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EGYPT: ISMAILIA THERMAL
 
POWER PLANT - AMENDMENT
 

SUMMARY AND RECOMMENDATIONS
 

1. Grantee: The Government of the Arab Republic of Egypt.

The grant application isattached as Annex A.
 

2. Grant Amount: $42 million, increasing Grant No. 263-12-220-009
 
from $99 million to $141 million.
 

3. Executing Agency: The Egyptian Elec,ricity Authority, a separate

entity within the Ministry of Electricity.
 

4. Terms to the Executing Agency: A grant, to form part of the
 
Egyptian Electricity Authority's equity capital.
 

5. Description of Project: The construction of a 300 MW thermal
 
power plant, near the Suez Canal City of Ismailia. The plant will
 
provide power general capacity to the Egyptian electric power grid.

The project is part of the U.S. assistance for the reconstruction and
 
development of the Suez Canal area where principal cities, infra
structure and basic facilities, including power, have been extensively

damaged during the longer period of intermittent warfare.
 

6. Purpose of Grant Amendment: To provide additional foreign

exchange for an increase of the estimated project cost.
 

7. USAID/Cairo View: USAID/Cairo recommends that the proposed Grant
 
Amendment by authorized.
 

8. Statutory Criteria: All statutory criteria have been satisfied;
 
see Annex D.
 

9. Recommendation: Authorization of an Amendment to Grant No. 263-12
 
-220-009 to increase itfrom $99 million to $141 
million in accordance
 
with the terms and conditions set forth inthe draft Grant Authorization
 
included as Annex B. 

10. Project Committee: 

Chairman Robert N. Bakley 
Loan Officer Charles J. Patalive 
Engineer John Callahan 
Economist James Norris 
Program Officer 
Attorney 

George Lpudato 
Steve Tisa 
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I. INTRODUCTION
 

1.01 	 On May 30, 1976, the Government of the Arab Republic of Egypt (GOE)

and the United States of America signed a grant agreement (A.I.D.

Grant 	No. 263-12-220-009) to assist inthe financing of a 300 MW
 
thermal power plant near the Suez Canal City of Ismailia. The total
 
project cost was then estimated at $99 million in foreign exchange

(FX) and LE 24 million local costs. AID's grant covered the esti
mated FX cost. The 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:

Ismailia Thermal Power Plant", May, 1976.
 

1.02 	 InJune, 1977, Gilbert Associates, Inc., a prominent U.S. consulting

firm under contract to the EEA, completed its preliminary design

report on 
Ismailia including a review of the cost estimate. Based
 
on that review, the project cost is now estimated at $141 million in
 
FX and LE 14.5 million in local costs.
 

1.03 	AID's Grant Agreement requires, in Section 4.02, the GOE to provide

all resources inaddition to the Grant needed to carry out the pro
ject. While the GOE recognizes and accepts this requirement, fin
ancially it is unable to comply with ittimely. The GOE therefore
 
sought assistance from other sources --the World Bank and Arab
 
donors. The former organization declined and the latter organiza
tions indicated that, prior to deciding whether they would provide

assistance, they would require considerable time to appraise/review

the project. Consequently, the GOE requested A.I.D. assistance in
 
financing the increased FX cost of $42 million. The GOE's and EEA's
 
letters requesting A,I.D. assistance are shown in Annex A-l and Annex
 
A-2, respectively.
 

1.04 	 Inview of the substantial delay that will obtain by attempting to
 
locate other sources fo FX --which would then further increase the
 
project cost -- and the importance of this project to Egypt, we are
 
recommending that A.I.D. increase its Grant from $99 million to
 
$141 million -- an increase of $42 million.
 

1.05 	An additional consideration in recommending that A.I.D. fully fund
 
the FX cost is the effect split funding could have on project design

and implementation. As presently planned, this project will be con
tracted to a single responsible contractor (turn-key) which we, and

the GOE, believe is the only way we can hope to complete the project

within the proposed construction schedule; all of the EEA's existing

projects, using split responsibility type contracts are behind
 
schedule and still slipping. The GOE and EEA would like to see A.I.D.
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duplicate the successful Cairo West Power Plant, a previous A.I.D.
 
project completed on time and within budget and still considered
 
the premier plant in EEA's system. Allowing other donors into
 
the findncing picture will have some effect on procurement since
 
each will insist on international tendering; and A.I.D.'s over
all control of the project will certainly diminish since we sould
 
be required to coordinate our actions with others.
 

1.06 This paper provides an explanation of the cost increase, reviews
 
the current status of the project schedule, and where pertinent,

reappraised the technical, economic and financial viability of the
 
project.
 

"V
 



II. BACKGROUND
 

2.01 	 The Ismailia Thermal Power Project was appraised by Sanderson and
 
Porter (S&P), a U.S. consulting engineering firm and A.I.D.'s
 
Requirements 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. Subsequent to S&P's
 
report and prior to A.I.D.'s project authorization the site was
 
changed to a location adjacent to the Great Bitter Lake.
 

2.02 	 Conditions Precedent to Initial Disbursement (CP's) included legal
 
opinions, specimen signatures, confirmation of the new site and an
 
executed contract with a consulting engineering firm for project
 
implemtnation. The Terminal Date for meeting CP's was set at
 
Spetembtr 27, 1976, 120 days after agreement signing. The date,
 
however, proved to be unrealistic and CP's were eventually met in
 
February 1977. The critical event which delayed satisfying CP's
 
was the election 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 prequalify.
 

May 19 Pre-qualification material received from 17 firms.
 

June 29 Four firms short-listed.
 

July 6 Request for proposals mailed.
 

August 26 Proposals received.
 

October 7 Firm sklected.
 

October 20 Negotiations started.
 

December 12 Negotiations completed.
 

December 20 EEA Board approval of contract.
 

1977
 

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 inhost
 
country contracting. Fortunately, we started the selection pro
cess on April 19, 1976, 41 days befor. the Grant Agreement was
 
signed, or ther would have been further time required insatisfying

CP's.
 

2.04 	The four month delay in the opening of a letter of credit was
 
caused by problems with local banks not being familiar with A.I.D.
 
procedures; a problem that still haunts the Egypt capital develop
ment program.
 

2.05 	The consulting engineering firm selected by EEA isGilbert Asso
iates, Inc. of Reading Penn. Gilbert's scope of work is shown
 
inAnnex E. The preliminary Project Report, required under
 
Section 3.1 was completed by Gilbert inJune 1977 and delivered
 
to EEA and A.I.D. inJuly, 1977.
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III. 	 CURRENT FINANCING REQUIREMENTS
 

A. Definition of the Financing Gap
 

4
3.01 	 The revised cost estimate bases on Gilbert's "Preliminary Project

Report" is estimated at $140,552,680 and LE 14,441,800. Table 2
 
below compares the current estimate with that shown in the original
 
Project Paper.
 

TABLE 2
 

COMPARISON OF PROJECT COST ESTIMATES
 

S&P 	 Gilbert Difference
(4Z76) 	 %6711 
U.S. Dollars 99,000,000 140,592,680 41,592,680
 

Egyptian Pounds 24,000,000 14,441,800 (9,558,200)
 

B. Reasons for Increase
 

3.02 	Analysis of the original and revised cost estimates has identified the
 
following capital cost increases and decreases for the Ismailia
 
thermal power plant: (1) increased dollar costs and reduced Egyptian

pound costs due to the EEA-A.I.D. decision to seek full turn-key

responsibility on the part of the prime U.S. contractor for civil
 
works construction as well as 
for supply, erection, and installation
 
of the equipment; (2)additional unanticipated equipment and other
 
new or expanded items; (3) increased contingency amount; (4) increased
 
engineering services costs.
 

3.03 	 The Pound to Dollar Shift: 
 When the project was originally appraised

in the May, 1976 project paper, a contract for the supply, erection,

and installation of equipment, including responsibility for civil
 
works, was then contemplated. It was further contemplated that local
 
civil works would be carried out under the supervision of the U,S.

prime contractor via sub-contracts with Egyptian construction firms
 
that would use their own equipment and would supervise all civil
 
construction subject to general overview by the prime contractor.
 
Gilbert has now completed its review of the capability of Egyptian
 
firms 	to carry out this work and concluded that the most capable

Egyptian firms are overloaded with work and are not available for this
 
project. Other firms lack the necessary equipment, experience and
 
supervisory staff for this major task. 
 Gilbert has therefore recommended
 
that the prime contractor be required to fully assume responsibility

for civil works and be required to provide his own construction equip
ment. Given also the responsibilities the contractor must assume, we
 
believe the contractor will provide U.S. personnel for construction
 
supervision.
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3.04 	 EEA and A.I.D. fully concur in this change 3-a scope. The delays
 
inthe construction of EEA's two European-financed power projects
 
(Kafr El Dowar and Abu Kir) have been attributed to delays by the
 
Egyptian contractors, premarily because of outmoded (or non
existant) equipment and poor construction supervision. Unfor
tunately, for these two projects, the foreign supplier has little
 
or no control over the Egyptian contractor since the Egyptian
 
contractor's contract iswith the owner (EEA) and not with the
 
foreign supplier.
 

3.05 	 Additional Items: Due to the nature of the project, a number of
 
items 	are now included inthe project that were not anticipated
 
when the original grant was authorized. For example, due to
 
severe shortages of cement, the turbine building has been rede
signed to use a high level of U.S. structural steel. Rebar
 
originally was planned to be a domestic input but based on further
 
analysis and tests, the quality is such that prudence dictates
 
that this item now be imported. Also, Gilbert has recommended
 
additional fuel storage, increased warehouse and garage facili
ties, and a larger initial spare parts supply. And the training
 
program for EEA's personnel nas been expanded to, ensure that,
 
prior to start-up, staff will be adequately trained to operate
 
and maintain the plant.
 

3.06 	 EEA anG A.I.D. fully agree with Cilbert's recommendaticns. The
 
additional hardware items -- structural steel, rebar -- make
 
sense and the additional facilities -- warehouse, garages, fuel
 
storage -- are needed given the degree of independence this plant
 
must maintain given its location. Lack of spare parts isendemic
 
throughout EEA's system and isthe major cause of generation
 
failure inEgypt today. And, initially, we had thought that EEA
 
had an ample supply of trained operators which would be transferred
 
to the Ismailia plant. This, however, is not the case. The
 
emigration of EEA's peronnel primarily to other Arab countries
 
over the past years has so depleted EEA's reservoir of talent that
 
it is presently having problems operating existing plants, let
 
alone have personnel available for the new plants.
 

3.07 	 On the question of training, A.I.D. isassisting EEA in solving
 
this overall problem. EEA has contracted with Overseas Advisory
 
Associates, Incorporated (OAAI), a non-profit organization, whose
 
raison d'etre isto train middle-management personnel in the
 
management techniques of operating a power system. OAAI has
 
previously completed successful programs in Iran and Saudi Arabia.
 
Under the EEA program, OAAI will train 200 personnel over a
 
period of one year.
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3.08 	Contingencies: The original contingency recommended by S&P was
 

Mve percent of capital cost, equivalent to $4.6 million. Gil

bert has now recommended that a 13 percent, or $15.6 million, con

tingency be used, primarily because the cooling water intake/
 

outflow system may need to be changed (see technical section).
 

This change has added approximately $11.0 million to the project
 
cost.
 

Again, EEA and A.I.D. agree to this increase. Experience on
3.09 

a more
existing projects in Egypt shows that ten percent is 


realistic figure than five percent, and is consistent with recent
 
IBRD allowances for similar projects.
 

cost estimate assumed that all engineering
3.10 	Engineering: The original 

would be done by the supplier and would form part of his lump-sum
 

bid with little additional engineering services needed. Th2
 

original estimate for these additional services was $1.3 million.
 

Based, however, on the detailed technical proposals of the four
 

engineering firms short-listed (see Para 2.02) none viewed the
 

work at the level estimated by S&P. EEA and A.I.D. made a
 

detailed analysis of the levels of effort proposed and the tasks
 

involved and considered the man-month estimates to be realistic.
 

Another factor has been the rapid increase in the cost of foreign
 

personnel. Man-month costs have increased from a range of $5-6
 

thousand per month in the past two years.
 

