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EGYPT: HELWAN AND TALKHA 

GAS TURBINE PROJECT 

AMENDMENT
 

SUMMARY AND RECOMMENDATIONS
 

1. 	Borrower: The Arab Republic of Egypt. 
The project will be implemented

by the Egyptian Electricity Authority, a separate entity within the
 
Ministry of Electricity.
 

2. 	Loan:
 

a. 	Amount: 
 Not to exceed nineteen million dollars ($19,000,000)

which increases an existing loan (263-K-032) for this project

from fifty million dollars ($50,000,000) to sixty-nine million
 
dollars ($69,000,000).
 

13. Terms: Repayable in U.S. dollars in forty (40) years, including
 
a grace period of ten (10) years, at an annual interest rate
 
of two percent (2%) during the grace period and three (3%)
 
during the principal repayment period.
 

3. 	Terms to the Implementing Agency: This loan together with the previous

loan will be re-loaned by the Arab Republic of Egypt to the Egyptian
E.lectricity Authority at an interest rate of eight and one-half percent

(8.5%) per annum with repayment over twenty-five (25) years including a
 
grace period of five (5) years.
 

4. 	Total Project Cost:
 

AID Loan 263-K-032 $50,000,000
 
This proposed amendment 19 ,000,000
 
Total foreign exchange cost $69,000,000
 

Egyptian Government Contri­
bution and local currency
 
costs exclusive of land and
 
internal engineering and
 
administration cost L.E. 3,095,000
 

5. 	Project Description: The construction of a 120 MW gas turbine
 
generator plant at Helwan and a 180 MW gas 	turbine generator plant near 
the City of Talkha. The purpose of the project is to provide needed
 
interim power generation, commencing in 1979, until planned thermal
 



powr 1'i Fonri'it, ilt, 11 tltu II hlIve bee1 0o111 t. Ile 1, 'i id .1,nE'd In operat. lo .
 
'Thi l project wiu orLginnIly ftuded iii FY 10'(0 when th, 1'ore I n exchangp
 

coat was eVstimuteil at, $50 million. The current foreign exchange, -ont
 
e(-timat~e Jo $69 million. This loan will provide the additiona.l
 
financing needed for the project.
 

6. Other Sources of Financing: Since gas turbine generators are to be
 

purchased in the U.S. no other donor has indicated an interest in parti­
cipating in financing the cost increases in this project. 

7. Mission Views: The U.S. Mission in Cairo views this as a high
 

priority project and strongly recommends financing of the project.
 

8. Statutory Checklist: All statutory criteria have been met.
 

9. Environment: Environmental considerations have been addressed.
 

10. Issues: None.
 

13. 	 Recommendation: Authorization of a loan in the amount of $19 million 

to increase A.I.D. Loan 263-K-032 from $50 million to $69 million. 

1:2. Project Committee: 

Chairman: Robert N. Bakley 
Loan Officer: Charles J. Patalive
 

Vngineer: John Callahan
 
Economist: James Norris
 
Program Officer: George Laudato
 
Attorney: James Phippard
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I. INTRODUCTION
 

l.01 


1.02 


1.03 


1.04 


1.05 


On June 29, 1976, A.I.D. authorized a loan to the Government of the
 

Arab Republic of Egypt for the construction of a 120 MW gas turbine
 

generator plant near the city of Helwan and a 180 MW gas turbine
 
The agreement was signed
generato7 plant near the city of Talkha. 


on July 31, 1976 (AID Loan No. 263-K-032). The total project cost
 

was then estimated at $50 million in foreign exchange (FX) and
 

LE 4 million in local costs were to be provided by the Egyptian
 

Electricity Authority (EEA), the implementing agency. Justification
 

for the project was set forth in the A.I.D. project paper, "Egypt:
 

Helwan and Talkha Gas Turbine Plants", AID-DLC/P-2165, May 27, 1976.
 

In June, 1977, Gilbert Associates, Inc., a prominent U.S. consulting
 

firm under contract with EEA for project management, completed
 

its "Preliminary Project Report" for the project, including a review
 

Based on that review, Gilbert estimates the
of the cost estimate. 

project cost at $69 million in FX and LE 2.9 million in local costs.
 

A.I.D.'s Loan Agreement requires, in Section 4.02, the GOE to pro­

vide all resources, in addition to A.I.D.'s Loan, needed to carry
 

out the project. While the GOE recognizes and accepts this require­

ment, financially it is unable to comply with it on a timely basis.
 

The GOE therefore sought assistance from other sources, but to date,
 

it has not been successful. Consequently, the GOE has asked A.I.D.
 

to increase its loan amount from $50 million to $69 million. The
 

GOE and EEA letters requesting A.I.D. assistance are included as
 

Annex A to this paper.
 

In view of the delay in project commencement, and therefore comple­

tion, which would then further increase the project costs, and the
 

importance of the project to Egypt, we are recommending that A.I.D.
 
an increase of
increase its Loan from $50 million to $69 million --


$19 million.
 

This paper provides an explanation of the cost increase, reviews
 

the current status of the project and the revised project schedule
 

and, where pertinent, reappraises the technical, economic and finan­

cial viability of the project.
 



II. BACKGROUND
 

2.01 	 The 11elwan/Talkha project was appraised by Sanderson and Porter,
 
Inc. (S&P), a U.S. consulting engineering firm, and A.I.D.'s
 
Requirement Contractor for electric power projects. S&P's report
 
was completed in November, 1975 and included load and generation
 
forecasts, site selection and cost estimates.
 

2.02 	 Conditions Precedent to Initial Disbursement included legal
 
opinions, specimen signatures and an executed contract with a con­
sulting engineering firm for project management. The Terminal
 
Date for meeting CP's was set at Novaimber 28, 1976, 120 days after
 
Agreement signing. That date, however, proved unrealistic and
 
CP's were eventually met in February, 1977. The critical date
 
which delayed satisfying CP's was the selection of the consulting
 
engineering firm. Table 1 lists chronologically the pertinent
 
dates in the selection process.
 

TABLE 1
 

SELECTION OF CONSULTING ENGINEER
 

Date Event
 

1976 

April 19 CBD notice published inviting firms to pre­
qualify.
 

May 19 Pre-qualification material received from
 
17 firms.
 

June 29 Four firms short-listed.
 

July 6 Request for rroposals mailed.
 

August 26 Proposals received.
 

October 7 Firm selected.
 

October 20 Negotiations started.
 

December 12 Negotiations completed.
 

December 20 EEA Board approval of contract.
 

January 5 Contract signed.
 

May 5 U. S. dollar letter of credit issued.
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2.03 	As can be seen from Table 1, selection of and contracting with the
 

consulting engineer took 261 days, a time we find normal in host 
('ountry contracting. Fortunately, we started the selection p'ocess, 
101. kas before the Loan Agreement was signed, Including asking the 
four short-listed firms to prepare technical proposals, or the 
meeting of CP's would have been further delayed. 

2.Oh 	 The four month-delay in the opening of a letter of credit was 
caused by problems with local banks not being familiar with AID 
procedures, a problem that still haunts the Egypt capital development 
program. Progress is being made to eliminate this bottleneck. 

2.05 	The consulting engineering firm selected by EEA is Gilbert Associates, 
Inc., of Reading, PA. Gilbert's Scope of Work is shown in Annex E. 
The "Preliminary Project Report", required under Section 3.1, was 
completed by Gilbert in June, 1977 and delivered to EEA and AID in 
July, 1977. 
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III. CURRENT FINANCING REQUIREMENTS
 

A. 	 Finuning upj! 

0.1. 	 The rcViCVod 'otestimate based on Gilbert 's "P'reiminary I'roj'ct 
lBeport" is estimated at $69 million and LE 3,095,100. Table 2 
below compares the current estimate with that shown in the original 
project paper. 

TABLE 2
 

COMPARISON OF PROJECT COST
 

S&P Gilbert
 

(10/75) (6/77) Difference
 

U. S. Dollars 50,000,000 69,000,000 19,000,000
 

Egyptian Pounds 3,675,4771 / 3,095,100 (580,377)
 

B. 	Reasons for Increase
 

3.02 Table 3 below shows a comparison of the two cost estimates in detail.
 

TABLE 3
 

COMPARISON OF COST ESTIMATES
 

(U.S. $000)
 

Item S&P Gilbert Difference 

Equipment 33,000 45,073 12,073 

Booster Compresser - 1,660 1,660 

Fuel Oil Treatment - 710 710 

Freight - insurance 4,480 4,656 176 

l/ Interest during construction, included in original estimate,
 
has been eleminated since EEA will finance LE costs from internal
 
cash generations.
 



7 

S&P Gilbert Difference
 

Erection, Start-up
 
Item 


and Testing 	 500 1,525 1,025
 

Training 	 - 400 400
 

Civil Works 	 537 537
 

Engineering - Super­
vision 1,100 155
 

Sub-Total 	 39,080 56,416 17,336
 

Escalation 	 4,706 9,266 4,560
 

Contingency 	 6,214 3,318 (2,896)
 

TOTAL 	 50,000 69000 19,000
 

3.03 	 The causes for the increase in FX costs can be logically grouped
 
into two categories: Equipment--price increases and additions;
 
and a change in project execution. In the first category, the
 
original equipment cost estimate was $33 million. Equipment is
 

now estimated at about $45 million and accounts for 63 percent of
 
thc project cost increase. In addition, a booster compressor
 
for the Ielwan site (see paragraph 5.02) and fuel filtering faci­
lities at both sites have been added. The estimated cost of
 

The total increase attri­these additional items is $2.4 million. 

butable to equipment is $14.4 million.
 

3.04 	 The second 9ategory is project execution. Originally, civil works
 

and equipment installation and erection.was planned to be handled
 

by Egyptian construction firms under contract to EEA. The U.S.
 

firm supplying equipment was to be responsible for supervision of
 

erection only. Gilbert has now completed its review of the capa­

bility of Egyptian firms to carry out this work and have concluded
 

that the most capable firms are overloaded with work and are not
 
Other firms lack the necessary equip­available for this project. 


ment, experience and supervisory staff for this project. Gilbert
 
has therefore recommended that the prime U.S. firm be required to
 
fully assume responsibility for civil works, installation and
 
erection. The additional costs attributable to this decision are
 
estimated at $2.3 million (erection, start-up and testing - $1.0
 

million; civil works - $537 thousand; and engineering supervision ­
$755 thousand).
 



3.01 	 EFA tud A.1.D. Pully concur in this change in project execution. 
'Pho de'lvo:il iI i eclit, .rt .Io ol' EFA z two irj 'n-CI.tui d 
power prj,1,, -ri (Kif'r IA Dnwar aind ALu Qir) have been at, Lrlblitrd 
to delays by the Egyptian contractors, primarily because of out­
moded (or non-existant) equipment and poor construction super­
vision. Unfortunately, for these two projects, the foreign

supplier has little or no control over the Egyptian contractor
 
since the Egyptian contractor's contract is with the owner (EEA)
 
and not with the foreign supplier.
 

3.06 	 In addition to the above items, we have added $400 thousand for
 
training of EEA personnel in shops and plants in the U.S. Initially,
 
we had believed that EEA had an ample supply of trained operators

which could be transferred to the Talkha and Helwan plants. This,

however, is not the case. The emigration of EEA's personnel
 
primarily to other Arab countries over the past years has so de­
pleted EEA's reservoir of talent that it is presently having pro­
blems operating existing plants, let alone have personnel available
 
for the new plant.
 

3.07 	 On the subject of training, A.I.D. is assisting EEA in solving this
 
overall problem. At the project level, training is included in all
 
existing and planned projects wilth EEA, and A.I.D. will finance
 
the services of Overseas Advisory Associates, Inc. (OAAI), a non­
profit organization created by senior U.S. executives in the
 
electricity sector, to train approximately 200 middle-management
 
personnel in the management techniques of electric utility companies.

OAAI has previously completed successful programs in !ran and Saudi
 
Arabia.
 

3.08 	 The cost estimate before provision for contingency and escalation
 
is $56.4 million. Gilbert has added six percent ($3.3 million) for
 
contingency and excalated prices at 7.5 percent per annum over the
 
project life ($9.3 million). EEA and A.I.D. consider these
 
estimates acceptable.
 

3.09 	The detailed cost estimate for Helwan is shown in Annex F. 
The
 
detailed cost estimate for Talkha is shown in Annex G.
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IV. LOAD AND GENERATION FORECASTS
 

4. 01 	 The load and generation forecasts included in the original Talkha­
fe..wu Project Paper were based on studies by S&P in November, 1975. 
Ieor demund projections, two analyses were performed -- one using 
established methods of forecasting titled "Long Range Forecast" and
 

a second which took cognizance of the Egyptian economy titled
 
"Short Range Forecast". Both forecasts proved to be conservative
 
at least for the first two years projected. Table 4 below shows a
 

comparison of the two forecasts with the actual experience.
 

TABLE 4
 

ACTUAL VS. PROJECTED DEMAND1975 - 1976
 
(Megavattas
 

Long-Range Short-Range
 
Year Forecast Forecast Actual
 

1975 1,582 	 1,643 1,733
 

1976 1,,766 	 1,867 1,909 

)1.0:' 	As noted in the original Project Paper, ERA has continued the ser­

vices of S&P with financing provided by UNDP and the World Bank
 

acting as Implementing Agency. (S&P's scope of work for these
 

services was included as Annex L in the Project Paper.) S&P,
 

with EEA assistance, has prepared revised projections. These pro­

jections, including methodology, assumptions and conclusions are
 

included as Annex H -- Sanderson & Porter, Inc., "Phase I System 
Planning and Diagnostic Report", April, 1977.
 

4.03 	For demand projections, S&P again separated their projects into
 
two parts -- a short-range forecast (1977 - 1985) and a long-range
 
forecast (1985 - 2000). These forecasts are shown in pages eight
 

and forty of Annex H.
 

4.04 	 On the projected generation side, four assumptions which formed the 

basis of the 1975 projections have proved to be incorrect. First, 

and most important, was the filling of Lake Nassar in 1976, an 
event not expected to occur until 1981, which allows the Aswan and 

High Dam hydroelectric plants to generate more energy. Second, is 

the delays in the construction of the Kafr El Dawar and Abu Quir 
thermal plants. Completion of these plants has been delayed one
 

or two years, and the schedule is still slipping. Third is the
 

further deterioration in EEA's existing system, with most plants
 

not operating at rated capacity. Fourth, is the additional new 
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planned generation not anticipated -- especially the increase in
 
the Abu Quir plant from 300 MW to 600 MW and the Suez plant of
 
300 MW. 
The net effect of these changes is that the installed
 
generating capacity has increased, but not to a great extent. 
 The
 
unused available generating capacity, through 1982, is shown on 
page 13 of Annex H. (S&P's report also provides an in-depth
analysis of the capabilitly of the Aswan and High Dam hydro-electric 
plants, a controversial subject. In summary, despite the filling
of Lake Nassr, the installed name-plate capacity of 2,445 MW 
cannot be effectively utilized) 

b.05 	The conclusions drawn by S&P is 
that all plants now under construc­
-.ion or 
in planning are justified; and EEA must immediately plan
 
for another 600 MW plant to start commercial operation in 1983.
 

14.o6 
 U.S.A.I.D. concurs in S&P's conclusions. We do, however, believe
 
the situation is 
more critical than S&P's report indicates. First,
 
we believe the demand projections are still understated and will
 
more closely parallel those projected by the Nuclear Power Plants
 
Authority shown on page ten of Annex H. 
Second, we believe S&P's
 
schedule of when new generation capacity will come on stream is
 
unrealistic, especially the projection that the third and fourth
 
units of Abu Quir will start commercial operation in 1981, one
 
year behind the start-up of units one and two, which itself is
 
an optimistic schedule. 
Third, we believe S&P's projected out­
put from the existing plants is optimistic, considering EEA's
 
existing experience. Note that S&P projects most plants to operate
 
at full capacity and projects output from the Aswan/High Dam
 
hydroelectric units at 2,360 MW despite the fact that output will
 
probably be limited to 2,010 MW because of the penstock design.
 

11-07 	 Assiuing, however, that S&P's projections are correct, with the
 
Talkha/Helwan gas turbine units and the Ismailia Steam Power Plant
 
on stream, timely, EEA's situation remains poor and without these
 
plants the situation is critical. EEA's system is such that 
a
 
plus 30 percent reserve requirement is necessary for system sta­
bility. The following table shows EEA's reserve capacity, using
 
S&P supply/demand projections, except as noted, with and without
 
the Talkha/Helwan and Ismailia plants.
 



TABLE 5 

AVAILABLE RESERVE 

Generating Less 
 Net 
 Reserve
Year Capacity Talkha-Helwan Capacity Demand With W/O
(MW) Ismailia (W) (Percent)
 

1977 2711 
 271! 2192 
 19 19
 

1978 3271 -	 3271 2470 17 17 

1979 3568 	 300 
 3268 2678 25 
 18
 

1980 4075 
 300 	 3775 2942 28 23
 

1981 4343 
 300 	 4043 3192 27 21
 

1982 5250 	 600 
 4650 3578 
 32 23
 

1983 5511 
 600 	 4911 4028 27 18
 

/ The commercial operating dates of the Talkha/Helwan and Ismailia 
projects do not agree with the present schedule. However, since

these plants are deduted from the generating capacity, the
 
illustration figures accurate.
are 

2/ 	Sanderson and Porter projections show the Abu Quir third and fourth
units starting in 1981. 
It is not likely that the first and secondunit will be in operation by 1981 let 	alone the next two units.

We, 	therefore, have shifted the start-up to January 1, 1983
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V. TECHNICAL ANALYSIS
 

',01Thoro hadIIM tit) hnngv the 	 n: ot:o [in teehn1ciii p1 tund den i.tyl t.Iie' 
project with the exception of adding equipment the gas turbineto 
units to allow the buring of fire mazout oil. The Helwan plant
shall 	have a rating of 120 MW with a minimum of four combustion 
turbine units. The Talkha plant shall have a rating of 180 MW 
with a minimum of six combustion turbine units. 
Each combustion
 
turbine unit shall be a simple cycle pre-packaged electric power
 
generating station with each unit containing all auxiliaries
 
required to support the turbine and generator. Each unit shall
 
be designed to operate on natural gas and distillate oil (solar)
 
with the capability of being converted to fire mazout oil in the
 
future. The units are expected to operate primarily on natural
 
gas. The units shall be capable of automatic switching of fuels
 
while 	under load.
 

5.02 	 The Helwan plant is located in the southern part of Helwan District 
approximately 30 KM Eouth of the city of Cairo. The plant will 
have a distillate fuel oil storage and handling system, service
 
building, machine shop, storage facilities and control room for
 
gas turbine operations. The output of the generators shall be
 
c'onnected to on-site step-up transformers with the high voltage

side connected through underground power cable to the new Tebbin 
oGib-station, located across the road from the plart site. 
Natural
 
gas will be delivered to the site by a pipeline constructed by the
 
ligptian General Petroleum Corporation. Pipeline pressure is
 
expected to vary between 60 and 100 psi; therefore, a pressure

booster station will be required to increase the line pressure to
 
the operating pressure required by the gas turbine suppliers. The
 
proposed plot plant for the Helwan plant is shown in Annex I. 

5.03 	 The Talkha site is located in the delta area approximately 100 KM 
north of Cairo and is immediately adjacent to the existing Talkhh 
Power Plant. It will have the same associated facilities as for
 
the Helwan Plant. 
 It shall also include an extension of the 
existing 200 KV sub-station to accommodate the electrical output
of the gas turbine units. Natural gas shall be delivered to the
 
site by a pipeline constructed by the Egyptian General Petroleum
 
Corporation. The natural gas pipeline pressure at this site is
 
of sufficient magnitude that nine pressure reducing stations shall
 
be required instead of the pressurizing station as required at
 
Helwan. The proposed plot plan for the Talkha is shown in Annex J.
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VI. ENVIRONMENT
 

6.01 Environmental assessments of the Talkha and Helwan gas turbine plantshave been examined by Sanderson and Porter in July 1976 and by Gil­bert in April, 1977. Both assessments resulted from site visits
irid discussions with personnel in Egypt as well as perusal of various 
documents which were available. 

(,.0:" 
 Annexes K and I,show in table form the potential significant impacts
of the plants and, where appropriate, the mitigating measures
recommended. Following is 
a narrative discussion of the environmental
 
assessment.
 

A. Helwan
 

(1) Physical Environment
 

6.03 Water: 
 Nile River water will be withdrawn at a rate of 
00 gallons
per day (GPD) from a four-inch water main crossing the Helwan site.
The water main has been designed to serve the power plant and it will
be expanded in the futrue to serve a new population center planned
for 20,000 people located 2,500 feet (762 meters) north of the plant
site. Sufficient water is available for the project. 
The small
volume of water will neither tax the output of the filtration plant

nor adversely impact the total flow of the Nile River.
 

6.0h I.,rthern dikes will be built around the oil tanks to prevent contam-
Lnation from spills or reputered tanks. The oil unloading area will

be provided with spillage containment and control.
 

6.05 Air: Approximately 2,500 feet Cr62 meters) from the site it is
planned to construct a new community. If natural gas is burned, only,
there will be no significant air emissions. 
If solar oil isburned,
enissions could have a harmful effect on the residents in the planned
community. 
However, given the gaseous emissions from Helwan steel
mill, the adjacent power plant and other industry near the plant site,
the emissions from burning solar fuel will be superimposed on the
existing particulate and gaseous emissions. 
Controlling the emissions

from the Helwan plant would be insignificant unless a program to

control other massive sources of an emission is initiated.
 

(2) Biotic Environment
 

6.06 
Neither flora nor fauna are evident at the site which is at the edge
of the desert. Some mammals and reptiles now on the site will find
suitable habitat in the adjacent sand and rocks.
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CIO 11uman Environment 

o ' la ir:t. Apl t-ox I:mit.o' V 2)I tit rn:1 0 C (44r'011. WI I IPliuit.. Tir' I1td Ir, uow 
t. 1t. I I I .r'd by t.hed Ir aitd 10ti. 11111 t.b1Ir f'Cor a. Iti. I.1r, . 

