka MATSUMOTO Députy Leadéf _ Coliectioh qhd study of
Powe# Supply & © existing data and study of _
Demand and Pawéf power supply & demand and

System power system



Namée

Tetsuro KOBAYASHI

Kanekazu ARAL

?oshiyuki BABA

Masakazu NARAMOTO

Shigenobu ITO

Hideharu KANEDA

in Charge of

Economic Evaluation

Power Plant

Facilities

Power Plant

Facilities

Power Plant

Facilities

Fuel Procurement

Plénninq

Civil Facilities

Survey Items‘

Aﬂalysis of social and

economic cbnditions, and
analysis of financial
conditions

Collection and‘sfﬁdy of
exiéﬁing data and biéﬁﬁing

& design of coal unloading
and coal handling facilities
Collection and study of

existing data and planning

& désign of mechaﬁiéal
equipment

Collection and study of

existing data and planning
& design of electfical
equipment

Collection and study of
existing data and fuel
pgocurement planning .
Collection and study of
exisﬁing déta, planning

& design of ﬁarbor and
civil facilities of pdwer

plant
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Name In Charge of

Masahirc YOKOGAWA Harbor Plannirg

Yukiro KOGA Architectural

Facilities
Masanao IWAKUMA Transmission Lines

and Substation

Facilities

Kenji FUJII Feonomic Evaluation

Survey Items

Collection and study of

existing data and planning
& deéign of harbor and

civil facilities of power

. plant

Collection and study of
existing data and planning
& design of pgwerhouse and
appurtenant buildings of
power plant

Collection and study of
existing data and planning
& design of_transmission
lines ané substafions
Analysis of social and
economic conditions, and
_analysis of finanqial

conditions



The survey périods were as follows,

Names

" Wachi

" Matsumoto

Kobayashi
Ito
Yokogawa
Fujii
Arai
Iwakuma
'Kéga.
Kaneda
Baba

Nakamoto

1-11

Departure

8

11

8

15

15

15

15

15

15

15

15

‘JAN
FEB

JAN

JAN

JAN

JAN
JAN
JAN
JAN
JAN
JAN
JAN

JAN

1983

1983

1983

1983

1983

1983
1983

1983

1983

1983

1983
1983

1983

Survey Period Retufn
 '9ﬁJAN D22 gaN 23 gaN 1983
12 FEB - 8 MAR' O MAR 1983
9 JAN - 28 JAN 1 MAR 1983
16 JAN - 14 FEB ' 15 FEB 1983
16 JAN - 14 FEB 15 FEB 1983
16 JAN - 14 FEB 15 FEB 1983
16 JAN =14 FEB 15 FEB 1983
16 JAN - 28 FEB 1 MAR 1983
16 JAN - 28 FEB 1 MAR 1983
16 JAN - 28 FEB 1 MAR 1983
16 JA& -~ 8 MAR QIMAR 1933

9 JAN - 8 MAR 9 MAR 1983

9 JAN - 8 MAR 9 MAR 1983



2)

3)

1 - 12

Second Field Survey

The second field survey team visited Egypt with the in-

terim report compiled of the results of the first field sur-

vey, and discussed with EEA on the demand forecast, prelimi-

nary design conditions, construction cost estimate conditions

and conditions for economic and financial analyses and carried

out the field survey of North Ayun Musa Site, which had not

been carried out ét the time of the first field sur#ey.

The members and period of the second field survey were as

follows.

Name

Tetsuya WACHI

Yutaka MATSUMOTO

Tetsuro KOBAYASHI
Hidsharu KANEDA
Yoshiyuki BABA
Masahiro YCKOGAWA
Masakazu NAKAMOTO

Toshio FUJINO

Counterparts

In Charge of

Team Leader

General

Deputy Leader
Power.Suppiy & Demand
and Power System
Economic Evaluation
Civil ?acilitiés
Fower Plant.Facilities
Harbor Planning

Power Plant Facilities

Geological Survey

Survey -Period

24

24

10

24

24

24

24

MAY

MAY

JUN

JUN

MAY

7

24

26

JUL

JUL

JUN

JUL

JUL

JUL

JUL

JUN

1983

1983

1983
1983
1983
1983
1983

1983

Both the Ffirst and the second survey teams were divided

into 5 groups and worked with the following counterparts from

EEA.
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EEA " JICA Team

General Coordination

Dr..Emad El Sharkawi T. Wachi
Project Coordinator

Dr. M..Sérry Y. Matsumbto
Assit. Coordinator

Group-1 Power Plant Equipment with Accessories

'Eng. Said Essa *1 K. Arai
Eng. Saad El Din Y. Baba
Mr. Kamal Hassan M. Nakamoto

Dr. M. Serry.

Eng. Hazim EI Tanbouli
Chemist Salah Hanna
Eng. Mansour Mohamad

Group-2 Civil/Architectural Works including Harbor Facilities

Eng., Hassan Zaki T, Wachi
Eng. Ahmed Abdeéel Halim H. Kaneda
Eng. Adel Abdullah | ‘ - .M. Yokogawa
Eng. Salah El Shirbini *1 Y, Koga

*2 T, Fujino

Group-3 Fuel Planning

Chemist Salah.Hanna *1 K. Arai
Eng. Gamil Abdel Kader f. Baba
Eng. Zenab Abdel Azim ¥*] 5. Ito
Dr. Ahkmed Ghorab M. HNakamoto

Eng. Fathy Zahran

Eng. Nasr Waheeb
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EEA JICA Team

Group-4 T/L, S/S and Power Demand Forecast and Development Plan

Dr. Mahmed Hegazi _ T. Wachi
Eng. Adawi Emira ¥. Matsumoto
Dr. Mbhammed Awad ] M. Iwakuma
Eng. Fauzi Shanab. ?. Kobayashi

Eng, Farouk Ghallab
Eng. Ikbal Abou El Fadel
Eng. Hagi El Gahli
Eng. ﬁasSan Foudah
Eng. Loutfy Abdei.Kader
Group-5 Economic Conditions
Accountant Hélmy Hassanein T. Kobéyashi
Dr. Talaat Tabalawi E *)] K, Fujii
Eng., Fawzia Abou Neima
or. M. El Gazzar
Mr. Ahmed Abou El Ella
Note: *1 Member of tﬁe First Survey Team
*2 Member of the Second Survey Tean

Others participated in both surveys.
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4) Related Organizations
puring the sﬁtvé? periods; theﬁSufvey'Teéh go£ the coope-

ration from the following organizations,

Egyptian Electricity Authority_(EEA)_Head'dffice
{Nasr City,Abbassia,Cairo,Eqypt
Tel. 830170, Telex 92097 POWER UN)
- EEA Cair§ Zone Office

- Ministry of Planning

- Governorate Suez

- Sinai Rehabiiitation Apthority

- Nucleaf Power Plant Authority

- Survey Authofity

- Aero Survey Authority

- Geoclogical Survey Authority

- Military Survey Authority

- General Fétpoleuh Authority

- Ministry of Transportatioﬁ

- Ministry of Industrialization

~ Red Sea Port Authority

- Alexandria ébrt Authority

- Adabiya Port Authority

' - Ahmed Hamdi Tunnel Autﬁbritf

- Suez Canal Authority

- Meteorological Authority
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1-5-3 Meetings with EEA in Japan
The BEA team_composed of the foliowing rmembers stayéed in Japan
from Septermber 24 to October 19, 19383 for discussions on the éur-
vey report.,
Eng, Fazen El Tanbouli
Manager Director for.Power Plants Cairo Elect. Zone
Mr. Helmy Hassanein
Manager Direcﬁﬁr for Financing, Cdmmereial_& Economics
Dr. M. Serry
General Assist. Coordinator for Sinai Coal Power Plant
Eng. abdel Halim
Director General for Civil Works
br. Mohamed A. El-Gazzar
Senior Planning Engineey
Eng. Loutfy Abdél Kader
Senior Engineer, Study & Developing Network Dept.
1-5-4 Team's Works in Japan
After returning.to Japan, the members of the Survey Team have.
been éngaged in the analysis of the collected data and information
and preparation of the Feasibility Report until December, 1983,
1-5-5 Explanation on Draft Féasibility 3eport
A team composed of Tetsuya WACHI, Team Leader, Yutaka
MATSUMOTO, Deputy Leader, Te;suro' KOBP-‘!'ﬁSHI- 'Economist and
Masakazu NAKAMOTO,‘Powér Plant Engiheer, visited_Egypt for 15 days
from the end of November 1983 and explained to EEA on the draft

Feasibility Report,
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Collected Data

SuUrveys.

The

following data and information were collected during site

Based on the data and information listed below, the Feasibili-

ty Report is prepared.

1)

EEA
(1)
(2)
(3)
(4)

(5)

(6)
N

(8)
(9

{10)
{11)

{12)

(13)

(14)

(15}
(16)

(17)

Head Office

Steam Power Plants

Summary of Sinai Development {Arabic)
Emergency and Tripping in Power Station
Table of Environmental Pollutionsstandard

Natural Gas Analysis Data

Report on Construction of Power Station by Using Local and

Ikported Coal (Arabic)

Data of Buii&ing Work {Matefi&l and Construction Unit

Price)

Local'cbntractor of Civil Works

Abstruqt from “Condition of Tender and Sbééificafion of
220'kv O.H.T.L. éi Ahrméi"

Annuval Report of Electric Statics 1981

Abstruct from GCdnditiOns.of Tender of El Kaésaby Station”
Monthly Report (Load Distribution Statistics.(Jan.'1982 to
Oct. 1982) Except dJul. o

Abstruct |

Inéulétcf<ne§ign & Dimensions

syétem'ﬂap as of 1986

Communication System in Canal Zoné

Technical Data upt; 1986

Load Flow.Actuai

15/Jul, 1981; 30/Pec. 1981; 28/Jun. 1982; 16/Jan. 1983
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(18) A Map "Single Line Diagram Suez North"
(19} A Mép_“Gengra; Lay@ut of Sqez Naorth"
(20) A Map “Drawing of Cross Section of Tunnel™
(21) A Map "Suez City; Scale.}/50,000".
(22) A:Map "Single Line Systenm Map as of 1987"
(23) Energy Sold and Electricity Pricin§
i. Geneial Price Escalation Ratio (Applied for tariff
amendment}
ii. 1st Tariff Amendment
ili. 2nd Tariff Amendment
iv. Annual Consuﬁption by Each of the Main Consumer Cate-
qqziés
v. Energy Sales from DC to Consumer s
vi. Selling ﬁriées:for_Energy Consumption (Accérding to
.Ministerial Decree No. 259-1974)
vii. Tariff as per International Price (Projeqted)
viii. Tariff as per Subsidiéed P:iqe of Fuel (Projected)
ix. Operating Data from 1980 to i982
%. Large New Indu%trial Loads (1982 - 1986)
Xi. H.V. Tariffrstudy - August_;QBJ {Addendum)
®xii, H;V; Tqriff Study —=MarcH 1981
xiii. Data Collection - April 1982
xiv. M.V. and L.V, Tariffs Study ~ April 1982
{24) Power Demand Fprecast'ana ﬁcwer.nevel§pmen£ Program
i. Report on Economical Expansibn_Planning of Generation
System - {1985 - 2000)‘
ii. Enefgy and Load Forecast - (1981 - 2000)_(Peak.Load

and Annual Energy)
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iii. Peak Load, Installed Capacity and Reserve Margin -
(1986 - 2000) |
iv. Optimum Expansion Generation Plan (f986 - 2000}
v. Peak Loéa; Total Energy, Installed Capacity and Types
of Generation
vi. Annual Réport of EEA, 1981
vii. Map (Sketch) showing Service Areas of Eébh Zone and DT
viii. Monthly Peak Load by Zone - (1972 - 1979)
i¥. Tepoxrt on ECOnémicaI Expansion Planning of Genefation
System
X. RepOrt.on Economical Comparativé Cost Study between
.Conventional and Renewable Eﬁetgy Generation - May
wi. The Introduction of the Hew Capacities to the UPS
(25) Financial Statément
i. EEA Balance Sheet - (1§76.- 19éo/az) 
ji. Revenues and Expenses (1976 - 1980/81)
3ii. Sources and Application of Fuﬁdé - (1976 - 1280/81)
iv. Standardized Depreciation Table
{26) Organization and Function
ji. Law No. 12 - 1976 for Es£ablishment.6f'EEA
ii. BEA Organization ‘Stiucturé and Job Classifications
R Desc#iption - Novémber 1980 |
(27) Others |
i. Growth of Production and GNP - (1970 - 19?9j
ii. Retiremént Schedule of Power Plant {1983 - 2000)
2) chemnical Laboratory’
(1) Physical Chafactéristiés for Turbine Oil & Tr. Oil, etc.
'(2) Data Sheet