C. Cost Estimate
 

3.11 	 The revised cost estimate is shown in Table 3 below. Annex F
 

provides the detailed cost estimate.
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TABLE 3
 

Revised Cost Estimate
 

U.S. Egyptian
 
Dollars Pounds
 

1. Equipment $ 52,243,000 LE 1,092,800 

2. Piping 3,908,000 570,000
 

3. Civil Works 6,581,000 3,477,700
 

4. Electrical 14,510,000 458,300
 

5. Switchyard 4,207,000 367,100
 

6. Miscellaneous Indirects 22,362,000 2,593,000
 

7. A & E Services 4,589,680 316,800
 

8. Contingency 15,572,000 
 2,140,000
 

9. Escalation 16,620,000 
 3,426,100
 

10. Totals $ 140,592,680 LE 14,441,800
 

11. Rounded Totals $ 141.0 million LE 14.5 million
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IV. LOAD AND GENERATION FORECASTS
 

4.01 	 The load and generation forecasts included in the original Ismallia
 
Project Paper were based on studies by S&P in November 1975. For
 
demand projections, two analyses were performed --one using esta
blished methods of forecasting titled "Long Range Forecast" and a
 
second which took cognizance of the Egyptian economy titled "Short
 
Range Forecast". Both forecasts prove to be conservative at least
 
for the first two years projected. Table 4 belowshows a compar
ison of the two forecasts with the actual experience.
 

TABLE 4
 

ACTUAL VS. PROJECTED DEMAND 1975-1976
 

Long-Range 
Year Forecast 

1975 1,582 

1976 1,766 

(Megawatts)
 

Short-Range
 
Forecast 


1,643 


1,867 


Actual
 

1,733
 

1,909
 

4.02 As noted in the original Ismailia Project Paper, EEA has continued 
the services of S&P vith financing provided by UNDP and the World 
Bank acting as Implenenting Agency. (S&P's scope of wcrk for these 
services was included as AnneA L to the Project Paper.) S&P, with 
EEA assistance, has prepared revised projections. These projections, 
including methodology, assumptions and conclusions are included as 
Annex G -- Sanderson & Porter, Inc., "Phase I System Planning and 
Diagnostic Report", April 1977. 

4.03 For demand projections, S&P again separated its projects into two 
parts -- a short-range forecast (1977-1985) and a long-ranqe forecast 
(1985-2000). These forecasts are shown in pages 8 and 40 of Annex G. 

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 198l -- which allows the Aswan and High Dam 
hydroelectric plants to generate more energy. Second are 'he delays 
in the construction of the Kafr El Dowar and Abu Kir 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 capa
city. Fourth is the additional new planned generation not anticipated 

ILII 



-- especially the increase in the Abu Kir 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 G. (S&P's ,'-port also provides dn in-depth
 
analysis of the capability of the Aswan and High Dam hydroelectric
 
plants, a controversial subject. In summary, despite the filling of
 
Lake Nassar, the installed name-plate capacity of 2,445 MW cannot
 
be effectively utilized).
 

4.05 	 The conclusion drawn by S&P is that all plants now under construction
 
or in planning are justified; and EEA must immediately plan for
 
another 600 MW plant to start commercial operation in 1983.
 

4.06 	USAID concurs in S&P's conclusions. We do, however, believe the sit
uation is more critical than S&P's repcrt indicates. First, we
 
believe the demand projections are still understated and will more
 
closely parallel those projected by the Nuclear Power Plants Author
ity shown on page 10 of Annex G. 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 Kir
 
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 output 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.
 

4.07 	Assuming, however, that S&P's projections are correct, with the
 
Talka/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% reserve
 
requirement is necessary for stability. The following table shows
 
EEA's reserve capacity, using S&P supply/demand projections except as
 
noted, with and without the Talka/Helwan and Ismailia plants.
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TABLE 5
 

AVAILABLE RESERVE
 

Generating Less Net Reserve 
Year Capacity Talka-Helwan Capacity Demand With W/O 

(MW) Ismailia (M) (percent) 

1977 2711 	 2711 
 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 	 4650
600 	 3578 32 23
 

1983 5511 	 600 4911 4028 27 18
 

I_/The commercial operating dates of the Talka/Helwan and Ismailia projects

do not agree with the present schedule. However, since these plants
 
are deducted from the generating capacity, the illustration figure are
 
accurate.
 

21 	Sanderson & Porter projections show the Abu Kir's:third and fourth
 
units starting in 1981. It isnot likely that the first and second
 
unit will be inoperation by 1981 let alone the next two units. We,
 
therefore, have shifted the start-up to January 1, 1983.
 

/4 
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V. TECHNICAL ANALYSIS
 

5.01 	 There has been no fundamental alteration of the original technical
 
configuration of the Ismailia steam plant. Itwill have two
 
nominal 150 MW steam turbine generators arranged on a unit basis;
 
that is,orne steam generating unit will feed one turbine generator

unit. Each unit will ha,,o a steam generator that will burn either
 
heavy fuel oil or natural gas, unitized power generation auxiliaries,
 
and a unit step-up transformer. Common facilities for the two
 
units will include a 220 kilovolt switchyard, intake and discharge
 
facilities,make-up water treating equipment, fuel handling facili
ties, and a service building.
 

5.02 	 The plant will be arranged for remote centralized control from a
 
common control room between the units. The turbine steam cycle will
 
have multiple stages of feed-water heating and one state of reheat.
 
The initial steam conditions will be 1800 pounds per square inch,
 
9500F.with a 950* F reheat. The turbine generator will have the
 
capability of operating at 105 percent of rated initial steam
 
pressure and will have a five percent flow margin. The maximum
 
generation under these conditions will be about 164,000 kilowatts.
 
The generator and power generation auxiliaries will be sized on the
 
basis of this maximum generation. The maximum output from the plant
 
with a normal auxiliary power consumption will be about 310,000 KW.
 
The generator rating will be 190,000 kilovolt amps at a 0.90 power
 
factor. Auxiliary power will be distributed at 6.3 KV and 400
 
volts.
 

5.03 	 Condenser cooling water will be obf ned from the Great Bitter Lake
 
using an open cooling cycle. The design of the cooling water intake
 
and discharge system depends upon precise knowledge of the under
water configuration of the lake. This configuration has recently

been subjected to an unknown degree of future alteration because the
 
Suez Canal Authority has given unlimited dredging and spoil dis
charge rights in the lake to a Japanese firm engaged for the Canal
 
deepening and widening project. (That project is intended to permit
 
the passage of the largest super-tankers through the Suez Canal.)

Ifthe spoil isdischarged along the western shore, water depths,
 
already shallow, could become so shallow that hot effluent would be
 
recirculated through the intake system unless intake pipes were
 
lengthened or cooling towers erected. To resolve this potential

technical problem, the EEA intends to explore with the Suez Canal
 
Authority various solutions that would involve limiting or re
directing the Japanese dredging contractor's unlimited spoil dis
chhrge rights. A.I.D. will make satisfactory resolution of this
 
problem a further condition precedent to disbursement of grant

amendment proceeds.
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5.04 
Annex H shows the proposed plot plan; Annexes I and J show the proposed

ground and operating floor arrangements; and Annex K shows the proposed

arrangement of the operating sections.
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VI. ENVIRONMENTAL ASSESSMENT
 

6.01 	 The environmental assessments of the Ismailia Power Plant have been
 
examined by S&P inJuly 1976, and by Gilbert inApril, 1977. Both
 
assessments resulted from site visits and discussions with personnel
 
in Egypt as well as perusal of various documents which were available.
 

6.02 	Annex L shows in table form the potential significant impacts of the
 
project and, when appropriate, the mitigating measures recommended.
 
Following isthe narrative discussion of the environmental assessment.
 

A. Physical Environment
 

6.03 	Water: Water will be withdrawn from the Sweet Water Canal (See

Tninex H) at the approximate rate of 200 gallons per minute (0.9 cubic
 
meters per minute), for use as boiler makeup, domestic, cleanup and
 
for other miscellaneous water needs of the plant. The water in the
 
Sweet Water Canal originates inthe Nile and flows via canal South
east 135 KM to Ismailia and then to Suez. The 200 GPM proposed
 
withdrawal for use at the Power Plant represents approximately 26
 
percent of the amount being used by the city of Ismailia now and
 
1.2 percent of the peoposed use by Ismailia by year 2000. Both S&P
 
and Gilbert have concluded that the withdrawal of 200 GPM from the
 
Canal will not significantly affect the overall flow of the canal.
 

6.04 	Cooling water will be withdrawn from and returned to the Great Bitter
 
Lake at approximately 20,000 GPK,. The lake is connected via the
 
Suez Canal southward to the Red Sea and Northward to the Mediterranean
 
Sea. The lake contains approximately 1.4 KM3 of water and is 20.5
 
Km long and 11.5 Km wide. The withdrawal of 200,000 GPM is not
 
expected to affect the physical characterisitcs of the lake. The
 
water discharged will be approximately lOC (18F) above ambient lake
 
temperature. The discharge of this water will be designed and
 
located to avoid recirculation. The prevent damage to aquatic life
 
inthe lake, chlorine used to control bio-fouling in the condenser tubes
 
will be controlled to limit free available chlorine concentration
 
discharged into the lake to an average of 0.2 MGil and a maximum of
 
0.5 MG/l. All other wastes produced by the plant will be disposed

of ineither percolation --evaporation pools or in a cesspool; none
 
will be discharged directly into Great Bitter Lake.
 

6.05 	To protect against oil spills which would contaminate the Lake, dikes
 
will be constructed around oil storage tanks and curbs will be con
structed around unloading facilities. It isunlikely that any oil
 
spill would contaminate the Sweet Water Canal since the ground slopes

toward the lake and away from the canal.
 

(c4X 
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6.06 	Air dispersions from the plant will contain emissions of sulfer dioxide
 
(S02) and Oxides of nitrogen (NOx). The predominating wind direction
 
will carry the pollutants over the Great Bitter Lake away from the
 
populated areas. However, when the wind changes, or when the wind blows
 
perpendicular to the boiler, emissions will effect those working at
 
the plant. To correct this problem, the stack height would have to be
 
at least 75 meters above ground. Military restrictions, however,

limit the stack height to only 40 meters (see Annex K). Fortunately,

the plant isexpected to burn almost sulfur free natural gas; therefore,

emissions should be tolerable.
 

B. Biotic Lnvironment
 

6.07 	 The intake structure for the fresh water supply from Sweet Water Canal
 
will be designed with a trash rack and screen with a 
3/8 inch mesh size
 
to prevent entrainment of organisms and acquatic weeds and the approach

velocity will be less than one foot per second to allow motil organisms

to avoid entrainment.
 

6.08 	The abundance of marine life in the Greater Bit.er Lake has been docu
mented ina 1977 report entitled, "Report on Some Information on Bitter
 
Lakes Needed for Establishing Power Plant of 300 MW", by Dr. Sharar El

Din, M. M. Osman and El-Maghraby of the Alexandria University Ocean

ographic Department. Forty species of fish from the Great Bitter Lake
 
were reported.
 

6.09 	The high water temperatures which will exist inthe immediate area of the
 
heated discharge plume inthe Great Bitter Lakes during the summer will
 
be lethal to most plants and animals. Pro and post larval stages of a
 
mullet species (Mugil se.) which breeds inthe shallow waters of the
 
Great Bitter Lake are killed by temperatures which exceed 32C (89.6F)

(Krenkel, B.A. and F.L. Parker, 1968. Biological Aspects of Thermal

Pollution. Vanderbilt University Press, Nashville, Tennessee). In

July, 	the plume temperature may exceed 32C, 600 m away.
 

6.10 	The result of the termal plume will be an area in the lake which ie void

of most flora and fauna. This condition will be created after the ecology

of the lake has been severely disrupted and destroyed by the massive
 
spoils disposal program which will take place between 1977 and the
 
early 	1980s when the Suez Canal iswidened. Operation of the power plant

and lisposal of the heated water in the Great Bitter Lake will 
simply

prevent recolonization of those areas affected by the hottest portions

of the thermal plume.
 

6.11 	 During periods of migration or spawning, organisms could be so abundant
 
that the screens at the intake structure could become clogged with inden
gous organisms such as mullet or mussels. Clogging has occurred at the

100 MW thermal power plant inSuez when mussels obstructed the five milli
meter 	mesh self-cleaning rotating screens.
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6.12 	To avoid these potential impacts of impingement, entrainment and
 
entrapment, the following measures will be considered during design
 
of the intake structure.
 

1. Avoid placing the intake structure in vital areas including
 
such entities as grass beds, shell-fish beds, cuts and passes,
 
migration pathways, and spawning and nursery areas.
 

2. Provide maximum approach velocity to screen of 0.75 fps.
 

3. Provide through screen velocity of 1.5 fps.
 

4. Provide a trash rake.
 

5. Provide a screen mesh size of 3/8 in.
 

6.13 	Terrestrial Ecology: Habitats for the indigenous flora and fauna
 
will be destroyed when the approximately 50.08 acres (202,500 m2)
 
of the site are converted from productive agricultural land to
 
industrial land void of most terrestrial habitats. Existing
 
flora consist, predominately of cultivated crops. On April 26,
 
1977, bean, tomato, squash, wheat, hay and other crops were growing
 
on the site. Animals which are disturbed during construction can
 
find suitable habitat in the agricultural land adjoining the site.
 