0 .08 Noi o: EXteIlngI ambient noiae at the site watv measuredto at 20 dB (A)30 dB (A). Noise levels in the immediate vicinity of the gasturbines will exceed 90 dB (A) which will require personnel protec­tion. 
Natural conditions and design features of the gas turbine
will diminish the roise to an acceptable health level at the proposed
residential colony (about 40 dB (A)); but will represent an annoyance
to speech and sleep. 
The noise level will be less than those from

the adjacent highway. 

B. Talkha
 

(1) Physical Environment
 

6.09 Water: Approximately 500 GPD of filtered Nile River water will be
consumed for domestic purposes and for providing make-up closed loop
lube oil cooling system. 
This small volume (0.15 percent of the
daily sand filter output) will neither tax the output of the filtra­Li[on plant for the existing plant nor adversely impact the total flowol' the Nilc and its tributaries since they contain an excess olDIposal ot' the domestic wastes 
water. 

in a cesspool will provide a pathwrny'or returning the water to the groundwater reservior. 
6.10 Because the Talkha gas turbine facility is situated in close proximityto the emergency cooling water canals, which were initially used for
the older 40 MW portion of the existing station, an oil spill couldcontaminate the Sahel Canal, a tributary of the Nile. Although theintake and discharge canals stillare present and filled with water,they have not been used since the 90 MW extension was installed andwater began to be withdrawn directly from the Nile. 
The cities of
Talkha and El Mansoura both obtain their drinking water from the Nile.
A ruptured tank could possibly contaminate the water supply of bothof these cities. 
 To prevent such an occurrence, earthen dikes shall
be built around the solar oil storage tanks and shall be of suffi­cient volume to contain the contents (3,150,000 gallons or 10,000
metric tons) of each storage tank. 
Measures should also be implemented
to control potential oil spills during oil deliveries.
 
6.11 Air: 
 Impacts of air emissions from the gas turbine is a potential
health hazard on workers in the residential colony 700 feet (213 meters)
south of the site and the other residential colony 1,500 feet (457
meters) north of the site. 
The reported predominating wind direction
is toward the southeast which will cause emissions to blow over the
residential colony to the south. 
Air emissions from the gas turbines
will be super-imposed upon those presently emitted from the existing
130 MW poker generating facility which burns solar oil.
 



The two emissions of concern are oxides oF nitrogen (NOx) and sulpher

dioxide (S02). 
 Under certain wind speed and stability conditions,

high levels of air pollutants could reach the residential communities
 
when burning solar oil. When burning natural gas, which will be the
 
dominant fuel, the NOx will be much lower, and the S02 emissions
 
almost non-existent.
 

(2) Biotic Environimnt
 

6.12 
Habitats for the indigenous flora and fauna will be destroyed when

the approximately 12 acres 
(49,000 m2) of the site are converted from
 
prime Egyptian delta agricultural land to industrial land void of

host terrestial habitats. 
 Flora consists predominantly of Eucalyptus

trees at the eastern border of the site and cultivated crops. In

April, a mature grain crop and a newly planted bean crop were evident.
 
No trees on the site will be removed unless they directly interfere

with facilities. 
 Plans for tree removal will be approved prior to the
 
start of construction.
 

6.13 	Animals which have been observed by plant personnel at the site
 
include rabbits and small brown sparrow-like birds which are common,

and snakes and salamanders which are rare. No poisonous snake 	bites
have been reported. Animals which are disturbed during construction 
can find suitable habitat in the agricultural land adjoining the site. 

(3) Human Environment 

6.14 	 Land Use: Approximately 12 acres (49,000 m2) of prime delta agricul­
tural land will be utilized for the project. EEA will compensate

farmers for this land. 
The site adjoins the existing plant to the 
east andl a fertilizer production facility to the north. 
Similar agri­
cultural land lies west of the site beyond the Sahel Canal and to the
 
north. 
The size of the site has been minimized to limit the consumption
 
of agricultural land.
 

6.15 	Noise: Noise levels in the immediate vicinity of the gas turbines

will exceed 90 dB (A) which will require personnel protection. Phy­
sical distance, a hedge row 
of trees, a concrete wall, orientation
 
of the gas turbine and the configuration of the oil storage tanks will
 
diminish the noise to an acceptable level at a residential colony to
 
the south (700 feet) and to the north (1,500 feet).
 

6.16 	 to 45 dB (A) withThe existing ambient noise was measured at 35 dB (A)

the existing power plant at less than full operation. With the addi­tion of the gas turbine units, the noise level will increase by about
 
20 dB (A) and should represent no health hazard to the nearby resi­
dential communities. 
Sound 	levels at the residences will be far

below 	those even remotely associated with measurable hearing impairment.

The noise, will however, represent an annoyance to sleep and speech.
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VII. FINANCIAL ANALYSIS
 

A. General
 

7.01 	 In the June 1976 Project Paper, we described the current financial
 
conditions of EIEA and the actions underway to correct the problems.

'hose actions were: the act creating EEA which would allow it more
 
freedom and independence on financial matters; the increase in
 
tariffs; and the employment by EEA of Sanderson and Porter, financed
 
by UNDP to study EEA's financial system and recommend corrections.
 

'7.0.' The new act creating EEA as a separate entity has only just been
 
approved by all. parties, and EEA has not yet exercised any of the

authority it now has. Politcally, we expect EEA to move very cau­
tiously on such matters as tariffs and additional compensation for
 
employees in the form of incentives and bonuses. The important

point, however, is that the act is now in place; and while moving

EEA to implement the act may take time, we are at least at the
 
starting gate.
 

7.03 	The increase in the sales price of electricity described in Para 6.03
 
of the original Project Paper, has now been implemented and, as
 
expected, it allowed EEA to earn its first profit in many years, the
 
accounting policies it follows, or not follows as 
the case may be,

and its bad debt experience, it will be many years before anyone
 
can attest to EEA's financial statements.
 

7.0h 	 :,;aderson & Porter has now completed Phase I of its Scope of Work.
 
Its report, dated November 1976, lists 58 recommendations or actions
 
EA should take in the areas of energy policy, organization and 

management, system operations, system planning, accounting and
 
f'inance, tariffs and training.
 

7.05 	Eighteen of the recommendations were 
in the areas of accounting and
 
finance and five on tariffs. 
We have reviewed each of the recommend­
ations and do not consider them appropriate for inclusion as addi­
tional conditions or covenants for the loan increase. 
The financial
 
covenants proposed in the original Project Paper 
-- debt to equity

ratio and return on investment -- have been accepted by the GOE and
 
EEA and are included in the Loan Agreement. Also, the World Bank
 
has concluded the same covenants as conditions to its loan to EEA
 
for electric distribution.
 

B. Financing Plan
 

7.06 EEA's debt to cquity ratio has further deteriorated from a ratio of
 
2.36:1 at December 31, 1974 to 2.50:1 at December 31, 1976. It will
 
probably further deteriorate as disbursements increase on its two
 
large loan-financed projects -- Kaft El Dawar and Abu Quir. 
On the
 
other hand, EEA's assets are understated since some were financed by

grant 	funds which were not accounted for on EEA's books.
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In the original Project Paper, we stated that it was our intention
 
to require the GOE to pass on the AID loan at an interest rate and
 
repayment period to be determined by the Council of Ministers, in
 
accordance with the new EEA act. 
 To date the Council of Ministers
 
has not set this rate. Therefore, the re-lending terms to EEA for 
the Talkha/Helwan project are still open. We recommend setting them 
as described below. 

7.07 	 In September 1976 AID authorized a loan of $24 million to the GOE for
 
the construction of a National Energy Control Center (A.I.D. Loan
 
No. 263-K-037). For that project we required the GOE to relend the
 
A.I.D. loan to EEA at an interest rate of 8.5 percent per annum over
 
a 25-year period, including a grace period of five years. The
 
selection of these terms was based on the then current average
 
borrowing rate for utilities, the current rate charged by the World
 
Bank for similar projects and the domestic Egyptian borrowing rate
 
for foreign exchange. We have reviewed these rates again and believe
 
that an 8.5 percent interest over a period of 25 years, with a
 
five-year grace period is still the appropriate borrowing rate for
 
EEA. We are, therefore, recommending that this rate be established
 
for the Helwan/Talkha project, including both the original loan of 
$50 million and this proposed increment of $19 million.
 

C. Helwan and Talkha 

7.08 	 Considering the new gas turbine installations as a separate entity, 
we have assumed that during the first five years of operaticon (1979­
1984) they will operate on close to base load at 4,000 hours a year,
 
and during the next ten years -,s peaking power at 2,000 hours per 
year. We have assumed a useftvl life of 15 years. During the first 
five years, annual revenues rill be equivalent to $11,700,000 calcu­
lated on the basis of 900,000,000 KWH of salable electricty at an
 
average sale price of 1.30 per KWH. Annual cash operating costs,
 
based on the current subsidized price of fuel oil and the current low
 
wage rate are as follows: 

TABLE 6 

ANNUAL OPERATING COSTS
 

Fuel and its transportation 	 $2,070,000
 

Operating end maintenance:
 

Generation 	 99,000
 

Transmission and Distribution 	 567,000
 

$2,736,000
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Using 	these values the project has an internal financial rate of
 
return of three (3) percent. 
The project will therefore make a

marginal positive return to EEA. 
It will not be a return suffi­
cient to meet the AID covenant of nine percent return on fixed
 
assets, unless operating hours per year are greater than we esti­
mate. 
The original Loan Agreement contains 
a covenant requiring

EKA to price its electricity at a level to allow it to earn a nine
 
percent return on its assets by June 1979. 
EEA accepts this
 
covenant and is expected to take the necessary steps to comply.
 

D. Disbursements
 

7.09 
Annex 	M shows the projected disbursements over the life of the pro-

Ject for both dollars and pounds. 
 Annexes N and 0 show the projected

disbursements by project inputs (except for disbursements for Gilbert's
 
services).
 

E. Debt Service Capability
 

7.10 
 +Zrpt's external debt amounted to about $12 billion at the end of

1976. 
 Of this, roughly one-third was to Eastern European countries

and primarily for past military equipment imports. 
The $8 billion
 
balance includes almost $2 billion in deposit liabilities of the
 
1':Eptian Central Bank to various Arab OPEC countries.
 

'(.11 	It is estimated that about $950 million in principal payments on
 
medium and long-term debt were made in 1976. 
An amount estimated at

$1.) 
 billion was owed on short-term bank credit facilities at the end

o' 1976. In 1977 Egypt received a loan of $1.5 billion from GODE
which is being used to substantially reduce its 
current short-term
 
debt problem.
 

7.12 
Debt service requirements in the future depend heavily on the extent
 
to which new short-term debt 
can be avoided. 
Over the near term, we
expect the debt service ratio (including short-term debt) to move

between 25 and 30 percent of export and service earnings,
 

7.13 	In view of Egypt's heavy debt burben, A.I.D.'s normal concessional
 
loan terms are proposed -- 40 years, including a 10-year grace period,
with an interest rate of 2 percent per year during the grace period

and 3 percent per year thereafter. 
With these terms, particularly

the 10-year grace period, repayment prospects for this $19 million
 
loan amendment appear reasonable.
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VII. ECONOMIC ANALYSIS
 

A. General
 

8.01 	 The primary benefit of this project is the economic value of the
 
electricity that will be generated by the Talkha/Helwan gas tur­
bine units. The amount of usable electricity that will be produced

and delivered to users, per year, is 900,000,000 KWH. The true
 
economic value of a KWH of electric power should be based on an
 
estimate of customer's willingness to pay,. baseC in turn on the
 
shape of direct demand curves for domestic users and prevailing

market conditions for the products of commercial and industrial
 
users. 
 For Egypt, such an analysis is not possible given the
 
subsidies and controls that permeate all sectors of the economy.

For electricity, tariff structures are formulated by the Ministry

of Electricity and EEA under guidelines established by the GOE.
 
Tariffs for larger customers, such as aluminum, iron and steel and
 
fertilizer are negotiated on an individual basis; and special rates
 
are charged for other purposes, such as irrigation. Rates, there­
fore, 	are based on the Government's desires to subsidize the user.
 

8.02 	Despite the wide rate variance between users, the GOE has tried to
 
assure that overall average rates are set at 
a level which allows
 
EEA a reasonable profit. The GOE's definition of a reasonable
 
return is three percent over operating costs; not a normal method
 
of setting rates. EEA's costs, however, are also to some extent
 
s;ubsidized; the most notable subsidy being the cost of fuel oil
 
Vor its thermal power plants. Therefore, the overall average
 
power rates, set at a level to allow EEA a reasonable return,
 
represent an overall subsidy and a cost to the national economy.

Our best guess is that the average overall rates would need to
 
climb to about 3.5 to 4.0 per KWH from the present average of
 
1.30 per KWH if EEA were to pay full cost for all its inputs and 
average in the relatively cheap hydropower and the more expensive

thermal power plants operating on fuel oil.
 

B. Nelwan and Talkha
 

8.03 
The internal economic rate of return of the Talkha-Helwan project
 
is the discount rate which equates the present value of the time
 
streams of the attributable costs and benefits over the project's

assumed life of 15 years. 
At the present time, consumers of elec­
tricity in other countries at Egypt's approximate level of develop­
ment are prepared to pay between 40 and 60 per KWH. 
 Based on this,
 
we have estimated the economic value of the electricity produced at
 
4.50 per KWH consumed. 
On the cost stream, we have included O&M for
 
the distribution system, a capital recovery factor (using a 15 percent
 



discount factor) to account for the additional investment in the
distribution and transmission system that will be required, and the
impact of an estimated 17 percent loss factor. 
The current export
price for fuel oil and a calculated real economic value for natural
gas have been used rather than the subsidized domestic prices for
fuel. 
With these adjustments to costs and using the parallel foreign
exchange rate of $1.43/LE, the economic internal rate of return is
calculated to be 2h percent. 
The calculation is shown in Annex P.
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IX. IMPLEMENTATION
 

A. General
 

9.01 	There has been no fundamental alteration to plans for project imple­
rnentation. Design, engineering, supply of equipment and start-up 
will be the responsibility of one U.S. firm selected through competitive 
bidding. The Invitation for Bid (IFB) will require bidding on a 
lump-sum basis for both FX and local costs. 

B. Schedule
 

9.02 	The original project schedule planned for the consulting engineer 
to be employed by September 30, 1976, the IFB released by December 1, 
1976, contract award for supply of equipment of May 1, 1977 and 
both units in commercial operation by January, 1979. Based on the 
revised schedule, the Helwan units are planned to be in commerical 
operation by July, 1979 and the Talkha units by October, 1979 -- a 
six and nine-month delay, respectively. The delay is attributable 

to the time required to employ the consulting engineer, as explained 
in Para 2.02. 

9.03 	 The revised schedule is predicated on the release of the IFB on
 
August 31, 1977. This date should be met. Six firms have been pre­
qualified by Gilbert and approved by the EEA. The IFB has been 
drafted and is expected to be approved by EEA on August 25, 1977. 
Upon approval, Gilbert will release the IFB from their Reading 
Office. Contract avard is expected by December 31, 1977. Annexes 
Q and R show the Critical Path on a Summary Letel Milestone Schedule. 

C. Terminal Dates 

9 .04 Conditions Precedent: Conditions Precedent to Disbursement were segre­
gated in two categories in the original Loan Agreement. "Conditions
 
Precedent to Initial Disbursement"(CPID) were designed to allow
 
early funding of the constract for the consulting engineer. "Condi­
lions 	Precedent to Disbursement for Specific Goods and Services" 
(CPGS) were the additional conditions that were required prior to 
the commencement of construction. All CPID have been met except for 
the requirement that the A.I.D. loan be re-lent by the GOE to EEA 
on terms and conditions satisfactory to A.I.D. This condition was 
transferred to the CPGS section and , as explained in Para 7.06, 
is still an open item. Satisfaction of all other CPGS is expected 
by December 31, 1977, the date by which funding will be needed for 
supply and construction of the plants. A condition of this proposed 
amendment will be the satisfactory resolution of the re-lending terms. 



9.05 	Letters of Commitment and Disbursements: The terminal date for the
 
opening of Letters of Commitment was originally set at September 30,
 
1978. 
 Given 	the present project schedule all commitments should be
 
requested by that date and therefore change is required.no 	 The 
Terminal Date for Disbursements was originally set at December 31,
 
1979, 1. months after the start of commercial operation. The present 
planned date for commencement of commercial operation at Talkah is 
,;eptember 30, 1979. Leaving the present date unchanged will allow 
only a three-month period, after start-up, to make final payment to 
the contractor. This period is too short and we therefore recommend 
that the Terminal bate for Disbursements be extended to December 31, 
.180. This will allow ample I . ' to make final pe.vment to the 
contractor; and allow for a slippage in the schedule.
 

1. Evaluation 

9).0b 	 The purpose of the project is to help meet interim power needs in
 
the cities of Helwan and Talkha, until planned thermal generator 
plants are constructed and in operation, and to meet the power demand 
of other areas 	by funding power into the Unified Power Services. The 
larger objective of providing the power is to avoid compromising
 
industrial production and growth.
 

9.07 	 Upon completion of construction and the beginning of operation, MSAID 
will prepare a formal evaluation report which summarizes how project 
construction time compared to schedule, how costs compared to esti­
mates, whether the plants 
are able to provide the 300 MW incremental
 
addition to the power gird, and any particular issues which remain
 
to be 	addressed concerning the operation or management of the plants. 
Purpose level evaluation will be accomplished (1) by a series of plant

audits to evaluate management operation and maintenance of each 
facility during its first year of operation; (2) by determining, during
Lhc period of plant operations, the annual kilowatt production as an 
indicator of utilization of plant capacity. Such data is monitored 
on an hours/day basis. If utilization was below that aniLcipated, 
this would signal the need for evaluation to determine whether the 
plant is not responding to needs, or whether the needs for electricity 
are not as projected.
 

9.08 	After both generator plants have been in operation for one year,
 
USAID will prepare an evaluation report describing the results of the
 
plant audits, and the review of plant utilization. If no future
 
difficulties are anticipated, USAID will only continue to spot moni­
tor kilowatt production until planned thermal generators come into
 
operation, and will report on this spot monitoring only if a problem
 
arises.
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9.09 	It would be premature to go further to look at the project's impact
 
on industrial production/growth as this project is directed only
 
at an interim need, it is one of many projects in Egypt with this
 
objective. There are so many other factors involved in industrial
 
production/growth that it makes more sense to consider evaluation
 
of this objective on a wider scope and at a later time.
 

9.10 	Unless there should appear the need to look at the impact of specific 
factors such as power or foreign exchange on the industrial sector 
or at the impact on specific geographic areas, the Embassy economic 
reporting is expected to provide information on the overall levels 
of industrial production and growth. 
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X. RECOMMENDATION, CONDITIONS AND COVENANTS
 

A. Condition, aud Covenants 

1O. 01 	 All condi.tions and covenants recommended in the 	original project 
paper have been accepted by the GOE and EA and incorporated in
the original loan Agreement. All conditions precedent tc initial 
d IsbiLrsement have been met except the requirement that the GOE
re-lend the A.I.D. loan to EEA on terms and conditions established 
by the Coiumcil of Ministers. Based on the discussion in Section 
VII, we recommend that A.I.D. set the terms of the re-loan at 
,.5 
percent per annum with repayment over 25 years including a
 
grace period of five years; and that Section 3.02 of the Loan Agree­
ment be amended to include this condition. Additionally, the Loan
 
Amendment will include in Section 3.02 of the original Loan as 
a
 
condition precedent a legal opinion from the GOE attesting to the
 
vaildity and legality of the Loan Amendment.
 

10.0," 	We recommend no additional covenants be incorporated in the Loan 
Agreement amendment. Those existing are adequate. Section 4.05
 
will be amended o 
deleted to reflect the interest rate requirement
 
for the re-loan.
 

B. Recommendation 

.10.0i 	 ,ubject to the conditions cited above, we recommend that A.I.D.
authorize an amendment of $19 million to the existing Helwan-Talkha 
as Turbine Loan Agreement to finance the increased project costs. 
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" Y-T.XN LP"'I ICI"''Y AtJrI1 l )I.1'Y 
N.\8IR CI'Y, AIUM.ASSI.\, CARl O, E.GYPT. 

11I \ l'I I'0\\ 1I:11.. \ 1: 1- 1.l*kC I I; i .I'X : 2(1') 7 li. N. 

Ref:'L PC Cairo, 17 July, 1977 

Mr. Donald S. Brown 
 -C.iwT
Director USAID Mission 7 
Cairo, Egypt. ACTION TAKeN. DATE 

Dear Mr. Brown. 

As you know we have received a draft copy of the preliminary

project report for the lelwan/Talkha Gas Turbine Plants from our
 
Consultants. The foreign exchange preliminaxy estimate contained
 
in the draft report is US $I 25,9&';.,000 for Helwan and US $37,535,000 
for Talkha or a total of US $63,436,000 as against the estimated
 

'change of US.- ro.)eign -. requirements $45,402,000 contained in the 
Sanderson & Porter report. This increase, we believe, is atbribu­
table to the delay in the project execution and the cost escal&tion
 
that has occurred with respect to material and equipment. The
 
c-,mpletion dates on which the Sanderson & Porter estimate was based 
",1in1976 for Helwan and 1978 for Talkha. The present scheduled 
coipletion date for both Helwan and Talkha is 1979. 

As e result of our review of the draft report with our 
L:ons. .tants certain modifications have been agreed upon which will 

:.ct tho esttmated forei., exchange requirements for the project.
.!,tached is a marked-up copy of the preliminary est*'ate, Table 9-1, 
.ff the draft preliminary project report, which shows the modifications
 

.'v have been made to the estimate with the result that the foreiggn
exchange estimate for Helwan is US $27,200,000 and for Talkha 
US $39,355,000 for a total of US $66,555,000. 

The increase in the preliminary estimate of US $5,149,000
 
is primarily attributable to the addition of fuel treatment facili­
ties for solar oil, increased provision for training, increased
 
provision for spare parts, and additional machine shop capability
and increases in the indirect costs attributable to these added costs. 