{3) Sea Watexr Analysis Data
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3) Ataka Thermal Power Stétion;(gEA)
(1) Biddiﬁg Documents Part II, Appendix (Oceanclogy Data)
(2},C6ﬁstructi¢n Schedﬁ1e 
(3) OrganiZaﬁidn Chart fét Construction
) Afaka Thermal Powef Station (Brief Description}
(S)_ﬁeteorological Pata
{6) Contract ﬁocﬁﬁent er S.E.D.E. (Technical Specification)
4} Goverriorate Suez . |
{1) Suez_DevéIdpment Plan
{2) Suez ﬁaéter Plan, March 1978 (Meteérological Data}
{(3) bevelop@ent Plan in Sinai
{4) Topographic Map of Ayun Musa 1:50,000
4) sinai Rehébilitatién‘ﬁﬁthority
{1) Data Sheet (for Water Supply Plan)
(2) Briéf of Sinai's Projects (Arabic)
(3) El Arish Port (Arabic)
{4) Ayﬁn'Musa Project (Arabic)
6) Nuclear Power Plént,huthorjty_
(1) Sea Water Analysis Data (El Dabaa,.North Zafarana, South
Safaga) |
(2) 8937Watet_Témperatpreljﬁléxandria, quf of Suez, Red Sea)
(3) Meteoroloéiéallnaté-forngiro, Suez. and Alexandria
Témpéfature
 Humidity
Rainféll
Wind velbcity and direction
.Monthiy,tﬁunqerbolt_'f;E-..

Earthguake recorad
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7} Survey Authority
Toepographic ﬁép
“Suez“ . scale 1!100,000
"Abu Zenima" scale 1:100,000
I"A),-Au.n quaa  scale'lilob,OGO
vzafarana®  scale 1:100,000
8) 'GeSIBQical Survey Autﬁotit}.
{1) The Main Téctonic'Feétures of Egypt, 1959 (The Tectonic
Map of Egypt) | - o
(é) Geoldgical Map of Egypt (1:2,000,006, 1981)
{(3) Extraét.froﬁ *Studiés on Somé Mineral De§OSi£ 6f Egypt" -
- Article 5
{4) Chemical Studies on Ayun'Musé Coal, 1965
{5) Geology and Coal Deposits af Gabal El—Maghéra (Noxthern
Sinai} |
{6} Ayun Musa Boring Log Sheet
9} General Organization.éf Indﬁétriéation (Minin§ Séétibﬁ).
(1) Call for Offer for thé.Reactivatibn of Mégharé Céai Miné
North Sinai A.R.E. (The Gedibgicél'Survey)
10) Military Survey Authority
{1) Topographic Map

Ayun Musa scaleII:ZS;OOO

Bair El Mor scale 1;25,090
Abu Zenima . SCélg i:iO0,0ﬁﬁ
Zafaréna _ scale 1:100,000
Suez o ': scale 1:50,b00

East Great Lake :scéie(1=50,doo
El Shaloufa‘ ) ‘scale'lééa}ﬂoo

Genefa scale 1:50,000
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Ismailia scale 1:50,000
Eltasa scale 1:50,000
Great Lake scale 1:50,000

11) Petroleum Corporation
(1) Retail Sale Consumer for Petroleum Products
{2} Production of Crude 0il and Natural Gas
{(3) Egyptian Standard Specification for Gas Oil and Diesel 0il
(4) Specifications of‘Fuel_Oil for Exportation "Straight Run®
(5) Fuel ©0il Analysis Data
(6) Annual_Report'(ArabiC}, 1981
(7) Natural éas Analysis Data {Westexrn Desert)
12) Ministry of Transportatién
(1) Road Maprof Sinai Peninspla
(2) Water Way Nétwofk (Map) , ete,
13) Red Sea.Port Authority
(1) Adabiya Port "Master Plan"
(2) Tidal Table "Red Sea Suez"
(3) Adébiya Port.Planning Dwg.
(4) Lgcation.of Bore‘Holgs
(5) Port of Suez Future Plaﬁ Data
14) Alexandria P0r£ 3uthority
(1) pata Sﬁeet for Harbor Facilities
15) Ahred Hamdi Tunnel_Agthﬁrity |
(1) A Leaflet "Ahhed Ha@diVTunnel"
16) Suez Caral Authorit?l
Sounding Map éf Suez.Bay scale 1:20,000
17 Meteorolpgicai_Survéy Authority
(1)'Meteorologicai‘Daﬁé_bf_Aygn Musa
(2) Meteoiologicél Dgta.of Abu Zenima

{3) Meteorological Data of Zafarana



Fig. 1-1 . Overall schedule for Feasibility Study oﬁ_the Construction
of the First Coal-Fired Thermal Power Plant in Sinai

Fiscal Year ' 1982 ' 1983

Si : —
Items ULvey p

i 1 2 3 4 5 6 : 7 _ 8 9 10 11 12

Overall

" FPinal Pdasibility
. B P . . Study Rgport
Preliminary .- B - 7 - . —
Interim Repory . : o e _ Draft Feasibility

: Interim Report |& Decision bf Sites and Routes Study Reporlt

. P

Phase I; Site Survey, Data Collection

L

Review & Analysis

B T “Eewearel |}

Schedule

Phase II: Site/Route Decision & Final Interim Report I
Preliminary Design . Cairo—{Tokyo

Py ; ' 3 Person .: -
Tokyo 3 Cairo = Cairgs Tokyo Tokyp 3 Cairo APy Tokyo 3 fairo _Cdiro » Tokyo
{1) Movement ‘4 _person 4 parson _ v oo - ‘}-Lairo ->Tokyo T4 person U V4 porse

. : : : . o) i -~

. _ | N ¥ Toxve S I 76 pdrson V7 J g‘person _ P 7 ~y Ps SO

' . - Ccairo iCairo ) {Tokyo - / &okyo-eCairo ! i
. e . , : 4 persor Y1 i
{2) Visit to Authorities Concerned 1 8 pegrson ; 1 persgon ‘

t 1 ;

Cairo 3 Tokya o /Toxy01>Cglro ‘ . ;
4|person . 1 person .

Schedule

{3) Meeting for Inception Report

{4) Site Survey, Data Collection/:
. Review & Analysis (Ayun Musa
sites:not yet performed)

Phase I

and Route: not yet decided)

i
i
:
{5) Interim Réport {Dacision of Sitec ' !
{
|

(1) Ayun Musa sites survey,
Data Analysis

(2) D?cision of Proposed Sites and Rcjute _ -
Finalization of Interim Report

{3) Feasibility Study Report - _ gﬁfﬁﬂ

a. Preliminary Design of Power Plant : : |
and Coal Yard Equipment

b. Preliminary Design for Coal
Unleading and Transportation

c. Preliminary Design for T/L and .
s/s

d. Study of Utilization of Sub- : ' ' . |
* products ' '

e. Study of Timing, Staging and " Phase I Phase| IT
Phasing of construction > S— -

Phase II Schedule
j

f. Fconomical and Financial
Analysis

-g_ Assesment of Environmental.
Impact

{4) Meeting with EEA in Japan - _ ' . ) e p———
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CHAPTER 2 GENERAL DESCRIPTION OF THE PROJECT

2-1 THE PROJECT

2-1-1 Outline of Electricity Industries in Egypt

n

Electric Utilities in Egqypt
The electric utilities -in tﬁe Arab Republic of Egypt are
corposed of.the following 4 agencies under the Ministry of
‘Electric Power and Enerqgy, which weré organized in 1976,
Egyptian Electricity Authority. (EEA)
Rural Electrification Authority {REA)
Ngclear Plants Authofity for.Generation {NPA)
.Quattara Hydro and Renewable Energy Authority (QHREA)

And the construction and operation of the power dgenerating

“plants éxeept'nucleér powér plants, and the power line net-

.works are managed by FFEA., The organization has been put into

actual'operation since 1979,

EEA -is directly supplying electric power to the major
industries such as SOMED {pipe manufacturer), KIMA {fertilizer
factpty), aluminum production, etc. through 220 kV and 132 kv
lihes, and to other industries such as shipyards, teéxtile,

petroleum refinery, chemical plants, irrigation, broadcasting,

. land férmation, etc. with 66 kV and 33 kV lines. For the

other cuétomeré, EEA wholesales electric energy to distribu—
tion companies which supply the power to individual ¢ustomers.

In other words, EEA is the general electric utility orga-
nizafion in charge of the construction and operation of the
major 'parts of electric power generation, transmission and

distribution in Egypt.



2)

outline of Electric Supply System by FEA

The power dgenerating facilities of EEA were composed of
hydro power of 2,445 MW and thermal power (including gas tur-
bine) of 2,687 M, or a total of 5,132 M¥, in 1982.

Looking back into the recent histoiy of electric power
development in Eéypt; Aswaﬁ Dam No. 1 Power Station of 345 MW
was built in 1960 and Aswan High Dam Power Station of 2,100 MW
(175 M¥@ x 12) was completed in 1970, or a total hydrq capacity
of 2,445 MW was built till 1970. Mo addition of the hydro
generating capacity was made up until 1982,

On the other hénd, thé thermai'generating paééeity in 1270
was 1,330 MW, and the sum of hydro and thermal generating
capacitieé'iﬁ¢1970 was 3,775 MH. Inﬁteaée'bf capacity for 12
years up té 1982 was 0 with hydro and about 200% with thermal,
or 136%'overéil. The annual AQErage groﬁth rate over the 12
years was approximately 2.6%.

As shown in the following Table 2<1, no devéloﬁmeht in tﬁe

generating facilities was made for a 1970 - 1975 period, since

the country was satisfactorily supported by the hydro power of

2,445 MW,

-The hydro power SOurées constituting about 65% of the
total generating faciiities are coﬁceﬁtrated in Aswan, énd
should there he Any failure in thé 500 kV x 2 circuit Aswan-
Cairo line, the power supply system would be serioﬁsly troubl-

ed.



Therefore, fér,fhé promotion of:iﬁduStfieﬁ by stable power
supply'and for the éxpansion'éf rural electrification, the
expansion of base_'_load Cariyinq thermal power stations and
power supply networks were implemented intensively in the
framework éf.thé Fiveéyeaﬁ érdgram ffém'1976. As a result the
rvatfo of hydro aﬁd thermal generating capacifies becéﬁe 48%

hydr¢é versus 52% thermal.

Table 2-1 Installed Capacity {(M#)

Year ghermai Hydro Total
1970 1,330 2,445 : 3,775
1975 1,330 ' 2,445 3,775
1976 _ 1,334 . 2,445 - 3,789
1977 | 1,415 - 2,445 - 3,360
1978 1,460 2,445 = - 3,905
1979 1,784 2,445 4,229
1980 2,261 - 2,245 4,08
1981 2,469 2,445 4,914
1982 2,687 2,445 5,i32

As of 1982, available capacity and peak demand as against

the installed capacity, were as follows.