C. Human Environment
 

6.14 	The 50.08 acres (202,500 m2) of the site and the surrounding areas are
 
in sparsely populated agricultural land. The nearest population
 
center (Abu Soltan) is situated approximately one kilometer west
 
of the power plant site. Land is presently used to grow crops which
 
include beans, squahs, tomatoes, hay and wheat. At least 20 stone
 
houses or barns are on the land. The negative aspect of removing
 
the agricultural land from active production and resettling the
 
residents is outweighed by the increased electricity (300 MW) pro
vided by the project and the positive economic consequences of doing
 
so. The Egyptian Government will compensate residents and/or owners
 
of the land who are displaced as a result of the project.
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VII. FINANCIAL ANALYSIS
 

A. General
 

7.01 
 Inthe May 1976 Ismailia Project Paper, we described the current financial conditions of EEA and the actions underway to correct the iroblems. Those actions were: 
 the act creating EEA which would allow
itmore freedom and independence on financial matters; the increase
intariffs; and the employment of EEA of Sanderson & Porter, financed
by UNDP to study FEA's financial system and recommend corrections.
 
7.02 
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 new
authority itnow has. Politically, we expect EEA to ,.7ve very cautiously 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 inplace; 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, itallowed EEA to earn its first profit inmany years, at
least on paper. Given EEA's antiquated accounting system, the accouting
policies itfollows, or not follows as the case may be, and its bad
debt experience, itwill be many years before anyon can attest to
EEA's financial statements.
 

7.04 
 Sanderson & Porter has now completed Phase I of its Scope of Work.
Its report, dated November, 1976, lists 58 recommendations or actions
EEA should take inthe areas of energy policy, organization and management, system operations, system planning, accounting and finance,
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 recommendations and do not consider them appropriate for inclusion as additional
conditione or covenants for the grant increase. 
The financial covenants
proposed in the original Ismailia Project Paper 
-- debt to equity
ratio and re,,Lurn on investment 
-- have been accepted by the GOE and EEA
and are 
included in the Grant Agreement. Also, the World Bank has
concluded the same convenants as condition, to its loan to the EEA for
electric distribution.
 

B. Financing Plan
 

7.06 
 EEA's debt to equity ratio has further deteriorated from a ratio-of
2.36:1 at December 31, 
 1974 to 2.50:1 at December 31, 1976. 
 Itwill
probably further deteriorate as disbursements increase on its two large
loan-financed projects 
-- Kafr El Dowar and Abu Kir. 
On the other hand,
EEA's assest are understated since some were financed by grant funds
which were not accounted for on EEA's books. 
Our existing Grant
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Agreement requires EEA to earn a 
nine percent return on its assets in
operation appropriately valued and, from time to time, revalLed.
Sanderson & Porter, working with EEA, is now engaged in the valuation
task. 
For AID's original grant for the Ismailia project, we recommend
that itbe passed on to EEA by the GOE as a 
contribution to EEA's
equity capital, since our exp(!ctation is that even after assets are
properly valued, EEA's debt to equity position will be less than
satisfactory. We again believe this isthe best method of helping
EEA and therefore recommend that the grant increase of $42 million
be passed on to EEA by the GOE as a contribution to EEA's equity
capital. 
 The local currency project costs of LE 14,441,800 will be

provided by EEA from its internal cash generations.
 

C. Ismailia- /
 

7.07 Looking at Ismailia as a spearate entity, its annual 
revenues are
equivalent to $21,840,000 calculated on the basis of 1,680,000,000
KWH of salable electricity (75 percent load factor, 8,760 hours per
year and a 17 percent loss) at an average sale price of 1.3t per
KWH. Annual cash operating ocsts, 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 
 $5,913,000
 
Operating and Maintenance
 

Generation 
 169,000
 

Transmission and Distribdtion 
 281,000
 

$6,363,000
 

Using these values, Ismailia has an internal financial rate to return of
Just about nine percent. 
Assuming the plant isdepreciated over 25
years, itwill show a 
profit, before interest, taxes, and head office
administrative charges equivalent to $15.5 million per year.
 
7.08 The project, therefore, will make a 
positive cash contribution to EEA.
Based on the current sales price and subsidized fuel costs, itwill
meet A.I.D.'s covenant that EEA earn a 
nine percent return on its
assets. If,however, the price of fuel 
isincreased, EEA sales price
of electricity will have to be increased accordingly if EEA is to
continue to operate at a profit.
 

_,/ Inthe original project paper costs and revenues were shown in
U.S. dollars converted at the official 
rate of exchange (LE .39 equals
US $1.00). This paper uses the parallel market rate (LE .70 equal
US $1.O0)and therefore ismore realistic,
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D. Disbursements
 

7.09 	Except for payments to Gilbert, disbursements are not expected to
 
conmence until the third quarter of 1978. All disbursements will
 
be completed by the third quarter of 1982. Annex M shows the
 
project disbursements by quarter and Annex N shows the project

disbursements by inputs.
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VIII. ECONOMIC ANALYSIS
 

A. General
 

8.01 	 The primary benefit of this project isthe economic value of the
 
electricity that will be generated by the Ismailia thermal power
 
plant. The amount of usable electricity that will be produced and
 
delivered to users, per year, is 1,680,O00,OOOKWH. The true economic
 
value of a KWH of electric power should be based on an estimate of
 
customer's willingness to pay, based inturn on the shape of
 
direct demand curves for the products of commerical and industrial
 
users. For Egypt, such an analysis isnot possible given the sub
sidies 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, therefore, are based
 
on the Government's desires to subsidize the user.
 

8.02 	Despite the wide rate variance between users, the DOE has tried to
 
assure that overall average rates are set a 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 subsidized;
 
the most notable subsidy being the cost of fuel oil for its thermal
 
power plants. Therefore, the overall average power rates, set at
 
a level to allow EEA a reasonable return, represent an overall supsidy
 
and a cost to the national economy. Our best guess is that the
 
average overall rates would need to climb to about 3.5C to 4.0¢ per
 
KWH from the present average of 1.3t per KWH 4f EEA were to pay full
 
cr.st for all its inputs and average in the relatively cheap hydro
power and toe more expensive thermal power plants operating on fuel
 
oil.
 

B. Ismailia
 

8.03 	The internal economic rate of return of the Iwrailia project is the
 
discount rate which equates the present value of the time streams of
 
the attributable costs and benefits over the projects assumed life
 
of 25 years. Inthe case of Ismailia, the real value of the benefits
 
to the economy isestimated at 4.5t KWH. 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 inthe 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 has been used rather than the sub
sidized domestic price. With these adjustments to costs and using
 
the parallel foreign exchange rate of $1.43/LE the economic internal
 
rate of return iscalculated to be 20.29.
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IX IMPLEMENTAT ION
 

A. 	General
 

9.01 	 There has been no fundamental alteration to plans for project
 
implementation since preparation of the May, 1976 project paper,
 
other than the revised concept for civil works execution des
cribed in para 3.03. Supply and erection of the plant will be
 
carried out by a single-responsibility contractor who will de
sign, engineer, supply equipment, supervise civil works and
 
start-up services.
 

9.02 	The proposed basis for reimbursement of the contractor is as follows:
 

I. A 	lump sum basis for:
 
A. 	Engineering, design, detailing, drawings,
 

procedures and specifications.
 

B. 	Construction supervision, site engineering,
 
inspection, and other related services.
 

C. 	Furnishing and delivering major U.S. furnished
 
equipment including boilers, turbine-generators,
 
main condensers, main pumps, heat exchangers,
 
large transformers, switchgear, motor control
 
centers, etc.
 

D. 	All other U.S. furnished material and equipemnt such as
 
structural steel, piping, cable and conduit.
 

E. 	 Spare parts for item "C". 

F. 	Mobilization and demobilization.
 

G. 	All installation, testing, and start-up 
costs 	other than labor.
 

H. 	Bonds and insurance.
 

I. 	 Training progran. 

2. A lump sum plus escalation based on standard U.S. indices 
for. 

A. 	 Installation and start-up labor (U.S. source and 
origin). 

3. A 	direct cost, not to exceed a target cost, plus a fixed
 
fee 	 for locally procured items such as: 

A. 	Earthwork.
 

B. 	Concrete and other local building materisls.
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C. Local transportation of material and equipment.
 

D. Installation, testing, and start-up labor.
 

B. Scheda'e
 

9.03 The original project schedule planned for both units to be in
 
commercial operation by April 30, 1981. Based on the revised schedule,
 
one unit is now planned to be put in comnmercial operation by August 30,
 
1981 and the second unit by June 30, 1982. The revised schedule is
 
predicted on the release of the Invitation for Bid (IFB) on October 1,
 
1977 with contract award in April, 1978. This date dppears very tight
 
and will depend on EEA acting promptly on the bidders list. The IFB
 
has been drafted and is now being reviewed by EEA. Prequalification
 
material from interested firis is due on September 12, 1.9/7. Annex P
 
shows 	the Critical Path on the Summary Level Milestone Schedule.
 
Annexes Q and R show the schedule on a bar chart fcrmat. 

9.04 	 The total change in project schedule is 14 months. Seven of these 
months were the time required by EEA to employ the consulting engineer.
 
Originally, we believed this could have been accomplished by
 
September 30, 1976 since we had started the selection process rrior to
 
Grant 	Authorization. This, however, proved to be unrealistic as was
 
explaincd in para 2.02. An additional three months were added to the
 
time to review EEA's draft IFB and release the doc=ient to prequalified
 
bidders. We had originally believed EEA's document was of the quality
 
to allow its release almost concurrently with the effective date of the
 
consulting engineer's contract. Further inspection proved this not to
 
be the case. The remaining four months is Gilbert's current evaluation
 
of delivery time for critical items. In summary, while the project will
 
fall somewhat behind its original schedule, that origtnal schedule was 
simply too optimistic. 

C. Terminal Dates 

9.05 	Conditions Precedent: The initial conditions precedent to disbursement
 
have been met. Conditions precedent to disbursement for specific goods
 
or services (other than consulting engineer) have not yet been met.
 
The final event will be the contract with the single-responsibility
 
contractor. There is no terminal date for these subsequent CP's.
 

9.06 	 Letters of Commitment and Disbursement: The terminal date for the 
opening of Letters of Commitment was originally set at December 31, 
1980 and the Terminal Date for disbursements at December 31, 1981. 
Based on the revised schedule, we recommend that the dates be shifted 
by one full year. Assuming both units are in commercial operation 
by June 30, 1982, this will allow six months for final contract pay
ments.
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D. Evaluation
 

9.07 	 The purpose of the Ismailia Thermal Power Plant is to meet the energy
 

requirements of reconstruction in the Suez Canal area, and to meet
 

power demand of other areas of the country through connection with the
 

national power grid. The primary goal of providing energy through the
 

Ismailia Plant is industrial and household reconstruction and growth
 

in the Suez Canal area.
 

9.08 	 During construction, satisfactory information for implementation
 

management will be obtained from normal monitoring procedures, which
 

will be based on a critical path network. A.I.D.'s financial dis

bursement records, and site visits.
 

9.09 	 Upon completion of construction and the beginning of operation, USAID
 

will prepare a formal evaluation report which summarizes how project
 

construction time compared to schedule, how costs compared to estimates,
 

whether the plant is able to provide the 300 MW incremental addition to
 

the power grid, and any particular issues which remain to be addressed 

concerning the operation or nanagement of the plant. 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 the 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 were below that anticipated, 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.
 

9.10 	 One year after each of the two units goes into cornercial operation 

(approximately 	 one year apart) USAID will prepare an evaluation report 

the plant audits, and the review of utilization.describing the results of 
If no 	 future difficulties are anticipated, there will be only spot check 

monitoring. If any aspect of the physical plant fails to meet manutactur

er's guarantees and warranties, which extend beyond one year, USAID
 

would 	 be notified. 

9.11 	 The Mission does not feel it would be appropriate or necessary to
 

evaluate industrial and residential reconstruction/growth of the
 

Suez Canal area in the context of this particular project. This project
 

is one of many efforts required to achieve this goal, and there are so
 

many variables involved that it would be difficult to distinguish the 

impact of the project from other factors, thus it makes more sense to 

evaluate achievement of the objective on a wider scope at a later time. 

A special effort for such 	evaluation is not contemplated, as the normal 

course of COE and Embassy 	reporting will provide the information.
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X. RECOMMENDATION, CONDITIONS AND COVENANTS 

A. Recommendation 

10.01 	 All coditfons ;id covetiants rcconmiended in the ortlgital project paper 

have been accepted by the COE and incorporated in the original Grant 

Agreement. Subject to one additional condition, we recommend that
 

A.I.D.1s grant to the GOE be increased from $99 million
 

to $141 million-- an increase of $42 million. We further recommend
 

that the proposed increase be passed on by the GOE to EEA as a
 

contribution to EEA's equity capital. 