The total estimated foreign exchange cost of US $66,555,000 
set forth above does not include our contract with Gil . Associates 
which present1. provides for an expenditure of US $.. 1,(00.
Therefore, our total foreign exchange requirement for vhe Helwan/
Thnkha Gap Turbine Project is US $68,410,000. 
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EGYPTIAN ELECTRICITY AUTHORITY 
NASX CITY, AIBBASSIA, CAIRO, EGYPTI' . 

T I.FIG 1AM II EC I Ii :0VI.111 EX : 2117 't'W R L1.N. 

(2)
 

Loan Agreement No. 263-K-032 between USAID and the ARE
executed on July 31st, 1976 provides for a maximum of US $50,000,000.
In view of the prosently estimated foreign exchange requirements

for the Projects it is requested that the Loan Agreement be amended
to provide for an amount not to exceed US $68,500,000 or an increase
 
in the loan of US $18,500,000.
 

-a view of the critical need for this additional generating

capacity to meet our system demands and the schedule which our
Consultants are trying to maintain, your early approval of our
 
requost will be greatly appreciated.
 

Very truly yours,
 

(Eng. IC abih) 
Dewt Chairman. 



ANNEX B
 

LOAN AMENDMENT ALUrHORIIYATION 

Country: Arab Republit, of Egypt 

Ntmie of Project: lelwan and Talkha Gas Turbine Plants 

Loan No.: 263-K-032
 

Project No.:
 

Pursuant to Part 2, Chapter 4, Section 532 of the Foreign Assistance Act 

of 1961, as amended, I hereby authorize an amendment to A.I.D. Loan 

No. 263-K-032 to the Arab Republic of Egypt increasing the amount of such 
Loan by Ninteeen Million United States Dollars ($19,000,000) from Fifty 
Million United States Dollars ($50,000,000) to not to exceed Sixty-Nine 
Million United States Dollars ($69,000,000) to assist in financing the 

foreign exchange costs of goods and services required for the Helwan and 

TaIkha Gas Turbine Plants. 

In athition, the Loan Agreement dated July 31, 1976, will be amended to 
provide that procceds of the Loan will be reloaned to EEPA at an interest 
nt" of eight aond one-half percent (8 1/2%) per annum and shall be repayable 

within twenty-five (25) years including a grace period of five (5) years.
 

A.I. other provisions of the Loan Authorization approved on
 

197'6, remain unchanged. 

Administrator 

Date
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ANNEX C
 

Certification Pursuant to
 
Section 611(e) of the
 

Foreign Assistance Act of 1961, as amended
 

I, Donald S. Brown, the Principal Officer for the Agency
 
for International Development in Egypt, having taken 
into account, among other things, the maintenance and 
utilization of projects in Egypt previously financed or 
assisted by the United States, and the technical assis­
tance and training planned for this project, do hereby 
certif'y that in my judgment Egypt has both the financial 
cal)abi lity and human resources capability effectively to 
mainta in and utilize the capital assi. tance t.o be pro­
vided I'mr t.h, construct, ion of' a 1 0 MW g:t:n turbine plant. 
nat li'lwan and a i0 MW g:an turbine plant. nea- 'Palkhia. 

Donald S. ro 
Director 
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6C(2) -PROJEgT EM L 

Listed below are, first, statutory criteria applicable geneally o-r.po et with FAA fu" .. d 
then project criteria applicable to individual fund spurcass -D)veloiment Assietance (Wtt& ob­
category for criteria,applicable only to loans), and Seculty $upiring.Assistance. funds.:, 

CROSS REFERENCk$: 	 ISCOUNTRY CHECKLIST UP TO DATE?t PIITFn.V. HAS, TANMARD ITEM CHi.CKLI r.BEEN 4- :'" 
REVIE ED.FOR THIS.PROJECT? 

. , . .I 	 '.J
 

A. Gfi, RAL FOR PROJECT. *i " 	 .CRITERIA 	 '"2" 

. App. Unnumbered; FAA Sec. 653(b) 'Ah n loe o rOgraO Cehap ""m e 

:

(.) Dascribe how Comnmittees on Appropria- P rd o tr ttal. to the 
tions of Senate and House have been or 0o0O.S. st l 
will be notified concerning the project; thiLs w 1 not take t6 
(h)iiassistance within (Operational a1is a&te..rtl.ata of del 
Yeee 1udget) country or international 
craaizatton allocation reported to for 
col.lr-Ss (or not more than $1million ie. n tkw 1e of fs fo!0

1 7,7...*' over that figure plus 10%)? 	 tfor y 
2. F,, Sec. 611 (a)1 . Prior to obligation 	 have 

I Wcess of1 000, will there be (a) o. e .- , 

ei,neering, financial, and,other plans t . " 
,.. nuc:essary to carry out the assistance and "' 	 " i
 

(b)a reasonably firm estimate of the .
 
cost to the U.S. of the assistance?
 

. furthr leislative action3. PA,' Sec. 611(a)(2). Iffurther legis-

.a'1 action isrequired within recipientv.tOi*lement the progrm otherI 
country, what isbasis for reasonable ratification of the signed amendent to ­
expectation that such action will be the loan agreement. 

S accomplishment of purpose of the assis- '. ;.',,,..completed in time to permit orderly 
. ,
tance?.
 

project 1 r '.waplter;4. FAA Sec. 611(b); App. Sec. 101. Iffor 	 . rt .atr 

water or water-related land resource . land Zel'our
 
construction, has project met.the stan- : I...t9. . ar r ,. .
 
dards and criteria as per Memorandum of . .
 

the President dated Sept. 5,1973 ' , . . •
 
(replaces Memorandum of May 15, 1962; .,
 
see Fed. Register. Vol 38, No. 174, Part .
 
111, Sept. 10, 1973)?
 

"
 ,, FAASe. 611(e). Ifproject iscapital T1% *.Bsltio 4.rector has so it
 
ass stance (e.g., construction), and all Amex X
 

m
 .
U.S. assistance for itwill exceed -7, 	 .:- ,,a
 
$1million, has Mission Director certified '
 

.; the country's capability effectively to
 
, naincain and utilize the project?
 

. ,[ 't" 
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6C( STANDARD ITM CHECLIST 

Listed below are statutory items which normally will be coveied routinely in those provisions of anassistance agreement dealing with its implemntation, or covered in the agreemnt by exclusion (as
where certain uses of funds are permitted, but other uses no$); 

These items are arranged under the general headirgs of (A) Pr curement, (B) Construction, and 
(C)Other Restrictions,
 

A. 	 Procurement 

I. 	 FAA Sec. 602. Are there arrangements to Pro=-rnmt of goods Md sexiVieS will, be
permit U4_.5small business to participate t to est*.Us ed 'AD. weguAtjs
equitably inthe furnishing of goods and
 
services financed?
 

2. 	FAA Sec. 604(a). Will all commodity Yes.
 
procuremnt financed be from the U.S.
 
except as otherwise determined by the •
 
Presldent or under delegation from him?
 

3. FA. Sc. 604(d). Ifthe cooperating Yes.
 
country discriminates against U.S.'
 
marine insurance companies, will agree- ­
wetnt require that marine insurance be . ..
 

placed inthe U.S. on commodities
 
financed?
 

4. 	 fA\ Sac, 604(1). Ifoffshore procure- 'lwe will be no such POCU ent. '
 
,,ent of agricultural commodity or
 
iroduct is to be financed, isthere 
provision against such procurement when 1
the domestic price of such commodity isless than parity? AV 

FAA Sac. 608 a . Will U.S. Goverment Cni ation will be given t t .W _f 
excess persona property be utilized wiwhet eIpracttegive 'e of 

wherever practicable in lieu of the 	 p.r

procurement of new items? 'v 

6. 	 M14A Sec. 901(b). (a) Compliance with Yeti. 
requirement that at least 50 per centum
 
of the gross tonnage of commodities 
 V
(computed separately for dry bulk "
 
carriers, dry cargo liners, and tankers)

financed shall be transported on privately

owned U.S.-flag commercial vessels to the
 
extent that such vessels are available
 
at fair and reasonable rates.
 

7. 	 FAA Sec. 621. If technical assistance bi1 assistance, to the greatest exteni
isfinanced, will such assistance be fur- pa t will be frcmi privte i*± -­
nished to the fullest extent practicable 
as goods and professional and other on a ocitract basis..
 
services from private enterprise on a
 
contract basis? Ifthe facilities of
 

.' other Federal agencies will be utilized,
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art 	they particularly suitable, not 
coipetitive with private enterprise, 
and made available without undue inter­
ference with domestic programs? 

8. 	 InternAJlonal Air Transport. Fair
 
ComIeOt11;ve Practices Act, 1974
 

Ifair transportation of persons or 


propertytis financed on grant basis, will.
 
provision be made that U.S.-flag carriers
 
will be utilized to the extent such
 
service isavailable?
 

B. 	Construction-.'
 

1. 	 FAA Se. 601(d). If a capital (e.g., 
co'nstruction)project, are engineering 
and professional services of U.S. firms 
and their affiliates to be used to the 
nwximum extent consistent with the 
national interest? 

2. FAA Sec. 611(c). If contracts for 
construction are to be financed, will 
they ba let on a competitive basis to 
maximum extent practicable? 

3. 	 FAA Sec, 620(k). Iffor construction 
6lroductive enterprise, will '.aggregate 
value of assistance to be furnished by 
the U.S. not exceed $100 million?
 

C, 	Other Restrictions
 

1. FAA Sec. 201(d). If development loan, 

nterest rate at least 2% per annum
 

during grace period and at least 3%.per 

annum thereafter? ­

2. FAA Sec. 301(d. If fund is established 

t 	solely U.S. contributions and adminis­
tered by an international organization, 
does Comtroller General have audit 
rights? 

3. FAA Sec. 620(h). Do arrangements 

preclude promoting or assisting the 

foreign aid projects or activities of
 
Communist-Bloc countries, contrary to 
the best interests of the U.S.? 

4. FAA Sec. 636(1). Is financing not per-

mitted to be used, without waiver, for 

purchase, long-term lease, or exchange
 
of motor vehicle manufactured outside
 
the 	U.S. or guaranty of such transaction?
 

:MOO 
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-
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,.e.
 

. 

Y 	 e 

Not plicab]e. 
.P'
 

Not apJicable.
 

. -

Not applicable.
 

will so stipu1atp­! 	 *.lwn "geemnt 
.".
 

JV 

F ai~nq4.Ng is not pemitted to be uied for 
sUCh pwposes.77 

http:pwposes.77
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5. Will arrangement% preclude use of
 
financing:
 

a. FAA Sec. 114. to pay for performance 

of a oins or to motivate or coerce
 
persons to practice abortions?
 

b. FAA Sec. 620(g). to compensate 

owne or exproprlated nationalized
 
property?
 

c. FAA Sec. 660. to finance police 

training or other law enforcement
 
as istance, except for narcotics
 
progra,s? 

it.1AV, Sec. 662. for CIA activities? 

.pp_ Sec. 103. to pay pensions, etc., 

for.itiiuiry personnel?
 

f. bpp.._Sec. 106. to pay U.N. assess-

inenlts? 

107. 

sius otFAAiSetons 209(d) and 251(h)?
 
,j,App. St!:, to carry out provi-

(transfer to multilateral organization 
for lendiiu). 

h, AT .Sec. 501. to be used for 

public- ty or propaganda purposes 
within U.S. not authorized by Congress? 

3.0 1 flowmi 10 17 6C3). , 

Yesi
 

Yes,
 

Yes
 

Yes'
 
I.

Yes'
 

Yesi'
 

Yes
 

Yes, 



ANNEX E
 

SECTION 3
 

SCOPE OF WORK TO BE PERFORMED BY GILBERT
 

3.0 	 Gilbert wil] provide engineering, engine.ring administra­

tion and construction monitoring services in support of
 

EEA for the Project. Gilbert will furnish the services
 

of qualified personnel who will complement the capa­

bilities of EEA by providing assistance and advice as
 

described in this Section 3.
 

3.1 	 Preliminary Project Reports
 

3.1.1 	 Utilizing existing data made available by EEA
 

to the maximum extent possible, Gilbert will
 

prepare comprehensive plans which will define
 

the overall design, and construction para­

meters, contract and contract administration
 

plans and requirements, schedular requirements,
 

and cost estimates for the Project.
 

3.1.2 	 Gilbert will review reports made available by
 

EEA covering the archeological, geotechnical,
 

ecological, hydrological, meteorological, and
 

agronomy conditions that exist at both sites.
 

In the event that the information is considered
 

to be insufficient to adequately evaluate the
 

environmental aspects of the design specifica­

tions to enable the prospective contractors to
 

prepare their estimates in a competitive manner,
 

or to satisfy the applicable A.I.D. environmental
 

requirements, Gilbert will develop a program of
 



further investigation to provide the missing
 

information. The cost of developing such a
 

program of site investigation and of super­

vising 	any related field work is not included
 

in the 	original estimate and the original cost
 

estimate and fixed fee shall be adjusted
 

accordingly.
 

3.2 	 Development of technical specifications for the Project.
 

Based on information contained in the preliminary
 

Project report, Gilbert will develop technical speci­

fications including equipment performance requirements,
 

for the design and installation of the Project.
 

3.3 	 Pre-c ualification of bidders and preparation of
 

invitation for Bidders (IFB).
 

3.3A During the preparation of IFB, Gilbert will
 

conduct the pre-qualification of interested
 

bidders in accordance with established A.I.D.
 

guidelines and the wishes of EEA.
 

3.3.2 	 The IFB, based on information from the earlier
 

specifications developed by the EEA and the
 

preliminary Project report, will outline
 

contract terms and administration, describe
 

the technical design parameters, and specify
 

the requirements for installation and start up.
 

Gilbert will prepare the IFB in accordance with
 

standard US engineering practices, codes and
 

standards and with applicable A.I.D. requirements
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for sealed bid procurement. Equipment,
 

services, and construction requirements
 

will 	be fully and clearly defined. The
 

IFB will also specify design drawings and
 

documentation which the design/constructor
 

and/or 	equipment vendor must provide in
 

order 	to show compliance with design
 

specifications and equipment performance
 

requirements.
 

3.4 	 Review of Proposals and Award of Contracts
 

Gilbert will evaluate the responsiveness of the bidders
 

to the invitation for bids, the reasonableness of the
 

prices bid, submit recommendations and, if necessary,
 

assist in negotiating the contract between the EEA
 

and the selected bidders. To this end, Gilbert shall:
 

3.4.1 	 Prepare tabulations, analyses and evaluations
 

of all bids.
 

3.4.2 	 Together with the EEA Evaluation Cormittee
 

prepare final evaluation reports and issue
 

final recommendation report.
 

3.4.3 	 Assist EEA in matters pertaining to contract
 

preparation, negotiation and execution.
 

3.4.4 	 Prepare Notices of Award and rejection letters
 

for issue by EEA.
 

3.5 	 Contract Monitoring and Administration (Design Phase)
 

3.5.1 	 Gilbert will provide professional services
 

to assist the EEA in reviewing the work of
 

the Contractors for compliance with all
 



specified contract requirements and good
 

engineering practices.
 

Gilbert will review:
 

3.5.1.1 	 Systems designs (flow diagram, system
 

design criteria and descriptions, in­

strument and control logics, electrical
 

diagrams and electrical system criteria
 

and design).
 

3.5.1.2 	 Equipment and material specifications.
 

3.5.1.3 	 Proposal of only the successful equip­

ment bidder before equipment contract
 

is awarded by the Contractor.
 

3.5.1.4 	Selected manufacturers' spare parts,
 

operations, and maintenance requirements.
 

3.5.1.5 	Plant layout drawings, for compliance
 

with accepted good practice, access for
 

maintenance, provision for equipment
 

removal if necessary, and economy of
 

space.
 

3.5.1.6 	General routing of major systems.
 

3.5.1.7 	General outline drawings of major
 

equipment and structures.
 

3.5.1.8 	Constructability.
 

3.5.1.9 	 Review and witness factory inspection
 

and tests.
 

3.5.2 Detail designs requires for construction and the
 

checking of detailed design calculations and
 

drawings will be performed by the Contractor.
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3.5.3 	 The design review objective will be to deter­

mine that systems and structures will be capable
 

of performing their specified function, and that
 

adequate technical specifications and drawings
 

exist for obtaining bids on equipment and com­

ponents. Gilbert will review the adequacy of
 

design and provide an administrative check on the
 

Contractor's design functions. These review
 

functions will not relieve the Contractor of
 

its responsibility for the satisfactory perfor­

mance 	of the plants.
 

3.5.4 Along with the technical surveillance, Gilbert
 

will review Contractor's progress and expendi­

ture reports for compliance with forecasts.
 

3.6 	 Contract Monitoring and Administration (Construction and
 

Erection)
 

3.6.1 Gilbert will, as representative of EEA, admini­

ster the single responsibility design/construct
 

contract and monitor the Contractor's work to
 

verify that all contract work is accomplished
 

in accordance with the plans, pecifications
 

and contract documents. Gilbert will keep the
 

EEA site representative informed of Gilbert's
 

site actions, orders to, and correspondence with
 

the Contractor. flhe single responsibility con­

tract will assign to the Contractor sole re­

sponsibility for design, equipment selection,
 

procurement, manufacturing, assembly, shipment,
 



construction/erection and commissioning of
 

the complete plants. During the construction
 

and erection of the Project, Gilbert will
 

assign a resident staff to the Project sites.
 

Gilbert's resident staff will be supported by
 

Gilbert's home office as necessary. EEA
 

shall provide office facilities at the
 

Project sites and Gilbert will:
 

3.6.1.1 	 Establish lines of communication,
 

reports and liaison among Gilbert,
 

the EEA, and the Contractor. The
 

EEA will carry out all liaison with
 

ARE.
 

3.6.1.2 	 Act as the EEA's representative and
 

provide engineering monitoring and
 

detailed inspection of the performance
 

of all construction/erection work to
 

verify conformance with the
 

plans and specifications; advise EEA
 

on the plans and progress of the
 

Contractor and advise EEA of delays,
 

both actual and anticipated, which may
 

effect the construction of the plants
 

and means, where such exist, to
 

overcome these delays.
 

3.6.1.3 	 Review work plans, progress schedules
 

and financila schedules prepared by the
 

Contractor and analyze and report on
 

such schedules as necessary.
 



E- 6
 

3.6.1.4 Prepare monthly progress reports and
 

special reports as required by the EEA.
 

3.6.1.5 	Monitor construction/erection progress
 

and receipt, installation, and testing
 

of equipment. Review the construction
 

methods of the Contractor and his sub­

contractors prior to application to
 

avoid, insofar as possible, the use
 

of unsafe or improper methods which
 

could result in construction delays,
 

defective work, adverse affects on work
 

of others at the sites or intolerable
 

exposure to hazards of property or
 

persons.
 

3.6.1.6 	 Certify the validity of contractor's
 

progress payment invoices before such
 

invoices are submitted to the EEA and
 

upon completion and acceptance of the
 

Project, certify the release of final
 

payments.
 

3.6.1.7 	 Interpret contracts, drawings, and
 

specifications to obtain compliance
 

with the contract documents and timely
 

provision of services, equipment and
 

materials.
 

3.6.1.8 	 Review and evaluate field design changes
 

and revisions and advise EEA of the
 

justifications of the Contractor's cost
 



proposals for any such hlohqe.-i or 

extra work. Arter obta1:inq 1-A's 

approval prepare and issue changes 

or extra work orders as necessary. 

3.6.1.9 	Assist theEEA in obtaining appropriate
 

agreements relative to the provision of
 

utilities and infrastructures.
 

3.6.1.10 	Monitor and advise the EEA of the
 

progress of such on-site or off-site work
 

directly related to the Project and
 

coordinate such work with the require­

ments and work of the Contractor.
 

3.6.1.11 	Inspect for proper installation of
 

mechanical and electrical equipment
 

together with related controls and
 

instrumentation and witness performance
 

testing of such equipment and make
 

recommendations for acceptance.
 

3.6.1.12 Assist the;EEA in performing final
 

inspection and testing of facilities
 

and in determining final acceptability
 

of the work.
 

3.6.2 	 The anticipated schedule for assignment of Gilbert's
 

Expatriate Employees is shown in Annex 1.
 

3.7 Test, Acceptance and Start Up
 

3.7.1 	Gilbert will assist the.EEA in monitoring and
 

reviewing tests and start up of the facilities,
 

through handing over the units to EEA.
 

http:3.6.1.12
http:3.6.1.11
http:3.6.1.10
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3.7.2 	 Gilbert personnel will review test and initial 

operation procedures and recommend acceptance 

of or changes to them.i.ilbort will: 

3.7.2.1 	Witness conduct of static checkouts
 

(electrical, mechanical, instrumenta­

tion) by the Contractor to verify that
 

components and systems are ready for
 

initial operation.
 

3.7.2.2 	 Provide assistance to EEA operating
 

personnel in the initial operation
 

and shakedown of components and
 

systems; maintain close contact with
 

Contractor personnel to resolve
 

problems which arise during initial
 

operation.
 

3.7.2.3 	 Supervise turnover by the Contractor
 

of the completed plant (or unit) to
 

EEA at the completion of start up
 

activities.
 

3.7.2.4 	 Review Contractor-prepared plant
 

operational manuals in English for
 

adequacy.
 

3.7.2.5 	 Witness and review performance testing
 

of major equipment and systems in order
 

to verify test results.
 

3.7.2.6 	 Review test calculations and submit test
 

reports to EEA.
 

3.8 Training Program
 

3.8.1 Based on EEA's approved staffing pattern and an
 



assessment of available personnel capability,
 

Gilbert will prepare and oversee the implemen­

tation of an operating and maintenance training
 

program by performing the following:
 

3.8.1.1 	 Evaluate the competency level of
 

personnel proposed by the EEA for
 

tr.ining.
 

3.8.1.2 	 Ascertain that classroom training in
 

plant theory, operations and mainte­

nance will be provided along with
 

vendor training which will be
 

provided in accordance with the
 

specifications.
 