Installed : Available . Peak ‘Margin
Capacity Capacity Pemand Rate
~{MHW) - . (MW) B ;i (%)
Hydeo . . 2,445 2,000 (82%) - -
Thermal - 2,687 2,077 (77%y : - -
Total 5,132 4,077 (79.43) 3,900 4,54

Percent . in the available capacity column represénts the
availability ratio. :



The availabiliiy ratio of 79.4% as of 1982 should be im-
proved to 90% approximately in the fuiure.

It must be noted that'Operation of hydro power plants ié
occasionally and inevitably limited if the priority of flow
~should be given to irrigafion and other purposes since the
-useful flow for-generatioh_varies depending on the discharge
flow condition of the year. and the decline of availability.
of thermal power generating'capacity is mainly due to super-
annuated facilities, o:-trouble/acciﬁents of facilities even
if those are new,

Electric ﬁower System

The electric power sttem.of EEA is divided into two main
areas; Lower Egypt and Upper Egypt.
Upper Egypt: This is the network made up mainly of 50ﬁ kv % 2
_ cct transmission line from Aswan High Dam, along
the Nile and to the south of Metro Cairo Zone.:
lLower Egypt: This systéem is diQided into the following 4
T zones.
Metro Cairo Zone
Alexandria Area
Delta Zone
:Cahal Zone -
The networks are 1h£erqonnected with 500 kv, 220
.kﬁ and 132 kvnlinéé, and tﬁe e#tension and im-
proverent prograﬁ to attain'higher supply reli-
ability is now unaer cbnsideration.
Line routes of the trunk tranémission systems are as fol-

lows:



_ Upper Egypt.

500 kV System
¢ Aswan High Dam Power Station -~ Nag. Hammadi - Samalout
- Cairo

132 kV System

° Aswan High Dam Power Station ~ Aswan Dam Power Station
- Luxor - Nag. Hammadi - Samalout - Beny Souef

° Samalout - Beharia Oasis

' Lower Eqgypt

220 kv System

° EL Harm - Cairo South - Wadihoof - Sokhna
® Cairo South - Cairo East - Suez

° Cairo South - El Harm - Cairo West

¢ Cairo 500 - Cairo West - Cairo North - Heliopolis

® cairo North - Zagazig - Ismailia (Manaif)

® Cairo 500 —_E; Tahrir I - Damanhour - Kafr El Dawar
- Alexandfia I

* Cairxo 500 - E1 Tahrir II -~ Ameria (Alexandria II) -
SOmid

° El tahrir 1 - Tanta - Talkha

° Damanhdur - Mahmoudia - Kafr El Shikh - Talkha

° Mangif —.Port Said

® Manaif - Abu Sultan



The transmission line length and transformer capacities at

substations as of 1981 are tabulated in the following.

Table 2-2 fTransmission Line Length

(As of the end of 1981)

Unit: km
Ultra High Voltage (UHV)  High Voltage (HV)

Region 500 kv 220 kv 132 kv 66 kV 33 kv Total
Cairo - 35é - 431 - 783
Alexandria - 417 - 518 138 1,073
Canal - 728 - 620 L - 1,348
Delta - 714 - 1,235 911 2,860
Upper Egypt 1,556 - 2,098 368 1,15& 5,184
Total 1,576 2;211 - 2,098 3,172 2,191 11,248

Table 2-3 Transformer Capacities of Substations
{As of the end of 1981)
Unit: MVA
Ultra High Voltage (UHV) High Voltage (HV)

Region 500 kv 220 kv 132 kv 66 kv 33 kv Total
cairo - 1,245 o= 1,723 - 2,968
Alexandria - 845 - 325 365 1,535
Canal - : 670 - 19¢ - 269
Delta - 860 - 1,037 200 2,097
Upper Egypt 3,280 R 1,377 227 408 5,292

Total

3,280 3,620 1,377 3,511 973 12,761
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' 2-1-2 Power Demand Forecast and Development Prbgram

“1) Ou;lihe of Evolution.of.ﬁower Demand and SuPpiy by EEA

- The expansion of power sources during 1§70 - 1982:peribd

and the growth of energy sales are tabulated in"the'following.

Table 2-4 Annual Generation and Peak lLoad

‘ Annuél.ééhérétion (EWﬁi' : Enérgy sold. .Pégk ioéd
B - ' . - —- - {GWh) SR
Year Thermgl Hydro ~Fotal | .  CEEA {MW) _
Direct Sellihg to Cﬁnéumer )
- 1970 2,225.5 4,689.9 16,915.4 5,937.1 | 1,100
1975 3,009.3 6,790.3 3,799.6 6,301.6 | 1,733
1976 3,642;? 8.002.8 11,645.5 9,661.5  1,909
1977 4,478.0 | 9,075 |13,516.6 11,488.9 | 2,284
. 1978 5;0?7;5 -‘9,935,; "~ | 15,012.7 .12,122.5 2;564
Direct Selliﬁg + Wholeselling
1979 6,750.7 9,608.3 16,359.0 14,549.0 2,829
1980 8,628.1 9,801,3 18,429.4 16,113.7 3,239
1981 h0,532,4 30,215.1 20,747.5 17,940.1 3,553
1982 - - 23,350.0 20,267.8 3,900
Annuai Iincrease Rate
1970 - 75 7,23 7.0% 9.5%
1975 - 8% 13,2% (13.6%) 12,3%
1970 - 82 10.7% (10.8%) 11.1%




Table 2-5. Energy Sold by Zone

- Energy Sold:{GWh)

Component Ratio (%)

Zone 1979 1980 1981 1979 1980 | 1981
Cairo 4,957.3 5,608.1. 5,902.8 34.0 34.8 | 32.9
(9.1%/annum}
Alexandria 1,833.8 1,923.9 2,088.2 12.5 12.0 | 11.6
: {6.7%/annum}
Delta 2,258.5 2,552,0 3,065.1 | 15.6 15.8 | 17.1
- ' {16,5% /annum)
Canal 925.5 1,069,2 1,265.4 6.4 6.6 7.1
oo (16.9% /annumn) :
Lower Egypt 9,975.1 | 11,153.2 | "12,321.% 68.5 69.2 | 68.7
: . : {11, 1%/annum) '
Upper Egypt 4,573.9 4,960.5 5,618.6 31.5 30.8 31.3
: . » ] 1(10.8%/annum) ' _
Potal 24,549,0 | 16,113.7 | 17,940.1  [100.0 | 100.0 | 100.0

{11.0%/annum)
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As shown in the. foregoing tables, there was no addition of‘ﬁew
generating caéacity during 1970 - 1975 period, but the energy
sales grew by 7% of ‘an annuatl é\?erage rate. | After_ the p_oﬁer
ééurces and netwbrks eXpansiéh pfogram was.sﬁarted iﬁ.1976 ﬁn&er
the_S—year program; fhe energy'sales inéreased at an:aﬁﬁual ave-
r;ge rafexdf about 15& until‘lgéé. | |

The.peak load increased at an average rate of abouf ié% per
year from 1976 and reached 3,900 MM in 1982, leaving only 4.5% of
margin as.against thé available capacity of 4,077 MW. Therefére,
the expansion of powéf sources mﬁst'urgently be implemented.

On the other hang, 5eein§ the enerygy consumption ﬁpto.léBl
fiom' 1979 when the.‘ﬂev electric utiiitf system qu.réut‘ into
effect, the énerﬁy sales in Lower Eqypt Zone of Cairo, Alexandria,
belta Canal and.Upper Egypt Zone grew at an annual rate of 11%.
The growth rates of 9.1%/annum in Cairo and 6.?%/annuh in Alexan-
dria were stagnated at lower than the average while growth in
Delta _and Canal were 16,5%/annum and 16.9%/annum respectively.
This tendency is due to the promotion of rural electrification and
industries supported by the public character of the eléctric uti-
lities. 1In Uppér Egypt, 10.8%fannum of growth rate as near as the
average value was seen.

~ The monthly average maximum péak load from 1972 to‘1979 gene-

rally fell in December as shown in the following table.
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Tablée 2-6 Peak Load by “Zone (Monthly Average)

Unit: MW

. Maximum Load : , Delta- L. Egypt Upper _
Month - Year Cairo  Alexandria Canal Total Egypt Total

.November.l§72 507 ETT 3225 905 25@ 1,123
becémber 1973 540 193 237 979 264 1,198

September 1974 565 922 263 1,050 350 1,335

Decenber 1975 671 235 348 1,254 447 1,691

December 1976 761 250 408 1,419 486 1,836

pecerber 1977 872 ‘ 2§i - 492 1,661 637 2,238

December 19?8 334 256 : | 645 1,815 683 2,449

‘becenber 1970 f1,055_ 340 699 2,103 716 2,742

Compdnént Ratio : : : o
“in 1979 . 37.4% . 12.3% -24,8% 74.5% 25,5% 100.0%

Source: Statistic Data Provided by Planning Department
The load factors as against annual generation were tabulated

as Follows. 66 - 67% of locad factor will continue into future,

| ngz. . Load Factor Year Load Pactor
1975 64.6% 1979 66.0%
1976 - . 69.6% . 1980 . 65.0%
1977 67.6% 1981 66.7%

1978 . 66.8% . 1982 - 68.3%
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. In 1931/i982 flécal Year,fthé direct salés'of.vﬂv and HV by
_ EEA (UHV at 500 kv, 220 kv and 132 .kv and HV at 66 kV and 53 kV)
._amounted to 5, 326"Gwh- or only.éa% as against 19, 013.3 GWh of
qeneratlon at the substatlon end, and the balance of 13, 68? 3. Gwh,
or 72% was wholesaled to the distribution companles, out of whlch }
11, 839, 5 GWh was dlsttlbuted t¢ custoners throuqh MV and LV 1ines.
Namely, the energy ‘5014 was 17, 165 5 GWh as against the 19 013 3
.Gwh at EEA substatlon end. The system loss was 13.2% w1tﬁ1n EFA's
system and 21 6% in the entire system including'.disfributidn
companles. The energf sales by categories are tabulated in the

following.
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Tablée. 2-7 Energy Sold by EEA and DC and Component Ratios

Category . © 1%80/81 . 1981/82 Component
(GWh) (GWh) ratio (%)

EEA (UHV_and HV)

Industries | 4,907.7  4,793.5 27.9
-Aériculfuré/irfiqétidn _  440.7 512.5 3.0
BATRA ﬁfoéacast . 20.0 | 20.0 0.1
Sub-Total | 5,368.4  5,326.0 31,0
Wholesale fo D;C. 11,867.1 | 13,687.3.‘
Total EEA ' | | 17,235.5 -19,013.3

Distribution Companies (MV and LV}

Industries .. 4,278.0 4,799.6 28.0
Agriculture 335.9 323.0 2.0
Housing Coﬁpanies - 258.8 337,90 2.0
Public Utilities 1,153.9 1,324.4 7.7
Residentiél/Commercial 3,583.1 4,372.9 25.4
CoVernmental Buildings 612.5 682.6 3.9
Total D.C. ©10,222.2 11,839.5 69.0
Total Energy Sold (EFA4DC) 15,590.6 17,165.5 100.0
Fower Plant Gross Generation Net Cénerétién Station Service Loss
(Gwh) (Gvh) (%)

Steam P.P. 7,526.5 6,986.3 7.2

Gas Turbine 3;005.9 _ 2,984.0 0.7

Hydro P.P. 10,215.1 10,090.6 1.2

Total 20,747.5 20,060.9 3.3

(as of 1981)
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Table 2-8 Sold Energy by EEA and Averaged Tariff

Energy Sold {(Gwh)

{Unit: LE)

Average Taviff

_(mill,/kbh)
Category 1979 1980 1981 1979 1980 1981
220 KV and 132 kv [
ka0 1,53;.3 1,453.5  1,451.8 3.4 3.4 3.4
Aluminivm 'l'i,éjils ..2,096.4 2;467.5' 2.6 ':2;3 2.9
SOMED 280.6 '275.1..- 327.1 5.3 5.1 5.1
66 kV and 33 kv N N | |
Faypt Chemical 85,1 104.5 85.4 6.5 6.5 6.5
HASR Petroleum 81.5 94.2  101.8 5.0 5.0 4.9
" Abu Qir Fertilizer 12.1 8.3 .:9;9 6.4 ?;2 6.5
Talkha Fertilizer 233.1 222.3 3069 6.5 6.5 6.5
ARSENAL 10.9 0.0 10.8 6.7 6.4 6.5
MEHALLA EI, KORBA 44,9 35.4_ =81.3 7.0 7.0 6.8
alex, Petrbieum - - 21.3 .- - 5.7
Alex, Cemeﬁf - - 100.0 - - 6.5
Totai-iﬁégsiries '4,125.3 4,29é.i ;,903.8 3;5 3.5 3.7
Irrigation/Drainage 213.1 453.1  489.4 6.9 6.9 6.4
rand Reclamation - 24.6 8.6 - 8.3 8.3
Total Agriculture 213,1 477.7 498.0 6.9 7.0 6.5
BATRA Broédcagﬁi;g.: 21;2 18;9 _ -18.6 8.3 7{5 6.5
Wholesale to D.C.  10,187.5 _'ii,318.4 12,519.7 9,0 9.0 9.0
total BEA | 14,546.1 16,113.7 17,5401 .80 7.47 7.47
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Load Forecast and Development Program

a.