B. Conditions
 

10.02 	 We recomnend that we add to the three existing Conditions Precedent 

to Disburseemnt for Specific Goods and Services (Section 3.02 of the
 

Grant Agreement) the following:
 

Secti,:n 3.02 (d) A plan, agreed to with 

the Suez Canal Authority, which will allow 

the design and installation of cooling water 

intake and discharge into the Great Bitter 
Lake, that will allow the timely execution 

of the Ismailia Project.
 

http:A.I.D.1s
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ANN1EX A 
MINISTRY OF ECONOMY
 
AND ECONOMIC COOPERATION
 

Economic Cooperation Division
 
Office
 

of the Under Secretary
 

Mr. D.S. Brown
 
AID Representative
 
U.S. Embassy
 
Cairo
 

Dear Mr. Brown,
 

With reference to the letters of Eng. Kamal Nabih (Egyptian
 
Electricity Authority) No. 362 & 363 dated 17 July, 1977 request
ing AID to finance the foreign exchange overruns of $ 42 Million
 
and $ 18.5 Millicn for the Ismailia Steam Power Plant Project
 
and the Talkha/ifelwan Gas Turbine Power Plants Project respect
ively.
 

I would like to inform you that the Ministry of Economy
 
and Economic Cooperation agrees to increase the funds allocated
 
for theue projects with a sum of $ 68,5 Million from the remaining
 
Fiscal Year 1977 Ai funds.
 

Hoping you would take the necessary steps in this regard,
 

I remain,
 

Sincerely yours,
 

Gamal El Nazer
 
Deputy Chairman
 

For Investment Authority
 
In Charge of Economic Cooperation
 

CAIRO, 9 August, 1977
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I,(;YIIAN ELECTRICITY AUTHORITY 

1L I AINI: kLFCC IOCOl' 1EI. : 2U97 \WFR U.N. 

Ref:t C.irol 17 July, 1977 

Mr. Donald S. Brown
 
Director ACTION YO 0,.,-
USAID Mission 

ACTION TAK 4._........ --
Cairo, Egypt. 


INATILS 

Dear Mr. Brown,
 

As you know we have received a draft copy of the preli
minary project report for the Ismailia Thermal Power Plant Pro
ject from our Consultants. The foreign exchange preliminary
estimate contained in the draft report is US $128,832,000.
 

As a result of our review of the draft report with our 
Consultants certain modifications hav bocn agrood upon which 
will affect the estimated foreign exchange requirements for the 
ProjocL. Attached is a Laarlkd-up copy of the preliminary uuti
mute, Table 9-1 of the preliminary project report, which shows 
the modifications that have been made to the estimate with the

T.ecult that the foreign exchange estimate for the Project is
 
US $136,000,000.
 

The increase in the preliminary estimate of US $7,168,000
• attributable to additional fuel storage, additional fire 
proection, changing the turbine building to a wholly structural 

.-el , 'iJ.lding increa:3ing the warehouse and garage - .-ilitie,
Increased allowance, for spare parts and adjustments to the in
direct costs.
 

The total estimated foreign exchange cost of US $136,000,000
 
set forth above does not include our contract with Gilbert
 
Associates which presently provide for an expenditure of
T JS $4,600,000. Therefore our total foreign exchange requirementfor the Ismailia Thermal Power Plant Project is US $140,600,000. 

Grant Agreement No. 263-12-220-009 between USAID and the
 
ARE executed on May 30, 1976 provides for a maximum of
 
US $99,000,000. In view of the presently estimated foreign ex
change requirement for the project, it is requested that the Grant 
Agreement be amended to provide for an amount not to exceed 
US $141,000,000 or an increase in the Grant.of US $42,000,000. 
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EGYPTIAN ELECTRICITY AUTHORITY 
NASR CITY, ABBASSIA, CAIRO, EGYPT. 

X : 2097 IUWER U.N.I .Lr(;IAKt: LIT.ECrXOCUIP IL 

(2)
 

As you are aware the Sanderson & Porter Feasibility Report 
was the basis for the USAID extending the present grant of 

US $99,000,000. At'the time the Sanderson & Porter report was
 

prepared it was anticipated that the erection of the equipment
 

and the civil works would be performed essentially by Egyptian 
contractors. Conditions today are markedly different to the 
extent that the capable Egyptian contractors are overloaded with
 
work and are unable to complete their present projects in accor
dance with their schedules.
 

It is critical to our system requirements that the Ismailia
 
Thermal Power Plant be completed on schedule to meet our system
 
demands in 1981 and 1982. Therefore, it is anticipated that this
 
Project would be executed by a large US contractor and while he 
would make maximum use of Egyptian labor and subcontractors he
 
would also provide enough expatriate supervision at the working
 
3.cvul and proper construction equipment to complete the project 
on achedule. While this approach has not materially changed the 
otal estimated cost of the Project from that which was set forth
 

thr Sanderson & Porter report it has resulted in an increase 
n the foreign exchange requirements and a decrease in the Egyotian 

.a 

Dound requirements.
 

In attempting to locate another source for the additional 
foreign exchange requirements we have had some contact with the 
World Bank and the various Arab Funds. However, as you are aware, 
obLaining a commitment from any of these funds would entail a 
considerable amount of time for their appraisal review and deci-.
 

sion resulting in delay to the Project and an increase in Project
 
cost through escalation. As stated above our system requirements 
are critical and this additional generating capacity is badly 
needed at the presently scheduled project completion date. Our 
present schedule requires our Consultants to issue the IFB by 
.)(.tober 1, 1977 and a decision in this matter is required prior 
to this date to permit the IFB to be issued.
 

In view of the foregoing your favorable consideration and
 
early approval of our request for an amendment to the Grant
 
Agreement to provide an additional US $42,000,000 for this Project
 
wl be greatly appreciated.
 

Very truly yours, 

(Eag, Kama.. . 

Depuor<'chairman. 



DRAFT ANNEX B
 

Grant Amendment Authorization
 

Country: Arab Republic of Egypt
 

Name of Project: Ismailia Thermal Power Plant - Amendment
 

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.
 

Grant No. 263-12-220-009 to the Arab Republic of Egypt (the "Cooperating
 

Country") increasing the amount of such Grant by Forty-Two Million United
 

States Dollars ($42,000,000) from Ninety-Nine Million United States Dollars
 

($99,000,000) to not to exceed One Hundred Forty-One Million United States
 

Dollars ($141,000,000) to be made available to the Egyptian Electric Power
 

Authority to assist in financing the foreign exchange costs of a 300 MW
 

thermal power plant near the city of Ismailia.
 

Prior to the first disbursement of funds under the Grant for any purpose
 

other than to finance the services of the consulting engineer, or to the
 

issuance of commitment documents with respect thereto, the Cooperating 

Country shall, except as A.I.D. may otherwise agree in writing, furnish 

to A.I.D. in form and substance satisfactory to A.I.D., in addition to
 

othr:r materials already required under the Grant Agreement for this pur

pose, a plan developed in consultation with and approved by the Suez
 

Canal Authority for conducting dredging and spoil discharge operations
 

along the western shore of the Great Bitter Lake in a manner t t does
 

not unduly interfere with the effective implementation of the Project.
 



All other provisions of the Grant Authorization approved on May 28, 1976,
 

remain unchanged.
 

Administrator
 

Date
 



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
 

the International Development in Egypt, having taken into account,
 

among other things, the maintenance and utilization of projects in
 

Fgypt previously financed or assisted by the United States and
 

technical assistance and training planned under this Project, do
 

hereby certify that in my judgment Egypt has bcth the financial
 

capability and human resources capability effectively to maintain
 

and utilize the capital assistance to be provided for the construct

ion of a 300 MW steam power plant near the city of Ismailia.
 

Dotaid S. Brown 

24,477 
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I., 

6C(2) - PROJECT CIHCLIST 	 a 
Listed below are, first, statutory criteria applicable genevlly to projects wi6l. FAA funds,,,and 
then project criteria applicable to individual fund sourctss. Dovelopb.ent Assii tiice (with a sub-. 
category for criteria applicable only to loans)h and Se~urity Supporting Assisza.ce funds.. 

CROSS REFEREtaCES: IS COUNTRY CHECKLIST UP TO DATE?. JD9ITIF.Y. HAS STANDARD ITEhi CH.CKLzSr BEEI" 
REVIEWED FOR THIS PROJECT?
 

A. i. PAL CRITERIA FOR PROJECT. 

.p._lhinuwbered; 	 FAA Sec. 653(b) 

) -:.cribe how Comittees on Appropria. 
,
i.. ,fSenate and House have been or 
,I ;;.: notified concerning the project; 
,,.i ssistance within (Operational

II..get) country or international 

. i.ition allocation reported to 


.... I..: (or not more than $1million 
r toiat figure plus 10%)? 

ec. 611(a)(1). Prior to obligation 
II. ".oes of0$TO ,00will there be (a) been cnpleted. 
..0 i.eering, financial, and other plans
 
.. ,..sary to carry out the assistance and
 
(I.I. reasonably firm estimate of the 

L to the U.S. of the assistance? 

i. ec. 611(a)(2. Iffurther legis-
I...,.L 	action isrequired withiq,recipient 


.:,try, what isbasis for reasonable 

o..tation that such action will be 
p,
lated intime to permit orderly
 

it,.cpl shment of purpose of the assis-


. FA Sec. 611(b); App. Sec. 101. Iffor 

water"or wator-related land resource 
Zolistruction, has project met the stan-
dirds and criteria as per Memorandum of
 
tliw President dated Sept. 5, 1973 
(rplaces Memorandun of May 15, 1962; 

S.: ed. Register, Vol 38, No. 174, Part 
1i, Sept. 10, 1973)?
 

, ASc,. 611(e). If project is capital
T;1.stiiFe., construction), and all 

U.. assistance for itwill exceed 
1iimillion, has Mission Director certified 

tl.,a uuntry's cdpability effectively to 
6..i,.,ain and utilize the project? 

.( 


ie
 

An !'Advice of"Program Change" has been pr

pared for transmittal to the apropriate

ommittees of-Congress. Obligations under 
this amendment will not take place prior to 
15 days afterthe date of delivery of this
1otiftio.the datende ligatyo is
 
notifiction. PIhe intended obligation is
 
within the level of funds appropriated foc
 
Egypt for FY 1977. 

The necessary planning and costl estimates have 

. 

io further legislative action is required 
to ipleTent the program other than on
firration action pertaining to the signed

amendment to the loan agreement. 

:," t 

Not applicable. The project is not for water 

or water-related land resource constructi'fl. 

The Mission.Director has so certified. Se" 
Annex 0
 

.
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A. 

6. 	 FAA Sec. 209. 619. Is project susceptible. The project is not susceptible of exeowition 
o?-execution as part of regional ortllOti- "as pert of a regional or multilateral proj
lateral project? If so why Is project not 

P# 	 a r1ly. YJcePexrdftso executed? Inforation and conclusion , eCt. Egyt
"whether assistance will encourage '; " O mtly. . 

regional development programs. If ' " 
assistance Is for newly independent
 
country, is it furnished through m1311.
lateral orgunizations or plans to the
 
mximutts extent appropriate? 

7. 	FAA Sec. 601(a); (and Sec. 201(f) for The mwinerint will, together with the 
developent" loans). Information and original (rant, increase the flcw of inter
conclusions whether project will encourage 
e forts of the country to: (a)increase national trade and inprove tpehucal effi
t..,flow of international trade; (b)los- ciency of industry, agriculture and on-
t,.r private initiative and competition; merce. Se pages 3-12 of the original 
(c) encoirage development and use of pX'ject Paper and pages 1-2 of this Project
curbjratives. credit unions, and savings 

"
 
aznd loan associations; (d)discourage Pa er.
 
,suuplistic practices; (e)improve ......
 
techn ical efficiency of industry. agri
culture and commerce; and (f) strengthen 
frce 	labor unions. 

8. 	 FAA 'c. 601(b). Information and con- The great majority of funds expended will bE 
c/l.u o n how pro.ject will encourage gr:. gxs and services frion private U.S; cor 
U.S. 	private trade and investment abroad 
aid encourage private U.S. participation
 
it, foreign assistance programs (including
 
ue of private trade channels and the
 
services of U.S. private enterprise). 	 '
 

9. FAASLc. 612(b) Sec. 636(h). Describe Tie agreerent Wil. 20 prOVIde.
 
teps taken to assure that, to the
 

maximum extent possible, the country is
 
cnitributing local currencies tofmet
 
the cost of contractual and other
 
servLes, and foreign currencies owned
 
by th. U.S. are utilized to meet the cost
 
of contractual and other services. *
 

10. 	 FA sac.612(d). Does the U.S. own excess Yes, but all local currency requirements to 
Iurelgn currency and, if so. what arrange. be financed under the project will be pto
mnts have been made for its release? vided by GOE and not by USG. 