3.8.1.3 	 Ascertain that on-the-job training
 

during initial operation and shake­

down of plant equipment is
 

successfully completed.
 

3.8.1.4 	 Review training materials (visual
 

aids, texts, etc.) to be used
 

during training.
 

3.8.1.5 	 Evaluate the competence level of EEA
 

personnel after training, and report
 

results to EEA with recommendations
 

for continuing training efforts.
 

3.8.1.6 	Ascertain that facilities already
 

available in the USA or ARE are
 

utilized to the extent possible in
 

meeting training requirements.
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3.8.1.7 	All instruction, training aids and
 

any other instructional materials
 

to be reviewed by Gilbert will be
 

in the English language. If
 

utilization of any other language
 

is required in performing the tasks
 

described in this Section 3.8, the
 

EEA will supply qualified interpreters
 

and/or translators, the cost of which
 

shall be borne directly by the EEA.
 

3.9 Spare Parts and Inventory Control
 

3.9.1 	Based on manufacturers' recommendations and
 

Gilbert experience, Gilbert will prepare and
 

assist in the implementation of a system for
 

the supply, storage and issuance of spare
 

parts. Gilbert will:
 

3.9.1.1 	Confirm that the Contractor's spare
 

parts list is complete and that a
 

spare parts stock will be provided.
 

3.9.1.2 	 Assist EEA in placing initial orders
 

for spare parts as required.
 

3.9.1.3 	Establish receipt and disbursement
 

control system for spare parts.
 

3.9.1.4 	 Establish a spare parts re-ordering
 

system based on minimum/maximum
 

levels.
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gigawatt 


gigawatthour 

kilovolt 

kilowatthour 

megawatt 

megawatthour 

terawatt 

terawatthour 


btu 

calorie 
FOl 
mazout 

ARE 

EEA 

GEEC 


IAEA 

IBRD 


NPPA 

UPS 
USA 

USAID 


LOWER EGYPT 
UPPER EGYPT 

GLOSSARIY OF SYMLOLS AND ABIREVIATIONS 

GW I,000,00() kilowatt
 
GWII 1,000,000 kilowatthours
 
kV 1,000 volts
 
kWh 1,000 watthoura 
MW 1,000 kilowatt 
MWil 1,000 kilowatthours 
TW 1012 kilowatt
 
TWII 
 1012 kilowatthoura
 

British Thermal Unit of heat
 
Metric Thermal Unit of heat 
Forced outage rate 
Approximately No. 5 ful'el oil burned 

ill Fossil fuel power plants in ARE 

Arab Republic of Egypt 
Egyptian Electricity Authority
 
General Egyptian Electricity
 
Corporation (Superceded by EEA)
 

International Atomic Energy Agency
 
International Bank for Reconstruction
 

and Development 
Nuclear Power Plant Authority
 
Unified Power System 
United States of America
 
United States Agency for International
 

Development
 

Cairo and the Delta, Alexandria and Canal Zone 
Area south or Cairo to Aswan 



SHORT HANGE GENEIRATIUN EXPANSION STUDY (1977-1985) 

Summary anid Conclusions 

A short-range load torecast arid a companion generation
expansion study for the iEg;yptiat, ilectrictty Atthority through

the year 1985 were prepared 
 with tlie aid and coopertttoit of theEEA engineers of tio plaiiiitg grotp of' the Stdies and lResearch 
Sac tor. 

The load forecast was arrived at alter giving lengthy

consideration to 
the various facets of the 
present and expected

future growth in the demands for electric power in Egypt. 
 It
was 
then used to determine 
the fiture yearly maximum demand and
 
energy requirements of the 
Unified Power System,. It was decided

that the power requirements (exclusive of large industrial loads)
probably would grow at 
a rate of 10.11 percent (load doublinjg in
 
seven years) up through the year 1980 and then at a reduced 
rate of 
9.11 percent (load doubling in slightly less than eight
years ) up through the year 1985. Because of the high percent­ages of' large industrial loads that presently comprise 
or are
expected to he added to 
tie Uni 'ied Power Svstenm, such industrialloads were anialyzd ot a selpiral Ih thensts . he r.4uits were
COlmbl)tlied witth the eXpect d u.'ow(Ii of' Ih e remainder of the loads.rhe iodti growth pfi toedactns thits obtaiitied were normalized to
reduce any yearly inconsist(ncies and aillow l'or any delay incommissioniig of" the large industrial Joads which is expected

(as past history has indicated) to occur. 
This provided a
composite expected system load growth From 1976 through 1985of 11.1 percent for the peak power demands and 11.3 percent for
the energy requiremerits. 

EEA's latest generation expansion plan was reviewed and
several of' the indicated dates of initial operation of new
units were revised becauise it was not. believed that the time
remaining was siifficient to meet the originally planned target
dates. An analysis was made of both the existing gas turbinesteam

and hydro generating plants and the new gas turbine and steam
(both fossi. tuel and nuclear) power pLants expected to be
 
added to the EEA system ini the future. 

Dte regard was given to 
the deteriorated condition of a

large number of existingy thermal tunits and to the usually
large amounts of outage time that has been experienced with some of these. 
 Outage records were studied and estimates were
made of both expected future scheduled and unscheduled main­
tenance requirements.
 

Hydroelectric limitations due to 
the reduced capability
of the Aswan units, the unusually lengthy maintenance outage

time, ard the limitation in power transfer capability due tostability restraints of the 500 kV Iligh Dam - Cairo transmission 
lines were also considered. 



The sizIng assu expA; . . . 

for both scheduled and proposed new generating facilities were
 

studied. It was decided that under the present status of
 

financing and other contractual arrangements it very likely
 

would be impossible to have the proposed first 600 MNW unit of
 

the Sidi Kreir nuclear power station in commercial operation
 

before year 1985.
 

After considering projected generating capability, system
 

maintenance requirements, spinning reserve capacity, and load
 

forecasts together with forecasting error possibilities, it
 

concluded that additional generating capacity definitely
was 

198'4 and should be scheduled sowould be needed by the year 


it can provide firm dependable capacity by that time. Other­

wise the EEA cannot adequately and reliably meet the forecast
 
expanding Egyptian economy.denmind:' for el e"t ri lower in an 

immediatelyTherefore it is recommended that EEA consider 
MW steam power station
the construction of an additional 2 x 300 


to be scheduled for commercial oper­with the first 300 MW unit 

third quarter of 1983 and a second
ation not later than the 


300 MW unit a few months later.
 

Load Forecast
 

the foundation for
Load forecasts with high accuracy are 


of limited capital resources. Accurate fore­efficient usage 

the problem is compounded by
casts are difficult, however, and 


the pnst and present economic conditions existing in the Arab
 

the era of low cost energy ends, it

Republic of IEgypt. As 

difficult to accurately forecast future loads.
becomes even more 

power tse is sensitive to variable parameters
llecatuse electric 

ito one has absolute control, forecanting at best 
over which 

no mattor how sophisticated the 
renainis an edtucated gtess 


system has local

procedurestlsed. Additionallv, every power 

usageconditions that significantly inluence electric power 

in its service area, and a successful forecasting 
technique
 

area or country may not necessarily serve
utilized in one 


adequately in another.
 

The Egyptian Electricity 	Authority has undertaken 
many
 

determination of the future
 load forecast studies for the 

as well as the general


electric power demand of 	Egypt until 1985 


Most of the presently employed
trend until the year 2000. 


methods of load forecasting (the accumulative method, the extra­

the sentiment method, and the correlation
 polation method, 

between the national economy and the energy 

demand including
 

the Aoki method) have been extensively studied 
by the planning
 

personnel of EEA.
 

None of these methods has seemed entirely 
satisfactory
 

for application to the Unified Power System and the final
 
gradually decreasing
best suited was that of a
method chosen as 


annual rate of growth of the power demand 
and system energy
 



requirements through the year 2000. A higher growth rate of
 

peak load and energy use can be expected at first to compensate
 
for the low and erratic growth rates that prevailed because of
 

the war years. An initial high growth rate also can be expected
 

in connection with the new changes in Egypt's economic policies. 
Using these criteria, it was forecasted that up through 1980 the 

load will double at a seven year interval rate; in other words 
at a cumulative annual growth rate of 10.4 percent. Studies 
undertaken by the planning group of the Studies and Research 
Sector of EEA have shown that the avernge rate of growth of 
electrical energy consumption in Egypt for the last decade 
excluding large industries, even though erratic on a year-by­

year basis, has been at an average rate of 10.44 percent. 
Separate individual studies of the various sectors of the Egyptian 
economy (residential, conercial, small industrial, agricultural 

etc.) up through the year 1980 have indicated an expected conti­

nuation of this 10.4 percent growth rate. For these reasons, it 

is expected that such a growth rate of 10.4 percent will continue
 
up through the year 1980. It is also highly improbable that such
 
a rate can be maintained indefinitely. Therefore, it is assumed
 
that after 1980 up through the year 1985 the normal load will
 
grow at a rate which would cause it to double again in a little
 

less than eight years or at an annual cumulitive rate of 9.4
 

percent.
 

Because of the very large power and energy requirements
 

of some planned new loads and the projected expansions of
 

existing large high load factor industrial loads, the forecast 
for such loads has been analyzed sepcrately. The results were 
then combined with the expected normal growth rate of the rest 
of the system to obtain a composite load forecast.
 

Table I-1 is a tabulation of an analysis of the large 

industrial loads resulting from the planned installation and
 

expansion of large industries up through the year 1985. The
 
data listed in the table was obtained from and verified by
 

various sources including the Ministries of Industry and Mineral
 

Wealth and of Petroleum. Although considered complete for the
 

five-year plan up through the early 1980's, it is felt that
 

other large industrial loads in addition to those listed in the
 

table will undoubtedly develop for the years 1983 through 1985.
 

A coincidence factor to provide for diversity in the non­

coincidental peak industrial demands as well as system generation
 

and transmission line loss factors for both power and energy
 

requirements has been utilized to reflect all such large industrial
 
demand and energy requirements to that of a system gross generation
 
level. Such a gross generation requirement is part of the input
 
data used in the generation expansion program.
 

A tentative composite Peak Demand and Energy Forecast on
 

a yearly basis for the Unified Power System up through the year
 

1985 was compiled. The original forecasted peak demands and
 
energy requirements are shown in Table 1-2. Using the above
 



Table I-I LARGE INDUSTRIAL ELECTRICAL LOADS IN EGYPT 1976-85
 
(in Negawatts & Gigawatt Hours)
Eat.
 

Ann. 1976 
 1977 1978 1979 

Load
jron & Steel Location Factor GUH GUH
MW MW MW GUN MW GH 

Integrated Mill Tebbin 1 70 394 39264 64 64 392 64 392
(1.5 Min Tons) Tebbin 2 70 70 430 72 442 72 442 44272

(1-5 Min Tons) Helwan 70 63 63
387 386 63 386 63 386
Sponge Iron Alexandria 85 


Sponge Iron Sadat City 
 85 

Electric Steel Alexandria 45 

Electric Steel Sadat City 45 


Chemical ProJs.
Nitrates 
 Ras Gharibl 80 

Fertilizer Kima Aswan' 250
80 1757 250 1752 250 1752 250 1752 

Ferro-Silicon Aswan(Edfu)" 80 70 350
Urea(German Uda) Alexandria 10 50 50 350
8C 
 15 105
Caustic $oda Alexandria 75 
 20 131 20 131 20 131
NH3NO 3 & Urea Talkha 80 
 3X 46 55 385 55 385 60 420 


Phosphate Prois.

Mining Esna* 70 10 6L 10 61 61
10 10 61 
Elemential Phos- Nag Hzrr&.i ­
phate(Cancelled 34OMW)Fertilizer Mine 
 Abu Taitar' 8& 

Textiles Mehalla El Koubra­
t5OMW isolated Generation
 
being installed Textile Plant)
 

Textile & Weaving
Complex Alexandria 75 
 30 197 120 788 

Aluminium Smelter Nag Hammadit
6 6 95
(Eventually 1 ,OOOTons) 
 150 1252 220 1831 220 1831 300 2497
Petroleum.Refinery Alexandria 
85 
 20 149

Petroleum Refinery Alexandria 85 

Oil Pipeline Suez 65-80 50 285 130 740 150 150
854 854 

Sumed34Okn 2x42"Alex. (80after 1980)


Oil Pipeline Suez-Port Said
 
2x36'lOONW Cancelled
Cement Expansion Helwan 80 
 35 245 

700,000 Tons "(Torah)
Cement Plant Assiut* 80 35 245 

600,000 Tons
Cement Plant Suez 
 80 


1,000.000 Tons
TOTAL LOAD 
 692 4812 894 6190 984 6781 1264 8817

Coincidence Factor 92% 
 636 --- 822 --- 905 --- 1163 ---
Generaton&Transnisaion Losses 
 64 317 82 407 91 442 116 588 

(10% of Peak
TOTAL GZENRATION 
 700 5129 904 6597 996 7223 1279 9405
LARGE XNDUSTRY LOAD FACTOR 83.4 8 .3 82.8 83.9 


All loecatcd in Upper Egypt
 

1980 1981 
 1982 1983 1984 
 1985
 

MW GUW MW GWH MW GUN Hi GUN MW GWU MW .
 
64 394 64 392 64 392 64 392 394
64 64

72 443 72 442 72 442 
 72 442 72 443 72
 
63 387 63 386 63 386 63 386 63 387 63

30 224 60 447 60 
 447 60 447 60 448 60 4
 

20 149 40 298 4o 
 298 40 298 40
 
40 158 70 276 1oo 394 1oo 594 1oo
 

50 197 150 591 250 986 300 1:
 

20 140 50 350 50 
 350 50 350 50

250 1757 250 
 1752 250 1752 250 1752 250 1757 250 
 r 
80 562 120 841 120 841 120 841 120 843 120 115 105 15 105 15 105 15 1uj 15 105 15 
20 132 20 131 20 131 20 131 20 132 
 20
 
75 527 75 526 75 526 
 75 526 75 527 75
 

10 61 
 10 61 10 61 10 61 10 61 10
 

90 631 90 631 90 90 90
631 631 


150 988 150 986 150 986 150 986 988
150 150
 

370 3088 400 3329 400 3329 400 400 400
3329 3338 3
20 149 20 149 20 149 20 149 20 149 20
 
20 149 30 
 223 30 223 30 223 30 224 30
 
150 854 150 1051 150 1051 150 -1051 150 1054 150 1
 

40 281 40 280 40 280 280
40 40 281 40
 

35 246 35 245 35 
 245 35 245 35 246 35
 

50 351 50 
 350 50 350 50 350 50 351 50 

1514 10698 1794 12774 1924 13448 2054 13960 2154 14387 2204 14
1393 --- 1650 ---
 1770 --- 1890 --- 1982 --- 2028
 
139 726 166 883 177 890 189 889 198 884 202
 

1532 11424 1816 13657 1947 
14338 2079 14849 2180 15271 2230 2!

84.9 85.8 84.1 81.5 79.7 79.(
 



TABLE 1-2
 

INITIAL PEAK DEMAND & ENERGY FORECAST
 

10.4% Normal Load Growth 9.4% Normal Load Growth 

(System Less Large Industrial Loads) (System Less Large Industrial Loads) 

76 77 78 79 80 81 82 83 84 85 

BALANCE OF SYSTEM 1209 1335 1474 1627 1796 1965 2149 2352 2573 2815 
LARGE INDUSTRY 700 904 996 1279 1532 1816 1947 2079 2180 2230 
PEAK DEMAND- MW 1909 2239 2470 2906 3328 3781 4096 4431 4753 5045 

BALANCE OF SYSTEM 6.51 7.19 
 7.93 8.76 9.67 10.58 11.57 12.66 13.85 15.15
 
LARGE INDUSTRY 5.13 6.6o 7.22 
 9.41 11.42 13.66 14.34 14.85 15.27 15.43
 
ENERGY- BILLION kWh 11.61, 
 13.79 15.15 18.17 21.09 24.24 25.91 27.51 29.12 30.5s'
 

ANNUAL LOAD FACTOR 69.4 70.3 70.0 71.4 72.1 73.2 72.2 70.9 69.7 69.2
 

NORMALIZED VALUES FOR FINAL PEAK DEMAND AND ENERGY FURECAST*
 

76 77 78 
 79 80 81 82 83 84 85
 

PEAK DEMAND- MW 
 1909 2192 2470 2678 2924 3192 3578 4028 4518 5045
 
ENERGY- BILLION kWh 11.64 13.50 15.15 16.75 8.52 20.47 22.63 25.02 27.66 30.58
 
ANNUAL LOAD FACTOR 69.4 70.3 70.0 71.4 72.1 73.2 72.2 70.9 69.7 69.2
 

*Value Used in Short Range Generation
 
Expansion Plan ( 1976-1985 )
 



method of load forecasting produced a very large rate of' growth

for the years 1976 through 1990 and a suppressed growth rate
 
for the years 1980-1985. This is shown in 
the Energy Forecast
 
Curve shown in Graph I-1 jin which a decided irregularity is
 
shown in the initial energy load growth curve between the years
 
1978 and 1985.
 

llistorical records of the schedule dates 
for commissioning
 
new large industrial loads have shown inherent delays due to
 
lags in financing, construction, etc. Also since ths 
load
 
forecast for such large industries is based oi information from
 
the optimistic five-year plans of' the various ministries, it is
 
felt that there most probably wili be a 
delay in the achievement
 
dates for such expected load growth. 
it was decided therefore
 
to normalize the initial forecast 
curve for the expected energy

growth to produce the final expected energy load forecast. Such
 
a normalized load growth pattern also is shown in Graph I-I and
 
tabulated in the bottom half of Table 1-2.
 

Table 1-3 shows the Projected Growth of Total Installed
 
Effective Generating Capacity, Maximum Demand and Generated Energy.

The Percentages of annual yearly increase of both maximum demand
 
and energy are shown as well 
as the average expected yearly

increase from 1976 through 1985. It is noted 
that the average

cumulative growth rates for 1976 
through 1985 are 11.4 percent

for peak demand and 11.3 percent for energy requirements, which
 
are somewhat higher than the growth rate 
chosen for the rest of 
the existing system exclusive of large industrial loads. Graph 
1-2 shows the Forecasted Peak Loading and Generation Expansion 
Program from 1977 to 1985 for the UPS. 

Finally Table 1-4 shows a comparison of three different
 
load forecast 
studies made for the Egyptian Electricity Authority
 
system. Two of these represent the results of recent studies,

while the International Atomic Energy Agency Study was 
an'
 
extensive and comprehensive one performed in 1973. 
 The results
 
of such load forecast were obtained by employing the "Aoki"
 
method. 
Mr. H.Aoki developed curves for the relationship between
 
Gross Electrical Generation per Capita (kWh/Capita) and the Gross
 
National Product per Capita (US$/Capita). After studying this
 
relationship for many countries, he arrived at 
a recommended
 
universal curve. 
 Such a method was employed in the International
 
Atomic Energy Agency Study in 
1973 for their market survey for
 
nuclear power for Egypt.
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TABLE 1-3
 

PROJECTED GROWTH OF TOTAL INSTALLED EFFECTIVE GENERATING CAPACITY
 
MAXIMUM DEAND AND GENERATED ENERGY 

Installed Maximum Demand
effective Generated energy Annual
 
Year generating 

Ana
 
Annual
capacity a MW increase G1IJ Annual load
increase factor


_____(aaiy 
 0, (%) (0h,
 

1970 b 
 1091 
 68oo 
 71.2
1971 b 
 1121 2.7 7300 7.4 74.3
1972 b 
 1176 4.9 7400 1.4 71.6
1973 b 
 1248 6.1 
 7400 
 0 67.6
1974 b 
 1433 14.8 8500 
 14.9 67.7
1975 b 
 1733 20.9 9800 15.3 64.6
1976 b 2477 
 1909 10.2 11640 13.8 69.4
1977 2711 
 2192 14.8 
 13500 16.0 
 70.3
1978 3271 
 2470 12.7 
 15150 12.2 
 70.0

1979 
 3568 2670 8.4 16750 10.6 71.1
1980 4075 2924 
 9.2 18520 10.6 
 72.1

1981 4643 
 3192 
 9.2 2041-0 
 10.5 73.2
1982 5550 3578 
 12.1 22630 1O.6 
 72.2

1983 5811 
 4028 12.6 
 25020 10.6 
 70.9
1984 6111 
 4518 -2.2 27660 10.6 69.7
1985 6675 5045 41.7 
 30580 10.6 
 69.2
 

Maximum Demand Generated Energy
 
Compound Rate % 
 Compound Rate %
 

(1952-76) 1 2 6 b (1952-76) 1 1 1 b 
(1970-76) 9. b (1970-76) 9:4b 
(1976-80) 11.2 (1976-80) 12.3
 
(1981-85) 12.1 (1981-85) 1O.6
 
(1976-85) 11.4 (1976-85) 
11.3
 

Total installed effective generating capacity 
= combined
 
contributions of Aswan Dam and High Dam towards meeting annual
maximum demana + installed and projected effective capacity of
all other plant.(Does not account for shceduled or 
unscheduled
 
equipment outages)
 

Historical Data
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TABLE 1-4
 

COMPARISON OF FORECASTS OF ENERGY AND MAXIMUM DEMAND
 

Year 
Sanderson & Porter 

(Apr. 1977) 
Nuclear Pcwer Plants 
Authority (Nov.1976) 

International Atomic Energy 
Agency (Sept. 197 ) 

Energy 
(GWh) 

Load 
Factor 

(M) 

Maximum 
Demand 
(MW) 

Energy 
(GWh) 

Load 
Factor 

() 

Maximum 
Demand 

(0%)M 

Energy 
(GWh) 

Load 
Factor 

Maximum 
Demand 

(0W) 

1976 1 16 4 0 a 69.4 1909a 

1977 13500 70.3 2192 15200 77.1 2250 

1978 15150 70.0 2470 18100 78.0 2650 18408 71.9 2923 

1979 16750 71.4 2678 20800 77.4 3050 19504 71.9 3097 
1980 18520 72.1 2924 21900 76.9 3250 20669 71.9 -3282 
1981 20470 73.2 3192 23100 76.4 3450 22136 71.9 3516 

1982 22630 72.2 3578 27300 76.0 4100 23717 70.9 3766 
1983 25020 70.9 4028 28700 75.3 4350 25427 69.7 4091 
1984 27660 69.7 4518 30300 75.2 4600 27157 68.8 4445 
1985 30580 69.2 5045 32000 75.3 4850 29125 67.9 4831 

a Historical Data. 