Load Forecast
Because of the influence of the Middle East War as

stated before, the economlc qrowth was stagnant during the

'period of 1970 - 1975, and no expanslon of electric power

fa0111t1es was made, partly becaunse of the completion_of
Aswén ﬁigh ﬁéﬁ Hfdré‘Powéi Station”in 1970,

After fhe.énd of the Middle Eést.War, developient of
éleétric péﬁerfiﬁdUStrf‘was atta;nea with an annual ave-
rage qrowth.fates of more than 10% as a trunk inﬁustry for
reconstructlon of the country and reactlvation of economy
under the 5 ~-year programn statted in 1976,

Pass1nq throuqh the unfortunate war state, the economy
of.Egypt could_nét grow straxghtforwardly, hut has been
growing involving distof£i0ns by the war.

Howavay, taking adv#htage of'the fact that ﬁgypt.is an
oil'producing ﬁation, the'coﬁntty could achieve stabiliia; 
tion of rurai aistricts ‘and p?@mo;ibn of industriés
throughiimplémentétioﬁ'of éleétﬁiiicafiqn prﬁqfams alded
by the hiqﬁesl pridrity treatment in electric. rate
sett;ng. | . | |

On the other hand, in'iine Qith'the WOridkide.feéés—_
sion of economy, the funds required fOr the Plectric power
developnent programs have increased, and the electric rate
will have to he revised step by step after 1983, The plan.
of rate revision formulated by EEA is now under review by

the government.
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Year
1981/1982

1982/1983

1983/1984

1984/1985

.1985/1986
- 1986/1987
1987/1988

1988/1989

1989/1990

1990/1991
1891/1992
1992/1293
:;993/1994

1994,/1995
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The load forecast was made for the Qhole_Egypt for

1983 - 1995 period, with a view to establishing the basis

for the development program of é1e¢tric pqwer.sou;qes and

power systems, including the'prgséni_Project.‘

In making the load forecast, 'the: cbrrelatibn zamong

GDP,_gléctfic‘pdwer démand, ele¢tric£power raté'and whole-

_sale commodity pfices:wéreftréqed fdr'the.past,lg'years of

1970 = 1981, And based on the correlation, the electric

power demand:forecast;was-made‘for the 1983 - 1995 period

'by the mﬁltipie regressidn method, with fhe new S5-year

plan_bver 1§8é/83 ~ 1987/88 years taken into actbuﬁi.

Table 2-9 Long Range.Load Forecast
B. .. C. D. Maero Multiple:
- Regréssion Method

Generation Load Peak Load Calendar E, o F.

55,720

12,277

Enexrqy _ -

at /S . Factor B/8.76xC Year ‘Generation Peak

‘ ~Tr, End 1 at P/S Tr. Load

{GWh) (GWh} (¥w) End (GWh) (Mw)
| 17,323 22,068  0.683 3,688 1982 _22,9151 3,859
18,653 23,762 0.66 4,110 1983 25,093"_ 4,340
26,742 26,423 0.66 4,570 1984 23,656¥ 4,853
23,305 29,688  0.66 5,135 1985 31,547 5,456
26,223 33,405 0.66 5,778 1986 35,26?' 6,097
29,123 © 37,009 0.6 6;417 1987 38,876 6,732
31,983 40,743 0.66 7,047 1988 42,573 7,363
34,856 44,403  0.66 7,680 1989 46,38 8,020
37,941 48,332 . 0.66 8,360 1990 50,506 8,736
41,354 52,680  0.66 9,112 1991 55,052 9,522
45,077 57,423 0.66 . 9,932 1991 59,707 10,327
48,662 61,990 0.66 10,#22 1993 64,159 11,097
52,067 66,327 q,ée 11,472 1994 68,652 11,875
70,981  0.66 1995 73,705 12,748 .
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By  the nacro mﬁltiple'reqfesgiOn'method, as stated
befdré'the.foré@ast.figures of the required annual genera-
tion and the peak 1oad at the Eréﬁsférmer'ends in power
plants were Obtaihedtés sﬁdﬁn in columns E. and F. in the
foregoing taﬁle.

in view.of thé imp6rténce of the short-range and the
long-range  1oad fofeéaét.‘as an inde® for the national
development in future, EEA has made various studies, and
resulted in édopt‘;n'g the following'_{o'ad forecast:.

Genheration at

Calenday ' P/S Tr. End Peak Load

Year _lcun) __(mw)
1982 23,350: 3,900
1983 25,107 4,320
1984 _ " 27,984 4,815
1985 31,376 5,455
1986 35,862 6,100
1987 39,246 6,735
1988 42,991 7,360
1989 ' 45,856 8,000
1990 51,074 8,720
1991 55,671 ) 9,505
1992 60,679 10,360
1993 | 64;925_ ' 11,085
1994 69,464 11,860

1995 : 73,735 12,645
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Outline of Development Program

As agalnst the requlred annual .generatlon end peak-
load in the forego1ng load forecast for 1983 - 1995 and
WIth the standard reserve capac1ty of 15% taken into ag-
count; the scale of development, unlt capa01t1es and typées

of power séurces were selected as shown in Table 2- 10 and

"qus. 2—2, 2-3.

As shown in the table and figures, the Sinai Coal-

fired Thermal Power Project is incorporated in the deve-

1opéent program in due consideration of the necessary

per:ods for the preparatory andg the construct1on works for
the Pro)ect as follows-
1988/89 | E= 600 My in.ist stage
1990 . s 600 MW in 2nd stage
1n igsB'AHd*lese, however, the peak demand will be

7,360 MW and 8,000 Mw, and even with the addition of 600

MU by this Project and another 600 MH at El1 Kurimat, the

total avallable capao1ty would be 8,042 MW and 8,942 MW

'respectlvely. The reserve cap301ty ratlo in these years

'would be 9 27% and 11. 78% respectlvely both of which are

1ower than the standard 15%. 8o, supply condltions would
become very Severe. |
Thetefore, it is deeired that thie.ftoject would be
cOmpleteq ahd;oommissioned on_soheouie by all means,
a) _Determingtioﬁ_of Unit Caﬁecity for Sinai Coal—fired
Theimal Power Frojectf.
This Slnai Coal flred Thermal Power Project of 600 Hw
in 1988/89 {1st Stage) and another 600 MW in 1990 (2nd
stage), or an ultimate capacity of 1 200 MW, is hlghly
important as a base load power station for elevat1on

of supply reliability.
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For'the 1st stage 600 MW, two alternatives of wunit

capacity, namely 600 Md x 1 and 300 MW x 2, vere com-

pared ‘and 1t was conc]uded that 300 MA X 2 was more

.desirable.

i.

Study on Supply Reiiasijnty'
%ﬂe‘avcilabic.capacity 1h EEA as of the end of
1982 was 4,077 MW,

For simplicicf's sake, a case chere.the unit capa-

city ofISOO Mﬁ is adopted for all plants of re-

quifed'capacities larger than 300 MW to be deve-

loped in thc 1983 —.1990 cericd is called Case 1,
and the other case where the ‘unit capacity and
scale of development in the 1983 - 1987 perlod are
the same but 600 MW per unit capacity is adopted
fcr develcpﬁent in 1988 - 1990, is called Case 2.

With these two cases, the probability of occur-

.rence of fa:lure per year (allowable probablllty

0. 02/year or O 6 day/month/year} was obtained, and

the minimum xequzred reserve capacit1es to main-~

tain this allowable probability were compared for

an economic assessment.

Availahle Cap301ty 1n 1990 '

Case 1 B Case 2
Up to 1982 4, 077 MA 4,077 MW
1983 - 1987 300 MW x 5 - 300 MW x 5
| 110 MW x 2 110 MW x 2
- 150 #W x 10 150 MW x 10
1988 < 1990 300 MW x 8 600 MW x 4
Total in 1990 10,118'Mw 10,118 'MW

(Including 421 Mw of aggreqate capacity of hydro and

gas turbine power plants and retired capacities)
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Peak load in 1990 .1 9,000 MW
Scheduled ontage rate: ° 20% . |

{utilization féctbri 80%)
Unschedﬁlea outage rate: 2%—{a116wah1é value of

| : outﬁée'ﬁrobabiiify by

- combination of various

. poWer sources
. Outage rate of unit§= {Refer to APPENDIX-E.}
»169 MW ¢lass 1  1.8% {by statistics on outaée)
350 MW class : 1,5% {by étatistiés on outage)
300 MW class : 2.0% (b? statistics on outage)
‘60@ Mw class 1  2.0% (by-statiétics on outage)
‘Range of load fluctuation: 1 50 to 160 M
The probability of occurrence of failure in the
range of 1,000 MW -‘100 Mw is obtained in the

folloWwing.

Case i {Max. 300 MW units)
Against 2% of probability of unscheduled out-
ages, the probability hecomes 3.52% for power
failure of 600 MW and 1.95% for 650 MW. There-
_ fore, it is necessary to have a reserve capa-

city of 650 MW or larger.