B. 	 FRJUDIrNG CRITERIA FOR PROJECT 

1. 	_o.veloptment Assistance Project Criteria 

j. FAA Sec. 102(c)i Sec. 111; Sec. 281a. N applicable"
 
fAtent to which activity will (a) effec
tively involve the poor in development,
 
by extending access to economy at local
 
1,rvel, increasin, labor-intensive pro
du.tion, spreading investment out from
 
cities to small towns and rural areas;
 
ajid (b)help develop cooperatives,
 
e!.pecially by technical assistance, to
 
a-sist ,iral and urban poor to help
 
ttimsel ..s toward better life, and other
wise encourage democratic private and
 
local governmental ilhstitutions?
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h. FAA Sec. 103, 103A. 104% 105, 106,

107. s 'I's-cebeing made available: 
ElTclude only applicable paragraph -
e.g.,a, b, etc. --which corresponds to
 
source of funds used. Ifmore than one
 
fund source isused for project, include
 
relevant paragraph for each fund source.]
 

(1)[103] for agriculture, rural develop
ment or nutrition; ifso, extent to
 
which activity isspecifically

designed to increase productivity
 
and income of rural poor; [103A)
 
iffor agricultural research, is
 
full account taken of needs of small
 
farmers;
 

(2)[104) for population planning or
 
health; ifso, extent to which
 
activity extends low-cost, integrated

delivery systems to provide health
 
and family planning services,
 
especially to rural areas and poor;
 

(3)[105) for education, public admin
istration, or human resources
 
development; ifso, extent to which
 
activity strengthens nonformal
 
education, makes formal education
 
more relevant, especially for rural
 
families and urban poor, or
 
strengthens management capability

of institutions enabling the poor to
 
participate indevelopment;
 

(4)[106] for technical assistance,
 
energy, research, reconstruction,
 
and selected devrlopment problems;
 
ifso, extent activity is:
 

(a)technical cooperation and develop
ment, especially with U.S. private

and voluntary, or regional and inter
national development, organizations;
 

(b)to help alleviate energy problem;
 

(c)research into, and evaluation of,
 
economic development processes and
 
techniques;
 

(d)reconstruction after natural or
 
manmade disaster;
 

(e)for special development problem,

and to enable proper utilization of
 
earlier U.S. infrastructure, etc.,
 
assistance;
 

(f)for programs of urban development,
 
especially small labor-intensive
 
enterprises, marketing systems, and
 
financial or other institutions to
 
help urban poor participate in
 
economic and social development.
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(5) [107] by grants for coordinated 
private effort to develop and 
disseminate intermediate technologies 
appropriate for developing countries. 

c. FAA Sec. 10(ah)Sec, 208(e). Isthe 
recipi'l*,t country wil-ig to contribute 
tunds to the project, and inwhat manner 
has or will it provide assurances that it 
will provide at least 25 of the Costs of 
the program, project, or activity with 
ru*),3ct to which the assistance isto be 
r Iio!ILhd (or has the latter cost-sharing 

iuLretIInt been waived for a "relatively 
..L.dLvuloped" country).? 

," ',. c ll0(b). Will grant capital..,7-.-5'e"dls~rsed for project over ,, ' 

... 
1i 3 years? Ifso, has Justifi
tisfactory to Congress been made, 

.ti for other financing? 

'1.. 

, 

i t Sec. 207- Sec. 113. Extent to 
,,,, ]'istance reTects appropriate

'on; (1) encouraging developm'ent 
, o. .ratic, economic, political, and 

*... institutions; (2)self-help in 
Ste country's tood needs; (3) 

, 11igavailability of trained worker
ii, the country; (4) programs 

,1 , i to meet the country's health 
t5) other important areas of 

. i.., political, dnd social devylop
.i, iicludlng industry; free labdr 

cooperatives, and Voluntary 
.... :,; transportation and conrvunica

.lanniog and public administration;
,1 .1 .QJvelopiient, and modernization of 
! ti 9* I Ww; or (6) integrating women 
.. , Hie recipient country's national 

. * 

f. FAA Sec. 281(b). Describe extent to 
111,i VIroQram recognizes the particular
nvv* ., desires, and capacities of the 
I)..,;u of the country; utilizs the 

try'l intellectual resources to 
.r.,o' institutionil development; 

,,,,Lupp3rts civic educat"-in and training 
.i lls required for effective partici
,ii in Uoverniiiental and pal itical 

,, ,.ei essential to self-government. 

.(
 



DD1
AIOIIANDBOOK 3, APP'6C * hMLloveabr 3:1 	 0,1976 6C(2). 

g. FAA Sec. 201(b)12)-141 and -81 sec.20160a _Sec', 2-1-(a)'l)-(3) and -M8. Does1 
the activity gi~ve reasonckble promis of" 

contributing to the development: of
 
economic resources, or to the increase of
 
productive c.apacities and self-sustaining
 
economic growth; or of educational or
 
other institutions directed toward .social 
progress? Is it related to and consis
tent with other development activities, 
.idwill itcontribute to realizable
 
oag-range obiectives? And does project
 

, 	eper provide inforitkitton and conclusion 
,	an .ctivity's economic and technical
 
idi 'ss?
 

, i] Sec. 201(b),(6); Sec. 211(a)(5). 6)
 

i. tion and conclusion ol possible
 
S:, of the assistance on U.S. economy,
 

.,ecial reference to areas of sub-

Al labor surplus, and extent to
 

, i U.S. colnnodities and assistance 
irnished in a ounner consistent with 

, )viig or safeguarding the U.S. balance. 
jyments position. 

lo;wuent Assistance Project Criteria
 

,,1 iosonly) 


* FAA Sec. 201(b)(I). Information 
c-onclusion avaYTabilityof financ

it.from other free-wurld sources, 
i... uding private sources within U.S. 

. AA Sec. 20(b)() 201(). Infor
i ol and coiclusioon ) capacity of 
Iiicountry to repay the loan, including 
e-.ondbleness of repuyment prospects,
 

(,"% (2) reasonableness and legality
 
funder laws of country and U.S.) of
 
lending and relendig terms of the loan.
 

k. FAA Sec. 201(e). If loan is not
 
,.du pursuant to a multilateral plan,
 
idthe anuunt of the loan exceeds
 

.. 0,UO, has country subnitted to AID
 
n (pplication for such funds together

,ith a:;suraxres to indicate that funds
 
,ill he used 'in an econiomically and
 
.echni,;ally sound manner?
 

i. FAA Sec. 201(f). Does project paper 
h'!scre how project will promote the 
.unt , 's economic develoirient taking
 
oitu ,.count the country's human and
 
iteri..l resources requirements and
 
..lt, ,ship between ultimate objectives 

v t. project and(overall economic 
I.. 

Not applicable, 

.
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e. FAA Sec. 202(a). Total amount of 
money under loan which is going directly
 
to private enterprise. is going to
 
intermediate credit Institutions or
 
other borrowers for use by private
 
enterprise, is being used to finance
 
imports from private sources, or is
 
otherwise being used to finance procure.
 
ments from private sources?
 

f. FAA Sec. 620(d). If assistance is
 
for any productive enterprise which will
 
compete in the U.S. with U.S. enterprise,
 
is there an agreement by the recipient
 
country to prevent export to the U.S. of
 
i-ire than 20% of the enterprise's annual
 
'roductionduring the life of the loan?
 

3. 	P'rojoct Criteria Solely for Security ' ' i_ 

...... Asstnceibuting t the rec strucin re-

FAA :ec.sut.,,tprmoeeconomic531. or political ~ timncities,of tbe. Suesz 4.0,.JHow will this assistance .1i 1 izirastrcw Canial _elw c 

stabileLy? 
 eins as n erir o.ty 
. the 1,4. Additional Criteria for Alliance for -gwdrIij- erio.. ,r -tte

(Note: Alliance for Progress projects NOV.

Nshiold 	add the following two items to a 


project checklist.]
 

a. FAA Sec. 2Slb)(I), -(8. Does
 
assiance take into account principles
 
bf the Act of Bogota and the Cavrter of
 
Punto del Este; and to what extint will
 
the activity contribute to the economic
 
or political integration of Latin
'Ameritca? 

b. FAA Sec. 25l(b)(8); 251(h). For
 
loats, has there been taken Into account
 
the effort made by recipient nation to
 
repatriate capital invested in other
 
countries by their own citizens? Is
 
loan consistent with the findings and
 
recommendations of the Inter-American
 
Committee for the Alliance for Progress
 
(now "CEPCIES," the Permanent Executive
 
Committee of the OAS) in its annual
 
review of national development activities?
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6C(3) - STANDARD ITEM CHECKLIST 

Listed below are statutory items which normally will be covered routinely in those provisions of an
 
assistance agreement dealing with its implement.ation, or covered in the agreement by exclusion (as
 
where certain uses of funds are permitted, but other uses not);
 

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

A. ,ocureinent 

i. 	 .', Sec. 602. Are there arrangements to 
.,it '.small business to participate 
* I.itar.ly in the furnishing of goods and
 

S'ic&: financed? 

I ,,.604a)*. Will all commodity 

; r n-nanced be from the U.S.
1i,ent 

, .,.i ..otherwise determined by the
s 

s'i ...	 t or under delegation from him? 

S 604(d). If the cooperating 
,,Lydiscrimi nates against U.S. 

i ia insurance companies, will agree
* ..,., require that marine insurance be 
. ..din the U.S. on commodities 
ii 	 .(ced? 

- 'Sec. 604(e). Ifoffshore procure-
of agricultural commodity or 

j.,,..ct Isto be financed, is there 
I,,, ision against such procureenit when 
Li. Joiwestlc price of such commodity is 
1. . than parity? " 

1!:. Sec. 608(a). Will U.S. Government 
A persona property be utilized.d.S 

i.ra'ever practicable in lieu of the 
,,rucurement of new Items?
 

6. I1,A Sec. 901(b). (a) Compliance with 
.,Lquiremient that at least 50 per centum 

* 	 .,Ithe gross tonnage of commodities
 
(computed separately for dry bulk
 

*. 	 ..irriers, dry cargo li:iers, and tankers)
 
financed shall be transported on privately
 
uafeid U.S.-flag coninercial vessels to the 
vI)tUit that such vessels are available
 
jL fair and reasonable rates.
 

i. 	 tikA Sec. 621. If technlcal assistance 
ifninc-- , will such assistance be fur-

iished to the fullest extent practicable 
.,: gc.o-s and professionial and other 
ei'viz. on a-s from private enterprise 

coitra, t basis? If the facilities of 
oti;e" federal agencies will be utilized, 

a 

Procurement of goods and services will be 
pursuant to established A,ID. regulations, 

Yes.
 

Yes.
 

There will be no such procurarent. 

Consideration will be given to the use of 
exoess'property when practical. 

,, 

Yes.
 
* 

TL-dhniclU asgistance, to the greatest xt.e ,t 
practical, will be from privatepnterprise 

on 	a contract basis. 

14A 

1 
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AY .	 ; 

are 	they particularly suitable, not
 
competitive 4ith private enterprise,
 
and made available without undue inter
ference with domestic programs? ;
 

B. International Air Transport. Fair
 
Competitive Practices Act. 1974
 

Ifair transportation of persons or Yes 
property isfinanced 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 Sec. 60Ud). Ifa capital (e.g.. Yes
 
ronstructon} project, are engineering
 
,ind professional services of U.S. firms K ".Y
 
,nd tt..ir affiliates to be used to the
 
mi.SKILT extent ccnsistent with the
 
n tioril interest?
 

2. Ft, S,=. 611(c). Ifcontracts for Xes
 
cu.wtucton are to be financed, will
 
t . LC let on a competitive basis to
 
Nu.in.,in extent practicable?
 

3. 	 FAA Sec. 620Lq. iffor construction "temp4te uZoer'
 
of productive enterprise, will aggregate "" t '.e
value of assistance to be furnished by e Or a9ui egtof at.
 

w f:tL 	 4!r 1the U.S. not exceed $100 million? 	 c1)f' Ul f 00 


C. 	Otner Riestrictions ..Ol aproal-of'tueress 

1. FAA Sec. 201(d). Ifdevelopment loan,
 
is interest rate at least 2%per annum - m a LJT
 
duing grace period and at least 3%per
 
aiu.an thereafter? W
 

:s established Not apicable.
2. 	 FAk Sec. 301 (d. Iffund 

ioleTy by U. . contributicns and adminis
tered by an international organization,
 
does Comptroller General have audit
 
rights? 