Generating Capability and Expansion through 1985
 

This section of the report examines generating capabilities
 
and needs of the Unified Power System through the year 1985.
 
It discusses several special considerations pertaining to the
 
UPS which were not particularly obvious at the outset of the
 
present study but which became more apparent during a relatively
 
detailed review of various aspects of power system conditions
 
and performance. Among the areas of particular significance are:
 

1. 	Conditions and limitations of existing steam generating
 
plants.
 

2. 	 Hydroelectric capacity and restrictions regarding its
 

use*
 

3. 	Problems in providing for new capacity.
 

4. 	 Proposed capacity additions through the year 1985.
 

Some of the more specific problems and related consider­
ations in each of the broad areas are analyzed in the following
 
paragraphs.
 

Conditions and Limitations of Exis--ng Steam Plants
 

The 	active steam power plants in the Unified Power System
 
include an unusually large number of generating units which
 
comprise a total nameplate capacity of 1265 MW. There are
 
37 units in a variety of sizes from 7.5 to 87 MW. The oldest
 
of these was installed almost 30 years ago while the newest
 
went into service about 9 years ago. Multi-unit plants almost
 
invariably are constituted of' units of different manufacturers.
 
Obviously this compounds maintenance and spare parts problems 
over what they are in many power systems. All of the units 
are 	of foreign manufacture and needed replacement parts some­
times constitute very difficult problems particularly with
 
-the 	olger machines. Difficulties in obtaining such parts
 
scmetimes leave equipment out of service for months or even
 
years in q few cases.
 

The fqllowing Table 1-5 shows the installed capacity of
 
the existing generating plants and also the expected useable
 
power capability of these plants year-by-year through 1985.
 
It also shows the scheduled and recommended generating capacity
 
additions for the same time period.
 

The sum of the nameplate ratings of all of the existing
 
thermal generating units, together with the hydroelectric
 
capacity gives a rather impressive total installed capacity
 
in terms of system loads. It has been found, however, that
 
the 	system dependable capacity is considerably less than the
 
sum 	of the nameplates and that significant limitations in both
 
steam and hydroelectric components must be considered carefully
 
when looking at system capability from the viewpoints of both
 
system planning and system operations.
 



j- i , the. , s'~ : ' ,.: iti 'a r ' "? j r 

I~ J~s~11~Iate Otop, 1,61. raN iouits reasons The 
probl ems raige-tromn'improrvor boiler designi to camaged' water 

I 

hi 
.4 

ajdi equate control 
s'y a and 'safety devices., Many of tile boiler problems~ areytemsi 
attrib%ted to the burning of.Lrude oil duigthe war' yeIar3 
.hen mazout was not available. All of these consdrtosae
 

as:Way tatfrm ay elai mre iretly to 
thermal efficiency''
which hias not been a'pimary concorn'to-oate since fuel oil had
been' available to EA at a very modest price (currently about
 
S..S.11.25/ton compared t'o t.n internatioinal rice of $U.S.67/ton).
ht!ag bbon , *a tillt . csICSI. a : U .'. Iioe1to ozeno 
ea muchl aa 700 g "all's OfC lil zouL p)Or kyi, it very Oxconsivo lioat 
rate (mlore ~I(hl 20 ,000 b t.'/tWh( 02,299 1, ('1 rei/ii.A
L Iulio ihowilvhir, Iili'l 1111vol hiulii I o'w 11111 14)114 (I,141 1. 1 VA lija W114sLt. 

4'' gLLig1A. Ly Wdmh4 veit I,t htlViCO o peak,t ouol 

addit.ion LillyI ... to Iitiliott iiu in tile power output capa 
bOili tu o ts tjlo Iligh :i IC'icotco oC otitga ofl any of'the unitsLs, mut bu collsie'd ill prfeparing future aystem 'expni 
pln aschedules.< :-

With roferruti to cortain values shown in 'ruble 1-5 of 
Geneatig Capabiit ie sSomel explanation'I is in order. Tor the 

11 owr' ",roi tieo' tlio ('iiginlal iiits is. shiown to, increase
C41f1I~7, 0 l t 1979 1187 I('il ,19L10,to '24 MWin '19 8 1, anld4rom,'150 MW .4illt d 11, to MW1 

261MW' il T1 a Ia sd o a sumption tht recta­1911". iTsi: ilhe 
z1atio'l 111] be "accoipliahod 'on one tinit poryeasr a. ,,)rtile new 
4Ati uniit 'now,under.. conitruction anct'ahown ini the 12th line' 'of
th'o tabl~e is' available for, aorvico. Tile ±8'.litKamu i 
incroLabd izi 1l977 bcaojwa oftKnow:,6~o iwg towers which ahould 
pern,iiitcioi unit- lon'dinj 'wluoi they-arc 'conpiated during
t 1 0 V4J. r 0 i 11141 I' 'Ph,' *1t il hG)WEI .' asiwiuso*?IlAshee f" 't,110 gg, llo *e OIIMUi cu 

Sturbino uni ta arv for iuar. oz<opratiure condlitions. and 'tho2
Ovailablbo outpt k4 JQsauill r Aminer 'cpndiit 4. 

Hlydroelec tric Capacity' and Limi tationa in Its Use 

On the, namaplt ratins w es
 
. raters anda widsra 5 ut roneous,coceto virtually,--n--,' 

4"'wi 1i i id hydro~ capazbility, bea&u :of tm impreassive.'i&;oi
ilio, 'Aswan Idna lligh Darrtcomip ex, i t- (ha&s bee neasy .;to assie tha­

Slittle'else sh'uld'-be'leeded to, supply miuch ofCE gypt'sa total,~ 
~ cr,9wf ndefiite 'Obvi lytheso,-,isor period'
facilities havea enree"x-Im an Ar rlein an:economicalAidepradbere en: ' of cncr 

powr upply for' the Unified Pier Syste~m buIt.att smeie 
' -iere are re9rc-in a.,-"-imni'totions whic t beosevd 'm ~ 'Furthermore, "these 4 plyin, soewhatA differen ways?' depending 

Supon whether curn oprt o,(ir fture system planning is'2'
 

plalnning as'pect and 'recogi--'zos the restraints onI wateriiuse as 
imposed byltha treaty with the government of Sudan concerningi' 
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04 a 	 12 otetocuti's* 

I ' t '"I:t - ay 	 ' I -oeda 

-.. 	 .,,4i
ati nho noted,in tat spctfal wtermso the trety. It4iPIS.n tability 	 adt oe
 

nr't c~w",~ ~ p~:?~ureelectrictial for£!: poer, prodlct 	 system expansionior at~ii i g! i 	 ma Peooran 	 ve;P t, timXcept.on-the basis Of C-0~ sp~ecific understanding.and'agreements

exprenxed in the treaty, ,zid as initerprotod b -EA
an&dother


guvriineit' rrcena. Thi. i-irront I y I iito pioniioul use to. 55 billiia 

'A dincuai)n of thl,- poussblu ovortnil 1)utuntixi oftu Nile 
ini rulatiou 'Lu tho. oluta'1 power syutumi a )ij'jwrsu t'P

Sic tor hs IDanotcRport l iuaued~ in Novembe 19760'
 
1,110o, discusdAun Aler n trgu.1 y ini tormIa oL,oporLioal poaim 

tha~onjtoil any rater utliatioz'rivertainsU'w ouliily' to n-g 

P nie a uou uoo( s 	 ieaeoeticin 

++ +"+++0 .:+++a '5, 5 + + 45+++:+++ 

9 eertio11and' n~ot peaking capacity. 

Thb~5 following, excerp t fr om an E~nglish4 translation ,of the ' 

_treaty withSud'an describe A'he allocation of. Nile water to ' , 

the .two :countries under, the :conditio'duand term's&of 4 that' 
+++).+ '+++++"+;+ ; +' +1'++'+ ~ i+5,:+ 

5
S 4:++ 5 :++++ +4+:+" + 44 4 4"4444 +' 4i: ' 	 i"' '44: : ' 5'+ 5,45 S '++ 4S++
cirnd ohe ++ro +:+c+++...... u++:+:+,+:;+':<5".,"First: Presently_ accepted rights:
 

UAII tlie water 

4 the signing of thiisagreemeunt, is the "established 


is Wha usesifrom' 	 of-' the River-A.lJ.,upt 
' 

iir - t o ob aining tl be +t5( .. I 
whic~h will' occur because of, the ' river ' ontroi ProjeCts
and' incraing 'the 'r±yied-f 4 watoi 'vhich i's :the 'subject, 

it'f.-thip 	 c~greimn"r n~the'iiwiui 4othia rigf,~ j~48billion cubic meters; estimate'd yearly at A'swan. 

2. What thA-Sudan-Rep1Abli uses from the water of the 
Ri4'"'4Mver NAI'e, uip rto the, sig'ningf L.~ Othsaremn 
"its e'stablished4 , right :before: ootiigth5eei~ 

oft e t ionec, projects; the ainount of 'this r'ightW',''41 
is
4 billion cuba'4 meters, esiaedyal at' Asw 

S(_______	Th po-"cf or .t:-x3 control 'and distributio' fUits4-~ 
benefits betwen'tae toRpbis 

.prevent4
1. To control. the r) K t'anId to. theth..........fw 
its wnwr to til se# h w'npbisagreed thatt~S,4S 



co theA~ teIito'- stuc aaR''i re;r ojro - hD m
4

Aswan , a~~ th .. frs stepa7 in'to oisOfP r­
a-hecntnu 4,a u stoag the'Naiaaeaa~ara''ier of 

:2 oeabl ie Suan :to -~ a a~ aa'4a a a us it hae hetoReuV~'-'aa*aa a-.' aaa' a,'ar aa~ aC 

ud ta."~ar th , 'o u fSd nt ourc~ 
viroo tH uo-ux okLoB u i* and aiazothe 

adcordin tocntrt
the rervolrof theligh amA wanoa-
Durin,~ the qntp i sis of pr~aojet8forpfst~ thor 
billon cubic otor -e -oa h Nil woater.l beddtd. 

fom tithe Sudan tdk use tskd rgteoftw, tw 
agood tataa th'ublic'iII.cI1 ,0:,o :0t10oSda k i s to110r tl As e

e-sim'san'.ie ,t i t~iro do aliouconbstructfromov~ri Icousi'".01kstorlgo Nilen'hand a' Dtarm. 
a 

11 
wr.chthe ''f his wilc' o Sutan Nonsiders. to bwic 

amTa..a 'No tA>9n fit oefile Hig~ he Lag whch'as calcuatedn
accorinrg to i's all'y'ad tthen bete eh±atLwan. 

a Dufn1,tca ~rioyXo the jail'o botbillent 
 a 

bil-i~acui ~o.5 aTldoro'yeuly~ soubillion 

-o AV aB',1O ga a,, t-i-aa a a y e iV n ti ,u " c4 

fa stil an ahljano 
a~l~~ia cntr2 erge igh dam.fro ±;, -+he'a a the Hmen 

ifiuo twoaeyil
-~l Thsb mas bti the remaubins.eult 

t-aL~!h,Naorhioe~iof thpevIious yars6 w tihe paresent entone, 
wic he is estimated 'at 84-billlion,,:1band if the stoage 

Vat a-> Repestimstea 145f -:6t~4~ bilio,,1h 1aj0 3 bilio 

Lj~~~ -,thla ill bte, range o±'biltheaverdage yie ARwl 
60'nt7.no'babove.
 

arsaeade 
 tohi salse
 

aful omeranson f the, Hivoh. Dam, tilb-1,9,ilon 
fohihe
aSudatinto Retul8c an 5billionnd i tRaUaeA-

~~aaa.-aj 4xversagnne s e o iineaseso ,ath10 billion, ihethe
 
a Net Benefit- w0ahic resltshafrom theincrasei heyield 

A t bQd~veditw eqalta share between thillw 

a ntha-ov 11k5a-iiin a'a hyrelcrc-otibto a 

b'e7. bi57. ai-- az meeso .wtraea71 c er 

amut -uedt-b 
edfrmwhsatese wo 

-

we rre oorato' therastased'a a 

±phts, hrea roa i
[LI-a texal tnheir th nleta i f4 headN indate 
dsr pny- a- a-an~ t ''"ta . a , y eoi ii. a a-4'r 

'611'Ji5l, ­6iid 
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~t.hdreetrcpants.

Stogethesr with caclain 

Mr r
 
lf
oad
aI1exampleoadonthsspctforho.':forecaat'o,'a dpthiceddloadday of Docomnbor 111"apcr lcheruleithuch"ptar oft .the rojport Aper ae 

L Iul e tb, LL . A o.,C t ito.j ' a40year 4 luaot o f I'OLDI&~~~L~uJ4Luubyhour wu % u1 dr i4ai b u t.kiii4' ' - l - r ~ t r y ul% y ~ 
R&hod~a rolou,joan to7water t;rrigation
 

O'COur au , jAju 
 atllntiui nlusll 
-so oevosoi control of, reservoir 
,,Lhie. I 0.t0iVuwo dilusUeaI lc~ ia slumer-110 1144z- u44thrh 
16 11, or. theo total, ie for, the 

ptioor wa t eri 

'Thet-Power Survey Ph,.xe- I'rpr stogyreomn~~ coordination between "EEAand claor. 
te!iitr'cIrgainnh'


~~9j>belief that more offciuiQ~i~~:Curront t1sekiri i)vailableti~ii anCurent ndctintonrnry -achadulin~ waterzmay,bepoaxiblo'.
thogotth yur havo fl01-1ually pi'jo i~tud

of
LWor i 

'atreleasesy~.
argg\ of

4 4~A~i~O100 million cubic In10oris -por' ~day ill thoa 111 itha of Do o b r-n 
J aIThuearoth'lonthaIu r~ in fornor yerthose of' minimm irritionned andlow water' peioids have boonican l~ c oapor for
n ng 'ti ann, ,: h'o j alter in not, thou ght to b e of ,
~444-as nuch. inportance today,
-uupmn i usod for much 

I owovor,, sinceohiay mechanlicalof: the, or~ilT~f~'oj~r levels-4 444 are,no so necessarry*-4 

Speialpermssion wsobtaind by E to release~130-->milo cuicleters'of water per 4day in Deceber197 an
January 1'977butt 
'a,
wa speia prvsonbc 'us
limited aailabl]e, 
 er generating 

*~ 

.capacity inl"the.US 
"'' 

4A,~ Al- hough~it mighft-be possible 
.~­

AY'the future, there is gra~ to-effect smlrar'mnoisestvt
7- -to .releases of -w ater 
hogot egvrmn4 o t er , t a r'i di e t el i o - o r i g iorot~e pysicA.,'ed n a - cotatdto rUOfr''lcrcpower 4'A-ge64eration4 ' -

pea,;hydroelectric 
WitIN water raleaseslof 100 mi)lin'&ubc meters,4qtz~tion 
 about 17 million~4


''kWh per day _oscngenerate ; buz1 ilo 
" 

and this is the amiount considered -inithe4 4present-' 

AZ -.'egards peaking'capacity
'maximum of 'the' hydrzoelectric 4 facilities-,-the 

High Damnameplate rating, ofK theunits-r4~ is '21U~&MW (12- x8 ).and Aswan is35MW-(7'x
446+~ 

175 MW2x 4-11. MW unt).A'w
no~ndir.thepr-E%,ding; TP/_lej. lhpwever, thWdpeof Lboth~'of the hydroelectrieplantsb ua:,e taabliiesini.-"4
Scantly -less aretrlporlarltR df oebepsitthan the larneplt ratijng would indicate., 4At - thoH.ghLDatm, 'each "penstock serves' Aotirbilles, 'and itto remove 'both of i"" n 'ecsthose from -service 4when-mainbeing .performed taie work-ss.
 
oprt: -on either. of' them.L~~en£~~e neac
4His-)ricaliy, -there 'have,

for oeainat' 8 it' vial 
.... r~ual-ly -noytwele oki 

the, same 'time. Therefore LEA'believes' 4that it"Lno ccrtet 
 swne that ,the 'dependable.capa~ityoHighDam is ny-more .thani 1TO MW. As-wan Dam, maiu 
te 

floW.Jlii'tedto abou b 
output-i

2 Mbecauss of t6,he low hanomlly
 

.­

http:inl"the.US


7 

prevailing since 'constru'ction of., the Hi'gfiDa'i~u Furthermore'',- at~ 
leaa'oeuiscateristicyut' 
ocuO,rvc..fr~ wAinte­

~ nancs and1heplant capability'in usually about, 
 225 W.-Thierefore, 
tota1 apabili-yuizr both 'plntsSway be only about 1975 MWMoat of til, tfime'. 

Ii#c aua0 of, dystem utatbility. liitations thefltortalporwis-Bsible :genora-tion at tho hydro plants under certain c nditi i 
func t ilo of the 4oad I ani tude and 'distribution L'n th'"'ups.1~ ~~''y"tuil or'pev~ious tudioa andi reports~wore examined n 

from; those '.~W' Valuo" w,. o obtLined and ilsod'tooatabliah'1 L 
eroncoa points from which a ruiimentary ~ah o O~~ta.
'u~s~o~ aab y'. .p"'nt~ vaue#A were thenrterpola'tod


~obtainect for the load. 1'evolsorphe1,ersouh
 
and it ia at in, hgeneraioA

Ca, tA b asb hyciro(,..dc',ric, capability. Althoughi s~ 
riizo-gi amloe,, . :prx+., o o riepesa,--Ui ,
j 0pid tica tad or ri b resultingS"vapproxila'tinsa L f ate to peri reaivel6Ycntyacurat o'pr
roliablindications.of transmission
r of,110d 6. t++o x' ej ia b lii for presintdta tho 

Under 1976-77'-conditions, the hydro capability~ limit isAA'' 
A+k A,",+of the order 01 1500 MWbutunder anticipad i gJa+expected to
B+n ... .gradually ++A'.AJ++' ++++ * en 77 +o+!t ii&,xcrasel'el bi tcip +++,+7+:+++growtmUMh,7 

h 
'+++++ ' 

t 
ate the , +,+ h" 

uc caabltyevn aC'io oat inie'
tho ,s 'I t'tjjje- bo orgot to,1 ''i, 31o6u' JL nt 

v r~yi uziiikely:that alELUni~t w-ill. be ii sorvico 
 simultaneously
tuls :greoatly. improved parforinanco, 1982Lm the inxiwwua'ndsubstantially'rediuced4 

aenanc me boanahievedn s1t can 

LThe foeon discussion. prlovides some Aadditional,insighti~
::~.Withh r ,egard too'-erlie t~ugstions conc'erning :50Lk ln~in~provoents' ~It' i's important: that the, rel ekbilty o~the4±nee' ' 

'eM i~oedlb. bitLs' eM Q iotwblethat any increase in trans­
",A Mi sion 'c ap'.abiit thog thA.tir of<IJI StaAt caaio'i 

justified under present conditions
 
0
The matter of staiiso hydroelectric generation' 

becuse I ftranLanjsisIsion 'stability' consideration is Ldisc 'ussed~.-ina~foliowingurt e ecinentitled eIdr Generation and ,

%'- 500 RY"T aoqmyLrrion inz 1'ariserA Ca~pability" '"' 
,'y-

~ 

''roblems in Pi9vdir)g'New Qap! cityx''A,"'"'"".-

A inafcilg 9 ,n~~~~s has" been a sizeable-'AJV 
prbA~o §gp an a rqety.,cue easin 'arrange-'

Smuents 
 for now n git~h total picture' 
atimesa L hae- been~ tepreviously mentioned widesprbad ideaAy'~ 

atemming from interiationi.1 publicity that' the ghyAa DamV, was the answer,to' all 4of the countryta power needs'oEfanswerrenoohe theindefinite fkuture rder r o te fc
aclte should beL~~ 

oe o amrelevant, onsiderations Lin'
thl. arahave been diSCUs ed in'the foreon at of this
 

e i grt" 

http:roliablindications.of


- -- 

Ano thorifpel imet haa Ibeen the lacc i n SOiomoearlirtreports
ofosoli& s~ubs tantiAting dtto8u por aIConcerning

i~tsonorgy- roquliremonts, load f actora, an rlae items. 
Sit1 
 ,!aa 'been found extreme"ly,diffictUt toesatabliah f irm. supports ~ 

.~. frd aHomo'bCthose. rhe. load fo''roclis prhp hema 
>';Y di fficult beecIuis thiere its notl.Az1g for 'Hiany yoara(1isieo that can be nraLliteod~o,t represoniu ~anra row tktrond. tii"i 2ct wthro; 

- ~yun'a--aailitiCU tiIoC4&IA L~'. poultlioluIuIL.II 1.11 ilk -iayaroun.
adocollonic effects of both dir~oct 4military activities and the

iinlpac ta _on.othur, progranie of 'hugeaiilitary, expenditures, 

''Once an: agreement ias~been reahd~bu te ne o, 
now powor facy, ze~to.doliawthforingovernmnt.
 
financing 
 a1rang mo i to ,,, o iitra ct iog0t ia tlo011 W and t010 ".lke 
areo vory.: tmol coitsuming and .. '.t hats boon ext'remely~dfiutt 

contrction has ibojinK 0:*i'aziguod,; surta'gqo col rutlOzakid
heav'y erection, 6ouipnient:-,'bq-/o produce&d ifcltpolmaconsequent c1y. 