Case 2 (Max. 600 MW units)
Against 2% of probability of uﬁscheéuieé.out_
ages, therprobabiiitﬁ'ﬁecbmes é)OS%“fqtrpoﬁer
failure of 900 MW and 0.91% for 950 Mﬁ.' Theére-
.. fore, it is necessary to keep a reservé capa~

city of 950 ¢W or larger.
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.Hhen the above two cases are compared, Case 1
EEquifes 300 MW less reserve éapadity than Case 2,
and involves no tecﬁniéal problem in the syétém
Qperétion, and'therefdfé, Case 1 is deéirable up
until 1990,
ii. Economic Study
i) case 1 reqpires.300 MW less minimuﬁ required
- reserve capacity aé-stated above, and adoption
of 300_Mw.units is more economical.
ii)' comparison of Generéting Cﬁst and Annual Reve-
nue
The construction cost of 600 MW x 1 is about
5% less than that of 300 MW x 2. The station
servi&e power rates are:
6.25% with 300 MW x 2
(Gehefétdr éapacityl .320.Hw X 2)
6.00% with 600 Md X 1~
(Géneratot.éapacity} 638 MW x 1)

and the unit capacities will be 320 MW x 2 ang

638 MW x 1.
300 MW x_2 600 MW x 1

Availability of power o :
plant operation ' 80% 75%
Annual gross GWh' _ o 4,485,1 ' 4,191.7
Annual'available energy o
at Tr. end 6Wh . 4,204.8 3,940.2

© Plant efficiency o ; o 39% - : k113

. Fuel consumption : _1,521;632fi63.t6ns 1,422.0 % 10° tons
Construction cost S 464.2 106fLE- 441.0 x 10§ LE
excluding T/L ' K : .
Total annual expenses 34.6 x-lbe LE 32.7. % 106 LE

Generating cost at Tr. end 8,23 millimes/kWh 8.30 millimes/kWh
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Thﬁs,_ by simple comparlson of construction
_ coét, 600 Mw % 1 is more adyanéageous. How-
‘ever, malntenancer period and forced outaqe
.rate for 300 MW x 2 units are 16Wer than those
"for 600 Mw x 1 Thus 300 MW x 2 would give
10nget operatxng hours pet year than 600 MW X
_1 and the qenerating costs of 300 MW X 2 unit
is lowet than that of 600 MA X 1 unlt.
And in case of 300 Mw b4 2, as there are two
same unlts in the power plané, scheduled shut-
downs (e q. overhauls) can be carrzed out on
one unit per year basis, and the malntenance_
spare pa;ts being 1nterchangeable, ;he preven-
tion of troﬁbles wOula ﬁe made more effec-
tivelf. -
VThe'anﬁual revenﬁe of:these tWo_é;énts as the
base load poﬁer élanf are compareg as follows,

300 MW x 2 600 MW x 1

Salable energy at consumer ‘ ' :
end GWh o 3,700,2 3,467.4
Salable unit price £23.55 millimes/kiWh *?3'55 millimes/kwWh
at P.S. Tr. end (Average unit price at 33. 646 millimes » 0,7
in 1989/90)
_ - : RO 3 6 ..
Annual revenue . 56.7 x 10 LE +52.9 x 10" LE

From'the‘abOVe, it is scen that 300 MW x 2 is
somewhat more advantageous, because of its

operational flexibility.
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iﬁ cﬁnclnﬁibn; theréﬁﬁiii'ﬁéifio; 5 technical
'ﬁiéwﬁpoinfwné p}oglém:inldémaﬁé.and supplf
balance whlever the unit capac1ty will be
adopted “ |

‘Annual reVenue of 300 MW x 2 is s11qht1y larg-
er than that of 600 MR ¥ 1, as the Sinai Coal-
flred Thermal Power Plant through the differ—
uence is small.. |

As regafd to the fesér#é éépééiiy reéui;emgnt
fdr‘Stéhie?éystéﬁtoﬁeréfion,:600 Hﬁ.unit needs
gﬁoﬁt 366“ﬁﬁiiar§ér:minihuﬁ required margin
caparity than 300 FW x 2 units, wh1ch is equi-
valent to 230 X 10 LE of highter construction
cost. | |

Therefore, 300 MW would be appropr1ate as the
unlt capaclty of the base load carrying ther-

mal power plant.
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Py

- ' 8 - L
_ e O - . o . ” C. peak De- | D. B. e | G. ‘Annual Re- | H. AvailablefI. .
: : . Installed B. Available Capa W S T _ o - < o ; s e
Year Project 5 “hstatie Capacity (Mw) . artabie - P ?lty (M) _¥mand at ‘Resexve - Maxgin .. Load quired Genera*gegeéatlondét Balance"
L e b o o “kp/S Tr. End | Margin . Rate (3} | Factor (3) |tion at P/S | |B¥B,760x0.7 | - H -G
Hyd Th 1 o] T mal | Gas T. _ ; Lt : ' .
ydro |Thermal ) Gas T. | Total | Hydro |thermal JGas T | To*2l le/s.760xm0 | B -c | - v/c ) Tr. End (e} (W) | (Gwh)
1982 | Existing . f2.,445 | 1,675 1,012 | 5,132 | 2,000 1,225 852 | 4,077 3,200 177 4.54 - 88.3 | 23,350 1 25,000 1,650
1983 | Abu Quir (150x2) 1 +300 ‘ +300 ]
Abu Sultan (150x2] “+300 #300] -
£l suif . (33x3) - +100 : : +100 - _ _ _ o . ‘
El Mahmoudia{25x8) e +200 | 6,032 . +200 4,977 4,320 657 15.21 0 66.35 25,107 . 30,519 5,412 -
1984 | Abu Quir (150x2) 4300 +300
Abu- Sultan (150x1) £150 . | +150
Ataka (150x3) +300 - t300}
Wadi Houf (33x3) ' +100 _ - +100 _ S . _ . .
pamanhour  (50x2) +100 | 6,982 _ +100 5,927 - 4,815 1,112 23.03 © | 66.35 27,984 36,344 a,360
1985 | Kafr El Dawar{11Qx2) +220 +220
Ataka (300x1) _ +300 +300
Shoubra El-Kheima{300x2)} +600 +600
*Cairo North -100 _ -75 _ . ﬁ :
- [*Palkha : -39 7,963 -36 6,936 5,435 1,481 27.15 65.66 31,37 42,532 11,156
1986 | Abu Sultan{150x1) +150 +150
Shoubra El-Kheimd(300x1}§ +300 +300
Damanhour {(300x1 +300 _ _ +300 : _ _ ‘ .
*Kaimauz ' -64 | 8,649 =10 ' 7,676 6,100 1,576 25.84 66.18 35,362 47,069 11,707
1987 | Aswan 11 {75x4)] +300 o | +230 _ B
#Cairo South -180 8,769 | ~-120 7,786 6,735 1,051 15.60 66.52 39,246 47,744 8,498
1988 | Sinai (1st Stage) (300x1) § +300 ' o S| . #300 B , - ' , _ : L =
*E1l Tebine -45 = 2,024 -44 8,04z 7,360 682 9.27 €6.86 42,991 40,314 - 6,323
1982 | Sinai (1st Stage){300x1) +300 +300 _ . . : ' :
El Kurimat 1600 9,924 600 | - 8,942 8,000 942 . 11.78 66.86 46,856 54,832 7,976
1290 | Sinai (2nd Stage){B300x2) +600 +600 ' ' '
El Kurimat(600x1)j . +600 o +600 _ _ _ _ _
[Fpamanhovr | =30 ' 11,094 -24 10,118 | - 8,720 1,398 1 16.03 66.86 51,074 62,044 10,970
1991 | 8idi Kerier(300x2) +600 _ +600 -
El Dabhaa (900x1) +900 ' +900
{Nuclear) : i B _ : |
FE1l Suif _ =52 12,542 -6 | -} 11,602 9,505 - 2,097 22.06 . . 66.86 55,671 71,144 15,473
1992 | Sidi Kerier(300x2) 4600 1 “EG00 : _ - : . . | 7 T
- - : ' +200 14,042 +900 13,102 10,360 | 2,742 26.47 ' 66.86 | 60,679 .80, 341 19,622
{Nuclear} : . _ _ . 1 . . Rt : : _
1993 - ' _ 14,042 |- N | 13,102 | 11,085 2,017 18.20 66.86 64,925 80,341 15,416
1924 - 14,042 - - 113,102 | 11,860 1,242 - 10.47 " 66.86 69, 464 80,341 10,877
1995 fCairo South =60 _ ' - -40 | ;. S I _ . _ H B
Suez ' ~100 13,882 =75 _ 12,987 | 12,695 o292 2,30 . 67.20 74,735 - 79,836 { 4,901
Remarks;
*Retired Plant
*available Cappoities [for Gas Turbine Eroject ake Assumed on’ thé Conditibpn in Winter Season
#itilization Jagtor is Assumed as‘AVQrage of 70% Cdnsidering'whole powey] Plants in Egypt




Mw

1

20,000M4

15,000MW |

10, 000MW

* Cairo South

- 60Mw
* Suez
: ~100MW
Sidi Kerier T/P
300MwWx2
Nuclear
_ S00MW X1
)
14,042 13,8821 .
: 13,102 12. 687 L
12,542 et

Abu Sultan T/P * Bl Suif
150MWXY -52MW
Shoubra T/P * Karmauz Sidi Kerier .T/P
300MWx 1 - GAMW © o 300MWx2
pDamanhowr T/P 81 Dubhaa N/P
300MWxl S00MIx 1
* pamanhour
: = 30MW
Kafr E1 Dawar T/P oo
110MWx2 . °‘ga1 /P
Ataka T/P * Cairo North OOM@xz
300Mex 1 ~100MA El Kurimat
‘Shoubra ‘T/P * Talkha 6O0MH
300t %2 39HW Sinai T/P
Abu Quir T/P 300MWx1
150MWK2 gl rimat T/P
Abu Sultan T/P 6000
150MHx1 * E1 _Tebine-45MW
Ataka T/P . Sinai T/P
150MA =3 . 300MWx)
Wadi-Houi G/P . * Cairo South ]
33Mx3 ~180M4
Damaphour G/P Aswan H/P
SOMWNR 2 7MW x4
Abu Quir T/P
150MWx 2 :
Abu Sultan T/P 8,649, 8,769 2.0z
150MWx2Z : b
El Suif G/P 7,963 | 7,676 7,786 Birgz
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Selection of North Aybn Musa Site
south and North Ayun Musa and Abu Zenima on the Sinai
Peninsula and El Calaia and Zafarana on tﬁé ﬁainlénd
Egypt  were btopqsed as the possible sités for the
power plant and harbor facilities.

All the nominated sites are located on the Gulf of

"Suez, and the siting condition was based en the inter-

connection of the transmission line from the power
plant'into the existing 220 kV x 2 circuits trunk lisne
to Cairo yia Suez City.

Since it is uneconomiéal to separate the éites of the
power plant and the port, it was planned to locate the
power plant and the ccal unloading harbor at the saﬁe
site,

Under these conditions, HNorth Ayun Musa was selected
for the project site, after studies on the transporta-
tion of coal from Maghara coal mine, extension .6f
transmi;sion line for interconnection, topographic and
geological conditions, environmental .pollution and
other problens,

(Refer to the Map of Horth Ayun Musa Site.)
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2-1-3 Necessity of Pevelopment of the Projegt

1)

Theﬂeii'reserye in Egybt'is apﬁroxiwately 2.5 bil;ion barreis
(400 million tons), and it will surely iﬁcrease by ‘the future
expldratiene, . The  present reeerve of 2.5j billion barrels
corresponds te 0.42% of the woridueil reserve,

The crude oir.productioh'fh 1980 waS'Zé.é millien'tone,
out of which 11 million tons -(30% of which coneumeé‘in elect-
ric- power generatioﬁ) were . consumed domestically and 18.8
million tons were eXported‘ |

As'of 1982, the annual rate of increase of domestic con-
sumption was 15—20%;1and if the.consumption continues to in-
crease at this rafe,gthe domrestic cbnsumptiOn would become

about 30 million tons in 1987. It would exceed the production

‘in 1980, and would seriously affect the foréign currency in-

come from the export. (The .forei.gn currency income by export
of ¢il in 1980 was about 3 billion dollars and 60% of the
total export, the income from Suez Canal Was ranked second at
1.2 5i11ien'dollars, and the tburistrinéustry was third at
about 3 b1111on dollars )

Therefore, it is necessary to export oil as much as pos-
sible.for foreign currency income and for stabilization of the
national economy Thus, it is formed a policy to avoid con-
struction of oil fired thermal power plants as much as poe—

ible, in future.

It is urgent for Egypt to utilize the natural gas of 131

blllion m3 of reserve and coal in Sinai Penlnsula of 40 mil-

lion tons of reserve, effectively as the substitute fuel.
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Consequently, this'Project_to be completed by 1988 - 1989
would use the Maghara ¢oal from Sinai effeciively under the
nass ﬁroduction—plah,:ﬁith the deficienty suppleénented with
imported ¢oal, and wouiéjcoﬁttibute fo.the saving of 6il and
increase of foreign fund iﬁéome5=.

The necessity of this project is viewed from the stand point
of electric power demaﬁa and supply balance.