3. FAA Sec. 620(h). 	 grfmn mjem tw~ll so stipW.LAite-@Do arrangements 	 act 

pre7lude promoting or assisting the
 

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

mtted to be usa, , iswithoutfinancingwaiver,not per-flir
4. FAA Sec. 6(1). 	 " proe.'" b ' 

purchase, long-term lease, or exchange
 
of motor vehicle manufactured outside
 
the U.S. or guaranty gf iuch transaction?
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5. ..ill arrangements preclude use of
 
I inancing:
 

FAA Sec. 114. to pay for performance Yes.
 
,.f allrtronhs or to motivate or coerce
 
earsons to practice abortions?
 

u. FAA Sec. 620W(9. to compensate Yes.
 
ownerifor xpoprited nationalized
 
property?
 

. FAA See 66). to finance police Yes.
 
Lrani-n-i 'I*Sot.. law enforcement
 
IS! Istanc. , for ndrcotics
am ptpr .,,ira:l.. 

i. ,,..,. .,,'. fo, CIA activities? Yes. 

. I0'1 t.,pay pensions, etc., Yesi 

. .. to,pay U.N. assess- Yes, 

All: Iht*. to carry out provi- Yes, 
•,w. ; ,, .. ',,ns 209(d) and 251(h)?
 
I Lit, I ,,,iltilateral organization
 

,,. ,1. to be used for Yes.
 
$-ul It . r Irul-i.,anda purposes
 

t.ii i iuL .;Lhorized by Congress? 

Off 

.L4
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SECTION 	I
 

SCOPE OF WORK TO BE PERFORMED BY GILBERT
 

3.0 Clbhort will engineering andprovide enijncerinn, administration 

:1i 	 .
t'd~ilii.i'1.i i,,i Wiilil.rll'l tI,ii'iv ii L 11iiIUJIJJiL urlIglgA 'ur tho I'rojec 

M; INlul 	 . wi I1 Ctifiril tl,i iiil'vIrnfit n r quul i iriod i,rnont l who will 

cowplt:unL thu cLpLbili tieo of M.EA by providing aooistance and 

advice 	au deicribed In this Section 3. 

3.1 	 Prelilainary 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
 

parameters, contract and contract admini.trat"* n plans and
 

requirements, su.hedular requirements, and cost estimates for
 

the Project.
 

3.1.P 	Gilbert will review reports made available by EFA covering 

the archeological, geotechnical, ecol og.ical, hydrologioal, 

meteorological, and Agronomy conditJ.l n t-htit *ixJst AthQ Pitt, 

In the 	event that the Information is considered to I'e insuffi

cient to adequately evaluate the environmental aspects of the
 

design specificR.+ions to enable the prospective contractors to
 

prepare their e: imates in a competitive nanner, or to satisfy
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the applicable AID environmcntal requirements, Gilbert will
 

develop 	a program of further investigation to provide the
 

missinl: 	 informution. The cost of developirg such a program 

o' site 	investigation and of supervising any related field
 

work in not included in the original er;Llmute and the original 

eosiL t:istJm i L , 'lxuxI ree tthiLl bu adjuttod i.-'cordingly. 

3.; 	 Development or Technical specifications for the Project.
 

Based on information contained in the preliminary Project report,
 

Gilburt will -levelop teclJcal upecificntionu including equipment
 

performance requirements, for the design and installation of the
 

Project.
 

3.3 	 Pre-qualification of bidders and preparation of Invitation for Bidders
 

(IFB).
 

3.3.1 	During the preparation of IFB, Gilbert will conduct the
 

pre-qualification of interested bidders in accordance with
 

atablishei AID pn ideltnes and the winhaft of IMA,
 

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 ra .,irements for
 

in:otallation and start-up. Gilbert will prepare the IFB in
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accordance with standard U.S. engineering practices, codes
 

unI tritandurdo i,,'I wi th allli blt! ATD requi reinento for 

gtiesltd Jild proct rine:nL. Ejuilnnnnl,, neryices, and construct-

Ion requiremento wlll be 'ully and cleurly defined. The IFi 

will also specify design drawings and documentation which the
 

dclgn/conntructor and/or equipment vendor must protide in
 

order to how conpliance wILh design upecifications and 

eitlI j unt; ruqui i-tlvlL' .perforinntlu nu 

3.11 	 neylvw or Prcponlitl ant Awaurd or Cnntruioti. 

Gilbert will evaluate the responsiveneos of the bidders to the 

invittLion for hida, tiae reasonableness of the pricen bid, submit 

recommendationn Lnd, If neces.1try, stoniist In negotiating the contrakct 

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

3.11.1 	 Prepare tabulationu, anulyses, and evuluationo of all bids.
 

3.4.2 	Together with the FLA Evaluation Committee 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.
 

[A)A
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3.5 	 Contract Monitoring and Administration (Design Phase)
 

3.5.1 	Gilbert will provide professional services to assist the ERA
 

in reviewing the work of the Contractors for compliance
 

with all specified contract requirements and good engineering
 

practices.
 

fllll,,:a'L 	w!1.1 reviewi 

3.5.1.1 	Systems designs (flow diagram, system design criteria
 

and descriptions, inotrtuierit and control logics, 

electrical diagramn and electrical nyqtem critoria 

and design). 

3.5.1.2 	 ':julin:znit and mu,,teria1 :pecificatione. 

3.5.1.3 	Proposal of only the successful equipment 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.
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3.5.1.6 	General routing of major systems.
 

3.5.1.7 	General outline drawingo of major equipment and
 

structures.
 

3.5.1.8 	 Conotructability.
 

3.5.1.9 	Revlew nd witneus factory inupection and tests.
 

3.5. 2 leLuil icsign:i r,..quired for conntruction and the checking of 

detail design calculations and drawings will be performed by 

the Contractor. 

3.5.3 	The design review objective will be to determine that systems
 

and structures will be capable of' performing their specified
 

function, 	 and that (Ldequate technical specifications and draw

ings exist for obtaining bids on equirmnent and components. 

Gilbert 	will review the adequacy of design and provide an 

administrative check on the Contractor'!:; de:;igr. functions. 

These 	 review function:; will not relieve the Contractor of its 

responsibility for the satisfactory perfor-rance of the plants.
 

3.5-.h 	 Along with the technical surveillance, Gilbert will review 

Contractors' progress and expenditure reports for compliance
 

with forecasts.
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3.6 Contract Monitoring and Administration (Construction and Erection)
 

3.6.1 Gilbert will, as representative of EEA, administer the single
 

responsibility .esign/construct contract and monitor the
 

Contractor's work to verify that all contract work is accomplished
 

in neccordance wiLl, th, p1nnio, apecificaLLin and contract 

ductunctitij. G ]jert will keep the FI.A site representative 

informed of Gilbert's site actions, orders to, and correspond

ence with the Cuntractor. The single rusponsibility contract 

will ,unign to ttie Contractor sole respotjaibility Cor desigh,
 

equipment selection, procurement, manufacturing, a3sembly,
 

shipment, construction/erection and commissioning of the
 

complete plants. During the construction and erection of
 

the Project, Gilbert will assign (Lresident etaff to the
 

Project site. Gilbert's resident staff will be supported
 

by Gilbert's home office as necessary. EEA shall provide
 

officu facilities at the Project nites and Gilbert will:
 

3.6.1.1 Establish lines of communication, reports and liaison
 

among Gilbert, the EEA, and the Contractor. The EMA
 

will carry out all liaison with A.R.E.
 

3.1.2 Act as the EEA's representative and provide engineer

ing moritoring and detailed inspection of the perform

ance of all construction/erection work to verify
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conformance with the plans and specifications;
 

advise FEA on the plans and progress of the Contractor
 

and advise EEA of delays, both actual and anticipated,
 

which may affect the construction of the plant and
 

means, where such exist, to overcome these delays.
 

"1.6.I.3 	iHoview wr, 'k p),nnu, prol .'rri .clivriulco and financial 

uii?]|uiill]~I'il u.tlI',hy .IC' 1 LI'lutog 1iI1lnI' I. (e wai 1tY.o 

and report on uuch achedu)en an necessary. 

3.6.1.I1 	 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 conateuation delays, aefen1ive
 

work, adverse effects on work of others at the site
 

or intolerable exposure to hazards of property or
 

persons.
 

3.6.1.6 	Certify the validity of Contractor's progress payment 

invoice before such invoices are su'Unitted to the EEA 

and upon completion and acceptance of the Project, 

certify the release of final payments. Si 

http:3.6.1.I1
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3.6.1.7 	Interpret contracts, drawings, and speUfications to
 

obtain compliance with the contract documents and
 

timely provision of services, equipment and materials.
 

3.6.1.8 	Review and evailuate field denign changes and revisions
 

and advise EEA of the justification for such changes/
 

revisions and justiflcations of the Contractor's cost
 

proposals for any such chiinges or extra work. After
 

obtaining EEA's approval prepare and issue changes
 

or cxLraI 	 work ordcru au nevceuttry. 

3.6.1.9 	Assist the 1%A In obtaining appropriate agreements 

relative to the provision of utilities and infra

structures. 

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 witV. the requirements
 

and work 	of the Contraotor.
 

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.
 

http:3,6.1.11
http:3.6.1.10
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2.6.1.12 Assist the EEA in performing final inspection and 

testing of facilities and in determining final 

acceptcility of the work. 

3.6.2 The anticipated schedule for assignment of Gilbert's Expatriate 

Fhployees is shcwn in Annex 1. 

I.I 'T'ezI ., 

3.7.1 

Ace.ILIuIce and 'LILrL-ul, 

(;ilbert will anuist the EEA in monitoring and reviewing tests 

and start-up of the facilities, through handing over the units 

to EEA. 

3.7.2 Gilbert peroonnel will review te~it and initial operation 

procedures and recommend acceptance of or changes to them. 

Gilbert will: 

3.7.2.1 Witneau conduct of static checkouts (electrical, 

mechanical, instrumentation) by the Contractor to 

verify that components and systems are ready for 

initial operation. 

3.7.2.2 Provide assistance to ERA 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. 
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3.7.2.3 	Supervise turnover by the Contractor of the com

pleted plant (or unit) to EFA at the completion of
 

atart-up activities.
 

3.7.2.11 	 Review Contractor prepared plant operational
 

manuals in English for adequacy.
 

3.7.2.5 	Witnesr 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 EFA.
 

Training 	Program
 

3.8.1 	Based on EFA's approved staffing pattern and an assessment of
 

availble peroonnel capability, Gilbert will prepare and
 

oversee the implementation of an operating and maintenance
 

training program by performing the following:
 

3.8.1.1 	Evaluate the competency level of personnel proposed
 

by the EFA for training.
 

3.8.1.2 	Ascertain that classroom training in plant theory,
 

operations and maintenance will be p;-ovided along
 

with vendor training which will be provided in
 

accordance with the specifications.
 

http:3.7.2.11
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3.8.1.3 	Ascertain that on-the-Job training during initial
 

operation and shakedown of plant equipment is success

fully completed.
 

3.8.1. 
 Review training materials (visual aids, texts, etc.)
 

to be used during training.
 

3.8.1.5 	Evaluate the competency level of EEA personnel 

after training, and report results to EEA with 

rccononencitti onn for continul ng training effortu. 

3.8.1.0 	 Ameurtidn that facilltlet already available in the 

U.S.A. or A.R.E. are utilized to the extent possible
 

in meeting training requirements.
 

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.
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3.9 	 Spare Parts and Inventory Control
 

3.9.1 	Based on manufacturers' recommendations and Gilbert experience,
 

.Gilbert will prepare and assst in the implementation of a
 

nytil.uii 	 l'or Lht -mloraliv ud Li*uineU fl' spurc i)artj.UUJpply, 	 U 

Gilbert 	will:
 

3.9.1.3 	 Confirm that the Contractor's spare parts list is
 

complete and that a spare parto stock will be provided.
 

3.9.].P 	 Auaiiut I':WA In placing inittil order:) for apiLre parts 

eu required. 

3.9.1.3 	Establinh receipt and disbursement control system
 

for sopa'e 	parts. 

3.9.1.4 	Establish a spare parts reordering system based on
 

minimum/maximum levels. 
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* 1S0 MWOIL FERZD PLANT 
ISMAILIA. ECYFT 

U.S. (wLLARS) CrrFTIAN (LE.) 