1 bsad
 

Similar to-exper~en; e' of recent yoai~s., in many other '' 

coutlio teoIia bo'o i local opposition "to p r plit,
Asiingin Egpt, wvhich rosuitod~ ill a Ichigo~ of locatio ,it -01 at 

> .least~ Onow ithinl iso Plant t ,he past yoar. it likely, that'probl'a"I8L"ofthli's ita't Uro will 'conti;iuo.. 

~-- Proposed Capacity Additions throu h 1985 

OntiIof tloColms l orniilating. capacity expansion
planas and) relatod schedules,>,,of eodod~ generating' capac.ity,.
additions7 for the: futuire Aias been that of kiiowing 'htpcr.t
of' the existing-installed capaci ty canxreasonably'be-expected,
to be serviceable. at "any,given time. 

1Expressqd concerns..of'EEA officials about: ability .to meet
 
-~peak: 'loads.at, parti'cular, timnes, an~d' f requqnt reports of large.

blocks of capacity-iout -of service for, maintenanc 1 ed-to, a,
conrted: offotAeautth.aon o eev capacity 

sired forlal evcet ytmlas 

Sooet.4rrpot niae needl for reatively
lare prcetagsreervs bt smeofferedJ4little substan-,,o


j.~ns~sgetd After considerable disacussion 
~with LEA alcI of, avial ati apeople revijw concluded~ 
t lat P, mor reit ic;$ap)och than trying ,to,- derive a prent ­

- age figure; apply-in& to t.., "otal installed capaciy (or~ possibl~y'
pe4k-.4oad) tp,~ Idlvlop~a~neded kilowatt' caact reserve 

4,margin, taking irito accou'rit. the, poor cbndition of, many"' of, the 
existing units 
 't i :,or ind sizes of future: tunit together 

-' with,"their expecte6d normal maintenance requirement.. Using this 
aproch ysm '~et'were examined year-by-7year-onth ee 

the basis of the 'forecek~t peak demand and annual energy, amo'Unts 
presented earlio'e.--

-

http:loads.at
http:ze~to.do


4 Ouage~tatstics fr the yo 91 )throul195(e.... 
'c~ la teet yeAr readi.lyaaia when :,thin 'eotw.being

~~W<prparedc) *wre.'studied. and. auwuuaried a 'shown in theaco a 
lyinkrable, 1-6 -entitlod '.I'Swiiary-e ,on hrmal Power GeneratingK aaitYlOutago 1971-75". 'U ing9 those, resmults, ao

~4projection was made. f or the81generationI , ,~n block represented by
ths~ftep'sn.uiptaae''epected to a i11L be in 

service-083. thatyin The-t Yprojected'to'-be out'oser~vice was split intoZ:,twe components, one for 'schdul'ed and 
ncn-seb~l ~aone or aoia rjcions were

made for tegopof new units't ent 1dbt 
"#ld,1,81for, h cmut-onurbnes, and Tor, the hydroelectric

plns Tewere c--~bl ~jA'JALLuc a total of'the~generating:
capacyity that on the.avozage'can be 'reasonabW expected-to be:o.ut uIsorvco for maintoeiazico at L1)l Limo of 'monthly'poak loadsi 
Sii1903." Ili ordor to1'enaible a' comparison, betwoeM 'thIo 'expected<.,idii~lu'Vnu juoSdlbUorou c onditi oi IiIOVUF4d U~ V4Aon4%bly 

copira. A)FojoIIL7..5OI ),odbaedaaf the auvorago, or 

I o imiitallula-outgo of11U10 .thn 610ofthe newersti1II1itand hydroelectric uniits. o 1 appoar, in the Table 
1 6 O'&iitit'od Projec Lod,&Avurajgo .silluutanoous'Uixt'ags'for,16arn 

kAC
~j 93 tar the. t ablo., wa 8. p~rIopalrod sujpi 0cnOntary inform ation,0~n_~"-zaepia c ty avai labil'ity dur "1' -96W A~no added 
S'to tho, Table compares.:tho'197 6 exporioiice 'with the earlier 5-. 

~ year period. ' 

.using the projected.outage"..information as:. d.escribed... . . . 

r'iiTson' with "the. f orecast 1*1ak' demn f6r:,13 Table-T I%.13"entitled, I'oad a o aating. Ca i Anaysit r 
heTo Trec IatpeIak demandwwAs'' a:ddedan''extra increment of ,5 


*2.percent afeg ard sant~7Aorecast.ngezrors. Fivo."e­k^u.; safji_ - a , , ibn a,,.ih w V No 
El-crc, nttt I's ,ce6 'allowance for 'errors. of thi's typoe 

lt~illbenoted that a spinnnr 
 ve
 
Sto the:ecapacity, of the, I ar -un+t 175.1MW wa'slgest-used". +This­

~~j provrides less 'than i;EEAI' s normal allfowa-_~o toeee~~- ~olargest units bt was onsider d- ppr'ioac t~ee~~~~~~ u .dJ~cy s C e appopri~ae icinto 
a'Uo.ncp ha,,a''p4y bee..aefo a e pected outaes bo~th 
~cheduled and non-scheduled. "Thierefore'pnnn reserve equi­
,,'"'I~vaint to the one larges unit should be sufficieunt tome n 
reann eeregency contingenies,.4 

anaysi shows that a surpluis 
SSomewiere 'betweei"l '1andY "9 LAW shoul'd be available at the time 
eof :pea-k demani1 under 'the~ -7i;e&,jd 'ua-econditions.Therefore,
if equipment pobles shor4 raci+ty outages
.... to the ),go-ieltoaft es- alequvan 0heaverig ~o he "Highest Month." conditions,f.,ih ty margin in* DeceOmb r 1983 'wodbeol 6W and 
the ,presently lanned capaoity would be' sufficient to m'et 

Cpt peak demands th'ough less than th, first h.alf of 

84'' 

4 



TABLE 1-6 
-SU MARY OF THERMAL POWER GF "ERATING CAPACITY Ot-TA=ES 

"_.- , 75 
4verag- Outages (-) For Scheduled and Non-Scheduled Maintenance At -imes of Y-o=th1_y Peak Loads 

Avarage of 12 Months Moinhest.oth of Tear 
Scheduled Non- Szheduled Total , of Installed Scheduled -on-Scheduled ctaa " o6f Installed 

am MW MW MW Capacity M-onth NW ___.W W Capacity 
971 
9 72 
973 
971 
9.5 

198.8 
232.5 
237.9 
185.8 
95.8. 

161.2 
113.3 
105.4 
184.2 
210.4 

360 
346 
343 
370 
3o6 

29.3 
28.0 
28.4 
31.3 
25.9 

Dec. 
Dec. 
May 
Apr. 
Oct. 

230 
265 
300 
160 
75 

200 
200 
150 
300 
425 

-30 
6A5 
450 
460 
30 

55.0 
37.0 
37.2 
38.9 

vLrage 190.2 154.9 345 28.6 206 255 4i1 38.2 

- -PROJE*TED AVERAGE SIMILT .EOUS OL7TAGES FOR -EAR 1983 
Avera e of 12 Months 
 _Hizhest Month of Year 

Sched. Non-Sched. Total 
% of Inta~l1ed Sched. Non-Sched. Tctal % of Installed 
NW MW MV Capacity MW MW W Capacity 

id Steam Units 171 140 311 28.8 186 230 Z.16 38.6 
((1078 f-W) 

ew Steam Units 150 0 150 9.3 150 87 
 237 14.7 
(1617 MW) ­

nbus. Turbines 30 12 42 9.2 30 23 53 :1.6 
( 456 tiw)

r-roelectric 385 
 0 385 16.3 
 385 0 385 16.3
 
(2360 NW) 

a.al(5511 MW) 736 152 888 
 16.1 751 340 1091 


-Eee EEA Dispatching Inspectorate Report No. 6-1976 for detailed outage statistics.
 
ate: 
Information on generating capacity availability for 1976 received after above statistics were

accumulated indicates for that y,.ar an average UPS available generating capability of 26S-4 !!o;.This may be compared with totals of 2754 MW and 2649 MW at time of monthly peak loads as derived
from the above figures for Avera-e of 12 Months and Highest Month of Year respectively.
 

19.8 

0 



TABLE 1-7 

- "1903LOAD AND GENUATING CAPABILITY ANALYSIS -B-

'Wed Capacity*
 

.A Units (Prior to 1970) 1078 MW 

3w Units (1978 and Later*) 117 MW (Includes Kafr El Dawar, New Cairo West, Abu Qir, 

Ismailia & Suez I bi t not New Plant I) 

456 MW:xtion Turbines 


2360 Mw
:selectric 


5511 MW
ifotal 


.%.iA-of Estimated Available Capacity for Average Month a.,d 
High Maintenance of 1983*0*
 

Average ontn High H oth
 

5511 MW 
 5511 MW

-alled Capacixy (Withbut New Plant I) 

736 MW 751 M!W.wduILed Maintenaace Outage 
4775 MW 476C MW 

340 MW
152 MW
:-Scheduled Maintenance Outages 

4420 MW
4623 MW 


175 ?W
 
:2fniug Reserve (Equiv.: to Largest Unit) 175 MW 


,
4448 mW 4245 W
Net System Capability 


4028 MW
4028 Mw--
.vcast Load 

4229 MW
 

u-ant Load (+ 5% for Margin of Error) 4229 MW 

i6 mW
 

-city Minus L.ead (Based on Forecast + 5%) 219 MW 


:ke Accompanying Table - "Installed and Projected.Generating Capacity" 

in-service dates for 2 units
 
a New Steam-units were installed between 1970 and the scheduled 

19708 


at Kafr El Dawar.
 

ee Accompanying Tables-"Summary of Thermal Generation Outages 1971-1975" 
and "Projected Average
 

Simultaneous Maintenance Outages for year 1983" 
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The results of' Qsir,4 the preceding method of reserve ana­
lysis gives a conservat1 .-re or "'optimistic"reserve requirement. 

In order to gain greater insight into the maximum possible
 
system reserve requ.,'.remonts several computer runs using probabi­
l~ty methods wero perform.d. Vie program utilized ii the first 
g'oUpl of these studleo was based on tho "loss of capacity
probL;.)ility" .tod us..., ':. b".nornial distribution for the 
m :atu or the ".f'tuzt us . .:*uauning LIt the power syntm. Tho 
on -line uilts were combin d into uzny numbur of groups having
the same size and same fc. o! outage rates, For i.cch group,
the number of similar uitu, tho MW rating of eaclh and the rate 
of forced outage were itiput data. The output of the program 
gave the CuintUlat1ve probc. ility of' loss l' capacity for each 
grout, and for the total combination of groups. 

The big disadvantage of this method to that it asstues 
the daily system peak demand exists ror twenty four hours (in 
other words a system load factor of 100%) and as such gives a 
"pessimistic" result. 

In order to evaluate the effect of an increased forced 
outage rate for the older presently existing thermal units 
stns4tivity studios wore performed with a 500 and 100% increase 
in the original forced outago rates of sutch unite. The forced 
oUttago rates of the hydro, combuatioa turbine and now oteam units 
wtre hold conataat in all thoes additional studies. The normal 
EEA reliability rate used in probability studies in 0.999 
corresponding to a one day system outage in four (250 working

days) years. Practice in the United States is one day in ten
 
yars or a reliability le'el of .999",a Eilptian six day work 
week. Other rqliability levels were also used in Lhe sensitivity
 
studies.
 

The results of such studies are tabulated in Table 1-8
 

TABLE 1-8 

RESULTS OF RELIABILITY STUDY USING PROBABILITY METHODS
 
l I. .. .- .. -

Case 1: FOR 'ai adoptled in t e previous EEA studies 

Reserve,Rpquirement z
 

425 MW for 0.99 Reliability Level (0 day in 100 days)

615 MW " 0.999 " (1 day in 4 years)
720 MW " 0.9998 " " (I day in 20 years) 

Case 2t FOR incraased 50% for older thermal units 

Reserve Requirement:
 

495 MW for 0.99 Reliability Level
 
640 MW " 0.999 " "
 
725 MW " 0.9998 " "
 



Case 3: FOR increased 1OO% 
for older thermal units
 

Reserve Requirement:
 

525 MW for 0.99 Reliability Level
 
670 MW " 0.999 " i 
755 MW " 0.9998 o of 

The required system reserve requirement using the above
 
more "pessimistic" method of analysis would be:
 

Scheduled Maintenance 
 736 MW
 

Spinning Reserve for system
 
(Reliability Le7-;Q 0o999) 615 MW 

Forecasting Errors (5%) 
 201 MW
 

1552 MW
 

Percent Hesurve Margin on Peak Damand 30.5% 

* 	 In the formir- optimiE'.., nnalysia using scheduled and non­
scheduled maintenance this value was 327 MW giving a total 
reserve requirement of 1264 MW or 31.4% of the peak demand.
 

The preceding Iloas of capacity" method gave on overall 
24 hour system reliability result much greater than that used

in the study. This was duo to the fact that it considered a 
load duration curve 
with a 100 percent load factor and with a
 
constant 24 hour demand equal 
to the daily maximum demand.
 
Consequently it gave 
an excess reserve requirement. In order 
to 
obtain more meaningful results a "loan of load probability"

study was next .run. 
For this type of study the daily load
 
duration curve for December,Graph I- 4
 was used with the FOR'd
s" .eter*m6tw *ts 460 O. 0Rp~o44 0n svoteJb~s during altsren%periods of the day. 
 For the study the lo~d duration curye was
divided into three tinite increments as shown in Graph I-3
 
belowi 

GRAPH 1-3 

LOAD DURATION CURVE AND TIME PERIODS 

FOR LOSS OF LOAD PROBABILITY STUDY
 

9P.Aypacr CAP~c , .r ( 

T, KeQATINO CAPACTrjQ) 

..T1 - ... . - ­
, Od'T YQ,) 

T 2 



A typical. generat.o- .appt-h forxeach of the operating
p,.:iuds waa then prepared. T':e f:'.rst dispatch considered all
 
units (loss those 
out for scheduled maintenance) to be on the
 
linel the second diapatch .z.sidored the combustion turines
 
aliat dowit and roduiced hydro capLacityl th third dispatch con­
uidered additional reduce( hydro capacity. 
 Separate "loss of

capacity probability" studios were 
run for each block of the
 
loaud duration curve and tho results then evaluated by using the
 
percent time periods of the load duration curve affected by 
 such
loss. Tho rosult-s wore t! 'In "iotted in the formn of a graph using
semi-iogariti ic paper. ': this graph the required reserve to 
moot the reliability levels were obtained. 
For a reliability

level of 0.999 (the EEA s"andard) a reserve requirement of 1430 MW
 
Le ::oqu:'::. Fo. a rel:, 
 "y i'vel of 0.9997 (1 day in 10 years)
 
a reserve requirement of 510 MW is required. Both of these high

reserve requirelmnt valuos obtained by the 
"lous of load probabi­
lity" method reinforce the original rocoammendation that additional 
generation in required in 1983 if the EEA's installed generation 
is to reliably serve the forecasted I)eak loads.
 

Since several months 
are likely to be required for a new
 
unit to reach cotmorcia 
matiurity, it is recommoid&,d that such
 
a unit be scheduled for operation no later than the hird quarter
of 1983. The ".2'!( dem.nd ±n .9/4is forc te- ' "r-I y

I90 MW over the preceding year. Thorefore, more new capacity will
 
be needed to meet 
the anticipated load requirements at that time.
 

Any of the capacity additions suggested by this study indi­
cate that unit sizes larger than 
the 150 MW ratings utilized 
through 
1982 (Suem I Plant) should be considered for the future.
 
The subject of unit sizes however, is discussed separately in
 
a subsequent

0 section of
.' . . this chapter.II a . I 

I vwofw ;to '1'ndicatid cai)acit'r situation, the expected
loads, and thu uv.r-prpsuit difficulty of mouting scheduled dates

for i,nsta llst ion o 1i;1w ' 6),.44t i" tt to r'stoo 1I1esigitdUll t|iilt pL 8&41wbe. made promptly for the addition of a 2 x 300 MW unit steam plant
with an installation schedule to provide for init4.l operantion of
 
the first wiit dlring the third quarter of 1983, which is probably

about as early aa it is p:ssible to have such a unit in initial

operation. 
The second u. t should be scheduled to follow within
 
a few months.
 
Load and Generation Analysis
 

Decembr19 8 3Fore.est. Peak Load Day
 
The following is an analysis of generation required under
 

the assuned cornd.tions as 3p.cified to meet a 
load of 4229 MW and

75664 MWH possib.e on the peak load day of December 1983. 
 It is
 
presented to illustrate how the available sources of generation

might be used to meet the load requirement. The accompanying

Graph 1-4 shows the projected hourly load distribution and the
 
division of energy supply between hydro and thermal 
sources.
 
The analysis presents the conditions which would have 
to be met
 
if, because of forecast errors, 
the demand and energy requirements
 
.s d exc.i ,*t-- fore.cA, ,s'.wp by f.'..e 
 n
 
earlier.
 



Assumptions
 

1C'%,!b0,000 V3./1,Y Llate- I -ion at High Dam*
 

4229 MW Peak Load (Forecast + 5%)
 
75664.O5 MWI|/DAY Snergy 1.--irimunt
 

Hydraulic Effici-3ncios
 

In order to eliminate possible questions about the accuracy

of hydraulic turbine and generator efficiencies and their effects
 
on electrical output from the hydro plants, the overall water
flow to electricity conversion ratios used here have been derived

from EEA operation records for the past two years rather than
utiI'zying assumptions as to 
theoretical turbine efficiencies,

heads, standardized hydraulic power formulas, and the like.

Reported monthly water discharges through the turbines and the
 
energy generated yield the following results:
 

1975 M3 /kWh 1976 M3 /kWh 

High Dam Aswan lHigh Dam Aswan 

Jan. '.398 19.910 7.413 22.630 
Feb. 8.2117 22.423 7.271 21.967 
Mar. 8., 2,.198 7•484 23.206 
A.nro 8,497 2'.605 7.581 23.053 
May 8.184 20.830 7•523 23.012 
JVte 3.624 20.582 7.237 23.035 
July 8.914 20.597 7.567 22.401 

At6,18.8,7&, ,,, ,-L 2 6,94 9 7..5'r1 22. 186 
Sap. 7.964 20.087 7.268 22.839 
Of.t. 7.506 18.445 7 105 22.321 
Nov. 7.429 19.811 7:143 22.999 
Dec. 7.329 19.405 7.232 22.723 

2O,987? 
 7.350 22.698
 
Average 8.199 20.445 7.350 
 22.698 

Baed on tie above, th~e followtng water upe Valnes were
 
4'1"Pj 0i for WOek 

ihigh Dam 0 M3/kWh 

Aswan 22 M3/kWh 

* This is the amount of water normally scheduled by Ministry of 
"'gAj ~~~ pge anaor2~ 


http:75664.O5


Coiuput~tion of Gencration R1c. luirements 

Energy from ',ydro,'.octr'1c : .:es, 
ligh Dam - 1001000,000 M3 /Day a 

8 
Aswan Dam - 100,000,000 N3 /Day = 

22
 
Total Hydro Energy/Day 
 _ 


With Peak Day Eno-gy Total 

and lydro contribution 

-


Thermal Energy Requirement 


Thermal Capacity Required 


SuIHnrL-

Peak Load
Nu d.0T e m l Q.-, cNood~d 'J Thermal o2',cty 


Neoded ilydro Capacity 


Ant Lcipa-o(. System Cal)abiliy
 
(s0 table of gonorating.­
calabilitios thrcugh 1985 
olsowhore in this roport) 

Ilydro - 1l,1 Dam (12 x 175 
Aswan 7 x 1'46 

'otal Hydroelectric 

T1i0rial -* SteaI I 
Gas Turbines 

'OO"*P '14 I40NilliJ. 

Total Inv.othied CApaoi' i 

NW Units) 
+ 2 x 11.5 NW) 

'Nainteianco Outages (see table in
liePort Text) 

Capacity Available at Peak Load 
Spinning Reserve (Equal to Largest 

Remaining Available capacity 
Maximum Load 

Unit) 

Forecast +5% 

12,500,000 kWh 

11,510,O00 kich 

17,040,000 kWh 

75,664,050 klh 
17,040,000 kWh 

-58,624-,050kwh 

58624050= 2443 MW 

2t
 
Average


Naintonazice 

4229 mW,, 
24-11113 MV 

17816 NWv 

2100 NW, 
260 mW 

2360 Nw 

2695 NW 
456 NW 

31 $ NtiI1t 

053$ 01V 

'., 888 mi 

4623 NW 
175 MW 

444i8 mW 

4229 I-I1 


HighNaintellnlce 

4229.-- Nl
2'13 n 

1786 mv 

2100. ilW 
260 mW 

2360 mW 

2695 Nw
 
h45 Nw 

i NW 

5 i1 MW 

1091 NW 

4rit20 MW 
175 MV 

!1245 MV 

11229 MW 

St.".db, ..:.219 NW 16 mlw* This is dorated value us:-A instead
capability becautse 

of 3145 NW for A-q:fan plantof li" "t:ig low head conditions since 1HigIhI I' C l r.c . . ." . : .• 
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Planned DatOs of Commercia.1 O\.rati on 1or Expocted Now 
Genorating Plants 

'rhe following Table I- 9 shows the orschoduled otherwise 
ntLiciipatud date& of7 commorcial oporatioll for the no-' guner­atJLg uiiltu to bu addod to thu Uniflied Power 8yatum throug1h


the year 1985.
 

TAIILE Y-9 

'1'iTIMAT,i ) AiTElS CO)MMii{Ci A ,O IN OFI( E UNITSOF I ATIN( 

P'lun t EEA'u Survey 
Team'aLocation 
 Size 
 e Date Date
 

lilwan 
 120 MW Total1 GasTurbine 1977 1978
 
Talkha 
 180 MW Tota.. Gas Turbine 1978 1978
 
Kafr El Dawar 3 x:110 
 MW steem 1978-79-82 1978-79-82
 
Cairo West 
 I x 87 MW Steam 1979 1979
 

4th Unit
 
Abu qir 2 x'150 MW Steai 1980 1980 

Ist Phase
 

Alu Qir 
 2 x 150 MW Steam 
 1981 1981
210! Ph..s e 

Ismailia 
 2 x 150 MW Steam 
 1981 1982
 
Suez I 2 x 150.M.W Steam 1982 1982 
Now Plant I 2 x 300 MW Steam 1982 1983 
Sidi Kreir I 1 x 600 mW Nuclear 1983 1985
 

ZLA's schedule of dates for commercial operation of the
lielwan gas turbines, the Ismailia steam power plant; the New

Plant I, and the first unit of the Sidi-Kreir nuclear )ower
plant appears optimistic, and it is the Survey Team'. 
opinion
that the scheduled dates of commercial operation for these
 
plants cannot be met.
 