As of 1982, EFA has 5,132 MW of generating capacity {hydro
2,445 MW and thermal 2,687 MW including gas turbine geénera-
tors}, of which the available c¢apacity is 4,077 MW as against
3,200 kw of peak-demand.. This means that the reserve power
margin rate is 4.54%, which is a severe condition in thg
sﬁpply-reiiabilitya

The power:dévelopment.prdqram based on the 1983 - 1995
demand forecast, espécially the development plan under thé new

5-year program (1982/83 - 1987/88) is as follows.

Year Available Capacity Peak pemand - Margin Rate
) ) (%)
1982 4,077 | 3,900 4.5
1983 4,977 4,320 15.2
1084 5,927 4,815 23.1
1985 6,936 5,455  27.1
1986 7,676 6,100 25;8
1987 7,986 6,755 | 15.6

Ang 3,709 MW {hydreo 230_MW, thexymal 3,720 MW and retire-
ment 241 MW) will be built by 1987 and the margin raté will be

improﬁed to be larger than 15%.
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_However,' in 1988 and 1989, the’ peak demand will be 7,360
M4 and 8,000 MW. respectively and the available capacity of -

7,786 in 1987 would fall short. And therefore, 1,200 M¥ mist

‘be . added and -a minimum of 10% of ‘margin rate should be

raintained,

" Namely, 600 MW@ of El Kurimat, the Egypt's last oil-firea
power plant and 600 MW (300 MW X 2) of the 1st Stage of Sinai

Coal-fired Power Plant using coal as the substitute fueéel for

. 0il should be built by alil means.

Production of Maghara Codal Mine Industry will reach 600,000
tons per annum in and after 1987, out of which 300,000 tons
will be supplied .to Chemicoke and 300,000 tons will be used
for power generation,

On the other hand, the fuel consumption by this Project
wili be approximately 1,521,000 téns per year at 600 MW, 6,500
kecal/kg of calorjfic valué of c¢oal and 80% of plant utiliza-
tion factor, and 1,223,000 tons will be imported fréﬁ aver-
seas. And stable long-term importation of ¢coal blendablée with

Maghara coal is confirmedly possible as described in Chapter

4.,

The deQelopment site is located at Ayun Musa on the Sinai
Peniﬁsula in front of Canal'Port‘pn the Gulf side of_Suez
Canal, where the conditions . are véry’favorable fof installa-
tion of the qenerating facilities inéluding the coal receiving
facilities, as well &5 for the envirohmental protection.

The powér'plant will be interconnécted with the 220 kV x 2
ci;buit Suéz-cairo Line by COﬁstructiOn of about 42 kwmof 220

kv x 2 circqit % 2 lines,
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The development of this Project at Ayun Musa would make a
gréat contribution to the reCOnsfruction &f Sinail Peninsula,
together with the Ahmed Hamdi-Tunnél'connecting Sinai penin-
“sula an& the mainland and the development of Haghéia Coal
Mine. |
The constructibn=cost of this Préject will be approxiﬁatély
6

US$ of F.C. and 91 x 10°

620 x 106'US$;.madg up of 529 x 10
US$ of L.C. (0.823 LE/USS).

In EQ*pﬁ; the electric rate:is set at very low policy
rates for éxpansion:of electrification and promotion of in-
austries. o

| The average rate in 1981 was 9.08 mill/kwh (US$ unit) and
is very 1o§ as compared with 50 - 100 mill/kWh in the other
countries,

EEA plans té improve the avefaée rafe situation step by
step in consideration of balance of advancement of construc-
tion projects and promdtion of induétriés, in stéps of 19.0
mitl/kvh in 1983/04, 35.0 mill/kWh in 1987/88, 37.9 mill/kwh
in 1988/89 and 40.9 mill/KWh in 1989/90 (US$ unit).

- The annuél fuel costs in éase of coal firing and in case
of o0il firing are compared at the‘inteinational prices {coal:
59 Us$/ton, oii: 180-US$/ton) as'foilows:

_Coal firinq = 59 US$/ton X 1,521,000 ton/annum

85.8 « 106US$ '

0il firing = 180 US$/ton % 958,000 ton/annum

'172.4 x 10%vss$

~ ... And the fuel cost of the oil-fired power plant is &bout

doubled that of the coal-fired power plant.
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znlthouéﬁ the construction cost of Ehé 6i1-fifed'ﬁ1ant is
less than that of the coal-fltéd plant, the qenelating cost is
: lower w1th the coal-fired piant as summarizéd bélow.:“'

Oil-fired plant = Coal-fired plant

_ (600 Mw) o (600 MW)
At’éénerator_éna ﬁ" 42.9 mill/kwh " ” 53.5 will/kWh
At consumer eﬁd 50.5 mill/kwh 28.6'miii/kwh

- o | | | {US$ Unit)

Thus, the coal-fired pOWer plant is more advantageous than
the 011 f;red poher plant.

On the other hand, the present situatxon in Egypt, due to
the above ment1oned electric power rate, the heavy oil for
thermal power plants is priced at 9.1 Uss/ton, about 1/20 of
_ 180 US$/t0n of the 1nternat10na1 price.
| The prlce of coal is about 56.5 US$/ton.of thé.éomposite
price of dOmesFi& and imported coal, and the_political price
'éf coai:by ;ﬁé;coalfoil célory ratio should bé_lower than 5.9
Us$/ton at least. | |

6, 500 kcal/kg
10 000 kcal/kg

(Q,l USS/ton X = 5,9 Us$/ton).

:Tﬂe.ahhual fuel cost'én'tﬁe'actual basis of the 600 MW
coal-fired power p}ant is

56.5 US§/ton x’l,sél,ooo ton/annum = 35.9’:‘:‘_106 usé,
and the export érice‘bf o0il saved by operétiéh'of this coal-
fired power plant is

180 US$/ton X 958,000 ton/annum = 172.4 » 106 Uss.
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Thé.diffeieﬁce, or the prdfit'of'as.s x 10° Us$, will be
appropriated for adiustment in the calculation of the politi-
cal generating cost of the ¢oal-firéd power plant, to mat;h
the political elecﬁric rate, and the'generatinq costs on the
actual basis.of coal—firéd plént éhd oil fired plant are com-
pared as folloWs; | |

Oil-fired Plant Coal-fired Plant

(600 MW} (600 MW)
At geﬁerator'end 5.25 ﬁili{kwh 3.40 mill/kWh
At Consumer_end i 6.20 mill/kwh 4,13 mill/kWh
| (US$ unit)

And af the salabie cost, the generating cOst.of.coai—fi¥ed
power plant iQ 2.07 mill/kWh'(Usﬁ unit) iower than th#t of
6il—fired power piant.

In other words, if the energy generated b} the coal-fired
power plant is #old'dn.ﬁhe_basié of tﬁé génerafinq cost of the
oil-fired power plant, the amount of fuel sﬁbsidiés ffom the
oil export revenue to the genérdtiné cost of coal-fired power
plant can be réduced By 2.07 aill/kWwh (USS$ unit), and by ope-
tétinq the coal-fired power piant, a net increase of oil ex-
port reveﬁue_of._ |

2,07 mill/xwh x 3,700,200 Mwh = 7.7 x 10° Us$
will be obtained per year.

And if the electric réte_is réised in 1988 when this pro-
ject is commissionéd;lthe'subsidies from the oil exporf reve-
nde.could be reducéd, and the coal-fired power plant would be

much moxe favorable,
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On the other hand, thé internal'rate of return {IRR) of

this project is.11,20% at the point of benefit/cost = 1, at

" the present worth in 1984. aﬁd this project is feasible from

the stand point of financing.

6 6

 The cash flow balance is + 1;335 x 10% Us§ (+ 1,099 x 10
LE) in Ehe duraﬁle life of the facilities, and the.project is
sufficiently.viable.

From the above, this Project is fhe most important prdject

that must be realized with the highest priority from the view

point of the electric power demand and supply balance in

Fgypt, and is amply feasible by obtaining a low interest, long

term soft loanh.

outline of Sinai Coal-Fired Thermal Power Project for 1lst Stage

300 MW % 2 Units

Specifications of major facilities for 1lst stade 300 MW x 2

units are as follows.

1)

Outline of Power Generating Facilities
a. Boiler
a) Type : FEither natural or forced circula-
tion drum—-type, subcritical,
reheat, outdoor type
b) Maximum continuous
¥ating (MCR) . Suitable cakacity with 300 MW net
_ output ‘at Tr. end -
¢) HNumber.of unit . : 2 units/p1ant
'di Fuel _. : Cégl and oil for emergency

e} Draft system " : Balanced draft system



Turbine

a) Type : Reheat, ¢ondensing, tandem com-
pound type
b) Rated output at
generator end : Suitable capacity with 300 MW net
output at T¥. end
c) Steam conditions
Main steam pressure
at turbine inlet : 169 kg/cm?
Main steam temperature
at turbine inlet : 538°C
Reheated steam
temperature at
‘IP turbine inlet : S53g°C
d) Number of unit s+ 2 units/plant
€) Rated condenser
vacuun : 710 mnilg
f} Rated speed : 3,000 rpm
Generator
al) Type 1 Horizontal-shaft, totally enclos-
ed, hydrogen cooled type
b) Rating ¢ 2About 400 MVA
c) . Numbef of unit : 2 units/plant
d) rower factor : 0.8
e} Rated voltage ¢ 18.3 kV or appropriately
£) Number of phase : 3
g) Frequency 1 50 Hz

36
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Traﬁsformers
a) - Main transformer wiéh off-lbad tap changer
fype 3 3-phase, QFAF, ﬁutdoor ty?e.
_Capacity & number : -380_MVAIX'2.sets
.Voltage_ E .o 1803 kv or apprppriafelf/230.kv
b} Station serviée transformer with off-1load tap changer
Type ' : . 3-phase ONAF, outdcor type
Capacity & nuiber : 25 MVA x 2 sets
voltage e 18.3 kv or appropriately/6.9 kv
¢} Starting transformer with on»ioaﬁ tép changer
Type -3 3-phase, ONAF; outdoor type
Capacity & number : 30 MVA x 1 set

Voitage 230 kv/6.9 kv

"

Switchyard
a) Bus configuration :  One  and half circuit breaker

system, double bus

" b) Distribution system :

Voltage 22 kv

Transformey

. 230/22 kv, 40 MVA % 1 bank
Circuit breaker : Metal-clad type

Main circuit

breaker : 1
Feeder circuit
breaker s 4
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Emergency Generating Facilities

Type ¢ Package type gas turbine driven
Rating:
Gas.turbine : 1 17,560 kW x 1 unit {at 40°C)
Generator 2 35,600 kvax 1 unit, 6.9 kV or
appropriately
Fuel ¢ - Light oil

Fuel Handling Facilities

' a) Coal Handling

i, Storage Capacity: 313,000 tons (full lead operation
of 600MW for 60 daysf
ii. Coal Unloader
Capacity ¢ 1,300 tons/h
Number 1 2 sets
iii. Coal Unloading Conveyer
Capacity : 1,600 tons/h each
Number :+ 2 sets
iv. Stacker
Capacity : 3,200 tons/h
Nunber - ¢ 1 set
v. Reclaimer
Capacity : 1,200 tons/h each -
Numbef . 3 2 sets
vi. Stacker/Reclaimer
. Capacity : 3,200 tons/h/1,200 tons/h

Number 1 set



b) 0il Handli:ng
i. Unlbadiné arm 't 1 sets (Heavyﬁoii)
ii. Air separator : 2 .sets (incl. 1 set for light
| oiil} |
iii. Flow meter 2 sefs (incl. 3 set.fofrlight

0il)

2) oOutline of Civil Works

A,

Land Reclamation
a) YLand Reclamation for 600 MW: 600,000 m?
b} Formation Level
Ground level . . t EL+4.GQ n
Existing ground 1eve1:  EL+2.00 m
Cooling Water Intake Facilifies
a) 1Inlet of Intake Channel for 1,200 MW
velocity of'intake.water : 0.3 m/sec
Elevation of channel bed : CDL =5,0 m
b) Intake Channel for 1,200 MW
Sectional area of stream : 220 m?
Velocity of intake water : 0.3 m/sec
¢} Intake Pit Structure for 600 MW
Size ¢ 20mx25mx10m
(iﬁyert level: CDL -5.0 m)
Maximum usable flow: 61.4 m*/sec
:Screen well ~ 3 4 pes

pumping well t 4 pcs

,d}. Cooling Water Pipe for 600 MAt gi 2.0 mx 4 lines
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Ccooling Water Pischarge Facilities for 1,200 Md