DnsCRIPTOe QOANTITY A l ro?4ATERI 1TT AL LABOR .ma 

TtU'BIN'Z CEM.ERATOR & ACCESSORIES 2 IA 18,800,000 620, 19.420.000 187200 187,200 

Tr . - 18.800.000 620,.0o 19.420.000 187.200 187.200 

STAM CtNERAOR & ACCESSOIT S 2 ILA 16040,000 2,0400 16,000,000 - 619,800 619,800 

TOTAL -- . .40.000 2.040.030 16.080.000 619,800 619,800 

DRAFT SYSTVS 

DRAFT ZqUIr*= I LOT -,465,000 56,000 1.521,000 16.900 16,900 
AntJCAS DUCTS I LOT 780,000 20600 9862400 62400 

TOTAL 2,245,000 262,000 2,507,000 79,300 79,300 

CONDMESD & AUX.ITARI 
CONWDER 2 %A 1.460.000 108.000 1,568.000 o- 32.800 32,800 

'U3QS I LOT 394.000 8.000 402,000 -- 2.600 2,600 
TA.K 2 .A 4, O 46,OO 186O 13.800 13800 

TOTAL 1,994.000 162.000 2.156,000 49.200 49.200 

FEEDWAT.R SYSTIM 

PUMPS6 LA 540.000 20.000 560.000 -- 6,000 6,000 
HEATERS & DEAflAT0R I LOT 932,000 14,000 946.000 4.400 4.400 

TOTAL 1,472,000 34.000 1.506.000 -- 10.400 10,400 

CIRCULATINC WATER SYSTEM 

Putm5 18 IA 1.407.000 24.00- 1.431.000 7.500 7.oo 
COOLERS 4 EA 360,000 2,000 362,000 g-800 800 
TRAVELINC scREm WUT f I LOT 298,000 18000 3160 - .500 5.500 

TOTAL 2,065,000 4,000 2.109,00c - 13,800 13,800 

FUEL OIL SYSTEM 

PUIPS 18 EA 121.000 6,000 127.000 -- 1.600 1.600 
TA.IS 5 EA i,'30,000 2s0.000 1.880.000 -- 75,400 7S.400 

AUXILIARY l,&0tJRE-l1LER I LOT __5)A9o000 20600 6..00,50086,5 

TOTAL -. 2,408,000 276,000 2,684,000 -- 3.500 83,300 
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2 - ISO MWOM FEO PLANT 
ISHAMIA. EGYPT 

U.S. (00LLS) EGYrTrAN (LIK) 

DESCRIPTIN QUA.-r ITY 1ATR IAL LABOR TOTAL - 7AL 

zQutmF,..r o,r*D) 

MISCEtLSE0OLS EQUQII¢M 

CRA]S/1ODISTS 
CCKISSORS 

I LOT 
4 EA 

340.000 
82,000 

12.000 
4.000 

352.000 
86,000 

--

--
3,900 3.900 

I 600 

TOTAL -- 422,000 16.000 438.000 SSO0 3,500 

WATER TR AT) /r SYSTI4 

UATER TREATl.1fT LEQ3I30Il 
FrRE/S13MP PtW5l 

I LOT 
43 EA 

1.057,000 
86.000 

70,000 
8.000 

1,127,000 
94, 

2 

*- 21,300 
2,30 

21,300 
2.300 

TOT 1,143,000 78,000 1.221,000 23,600 23,600 

SERVICE EQUI)-MP( 

VEHICLESITRACTO/CGCTIVE 
MCHI.I. sIIO? 
I"S'OL'"-\T S!1oP 
C10:IICAL LASORAORY 
SAMP.INC LABMRATORY 
SERVICE BUILDIC OFICE EQrIPRE 

I LOT 
I LOT 
I LOT 
I LOT 
I LOT 
I LOT 

952.000 
550,000 
70,000 

100,000 
40,.00 
100000 

-
** 

--
--

--

952.000 
550,000 
70,000 

100.00 
40,000 

** 
--

--

--
--

1.900 
6,400 
1,000 
1.600 
1,000 
1.6 

1,90o 
6,400 
1,000 
1,600 
1,000 
1.6 

TOTAL 1,812,000 1,812,000 13,500 13,500 

TOTAL ?ZCHANICAL 48,401.000 3.532,000 51,933,000 1,085,800 1,085,800 

PIPTMC (LARCE & S!Au) 

MAIM, EXTRACTION, AUX1LIA~RY STEAM 
CONOENSATE, FE'-.ATEI, VENTS & 19CAIS 

AMX. COOLINC, VACUU'.& WATER TREAT.rNT 

GTHER SYSTeMS
HO1T& COLD RCII T 

. 
--

-
--

498,000 
7A2.000 
248.000 
894,000

•000 

146,000 
262.000 
142,000 
&44,00 

.. 78.. 

644.000 
1,004,000 

390.000 
1,33,000 
45800 

-
--
--
-. 

76.200 
136.000 
73,600 
230,400 
AO40O0 

76,200 
136.000 
73,600 

230.400 
40,800 

TOTAL PIpihc 2,762,000 1.072,000 3,834,000 -57,000 557.000 
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CAPIAL CMT 

2 - 150 MI OIL FIRZD FLAXT 

ISNLA. ECYf 

____U. S. XAM (1M) 

DESCRIPTIIN AT IT'Y MMAL L M.AL LAL LABOR TOTAL 

CIVIL 

S rTrOl. I LOT 117.00 24..000 371,000 382, 196 .0 45.sSOO 

TOTAL -- 117.000 254.000 371.000 382900 162,600 543,500 

TURBINI BUILDING 

BLDG.. P0UwIrTION* & FILING 
BLDG.. CO ITZ VALLS 
TLRBINE GENERATOR FOUNWTION & 

PEDESTAL 
STRUCT.AL STEEL 
ARCHITECTLAL & BUILDING SERVICES 

1 LOT 
I LOT 

I LOT 
I LOT 
I LOT 

305,000 
120.000 

726.000 
1.212.000 

302.000 

50.000 
102,000 

150,000 
74.000 
, 

355,000 
222.000 

876.000 
1,286,000 
390.000 

57.400 
126.700 

114.800 
--

218.400 

32.600 
65.900 

96,300 
47,000 
56.300 

90.000 
192.600 

211,100 
47,000 
274.700 

TOTAL -- 2,665.000 464.000 3.129.000 517.300 298,100 815,400 

BOILER AREA 

AREA FOUNDATION & PILING 
STRUCTURAL STEEL 
ARCHITECTURAL 

I LOT 
1 LOT 
I LOT 

117.000 
219,000 
58000 

22,000 
14,000 

00 

139.000 
233.000 
66.00 

16,800 
--

4.900 

14.700 
8,300 
5.800 

31.500 
8,300 

10.700 

TOTAL 394,000 4,,000 438,000 21,700 28,800 50,500 

SERVICE BUILIJIC 

BLDC.. FOUVIWTION, & PILZS 
STRUCTLtRAL STEEL 
ARCHITECTUR.AL 6 BUILDING SERVICES 

I LOT 
I LOT 
I LOT 

231,000 
44.000 
12,000 

290.000 
2.000 
5 

521.000 
46.000 
70,000 

318,50 
--

123.200 

185,000 
1.900 
37.00 

503.500 
1,900 

160.600 

TOTAL 287,000 350,000 637,000 441.700 224;'300 666,000 

WATE TREATMENT BUILDING 

BLDG., FMMUATION, & PILES 
STRUCTURAL STEEL 
ARCHITECTURAL & BUILDING SERVICES 

1 L.0 
I LOT 
I LOT 

67,000 
24.000 

--

142.000 
2.000 

0, 

209,000 
26,000 

200,900 
--

56.000 

91.200 
1,000 

JL100 

292,100 
1.000 

TOTAL.- 91.000 168,000 259.000 256.900 107,900 364.800 

>1A 
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CITRL CST 

150 W OM FlUD FLAP 
WM'MUA. EGYPT 

U.S. (DOUARS) maYPIma (L.) 

cIViL (Co.T'D) 

COX'XTl oN IAREIVIUSI 

BUILDIC FOUNDATIO.N & PtLES 
SrRLtT'UUAL STEEL 
ARCHITECTKAL & BUILD1I4 SUVICES 

TOTAL 

P09IHOUSES & TUVETLS 

CIRC-t'LIV1C WATE 
M".K-UP WATER 

CIRCULATING WATER TLU@SELS 
CIRCULATING WATER DISCHARGE SThRUTCI 

TOM 

OUTWDOR FOU,.DATIONS 

MUELOIL STORAGE TAWl 
LI'.r" OIL TANIS 
FLEL OIL STORAGE AREA DIKES & LINING 
FUEL OIL .aS 
CONDENSATE, ACID & FLTlt VATE 
AUXILIARY B)ILER 

EDRCENCY CETRATION UNITS 
M4LR TPR..SFO't:?RS 

ThRA.'.MRI FIREWLLS 

TOTAL 


OTHERS 

EVAORATION POND 
TURBINE & SERVICE BLDG. ELEVATED 

WALiJWAY 

CATE HOUSE 

GAS REDUCING STATI)N 


TOTAL 

TOTAL CI, 

I LOT 
I LOT 
I LOT 

I LOT 
I LOT 
I LOT 
I LOT 

I LOT 
I LOT 
1 LOT 
I LOT 
I L40T 

1 EA 
2 EA 
7 EA 

I LOT 

I 	 LOT 

I LOT 
I LOT 
I LOT 

. 

93.000 
15,000 

moo 

111.000 

9'.000 
22.000 
74.O00 
330 

221.000 


29.000 
2.000 

23.000 
4.000 
8.000 
1.003 

39.000 
7.000 


16000 

129.000 


2.000 
2.000 

3,000 

42.000 

4,057,000 


102.000 

l.eo 

120.000 

26.000 
8.000 

160.000 
000 8 

210.000 


40.000 
2.000 

36,000 
2.000 

12.000 
2.000 
t.O00 
10,000 

6.o0 

114.000 


4.000 
1&00) 


20,000 

1,7.000 

195.000 
13.000 
21.000 

231,000 

118.000 
30.000 

242.000 
,000 


431.000 

69,000 
4.000 

59.000 
6.000 

20,000 
3.000 

43.000 
17.000 
22 


243.000 


-

2.000 
6,000 
3a000 


62.000 

3,801.000 


M4AW400 

31.300 

179,900 

36.400 
11.900 

153.300 
3,500 


203.100 


49.700 
3.500 

2.800 
16.100 
1,400 
5,600 

14,000 
4.900 

98.000 

3.500 
7,700 

t4 S00 

35,700 

2,139,200 

65.900 214.00 
600 600 

11300 43.O 

79.000 257.90 

16.300 32.700 
4.800 16,700 

107.200 260.300 
5.800 9.300 

134.100 339.200 

23.600 75.00 
1.900 3,400 
.23,.00 23.400 
1.300 4.100 
7.000 	 23,100 

600 2.000 
2.900 9,300 
7,000 21,OC 
3,500 a. 

73,200 171,200 

9.600 9.600 

600 4.100 
2,600 10,300 

10.00 35. 

23,400 39,100 

t,L30,400 3,26,600 



-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 
-- 
-- 

-- 

-- 

-- 

DISCRIPT TOX 

ELECTR ICAL 

GAS T"RBINES 

TAXSFORPJS 

SIWITCHCAR (6.3 XV) 

UNIT SUBSTATIOi (400 V) 

?DTOR CO.TROL CENTE (400 V) 

BUS DUCT 
CABLE, CO.!IIT, TRAY & COMfICTIONS 
CROUNDI.G. CATHODIC & LIrITWT1, 

P'ROTECT IO.* 
L IGHT I',C 
CC!: 1NICAT 0s's 
DIRCCT CURRENT SYSTEM 

INSTRMurs & CONTROLS 

MISCELLAN'EOUS 


TOTAL ELEC ICAL 


S3JTTCHYAR D 

RIGID BUS 

DISCONNECT SWITCHES 

CIRCUIT 8AkL&S 

LIc.rrI.'G ARRSTORS 

COtVIr*F. CAPACITOR PO'TE IAL VC 
WAVE TRAPS 
CONDUI T 

CABLE - PWtR & CONTROL 

FOL'ATI0 'S 

STRUCTVtAL STEEL 
INSULATORS 

OVtRUIEAD & STATIC CABLE 

cRovt)r .Ir. 
MISCELL/"O US STATION SERVICE 
DIRECr C!"RRE.T SYSTEM 
ISTNR'.4EN.TS & CONTROLS 
IIARUtA4AF, LTCIITNINC. & SECURITY 
CO%.TRC'. IIUIl.Dlhr. 