Generation programming iq governed by lead time including
the time required from the initiation of the project study tothe completion of construction including commissioning. Typical
present day lead times for plant construction in developing
coun"x-ies .s inshowr "1able' 

I 
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~ LEAD TIME-MONTHS 

---- - *Specificutionu & Manlufactuzring and 

Goa tus ux *_bi-

Noj stoa02 211~;~L'',k
NawniWrg 78./i 07dI6~~ 

The Survey. Teamn'a, estinuite of Comn1l tiofi dates3 is given 
tr oe~ ni~ f h 2.e I-9 "Estimated Dates, of ,Con-. 

morcial Oporation".,. ~It, has, been',arrived ,at after considerin 
tiIe-piosenV. tVa~ o0'fthe fiuncn procurement andonsruction.,"A 

schedules7) Momtioned :,power. plantsaCT and -ate
 
oxi'ensi ve disC113sion with~ both~JE oicials andoriesucs
 

Of,particular: izitereit to.:the .present 'study, i. the~ timing 
0Af, tbn .om f3 n,thisv' )ed fosI ~o#r ,pLat idni~e 

study, as the "1,New Plant'I:" and t& proose fisa ni ft
 

S'Sidi; IKreir -nuc e~ar :po~wer station .TThe ear1ies esatimated.-date­
for co!mercia eat.n ' 'he 1New Plant~ s£8 aG f 

shodule o:f on tooeaAahL1 erfnnigadprocurement 
, Thefor to five -yea eonstructionIthe"dule:,sc 

erliest es imate date:, or,, commerciauoperation of h is 
unt of'the Sii Kredr" nuc learr power statiois 185,bsdo 

a,_1:m~~~~r,1muMn "ndaiep-.,wyasconti6c u2, 

etmeand.o f 

r 
arranger manta .-n a nmA cosrcia ieofsxt ix, and 

?1 e-halt ,yoar. 
"It,.ia-conclu ed that' thl]ikely, unavoidable ,delay in the6 

cotriasio ng at te ,Sidi Kreir' ucl~ear,,power.pa,Vo t 
- aleat 185 aks i madatrythart EEA .onsider intri 

sorcs ~ergeerton 'such ashe ,proposed 2k b wf 
Ne ln nore a0 energyA,'eal sisy ,the power an 

reuieens fth Eytian eco6noy for, the, yerso 19 3 19-5 

Tirbn-Generator Unit Siz !and Type 

Up hrough 1982jteargest.generat or unit ~z lne 

~tc e de oheJzfidPr S ystem, aa,,150N1W "unit. 
s~Le ~e lanned a th Ab irPa , 

_,two,- unit's h e 13 ailiA%,plant, and-,two unitsa of, 

-

0 51- p 7 fI 

http:power.pa


.blln a.983~the for'canted ekla i1b19kj~Wil ,-it 4 1I~W ~beIISkocill .i 4028 MWi and inIIefutv
generatmtale
~seailigcapacity" a expecte maximwWo~~~AI)511 MW 5511MW fr c e~i to be approximatelyor b~ot~lh 1983 ~ W981 The add i P i ~ n w 3 0 M 
~o aorti g u, iiw" 1983 ' woul,d " wk W And. tin M5~ tile addition, 

'OA'A 300 MW unit. in 1984, wouldmaete'1iAw 
Ao14
.. OU aiaj nea
thi, 611 w
 

thumb .1t 
-i m iing.ni generatn 

t olmt eetrcutility)Al 
 Sysm4mj 

1A o a l c ri-~* ' til d~ttozi ~ ~~~~~~~~' ofw . r s ~ 

The4 follwinisiz Ta I-I ontriled'n...~ 

Unt Sith 1 e IR0.1ationhip of, Ma imum4 A«ze4and Peak Dbo 'iand"; was ae £rmth6 Market SurveyNula Poeo''nD rlPing Countries-. 1974 _Editionl.,. ItA coversApowyP ~ropt ant azd a p~a -od as tabl e XI, page 18,
A,4~atI 4r Ae ~potrt! : ~c1 ~ 8 ~ In or a .-t orza l At omi cSAgncy gnration exans ion Lnor y
n stu f OAUtudyA~brIEgypt}A<A A

4 
'/AA A4 

AJA A~ 
'TAB3LE I-11
 

rAE4 A 
SIZA NN1 P _..- DEAN 

Peak demand 
444AA.4AA-~~o(MW 'and 

Maximum 1.1nit a]I4W Perona 
peak - dr-

Az 

950_____________ 
A 

~ 
'too 

55~10 
425O~K:A~A ~" 
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The following Graph 1-5 shows the economy of scale
 
relationship of the cost index and unit size for fossil
 
fuel steam mloctric unit, up to 500 MW.
 

GRAPH 1r-5
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Grapshws1- ta~t-thre o aproxmatly anin pecen 
'in~-USSK) ,Antcs 


W-~. ­

savngininstalling a 300~MW stam~ ­
wturbine generator over. inaa11ing )tosemtr 

7*.gullul AtQra Uid Uapp)Loxil1atUiy, a, uIxtooz porcoiit aying Lu uilit 
cosut .. /W i ma tailing a li5O41W steamr turbine se'norator;-Fy 
uvorut hro 150 MWV uiui. n adclitiozV ttioro"'ia fofllna tihrouX 

Lto for, po-cull impruv oliuoult ill pii i~ea . ra ,to to~ bo giu

i froil tl ins tallation ofthiolarger 'more :offiiont~ unit.
 

' ~Aftor conaidoring many' aspects of'the Unified Power Systoum 

~ ~p-,wr~ plant v'lit~ size~ toeboadda:&to the ELA,Livyterntbe 330 MW.
 
,Gouorating -expansion s4tudies sh'ould~ boe performeod up through the
 
year 2O00to dotoiinoithe. optini siz of latocr -uiita , takng{V~F
 

' 4'It14acc~ot io~h , col d miiitlli 'co Iia 4 iuyaUYL01 Uri lk -

30 0 raorvu, roquiruuntb'. >Th'a chaligo to, a MW muize in undoubt-i. 
-- yjutf ad at~ presen in view 1of~the high forocasted load& 

4 A- ~~ plinnod toahortly~ t& thur~oafter ada6oiwi--< 

~ Aiothor.-'a1teruiative t'o e consider'ed, an stde i h 
posii cosrcino~~ombiiied cyce plan~t with its lower"1 
J-..o -o c 2, -Vt%,' ~tr-l--'. 4cost.~ ItXjs- estimated that a'a 

~~K3~~;~~'4combiLolv&ud pan dh 25 percent 
Ions than a convcintional sempow~r lnad.hstediiol 

.. 

to,900'btu/kWhY7 011o proposIal 'put fk'orthi 'by tile, EIA'a- saff±' in 
tha.t o:f josdri h use ofthe 1806 'MW 'of,~ combusti~onga 
tubnnprsnl scedle t be install~ed 'at Talkha as -'part 

ofa'obndccepat tis likeliy, however, that suuch ~~ 

dsgn, and that an 4 jni'tia independant ecrnbusti.on turbine~sta­
t ,o'bned 6y application.~ ~ 

~Plant Type and Loc~ation -'' 

The previdus discussion covers therecommeudation'that~~ 
~~"ne ;power plant prfrbyof the 3OC) MW~ ieb deco' 

arhe oft,-1983, with, a second~ 
Iti o-be, L-riteduled for,'cc er cial operation a fev n'A"h 

st- site d ia thtsbt f h cta-udied. _.'Onec possible 
of Suez'at: A Soca,ia t-R - ocat~ion of tk _heterminal of the., 
SOM~ I: oil pipeline Another location to b conuidered,role ' 

isfihr ot he Gulf of Suez in the vicinity of the rkas 
G11arib-:'ocat .onwoet" oL an gas .Lo da arestae. Ts 
latter, sit ol 'si e a etsiot:stnta (200 km or 

rWe o±*l sinsso. his wuld beno. d fferent., 
hr%o.vez, %T', ti" I '-Iuse . t' cr countries of locating power, 

;,pl~an ~s near. coal'.' d'ejpo~i and transmitting the generated electr~ic.. 
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af ortOweror- . is :;,oreaer tan4 

th8 sluggetedf 

'Teuao te'' - :~cae above is predicated uapon­the p a iblo -ue oC otherwie flaed g a a t e Plant fuel*Loa 
o rodic.v.,-3 for~the rocL~r do otnnu'o6indicate sufficient 
load growth in the C"aPl .... 1torGul of Sez area~to ~Justify,

th.consBtructiol- at a, wa onr'igcpcitime aymr

inr those.'aroasIthan~ that~which ialready plainedunless there
is comle other reason for building~a new plant thero. ',It ha. 

<--


Sbnn t otlghtj th,,) th ufadtefe Sea coastal'r'.mgt
 
Soffer considerableo promise as fiture'indu~s i 
a deeopment 
 --- >-'­

aroa because of the~gasanzd 
-petroleumn 
 resources, Ithe avail&-is
b'lity of, sea Itranspor tatiorca and the nearness o~f reported 5~-s 

- 1 inoral dej iitn. -S
 

4 At.5 prnitAlr voluius of gun~('m i 1 oj cubic waoter/-j
day), is-boing £lazred waito'ully5at ithlo oil f-ioidm in the Gulf~V~:5rof, Suez, ad this, imay bo, in stroig~'iii ac'~n ~locteWa~pan nanby 0 1 1 n' tog owerplan, n~ary al "muoIfarrngoont. b to tak advantag, of­
this,, otherwise astedsurc eoffuel. y - &-4''5
 

~Another matter thi'mgtb suidi h possible~
construction of,:a combinationi power/waterC desulting plant in
(;u ~ 1~'~s.~ ftof-, there is noaviblpobe

water*~ theowe~rh Gulf area- aud all, 6fresh wiat er 
must-----------b 
by, an orio th or f UZ 

4Al~l-those alternaties should be studied before a final -,decision~ oni the, typoplan and itsloction~ is made. g - jj: 
Hvdro9enoit~on -and 500 kV. Transmisin ine Transfer Capability 

P i. tde bytho Rlussians and others.& e shown ~ 
t~at( the maximum; through trainsfer capability -governed, by steadyj'.
staite' Atbliy c~~id i 6 f the6 two 500 kV traijimiissioni between the High Dam and Caiir~i fte're f10
AO8*MIJ ."Trhis' assumes'iio. iiiterm~odi~te' loads beteen the High ,
Dam- 500 -kV, bus and, the -Cairo~ 500 kV bus, :and 'isthe ma imumcpble' stable~power tasuiission'limiit between'theHgham' 
source.an~ 
the loqwer Egypt, lload when, the, systema in_,subjected
to,',small disturbances'. At thit the internl angle*5 ,k,12


betwmohydL~ ~t~rarsi Upper gyiad genera ors in

Loer!LEgp o1d'etem mum possible width-the' system on, 

thevege ofinstabils ty 
­

-

A cusorycheck,,of such steady saes~iiylui
 
utilizing. -a,, power circle "diaga -with'ten'o th Hig Dam 

hydaad m~tal ~f ~eAswn ydo unit a'in-operation has,
'dcad a m Mximw limi fhet ordear'. of 1540'-MW Thsaayi

however,- di PCsregarded, line ,ca aI ance,-n bronous condensers,et., so th 
 -0C-100M
aximum transfer cpblt 
 i iee

ba valu- a r asa 1110- -

http:source.an
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Tho phi L.8 ohvC ilEEAUjji3h500at &r5bu kV1
il Y , to alloiw, -a- Io l sf ma rgn Teroa 8oiia 

uauy±actcor norma ly 4confildOro- 13 expresuod a. oa 

.,whro; Fma , r-xm;' power transjmittod Li1. 
Ptv~ normai4,trlansmitte'd"powor'' 

orafor oprt oniti4 

Noralutlity practice isa,,t opertwithin-a s ra
 
{>zwhere ayu~tom atn4L.7.ity i,' asuro4.. A- iial'jractica in-o
 

allowl a 2percouitl:tLft~nr'ilWti,,ii-iin' exedd by,

teU38S Of 'Juto~niatic voltage. regulators Iparticularly when~fast:
 

1 tl t 1 . 6
Whon apldto the UPS,--1this'1can:'be Yintorpotad 'to miean thtt .. 

ior ora operation' the tAhrough ,transfer: power limit' between'; 
V'~ ~ 5OkV,-swi tchyard-and :the t&airo 500 ~k~ait arctd 

wol eo the, or or of 1li 0 M5OW. 

<- ~ Suh limifting values wer~e considered $iin'deterniintngl the 
-useable eakc -hydry on bai

j11po inaV~ o a~ioct' ,.lmitng'Oz'xpn ion'study. The 't her !',i tati i 
'ti~ ~ a p bili'tyl-6fY .hyanldro am :to c ,V.­

~,V. '6 4 1 . because,,. of: the' roductionzfin had xperiolicedby',the ~V 

A3wan bm -after,the const'ructioni of the,,High Dam. 

V2#
 

By-.the :year f8,te'following :large' indiistrial,,loads 7& 
areex C' 0 'A ' eaiSd-t i 'Pp .Eyt 

~~ ~"'~ IND.U STR~Y V -
I -Rs G p.VVNtats,50M 

2'. ima,,Ferilizr''2250: M1W 
~. ~i. 3 Ferro-Silicon ~ d~s V10M 

4 
-~ -'~'-~4 MininZ .at Esna 1f0 MIU,-i

*~~~' '5. MineIT artilizor pat:Abu Tartur, 90 MW 
- " Se- er,:'at Hanmmadi ,J~~~ 60 Alumirnium Nag '40MW-

-~ ~ ~ >7'~< Cmen~t" Plant',at Assiut, 1 <~35M 

--~ ~4 ' V"1V -~ V~~Totai 955- 4 

11''1 IThese-loads, coupled-Vwith the normal growthof ',the other . 4-I 

1approxi~mately 1240 1MW the
oVI' for '1983.~ 

'Assuming 1 ten of the {twelve~ 175 MW hydiro units" at" the -High --

Dam in~oe~ o (touit u because1 of waintenance work)~IirI 
V­

and, all Lbut one. of teAwnDmhdoui in loneratibnI the-~j 
exeted ,approx Jma e maximuv, 1power f low in'Lthe 'two-cirIcuit 

lb09 ktransmiss32on line as~shown. in Fizgure 1-i "Load.Flow ~A~-

V V 



L35
 
I.FIGURE :JI-i
 

LOAD .FLOW IDIAGRlAM -UPPIER- d~Gyr., (1983)
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aabai lityiu it\ in6 tle 19 8 . tisaofrsjtrahsmisuion 


this_,reason t a t any serieS capacitor,-j 3ne 

* 	 building of~a tlirid: O: k trnmio liie 
I,nocessary undeth pr~rt 
However, reibllyo 

"transmis'sion' l1e i* tecessary. iftefl 
lir~~eais to ~be available 'on an aeutl 

compenation. o6r- the 
A ieeved"n 

_ 

th: kV 
abililty ofsuc 

eedbebss 

ity' ,of the- h'Iro comple'x f oi, the, -rears' recedingk' 
1'98 3,as :been jroiighly d 2Lne c''k1i-drg ~t 'tasiioni6 
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~LONG, RANGE.ILOAD FOil CAST 1'98 5 2O) 

Summary. *d Co 1uin.ng 

"BIcausei4CC thei urent requirementorn approximate 
~~~~~,~~~~ logragloa. frattobudininancial ,analysesil

much _a, oad.: arisccst, f~.cue~ai. lnhs h 

4ning" Diagnosti'c;Repor. P~ugh. the ,Terms of'Rernc 

~ e heyear 195~aforecat' 

es
throu'gh the year- 000o± or'laeA.seconnth 
controversal sub ect of'!thsEEA's forecastedtsystmla

"C~ a,'Chain -Ell pter "ofitIe Dia&gnosdi c,au d(3d, .n 

Report
 

8th thm will 

wih ether soUr c?,, the9 imP *mental on poron
 

B- mte-9 be re6-evaluat'ed anid "determined4 

of hipower_4survey_ ut _are reenid attIi t"ij ortafrmYtoe reasonsf.r
 
a. J 

'zC 

tt 

~' 1 .~ ,, '' 

Aj 

4 , . ' 
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Loa _,g:*age oag foecst xit.a -tet 

ie ~ tent~r atibnal 
negygecy~ their- "M4!%arket.,Surv 

onirehn.±et~lt ~:U~4 I-b 	 Ato"ic 

gi~oe6ii onre 	 Yvo.Yfor- Nc-le'ar -Power 
C'on'risI-Aab Republic- 'o Thin! lobad'N 

f in:h~i IAEA rep'or't,.as,- Table .3 ,va used l 
iti 'eei'png 	 Eg'ytl. 

~orscs5.t,±identifibd 	 s 

-geielon,Oxpansio Instudy. ofC 1'EEA;,: >It isa, reproducedf.in 

~ 	 TABLE_ I I - 1, 

~'iLOAD, DESCIPTION-W4(SI' I'I10GRAMI- DATA i,' 

Max. Quarturly load,-Jactor, (%Y1neg 

~ lltf 4% 

04 

~~~lt 2<(i)?'lid~1~ 3rdjI Anual 

178 "'29'23" -7 6-.;~ 779W f7 4 73.0T- 71 89' i8_'&o8. 2 

3282*<-797011 74'.04) 73'.01 > 71.9" 1950&., 

6oPI'77-99 If +,737.01 7,v~. 89 42069.'76- o 1I 

i6: 0~ 1' 404 73.' 0'1 at 17488 - 23~ 7 7 
37lILI!6616",~1 	 ~ 77-99 7.4.o 

175Oj .01~a-,- 7,,3-01, r~3O U". 25/A26-r7 

8_4 - il t5 3.01 750 7 1 9 2 ' 7 1 9 7 r 69'-74-, 2 715 6.-5 

965"1831, 71 -~97 74 .O4f- -71-04 -71.-O4 2-~j~'2.9-112;4' 
6 	 4q 68 86- 8B. 35,-63 

1.98.7 	 A0191 M 018 ~ 71 2 0 

1988, 67207' 68:. 99 0, 66.1 B4 5.1'.6 8'-. 9,9 6 8-9 8 0' 
68o -.97 6~6'', 2, 65 . 

6o 	 217j10.8,i989' 75.05,6~~.06 70>166,9 	 .11.9 8 -	 T9~-. 

6 4700V.'66 

19,90. io8o83- 66.9 68.99' 65.99 V6 5 -. 9 , 6'V ~~~6~6 

l 66 *92~ 68'.99 65 99" 65.'99 6 &00 6798-68'1996 12104 

1.9,9 12853 68.9-* - 6. 59 	 7206544 k'646.9 2 6.99 9' 16 41 
15650, 6.2 699899 65 99, 65'49 6; o 7'5653'3'6, 

~9 4958- 699 6.99, 65.99 6400 86. 
19,9, 1539 66.9 .9 59 6 :'~ 64%0018 o. 
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. rtoo r cion' ar 'of exiergy geneI ration 
~fo~iii cuntri a. ssuia~that a corr~ition exi:6t'sb'toAle Grossrii 	 r (kWh/Cap3t)sn

Pro 1uct Ckita 
'theierua t -4 : aia',Oclre 
thoGr~oss Nto 	 pe u 4 $/ata. core 

ulan accuracjoY -load: forct a ua.i izinr. c5h amehddpends~upon~the aibilityl t acrtl foea t;&jga 
- v country's grossnatidna1 prodc an it.a
 

STho "okillI methodi has "been ud 
 sucasfuily toZr.long-rangeH&"~ >load toziecastsin, many, countries S~Iha Iranwde Is o­zelat.ch' caosote 
mwhd 	 erei ithhas cor meyo sith at ascyi Method­ord 6Sand t t a n, Mthod 	 . ~J 

kAnotlier# approachi employed by EEA for ter og.agoa 
-orocast.Is thie Cia!CIO tiliz for' t1loas 11~ d ujwt..riela 

- in eoi&n yeara, then31 agao~ .ia ­iubling-in' Ipproximatuely~ eihteinnioyearn, an~d rilijal ilk &ez Hoa~ -~ 
er­

oU~ote 

IweCon'inuo tile o' -ag la orcit of ~Chapteoron ~the abovoba'sis and assu a tile 195Cytmla actoir
xf6.P 011tis gradually eduolt load factor of 64 pr 

c o t til oadfacorfor thaoarL~o3mo 	 aOthdt ,1o10 creA
bytl' *IE nthe ir study), , btain' 'tile1o6og-rag loiad~ 

foroa"St frte p~r1d ,J98,-200 Sowain ,0" ower,,halC ,U-of~Table:' 1-2, "Load Fo'rcast' I976:L2:000"111 

< ystem Annual Loa'd-Factorsa 

Ia ~~)~r'r.L~A~discussion isiil~di thsA-'g'oii 	 ii. -4o - '-as-V 

s tmAoad f ac torsbecausel of ,thie'.e~6dnl higKfacors. tilI zed, I 	 aysem1aI, ao '4 ,I~~~~~ atostiieinprevious,log-rane forecasts. KIii~ mater i~upresently under' study. And Aef i 
fod~

' t'l~iiesotjewit rlyaib e ascertained
 
I ~ surveyac 

j 	 The system l'oad' factor, for t he' ye ar -1976 *as '6 9; 4 'j tcientK 
~'---	 and from %9'60 to,1976 it vai'- been 66. and'6 p6rcezit.