Pox culvert + 78 m {3 boxes), 170 m (4 boxes)
open channel 3 297 m
Revetment open channel: 1,267 m
Channel 6utlet_
Velocity of discharge water: 1.11 m/sec
(L.W.L; tidal conditions)

FElevation of channel bed : CDL -1.0 m

Fuel Handling System

&)

b)

Fuel 0il Tank Founaation for 600 MW
Capacity of tank: about 34,000 k4 x 3

| | (ésb.aeo % 18.é60 m height)
Foundation type : Displacement of gravel.and sand
Harbor Facilitieés

i. Harbor

Length  Width
Coaler berth t GG,OﬁO DWT |
1 berth 300m % 25 nm
"0il tanker berth + 5,000 DWT

1 berth 140 m x 10 m

Small craft berth : 500 GT
1 berth S0 m x Sn
Wharf crown height : EIL 3.00 m

Coaler wharf: Open-type wharf with coupled bat-
tered piles

0il tanker, small'créft wharf: Wall of céncrete
block type

Strﬁctural types éhall be studied in dé£ail if it
is possible to be find more economical one after

soil investigation.
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ii. cChannel and Basins
Water depth of access chanﬁel and basins:
(beloﬁ elevation level) : FEfL-16 m, FL-8.5 m, EL-5 m
Width of access channel : 200 m
side slope’ " 113

Area of turning basin 685 T x 500 m

3ii. causeway
Length of Causewaf S 2,700
Height of causeway crown: EL+3.00 m
Width of causeway croﬁn ¢ 20 m
¢c) Foundations for Coal Storaqe Yard
i. Coal storage yard: S0 m (W) x 250 m (L) x 4 lanes
ii. Poundations for stacker ‘1 1 lane
iii. Foundations for reclaimer o t 2 lanes
fv. Foundations for stacker—reciaimefi 1 lane
Road
a) .Access'Road
Width : 8.00 m (2 lanes)
Pavement 1 Asphalt concrete
b) Main Road in the Plant

Width 8.00 m {2 lanes)

ey

Pavement = - ¢+ " Asphalt concrete

Drainage System for Rain Water and Sewage Water: 1 set

; Landscapihqﬂln the Power Station Area and Access Road

Dike for Ash Disposal pond (Area for 10 years for 600 MW)
a) ‘Height : EL+4.00 m at crown
b) wWidth : 6.00 m at crowh
Cf 'Hateriala.deil (for well compacted)
_Rﬁbﬁie stone (for protector of both sides

of s0il embankment)
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3) Ouiline of Architectural wérks
a. Buiidings
a) Powerhouse
i. Building Areg
Total building area

Total floor area

Total buiiding volune

ii. Substructure

Pile
Foundation
iii. Superstructure

Frama

RoOE

Floor

Exterior wall

Interior wall

-

6,880 m?
19,730 m?

193,340 m?

High strength_ prestressed
concrete pile or bored pile
Reinforced .concreté; tie

beam .

Steel structure

Corrugated resin coated
steel shéet with insulation
materials and partly RC
structure, asphalt water-
proof, and others

R.C. structure, tile and

~ mortar finish and others

Corrugated resin coated
steel sheet wuth insulation
materials and pa;tiy con-

crete h0116w,_block, sand

textured coating

Concrete  hollow - block,

paint on plastered and

others
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Ceiling : Suspended'ceiling, acoustic
| board, ashbestos board and
others
b) Servicé Building (2 stbries§ 
Total floor area t 2,740 m2
Foundation H Reinforced concrete, foot-
ing foundation
Superstructure "+ Reinforced concrete and
other materials
c) Appurtenant Building {workers house, storehouse, ¢on-
trol house and others)

b. Stack

Type ¢ Steel made, collective, inside lining
Height : 85 m

Diameter : 3,300 mm
Foundation: Reinforced concrete, high strength pre-
stressed concrete.pile or bored pile

Outline of Tr@hsmission Line and Substation

Transmission line system will be interconnécted with the
exisﬁing transmission line 220 kV % 2 cct (Swez-Cairo line)
from Sinai Coalufired Therﬁal Power Statién through a newly
cﬁnstrﬁcted_ ﬁew Sue_z Substation{about. 42 km off.the power
station).
a. _fransmission Line

a} - Ayun Musa PS - New Suez SS

Voltage

220 kv

Size of conductor 620 sq.mm x 2

Kind of conductor AAAC - {All Aluminum Alloy

- Conduator) .

2 éircuits %:2 lines

Nd. of circuit
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‘Line Ylength 40 xm (except the part of

canal crossing and branch
line to existing T/L)
b} 220 kv branch line

Voltage

:+ 220 kV
Conductor : APAC 620 sqmm x 2
No. of circuit 3  4 circuits
Length - ¢+ 1.5 kmn
c) canal créssing cable
Voltage - : © o 220 kv
Conductor : OF cable 2,000 mm?
No. of circuits :+ 4 circuits
Length :: 2.0 km

b. New Suez Substation
al Bus configuration for 220 kv yard will be a double
bus; single bréaker systémi |
b) Drawiﬁg out facilities for 220 kv transmission line
will be one circuit breaker three-disconnecting switch
s?stem;
c) A conventional'SFG’gas insulated circuit breaker will
be used.- _
'd) 220 kV Grawing out facilities will be installed as
fdllows.
i. Four circuits for Ayun Musa Power Station
ii. Two circuits for Suez Transformer Station. and
another two for Sakr S.S.
5) Communication System’ -
“a. Micro WaVe”Coﬁhunication Systemz 1 gystem
‘b, Power Linélcartier System (PLC): 1 systein

{using Optical.fiber)
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Fig. 2-9 Map of "I"ra'nsmi_ssq'.on Line Route
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Fig. 2-13 Cross-section of Ahmed Hamdi "I.\'mnel.
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- 2-1-5 -'project' Schedule

'As.shown in the pfdject SChedule on Table 2-11-(i)'én§ -(2),
the:Pfoﬁécﬁ ihpleﬁéntati@n will he'divided into thrée phases. |

In the first pﬁase; construction of harbor fécilities; pdwef
plaﬁt sife reclamation wérks,-detaiied design of main equipments

"~ and matefialsibf-pOWer planf for 300 MW i 2, foundation wérk; of

'bgiler; tutﬁine'and generator, and coﬁstruétion of powerhouse fér
300”MWINof.1 unit andICOnsttqction works of New éuez substation
will bé carried out,

in fhe second phase, erection works of two 220 kv 6utgdinq :
transmissign_linés.out of 4 lines as well as erection and instal-
lation wﬁrks, and civil.and architectural wérﬁs for Ho. 1 Unit and
foundation works and.powerhOuse of No. 2 Unit follewing the 1st
phasé will be carried out uninterruptedly.

in the third phése; the_érection works, civil and arcﬁitéc—
turdl_ﬁorks for ﬁo.-? Unit, and erection works of the remaining
tﬁo.220_kv outqﬁing tranémissibn lines will be carried out follow-
ing the secénd phase.

For éxecﬁtion' of the construction, the contractors should
prepéré temporary faéilities éuéh as awtiliary power generating
.facilities, water éupply facilities, construction offices and
chommodations.for workérs and.]abors for construction works, and.
construction equipment _éﬁd méterials. Heévy equiﬁment such as
genérator stétor} majdr transformers will be unloadedl directly
froﬁ the pier to be constfucted.near the ciréulating water iniéke'

facilities.



Table 2-11 (1) 3 Overail Coospfuction Ptogram (fentative) 1st Stage

2256

: 'YEAR & MONTH

.w‘

ITEM .

—

o[t

_ FINANCING AND OFFICIAL PROCEDURES -

ERE)

13
-
™oy

D

)

TENDERING/CONTRACTING AND RELATED PROGRAMME

1%}

: Harbour fa0111ty 2 Land reclamatlon oE Power Plant

de] [dﬁung

ipn

Detalled 6951gn of main equ1pments & materlals of Power Plant for ]OOWW X 2 ) L
Boiler, T/G foundation for.300MW ¥ 1.5 ‘Building w01ks for poherhouse of isk unit-;

| Q)

J‘M\
i

bDetailed design, manufacturing. delivering & erection of New Suez Substation, ¢ivil/arch.

- works of outdoor foundatlon, control house, access road and other related works for substatiqn

w0 LS Dot |
P

Detalled d951qn1ng, manufacturing, deixverlnq & 1n5ta11ation of equ1pments & mater1qls foﬁ

tst unit Power Plant with accessaries, coal unloadlng fa0111t1es, fuel handling -
fac111t1es for 1ist unit, water treatment, Screen/scraper & intake pump for 1st unit,
desalination facility, main transformer & switching vard facilities for lst unit, mach1ne

R

=

shop equ1pments/mater1als & tools, EP and other related facilities

0T

VA e s s T

‘PEASE

g

. Civil works of intake/intake pit, circulatlng COOllﬂg wvater channel djscharqe/outlet

) fresh water pond & tank, ash pond facxlity and other reiated c1v11 WOFKS for lst unit

foundations of fuel storage & transportatlon fac1litxes, aux. equ1pments fOUﬂd&tiOﬂS,

mxsc. worksi

Archltectural works oE service buliding, machine shop house, ware house, stack works
1ncl; foundation, control house for aux. fac1lities for Ist unit, gate & fense and

Archluectural works of boiler turblne~generator foundatlons and powerhouse for
300 MW %1 {2nd unit) .

=
et

'_c1v11 works of steel tower Eoundatlons and related hOIkS

Detalled designing, manufacturlng, del:ver1nq and 1nsta11atlon of equ1pments and

=

e |

materials for 220 kv x 2¢ct trangmission line incl. Suez crossing facilities_

o

-k

:¥scraper & intake pump for 2nd unit, ‘ma in transforﬂer & s#1tchinq yard Eacilitios for 2nd,
unit, EP and other ‘related fa01lities '

_Detalled de31gn1ng, manufactur1ng, deliver1ng & 1nsta11at10n of equipments & materlals foo
" 2nd Power Plant with accessorles, fuel’ handllng faCLIities for an unit, screen/

P L A

e
1
aln o
I.
LGN
SINE

N

3

) 2nd unit and other mlscelaneous works

Civil works of foundations of- fuel storage & transportatlon facil1ties £or - 2nd un1' Ju!._r-
. equipments foundat1ons, drainage system works, access roads/station roads, land clean up -
' ;horks, wash. pond facilities and othér related ¢ivil works irel. plantation

Architeéctural works of ware house, worker's house, control houses of aux. equipments fork

="

iorn .

o mEa e

_ Detailed designing, manufacturing, delivering and installatxon of equipments & materials
- for 220 kV x 2cct transmission line ;
"inc¢l. Suez canal Crossipq foc;lities_y“

PE

Ny

- civil ‘works for steel tower foundations and other related works
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2-1-6 Funding Plan

1}

2)

Fund Prbéuremént

With respect to the funds required for tﬁiéipiojéct, since
recovery of investment will be madé over an extreﬁély long
peziOd, it will be necessary for long term, low-lnterest funds
to be borrowed and adm1n1strated both for foreign and local
currenCy portionsf Accordlngly, it is assumed that the for-
eign cﬁrfency will be_borrowed from government to government
fﬂnds or an international 'fiﬁancing institutions while the
local currency will be made available by a financialvinstitu-
tion in Egypt normél}y uséd by the. government organs. In
adéition, since the project is very big scale, fund_procufe—
ment will be divided into three stages in accordance with the
project schedﬁle.
Terms of Loan
a. Foreign Currency

Applicable intrest and repaymént period are set up as

foliéws:

- Por 80% of foreign currency portion, an interest rate
of 4% and a repayment period of 30 years including
grace period of 5 yeats (both interest and principal)

- Por 20% of foreign currency portion, an interest rate
of 9% and a repayment period of 15 years including

grace period of 5 years (both interest and principal)
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k. Local Currency
Applicable interest for local currency'ié set to be
8% per anmurm, |
It is éésuméd that repaymént of principal and interest
" during coﬁstructiéﬁ.will be deferred for 3 years and re-
payment of princibal and inferest (including‘both interest
imposed on principal and interest on interes£ during cén-
struction}l made in :equal instaliments over a lé—feaf
period.
3} Financial hhalysis
The financial énalysis was made by comparison of the con=
struction cost of the Sinai Coal~-fired Tﬁermal Powetﬁprbjéct
and the revenue of_enérgy séies, namely by |
Internal Rate of Refurn (IRR}
Repayment Schedule
Statement of Income
Cash Flow Analysis
Theé basic conditions of analysis are as follows.