Tile'load factorCor. the reaindeir of ,the 1976 y~ou~s a.te 

j~ as%hav ~~&~>'&Iste~j or-hlat year n Tabl.i 'I 2 nitled ­

- "Initial .Peak,-Demand' adEniergy;Forecast"l ws 63pret 

Tabl 	 11- shows thle forecasted load~factors for vario'usdevelopn coun~tries ;of the worl~d t yer_

~Oo It averagesetween, 60 rand 

ao _ 


6 prcet.~ The 9&an 
od ft6 ro '' '" 0r 100O2a' d'e't lcrcitltP nti avni dge 

- Staktes, a~Vvery heavy' indutrialized nation, was 58. eret 
Previous, 'la oreLas';LaeEAhv utilized very 4 

Ii oad -fa t rs~ suilhas 	 for5 198'5 4 e-n 

,e~tte fr
~ ??'~~.~ *r~ei-n and Porr- lod factor~ 
estimate -for ~~the samie .years''are p69.2pr---r18 n a 
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640percentfortheye 20060' ,.En thene are, some of t Ketr 
ILighest in te 

By 4980,1,t i eapctconthatr of e 
Esvptians.ecnonv wil~l apccraproxiately o the 
countryl'onex gy consumption anid ,that.muc'h 'ofsuch c'onsumption 
2will1beby large high load 'factor idustrias. &After- j985 t he­

pacntae grwt ofsc nusre sxpected b, be, reduc 6d'
W&drasticly wai1 tecoisn qupionL ofthe, loer a

callyl t hilr load~ factor 
~X~ exj,46c ted >to incr'ease andtoacutrt reieae 

Egypt'. load growth~ out toLtho yea 200d.§ ~V 

nergy requiromeantrisprod uced by~Ahydro powr frm
ex~ tie'High~ v 
i ,t .u 1985 I 1)'0 Lcontago~ of' 111ydra- prodi, c tion ';LV'Anwail:i.iw.~ily -il 


t,u tha.Jtaiu.oi loLi ioo wi]I 1)00rourwuailt iaavu 
~ r.octd 0 o( )-0 iircsi1t and b'y tho your 2000jto ,k0an th'ail 15- p'or 

befa2l znow, ±idus trial tar±iffs will-'ae tob'predikcatid on-,tl 

incromenfa coot mnetho'd' ,of the 1more: expell siv-nuclea', 

att it''' 0 t! abiasiing additLionaal :high load (factorlago induitia. loadua, and wil ii afeet, t ho. -Ioadgrwl 
;~ pafttrns corresp6ndine.-y~.$t tile 'prsent 'tiu~o' Egypj#t'a largepa-tsii rorai iLi not~baaedo ,inc r~iieta C sta,j 

and 'in juom. ,istatices-largo industries are subaidi od atruo bein1g 
costs ~Well beliow tile ac uleneryJpro6duc'ii0 eata utilizing, 

416,fitue aovalue. approa61ing- that of te other ,conrian 

'in tne"6 wori.L. '4" i.4 
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TABLE 11-3
 

FORECAST PEAK DEMAND (GW) AND ELECTRICITY GENERATION (TWh)*
 
AVD LOAD FACTOR BY REGION 

GW 
 TWh % Load Factor
 
, .,____0____0__OO01980 1980 2000
1990 2000 1990 1980 1990 2000
 

Central and 
Souti America 

Brazil 21.4 52.8 101.0 119.3 294.6 563.5 63.5 63.7 63.5 
Mexico 13.5 33.3 70.0 73.3 180.3 380.2 61.6 6..o 61.tI 

Argentina 8.2 16.5 29.0 42.0 83.2 148.0 58.3 57.6 58.1 
Vulluzuu.la 6.2 11.9 21.0 32.4 62.7 110.4 59.5 60.1 59.0 
Columbia 4.8 9.6 1.0 25.2 50.5 94.6 59.8 60.i 59.8 
Peru 2.7 5.2 9.6 14.0 27.5 50.5 59.0 60.4 59.9 

Chile 2.2 4.5 8.1 10.9 22.7 41.0 56.4 57.6 57.6 
Cuba 1.9 3.6 6.6 9.9 19.1 34.7 59.3 60.6 59.9 
Uruguay 1.0 2.0 3.8 5.3 10.5 20.0 60.3 59.9 59.9
 
Jamaica 0.8 2.2 6.1 4.9 13.7 37.4 69.7 71.1 69.8 

Costa Rica 0.4 1.0 2.3 2.3 5.5 12.1 65.5 62.8 59.9 
Dominican Rop. 0.4 1.0 2.2 a.2 5.2 11.3 62.6 59.4 58.5
 
Ecuador 
 0.4 1.0 2.2 2.2 5.2 11.3 62.6 59.4 58.5 
Panama 0.4 1.0 2.2 2.2 5.2 11.3 62.6 59.4 58.5 
Bolivia 0.4 1..9 4.5 9.7 54.1 58.10.9 1.9 57.1 
Guatemala 0.3 0.8 1.7 1.7 3.9 8.7 64.5 55.7.58.3 
El salvador 0.3 0.8 1.,6 1.6 3.8 8.3 60.7 54.2 59.1 
Asia &.Far Last Aver. 61.2 60.1 6o.i 
India 40.0 88.0 190.0 210.0 462.0 1000.0 59.8 59.9 59.9 

Iran 7.5 21.0 39-0 39.4 110.4 205.0 59.8 60.0 59.8 
Taiwan 7.3 17.4 33.0 38,,2 91.2 173.4 1 59.6 59.8 59.8 
Korea 5.4 13.2 27.5 31.0 76.3 159.0 65.4 66.0 65.8
 
Pakistan 4.4 10.7 22.7 23.0 56.4 119.2 
 59.5 60.2 59.8
 
Thailand 2.7 6.5 13.4 20.0 36.6 
 75.4 84.3 64.1 64.1 
Philip. (Luzon) 2.6 6.2 13.9 13.7 32.5 72.8 60.0 59.8 59.6 
Hong Kong 2 5 5.6 10.1 13.1 2.9.5 53.0 59.7 60.1 59.7 
Singapore 1.5 4.7 12.0 8.7 26.5 68.6 66.0 64.4 65.1 
Malaysia(Penin.) 1.4 3.4 7.0 7.5 17.8 37.0 61.0 59.8 60.2 
Indonesia(Java) 1.0 3.4 8.0 5.3 17.9 42.0 60.3 601 59.8 
Rep. Vietnam 1.1 2.9 6.5 5.8 15.0 34.0 60.0 59.0 59.5 
Bangladesh 1.0 9.7 21.7 51.0 54.64.5 4.8 55.0 59.9
 

http:Vulluzuu.la


Tablo (cont.)
 

GW TWh % Load Factor 

S1980 1990 2000 1980 1'9 2000. .198 0. 'ooo 
Europe, Middle 
Eaut and Africa 

Spai- 2.0. 46°6 30,-4 245.0 438.9 60.0 59.8.6 3 59.9 


Yugoslavia 15.1 26.5 46.1 79.5 139.4 242.2 59.9 60.0 59.8
 

Turkoy 5.2 14.6 33.6 28.6 80.6 185.4 62.6 63.0 62.8
 

Grooco 4.5 9.3 18.10 25.5 52.6 103.5 64.5 64.6 64.4
 

i!gypL 3.3 8.4 15.4 20.7 4i7.0 16.3 71.h 63.9 63.7
 

IuraoL.1 3.0 6.2 10.3 15.6 32.8 54.1 59.2 60.4 59.8
 

Kuwait 0.9 2.0 4.3 4.9 10.5 22.6 62.0 59.9 59.8
 

Irrq D.8 4 8.9 61.2 58.9
17 4.3 18.1 59.8 


Ghana 0.8 1.1 1.6 4.0 5.8 8.4 56.9 60.2 59.8
 

Morocco 0.7 1.3 2.5 3.6 6.9 13.1 58.5 60.6 59.7
 

Nigeria 0.7 1.4 3.5 3.4 7.4 18.1 55.3 60.3 58.9 

Algeria 0.6 1.3 2.7 3.2 6.7 14.2 60.7 58.8 59.9 

Lebano 0.5 1.0 1.9 2.6 5.1 10.2 59.2 58.2 61.1 

Syria 0.5 1.1 2.5 2.4 5.7 13.1 54.6 59.2 59.7 

Camoron 0.4 0.7 1.1 2.3 3.7 5.9 65.5 60.3 61.1 

Albania 0.4 0.9 2.2 2.0 4.8 11.6 56.9 6o.9 6o.o 

Uganda 0.4 0.9 2.0 1.9 4.5 10.5 5'i.1 57.1 59.8 

Tunisia 0.4 0.9 2.0 1.9 4.5 10.5 54.1 57.1 59.8 

Zambia 0.3 o.8 1.8 1.7 3.9 9.5 64.5 55.7 60.1 

Saudi Arabia 0.3 0.8 1.8 1.7 3.9 9.5 64.5 55.8 60.1 

Generally Planw Aver. 60.3 59.8 60.5 
ned Economics
 

Poland 22.9 37.9 59.7 120.1 199.0 315.8 59.7 59.9 59.8
 

Czechoslovakia 15.2 23.; 52.1 80.0 122.0 169.0 59.9 60.0 59.9
 

Romania 14.8 26.3 46.1 77.8 138.0 242.5 59.8 59.9 59.9
 

Bulgaria 7.8 13.0 21.3 40.9 68.3 111.7 59.7 60.0 59.7
 

Hungary 6.6 11.7 20.8 34.9 61.5 109.4 60.2 60.0 59.9
 

I _Aver. 59.9 60.0 59.8 

AII Countries Composite Aver. 60.9 60.1 60.4
 
'All Countries Composite Aver.
 

(1980-1990-2000)= 60.5
 
i,GW = gigawatt=10 MW
 
TWh terawatt hour=lO 9 kWh.
 

0 Information on Forecasted Peak Demand and Electricity Generation
 

obtained from pages 16 and A7 "Market Survey for Nuclear Power in
 
Dovelc'ping Countries-1974 Edition" by International Atomic Energy
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Impact 


PHYSICAL ENVIRONMENT
 

WATER
 

Surface Water Used
 

Consumption of approximately 500 gpd 


Nile River water for makeup to closed
 

loop lube oil cooling system, cleanup and
 

domestic purposes.
 

Domestic Wistewater Discharged
 

500 gpd domestic wastewater discharged 


into cesspool at site. Possible eventually 


discharged into sewer lines for proposed
 

community of 20,000 people 2,500 ft
 

(762 m) from the site.
 

AIR
 

2,844 lbs/hr SO 2 , 1260 lhs/hr NOx nd 


9.5 lbs/hr particulate emissions from 


burning solar oil,648 lbs/hr NOx emissions 


from burning natural gas. 


TABLE 4.1-1
 

POTENTIAL ENVIRON4ENTAL IMPACTS-


HELWA
 

120 MW GAS TURBINE PROJECT
 
EFYPTIAN ELECTRICITY AUTHORITY
 

Significance of Impact 


Sufficient water available. 


Percolation characteristics of soil are 


suitable for cesspool. 


Existing air pollution very serious due to 


steel and cement mills. Controlling air 


emissions from gas turbine would be futile
 

without controlling emissions from other
 

sources in area. 
 No local air pollution
 

regulations will be exceeded.
 

Recommended Mitigating Measures
 

None required.
 

Cesspool shall be designed to
 

accommodate the wastewater flow.
 

Maximize use of natural gas to minimize
 

emissions.
 



TABLE 4.1-1 (Continued) 

Impact Significance of Impact Recommended Mitigating Pleasures 

BIOTIC ENVIRONMENT 

FLORA AND FAUNA 

Habitats for indigenous plants and Few if any plants or animals exist at the site Displaced flora and fauna can 

animals will be neutralized, since the site is undeveloped desert. None were repopulate similar nearby desert. 

observed in April 1977. 

HUMAN ENVIRONMENT 

LAND USE 

24 acres of undeveloped desert will be Idle land currently useless for agricultural None required. 

converted to a positive industrial function, purposes will perform a productive function. 

TRANSPORTATION 

- Truck, rail, auto and river traffic will Transportation routes are adequate. None required. 

,. increase - mostly during construction. 

HUMAN INTEREST 

Noise 

Noise is produced by gas turbines Residential community planned 2,500 ft Target sound pressure levels will be 

during operation. (762 m) away. Existing ambient noise developed at appropriate distances. 

measured at 20dB(A) to 30dB(A). 

ECONOMY 

Employment-creation of new jobs during 

construction and operation of the plant. 

Most of jobs (approximately 100) will be 

during construction only. Ten full time 
employees will be required. 

None required. 

120 NW electricity added 

power network. 

to Egyptian Electricity demand expected to double seven years. 

Existing facilities are inadequate.Shall provide 

for new industries needed to supply goods and 

None required. 

create Jobs. 



TABLE 4.1-1 

POTDTIAL Dr:IRONMENTAI. IMPACTS 
TALKHA 

180 MWGAS TURBINE POWER PROJECT 
EGYPTIAN ELECTRICITY AUTHORITY 

Impact Significance of Ipact Recomended Mitigaitf ZjI.eaiLures... 

PHYSICAL ENVIRONMENT 

WATER 

Water Used 

Surface Water Used 

Consumption of approximately 500 gpd Excess of Nile River water available. 0.152 of None required. 

Nile River water for makeup to closed output of vand filters serving existing units. 

loop lube oil coolingsystem, cleanup and 
domestic purposes. 

Water Discharged 

Domestic Wastes 

500 gpd domestic wastewater discharged Percolation characteristics of soil are suitable Cesspool shall be designed to auronw.idnte 

into cesspool at site. for a cesspool. the wastewater flow. 

Oily Wastes 

Ruptured storage tanks or spills during 

oil delivery could contaminate Nile 
Tributaries flow into Nile which serves as a 

water suvpply for the nearby cities of Talkhea 
Earth dikes shall be b-illt arosird thiv 
tanks to cnnrain nil should tanks rupi-ire. 

tributaries, and El Mansura. 

AIR 

4265 lbs/hr SO 2, 1890 lbs/hr NOx , No local air regulations will be exceeded. Maximize the vise of nat.:ral gas tr, 

14 lba/hr particulate emissions from minimize emissions. 

burningsolarotl, 972 lbs/hr, NOx 
emissions from burning natural gas. 

BIOTIC ENVIRONMENT 

FLORA AND FAUNA 

Habitats for inigennus plants and 

animals will be neutralized. 

Beans and wheat crops were evident In April 1977. 

Animals which have been reported include 
Size of site has been kept to a minim,,m. 
Displaced animals ran repop-ilate similar 

rabbits, birds, salamanders, snakes. Eucalyptus agricititral land to the west and north. 

trees line the eastern boundary of the site. Trees shall not be removed inlemn they 

obstrlct farilities. 



TABLE 4.1-1 (Continued) 

Impact Significance of Imact Recommended Mitigating Measures 

HIAN ENVIROINEIT 

LAND USE 

12 acres of prime agricultural land will Prime agricultural land is rare in Egypt. Size of site has been minimized to limit 
be converted to heavy industrial land. Several crops are currently grown on the consumption of agricultural land. 

site providing food to an expanding nation 
which imports food. 

TRANSPORTATION 

Truck, rail and auto traffic will Transportation routes are considered adequate. None required. 
increase ­ mostly during construction. 

HUMAN INTEREST 

Noise 

-
Noise is produced by gas turbines during 
operation. 

Residential colonies of workers are located 
700 ft (213 m) to the south and 1500 ft 

Install sound suppressing equipment. 
Retain all trees on the site. Plant 

C..) 
(457 m) to the north, additional trees between turbines and 

surrounding colonies. Retain existing 
walls. Place oil tanks to block sound 
from colonies. Workers can use noise 
suppressing equipment. Target sound 
pressure levels will be developed at 
appropriate distances. 

ECONOMY 

Employment ­ creation of new jobs during Most of jobs (approxinately 100) will be None required. 
construction and operation of the plant. temporary during construction. Ten full time 

eployees will be required. 

180 MW electricity added to Egyptian power 
network, 

Load expected to double in seven years. Existing 
facilities are inadequate. Shall provide power 

None required. 

for new industries needed to supply goods and 
create jobs. 



( 

PROJECTED CASH DISBLUS EMMCS 

YEAP EELWANiT CA 
QUARTER US s LE T E US 8 

_ 

1977 
2nd 74200 7000 iii000 9200 185200 16200 
3rd 74200 7000 111000 9200 185200 16200 
4th 74200 7000 111000 9200 185200 16200 
Total .2226-00- 21000 333000 276 O0 555600C 

1978 
1st 1518100 7000 2373500 9200 3891600 16200 
2nd 4179700 8300 6459300 11700 10639000 20000 
3rd 4179700 435900 61459300 314400 10639000 750300 
4th 12030300 356600 16586900 421900 28617200 778500 
Total 21907800 807800 31879000 .757200 53786800 1565000 

1979 
ist 
2nd 

4771700 
528000 

363900 
199800 

4815300 
2199900 

382400 
359800 

9587000 
2727900 

746300 
559600 

3rd 747900 46oo 977100 1611400 1725000 1660oo 
4th - - 617700 9600 617700 9600 
Total 607_00 568300 861_oo_0 913200 14657600 1481500 

28178000 1397100 40822000 1698000 69000000 3095100 



TABLE 10-2 

CASH FLOW FORECAST - HELWAN 

1978 1979 
lot 2nd 3-d 4th 1st 2nd 3rd 4th Total 

C[VIL/STRUCTURAL U.S. Dollars 
Egyptian (LE) 251,000 

194,000 
180,000 

25,000' 
107,100 

15,000 
56,600 

234,00) 
594,80") 

MECHANICAL EQUIPHENT U.S. Dollars 
Egyptian (LE) 

1,100,000 3,300.000 3,300,000 6,780,000 1,991,000 
23,000 

80,000 
15,300 

438,000 16,989,000 
38,100 

PIPING U.S. Dollars 27,000 8,200 10,800 46.000 
Egyptian (LE) 2,800 3,800 6,600 

ELECTRICAL U.S. Dollars 
Egyptian (LE) 

1.136,000 288,000 
"_20,000 

146,000 
18,900 

65,000 1.635,000 
-- 3890 

SUBTOTAL-DIRECT COSTS U.S. Dollars 
Egyptian (LE) 

1,100,000 
-

3,300,000 
-

3,300,000 
251,100 

.8,137,000 
180,000 

2,312,200 
152,900 

251,800 
94,600 

503,000 
-

18,904,000 
678,600 

INDIRECT COSTS U.S. Dollars 
Egyptian (LE) 

310,900 
-

772,500 
1,300 

772,500 
177,800 

3,786,100 
169,600 

2,352,300 
204,000 

169,000 
98,200 

132,700 
-

8,296,000 
650.900 

-
" 

TOTAL-DIRECT AND 
INDIRECT COSTS 

U.S. Dollars 
Egyptian (LE) 

1,410,900 
-

4,072,500 
1,300 

4,072,500 
428,900 

11,923,100 
349.600 

4,664,500 
356,900 

420,800. 
192,800 

635,700 
-

27,200,000 
1,329,500 

|I 



TABLE 10-2
 
CASH FLW F)RECAST
 

1978 1979 
1st 2nd 3rd 4th lst 2nd 3rd 4th Total 

CIVIL/STRUCTURAL U.S. Dollars 243,000 26,000 17,000 17.000 3P3,000 
Egyptian (LE) 127,500 223,000 133,000 66,.300 31,900 581'700 

MECHANICAL EQUIPMENT U.S. Dollars 1,650,000 6.950,G00 4,950,000 8,474,000 907,000 1.115,000 257,000 "'38,000 22,R01,000 
Egyptian (LE) 9,600 19,700 6,500 35,800 

PIPING U.S. Dollars 46,000 14.500 1'.,500 75.000 
Egyptian (LE) 5,200 6,600 11,800 

ELECTRICAL U.S. Dollars 2,187,000 672,000 290,000 244,000 3,393,000 
Egyptian (LE) _500 __3_7 101,700 33,500 172,700 

SUBTOTAL-DIRECT COSTS U.S. Dollars 1,650,000 4,950,000 4,950,000 10,950,000 1,665,000 1,436,500 532,500 438,000 26,572,000 
Egyptian (LE) - - 127,500 223,000 180,100 192,900 78,500 - 802,000 

INDIRECT COSTS U.S. Dollars 567,400 1,353,300 1,353,400 5,480,900 2,994,300 607,400 288,600 137,700 12,783,000 
Fyptian (LE) - 2,500 177,700 189,700 1932100 157,700 73,700 - 19t1 400 

TOTAL-DIRECT AND U.S. Dollars 2,217,400 6,303,300 6,303,400 16,430,900 4,659,300 2,043,900 821,100 575,700 39,355.000 
INDIRECT COSTS Egyptian (LE) - 2,500 305,200 412,700 373,200 350,600 152,200 - 1,596,400 



TA-T,:.A----1:42i 
ECONOMIC RATE OF-

COSTS OPERATING NiTT DISCOUNTED 
YEAR CAPITAL AND MAINT. TOTAL BENEFITS BENEFITS AT 24% 
1977 625- 5 - 504 
1978 56023 56023 56023 - 36435 
1979 16774 10400 26400 2.8900 7500 - 3934 
198o - 29800 29800 54000 24200 + 10236 
1981 - 29800 29800 54000 24200 + 8255 
1982 29800 29800 54000 24200 + 6657 
1983- 298oo 298oo 54000 24200 + 5369 
1984 19400 191400 35100. 15700 + 2809 
1985 -14900 14900 27000 12100 + 1746 
1986 - 14900 14900 27000 12100 + 1408 
1987 14900 14900 27000 12100 + 1135 
1988 - 14900 14900 27000 12100 + 916 
1989 - 14900 14900 27000 12100 + 738 
1990 - 14900 14900 27000 12100 + 596 
1991 - 14900 14900 27000 12100 + .48o 
1992 - 14900 14900 27000 12100 + 387 
1993 14.900 14900 27000 12100 + 312 
1994 14900 14900 27000 12100 + 252 

REMAINDER + 423 
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