Electric Rate: The electric rate of EEBA is set véry low at
7.92 millimes/kWh (9.6 wrill (U.S. Unit)/kwh) as of 1981,
iﬁ line with the national policy of expansion of electri-
fication and stabilization of peoples' livinq.' ﬁowever,
in view of wunbalance vith”the soaring commodity prices,
the average rate at consumer end is scheduled to be re-

vised as follows.
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1983/84: 15.666 mill./kwh
19#7/83  38.846 mill./kwh
1988/89 31.154 will,/kWh
1989/90 ' - 33.646 mill,/kvwh

Fuel Cost {coal):
Subsidized cost of heavy.oil for power generation:
7.5 LE/ton (9.1 US$/ton)
Coal prices: Doméstic cqa1.44.6 tE/ton

Imported-coal 47.1 LE/ton
{Australian c¢oal}

Overall 46.5 LE/ton
The actual political price of cocal may be adjusted by ;he
annual profit obtained by export of oil saved by the use
of coal, at the equivalent value corresponding to the uni£
price of oil, namely

Coal 6,500 kcal/kg ;

7.5 LE x 0il 10,000 keal/ky - 4.9 LE/ton

Therefbre;

- 2,205 keal/kWwh
6,500 kcal/kg

x 4,9 LE/ton = 1,66 millimes/kWh -

1§

Plant efficiency: 39%



2 - 61

Table 2-12 Construction Cost

Unit: x 10° LE {x 10% uss$)
Items F.C. L.C. Total
(1) Generating Facilities o
Equiprent 262.0 (318.3) - 262.0 (318.3)
Erection 42,2  {51.3) 19.6 {23.8) 61,8 (75.1)
Civil works 10.4  (12.6) 18.3 {22.2) 28.7 (34.8)
Architectural works 34.0 (41.3) 16.1 (19.6) 50.1  (60.9)
Harbor facilities  28.3 (34.4) 7.6 (9.2) 35.9  (43.6)
Sub-total 376.9 (457.9) 61.6 (74.8) 438.5 (532.7)
Unit Construction Cost
[LE/KW (US$/kW)} - - - - 730.8 {887.8)
{2) Transmission Lines
and Substation
1) Transmission line 25.6 (31.1) 7.5 (9.1) 33.1 {40, 2}
Unit Construction Cést . _ _
[10° LE/km (10% USS$/km)) - - - - 760.9 {924.1}
2} Substation ~10.8  {13.1) 2.3 (2.8} 13.1  {15.9)
Sub-total 36.4  (44.2) 9.8 (11.,9) 46,2  {56.1)
(3) Engineering Fee 5.4 {6.6) - S 5.4 (6.6}
(4) Total (1)+(2)+(3) 418.7 (508.7) 71.4 (86.7) 490.1 {595.4)
(5) Contingency 16.7  (20.3) 3.6 (4.4) 20.3 {24.7)
(6) Grand Total (4)+(5) 435.4 (529,0) 75.0 510.4 (620.1)

(21.1)

This project will be implemented in 3 phaseés c¢ontinuously,

as shown on the construction schedule,

Itenms
1st Phase
2nd Phase
3rd Phase

Total

Table 2-13 Budget for Each Phase

F.C.

63.4 (77.0)
207.5 (252.1)
164.5 {199.9)
435.4 (529,0)

U

nit:

L.C.

24,1
32.6
- 18.3
75.0

{29.3)
{39.6)
{(22,2)
(91.1)

¥ 106 LE (x 106 us$)

Total
87.5 (106.3)
240.1  (291.7)
182.8 (222.1)
510.4 (620.1)
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Table 2-14 Budget for Each Year _
% 10% 18 (x 10° us$)

Unit:
Year F.C. L.C. TOTAL
1984 4.6 (4,9) 1.2 (1.5) 5.2 (6.4)
1985 54.0  (65.6) 8.2 (10.0) 62.2  (75.6)
1986 121.6  (147.8) 19.0 (23.0) 140.6 (170.8)
1987 183.9  (223.4) 29.5  (35.8) 213.4  (259.2)
1988 58.7 (71.3) 15.9 (19.4) 74.6 {20.7)
1989 13.2 (16.0) 1.2 (1.4) 14.4 {17.4)
TOTAL 435.4  (529.0) 75.0  (91.1) 510.4 (620.1)
Table 2-15 Operating Revenue: . {durable year:- 20 yéaré)
Annuél Annual
_ Salable Operation Salable GWh Salable Operating
Fiscal Year Capacity Hour at Consumer Price Revenue
- (MW) (HE.) “end (GWh)  (mill./kWwh) (10 LE)
1988 No. 1 300 4,655 1,232 21.81 26.8
No. 2 300 1,133 299 21,81 6.5
Subtotal 600 5,798 1,531 . 21.81 33.4
1989 No. 1 300 7,008 3,700 23,55 a7.1
-2017 No. 2 300 X 29 yeérs x 29 years x 29 years
Subtotal 600 121;945 107,300 23.55 ©2,526,9
2018 No. 1 300 2,342 619 23,55 14.6
Ho., 2 300 5,875 1,550 23,55 36.5
Subtotal 600 8,217 2,169 23,55 51.1
Total 2,611.4
Total Repayment (including interest) - 903,5
Total Operating Expenses (excluding depreciation) 609.0

Cash Balance

1,098.9
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The results oé analysis based on.the foregoing conditions
are as follows,

IRR: The edualfziﬁé diséount rate (FIRR) will be 11.29%,
and this pioject is feasible from the.view point of -
financial aspect.

Cash Fléw: In the balance batween the 6perating revenue and
the operating expeﬁsés 'inciuding dépreciation,
repayment, étc,, the net benefit, after deduction
of will be about + 4.2 million LE in the initial
yvear of power plaht operation and + 19.5 million
LE in the éecond Year, and the total revenue in 30
years of durable 1ife would ambunt t;o + 1,099
million LE.. The 'Préject' is‘ broved fc» bé well
feasiﬁle.

Economic Analfsis

Oil-fired plant and coal-fired plant are cqﬁpared af the preé- -
sent worth of the benefit and cost as of 1984 when the construc-
tion is started. The present worth factor is obtained by the
soéial discount Factor of 8%, 10% and 12%,

The result of analysis shows that the cqal—fifed plant is 1.5
mill./kKWh more ecdnomical in.the qénerating cost on tﬁe actual
basis than the oil fired.blaht, and the ratio of.benefit/cost
{oil-fired plant/coai?fifed plant}, showing that the latter is

more advantageous,
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Table 2-16 Data for Analysis

.0il-fired
Installed capacity 620 MW
Sending end capacity 600 MW.
Station service loss kWh 3.5%
Utilizatibn f&étbr.: 80%
Pransmission and
' bistribution losses 12%

Annual generation :
at Generator end 4,344,960 MWh
Annual Salable energy'

at consumer énd _3,689,740 MWh

Construétion cost 466.4 x 106 LE
Opération and ' 6
maintenance cost 9.3x10° 1E (23)

Administration cost 2.33106 e fD.S%)

Annﬁal Fuel Consumption 958.1x103 ton
$180(148,1 LE) /ton

$2.1(7.5 LE)/ton
(Subsidiged price)

Fuel price

141.9 x 102 LE

7.2 x 10 LE

Fuel Cost -

Durabie years 30‘years

Plant efficiency
Fuel calorific value _10;000 kcal/ky

Annﬁal COSE 6

Coal-fired
640 Mw
600 MW

6.25%

Bd%

12%
4,485,120 ﬁwn
3,?00,200‘HWh

510.4 x 106 LE

6 LE (2%)

10.2x10

6 :

2.6x10° LE (0.5%)
3

1,521.5x10° ton

$59(48.6 LE)/ton

§96.5{46.5 LE)/ton

73.9 x 106 LE
70.7 x 10 LE

30 yéars

39% (2,205 kcal/kwh) 39%(2,205 kcal/kwh)

6,500 kealskg

86.7 x 106 LE

Remarks

Theoretical basis
Actwal basis

1

Theoretical basis
Actual basis

1

Theoretical basis

153.5 k 10° LE . -

18.8 x 10 LE 83.5 x 10" LE - Actual hasis
Annual. saving cost - S S "6 - Theoretical basis
{Benefit ¢ost by _ L - -71.1 x 10 LE - Actual basis

coal-firing} ;
subsidiged annual cost 153.5 x 102 LE . ..86,7 % 102 LE ~ Theoretical basis
: 18.8 x 10 LE 12.4 x 10 1LE - Actual basis

Gehefating:COSE 33.3'ﬁi11./kWh N 19;3”m111;/kwh ~ Theoretical basis
at Generator End 4.3 mill./kWh 2.8 mill./kWh - Actual basis
Salable Price at 41.6 milll/ﬁﬂh 235 ﬁili./kwh - Theoretical basis
Consumer End 5.1 mill, /kWh 3.4 mill./kWh -

Actual basis
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Benefit/Cost Ratio (Discount rate: . 8%):-

Sinai Plant Alternative Oil-fired Plant
Construction Costi 510;4 x 106 LE - 466.4 ¥ 106 LE

Annual Disbursement and Présent Worth:

e Present Worth "~ present Worth
Year Disbursement at 1984 pisbursement at 1984
1984 5.2 5.2 4.8 4.8
3985 62.2 57.6 56.8 52.6
1986 140.6 120.5 128.5 : 110.2
1987 213.4.' | 169.4 1051 .154.9
1988 74.6 54.8 8.1 50,1
1989 14.4 9.8 131.1 8.9
Total 510.4 417.3 466.4 381.5
Total Annuai Costs: 86.7 x 106 LE - 153.5 x 106 LE - Theoretical
" basis
12.4 x 10° e 18.8 % 10° 1B - Actual basis
Préseni worth of . 664.3 .x 106.LE  1,176.1.::-: 166 LE - Theoretical
.Annuai Expenses for - . _ _ basis:
Du;aﬁie fear f30):. 95;0.¥ 106 LE ' 144.Q b 106 LE - Rctual basis

Benefit/Cost Ratio:

Cost: {417.3 + 664.3) X 106 LE 1}081.6 % 10 LB - Theoretical

It

{417.3 + 95.0) x 106 LE 512.3 x 10  1L¥ -~ Actual basis

{Sinai Plant)

6

- Benefit:(381.5 + 1,176.1) x 10 LE e

1,557.6.x 10" LE~ Theoretical

]

i

 (381.5 +  144.0) x 10° 1E =  525.5 x 10° LE- Actual basis

(Alternative oil-fired plant)

‘Benefit _ 1,557.6 x 10° LE - Theoretical

TCest . L e .- L.44 baole

S 1,081.6 % 107 LE ~basis

Benefit = 525.5 x 10° 12 = 1,03 - Actual basis
3 | netHat hast

oSt s12.3 x 10°% 18
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