TOTAL SVITCHYARD 

Tl E 9o4 


cATITrL COST 

2 - 150 XW OIL FED RANT 
ISMAZLIA,. EYr 

U.S. (U.tARS1 

QJA. ITAT'ER IAL . LAiR 

2 EA 3.eOO.oo0 60.000 

10 .A 2.528.000 58,000 

3 LOTS 894,000 26.000 
8 EA 362,000 16,000 


10 LOTS 108.000 8.000 
1 LOT 489,000 134,000 
I LOT 1.940,000 752,000 

I LOT 63,000 18.000 
I LOT 174.000 112.000 
I LOT 31.000 18.000 
I LOT 222.000 24.000 
I LOT 2,344,000 280.000 
I LOT 19,00 10,0 

12,994,000 1,516,000 


I LOT 24.000 180.000 
45 .A 206.000 90.000 
12 EA 900,000 134,000 
6 .A 17.000 1.000 

29 A 10.000" 115,000 

8 EA 35,000 2,000 
I LOT 24.000 .4,000 
I LOT 139,000 176,000 
I LOT -- 60.003 
I LOT 600.000 120.000 
I LOT 108.000 12,000 
I LOT 18,000 90,000 
I LCOT 60.000 98,000 
I LOT 8.000 2,000 
I LOT 38,000 2,000 
I lOT 420,000 90.000 
I I.OT 228.000 118,0.0 
I LOt 24.oo * 

2,964,000 1,243,000 

TOrAL 

3,860.000 

2.56.000 

920,000 

378,000 

116.000 

623,000 


2.)12.000 


81.000 

286.000 

49.000 

246,000 


2,624,000

2

9.000 


14,510,000 

204.000 

296,000 


1,034,000 

18.000 

125.000 

37,000 

68.000 

315,000 

60.000 


720.000 

120,000 

106.000 

158.000 

10.000 

40,000 


510,000 

346.000 


38,000 

4,207,000 

MaL 


** 


-0 

-* 


** 

.-

-. 

** 


-0 


-. 
-* 


178,500 


*-


-

18,900 


197,400 
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ZIfYlRM (Li) 

-L. ... .MAL 

16.200 18.200
 
17.400 17.400 
7.800 7.800 
4.400 4,400 
2,600 2.600
 

40.300 40,300 
228.300 228.300
 

5,500 S.S0 
33.500 33,500
 
5,200 5.200
 
7.500 7.S0 

6500 64,500 
3.100 3.100
 

458,300 458,300
 

23,400 23.400 
12,000 12,000 
17,400 17,400 

100 100 
1.600 	 1.600 

300 300 
6.000 6.000 
22.900 22,900 
7.800 186.300
 

15.600 15.600
 
1.600 1,600 

11,700 11,700 
12.700 12.700
 

500 50o 
500 500 

11.700 11.700
 
15.600 	 15,600 

8,300 27,200 

169,700 347,100
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DESCRIPTIOW 

TOrA. Dox CTS 

iNDIRECTS 

SUBCONTRACTORS' OVERAD. FRO0?!, 
SOCIAL I.SURA...... 

SUBTOTAL 

NEC!,ESRING 
.ATERIAL. KANSIMC, STORAZ & 

WKM-UP 
SPARE PARTS 
FRIGHT - TOTAL KATERIAL & SPAXS& 

COItMllAB1.ES 
COSSL'KALES (1 - YEAR OPERASTION) 

SUB TOT AL. 

TRAITNG 

SUT OTAL 

COw7IT Y 

SUBTOTAL 

ESCALATION 

TOTAL ,Romr CAIJ . COST 

TAL.Z 9-1 

QArTAL COS6T 

2 - 150 MWOIL FIRZD FLAM 

U.S. (,,OLLA3)t}T!RML 

rr MATERISAL LABOR 

71.178.000 9,107.000 

... 

4.00.000 

I,400,00 	 --
400000 --

250.000 


....-

86,978.000 	 9,357,000 


10.437,000 2,994.000 

TOTAL 

80.285.000 

80,285.000 

4.014.000 

000,000 

11,400.000 
4 O00 

100,099.000 

250.000 


100.349,000 

15.052.000 

115.401.000 

14310Q 

I128.832.000 


MATERIAL 

2,336.600 

.... 

... 

"--47,300 
..... 

.... 

.. 

*-

.... 

2,803.900 

336.300 

$met 6 of 6 
is" 14, 1977 

(-) I 

Jw TVTAL 

3.401,200 5,737.600 

2,"4,30 	 2t1A.MO 

7,71100 

39,100 

"-47.3m0 

,63,500 

3,000 	 3,000
 

- 8,441,500 

1.29.200 

5,448.500 	 9,937,700 

1,743,500 .. 0.Z 000 

12,017,100 
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~GLOSSARY OF SYMBOLS AND ABREVIATIONS 

gi awatt 
gigawatthour 
kilovolt 
kilowatthour 

GW 
GWil 
kV 
kWh 

1,000,000 
1,000,000 

1,000 
1,000 

kilowatt 
kilowatthours 
volts 
watthoura 

megawatt 
mogawatthour 

MW 
MWII 

1,000 
1,000 

kilowatt 
kilowatthours 

terawatt 
terawatthour 

TW 
TW11 

1012 kilowatt 
1012 kilowatthours 

btu British Thermal Uni,; of heat
 
calorie 
 Metric Thermal Unit of heat

FOR Forced outage rate
 
mazout Approximately No. 5 fuel oil burned
 

in fossil fuel power plants in ARE
 

ARE Arab Republic of Egypt

EEA Egyptian Electricity Authority

GEEC General Egyptian Electricity
 

Corporation (Superceded by EEA)
 
1AEA' International Atomic Energy Agency

1BRD International Bank for Reconstruction
 

and Development

Ni1PA 
 Nuclear Power Plant Authority

UPS Unified Power System

USA 
 United States of America

USATD 
 United States Agency for International
 

Development
 

iO4)WIR IGYPT Cairo and the Delta, Alexandria and Canal Zone
UI'I'R .:GYlyr Area south of Cairo to Aswan
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CiIAPIE"H I 

SHOrr ANGE GENEI4A'rION EXPANSION STUDY (1977-1985)
 

Suimmary and Conclusions
 

A short-range load forecast ard a companion generation
expansion study for the Egyptian Electricity Auithority through
time vear 
1985 were prepared with the aid and cooperttonn of the
EIA engineers of the planning group of the Studies and Research

•Sec tor.
 

The load forecast was arrived at after giving lengthy
consideration to 
the 

foature growth 

various facets of the present and expectedin 
the demands For electric power in Egypt.was theil used to Itdetermine the 
F'ulture 
yearly nmnxinum demand and
energy requiremonts ol" the Unified Power Systenm. Itthit t Lhe power requi was decidedrenents (exclusive
proIhalJv would of large industrial loads)grow at a rate of 10.I1 p,-rcent (load doubling in
Nevel years) ull, t. lrot,li the year

rnte of 

1980 arid then at a reduced9.It percent (load doubling iti slight lyyears ) up tliro vi less than eighttime Year 1985. Ijecauseage.' of' of tlie high percentlarge in'l'strial loads that presentlyeXlp'cttd(I to comprise or arebe added to tire Unif'ied I'ower Systeim, 
such industrialIlosds we#re uimalyztel on a separate basis
comliIlcl with tlhe 
. fie rsults were then
expected growth of the remainderTime loa1d of the loads.growthm predictions tihus obtained were normalizedrefllce aiiv yearly ircon sistencies and 

to 
allowcolm~lm ;1)ti1.t, of 

for any delay inti(Ai largc industrial loads 
which is expected(ain pa:; . }istorv has mndicated) to occur.cE)IfmtlpfJ.9 l CtXpe' t:d 
This provided asyste m lo;ad growtha from I )7 throughof' 1 .1m l)"lcelnt for tme 1985peak power demands and 11.3 percent forth1e ,, i.y rC(llti rem e r11ts .
 

'.lA's .atest geeneration expatision plan
several 
 was reviewed andof the indicated dates of initial operationuniiits of newwere revised because 
it was not believedret;iiiii. to 
that the timewas !m'fficient meet t.ire originally plannedda tes. Art anilysis was made of both 

target
the existin1g gas turbine,steamand lylro yeuera It ,m p.lantis aiid thle new gas turbine(lhoth Fo:;sil r1el and steamand mic ear) piower J)Jants expected to beacdid to the EIA systeM in the u tuLire.
 

I)ue regard was given 
 to the deteriorated conditionlmrje ijmrlper of aof* existin gm thermal uinits and to the usuallyInr.!ar momtnts of outage time that snme has been experienced withof tlhese. 
mlde of 

Outage records were studied and e:stimates were6oth expected future scheduled and unscheduled maintenaticlc requirements. 

ilvdroelectric limitations due 
to
of' lli,Aswalmunits, 
the reduced capability

the unusually lengthy maintenance. itm, outagean LIi limi tation in power transfer capability:neta ility xesLra irt.s due toof the 500 kV High i)amn - Cairo transmission
I ti,,:'were al -to considered. 
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'the sizing and expected dates of commercial operation
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 mW unit of
tho 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
was concluded that additional generating capacity definitely
woitld be needed by the year 198'. and should be scheduled soit can provide firm dependable capacity by time.that Otherwise the EEA cannot adequately and reliably meet the forecastdenagid: for ,l . I, it, lower in an expanding L.yptian economy. 

Therefore it is recommended that E'A consider immediatelythe construction of an additional 2 x 300 NW steam power stationwith the first 300 MW unit to be scheduled for commercial operationuiot later ttan the third quarter of 1933 and a second300 MW unit a few motths later. 

Load Forecast 

L.oad lorecasts with high accuracy are the foundation forefJciernt tisae of" limited capital resources. Accurate forecasts are difficult, however, and the problem is compounded by
the p;a:it and present economic conditions existing 
 in the ArabIP'Nt11 ic of I..g.ypt. As the era of low cost eniergy ends, it
becomes even nore difficult to accurately forecast future 
loads.Ilecat1i(, etectric power use is sensitive to variable over parameters
which nio one has absolute control, forecasting at best

r(.maiii; an edutcated guess no matter how sophisticated theprocedtures used. Additionally, every power system has localcotiditions that significantly influence electric power usagein its service area, arid 
a successful forecasting technique
utilized in one area or country may not necessarily serve

adequat-oJy i. another. 

The E*gyptian Electricity Authority has undertaken manyload forecast studies for tihe determination of the future
ei1ect.ric power demarid of E'gypt until 1985 as well as the generaltriered until the year 2000. Most of the presently employed
methodls of load forecasting (the acctunulative method, the extrapo[Ltion method, the sentiment method, and the correlationhelw,,n the national economy and the energy demand includingthe ,\,ki method) have been extensively studied by the planning
lrv sunine1 of EEA. 

None of these methods has 
for application to 

seemed entirely satisfactory Nthe Unified Power System theand finalmethod chosen as best suited was that of a gradually decreaiinganrtial rate of growth of the power demand and system energy 
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1Iti4la I *nlusit s t, hL' llaj.1 (IIsu year ZU)O(). A Ithgaul .,I uwL hL i tb 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 Lgypt'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
 
tit a cumulative annual growth rate of 1O.t4 percent. Studies
 
undertaken by the planning group of the Studies and Research 
Sector of EEA have shownt that the average rate of growth of 
electrical energy contsumption 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 1O.44/a percent. 
Separate individual studies of the various sectors of the Egyptian 
ecoiiomy (residential, coimmercial, small industrial, agricultural 
etc.) up throuigh the year 1980 have indicatn-l an oxp)ected conti
nuatioa of this 1U.1i percent growth rate. For these reasons, it 

is expected that such a growth rate of 10.4a percent will continue 

up through the year 1980. It is also highly improbable that such 
n rate can be maititained 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 tlian eight years or at an annual cumulative rate of 9.4 
perqeuit.
 

I(catise of the very large power and energy requirements
 
of some pJanned new loads and the projected e.xpansions of
 
exintiny. large high load factor industrial loads, the foi'ecast
 
for such loads has been analyzed separately. 'lhe resulLs were
 
then combinead witlh the expected normal growth rate of the rest
 
olr L.ie sy.4temn to obtain a composite load forecast.
 

Tale i-I is a tabulation of an analysis of the large 
inhisl.rial loads resulting from the planned installation and 
expansion of' large industries up through the year 1985. The 
data listed in the table was ubtained from and verified by 
various sources inclu(ding the Ministries of' Industry and Mineral 
Wealth and of lPetroleum. Although considered complete for the 

five-year plan up through the early 19 8 0's, it is felt that 
other large industrial loads in addition to those listed in the 

teble 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
 

dnta tised in the generation ,xpansion program. 

A tnntative composite P'eak Demand and Energy Forecast on 
a yearly basis for the Unified Power System up through the year 
19115 was compiled. rhe original forecasted peak demands and 
e,,ergy requirements are shown in Table 1-2. Using the above 



T3S1C~t~r%:7:1-1 	 i.4L ~z.1 ..- ;: 

Ft .'7: 7 ' .	 - d : ,nn. n -.6 ' -,7 37z 76 1 	 " t 

Load
 
-" I L inn &',,.tor .*- uW1 Y - ' H
_ -t 	 t 1 , , .:, -1i * . m "- _,HMH .5" G" I. .' il 

nIrz at -d X I1I ;rhbin 1 7-0 04 19, 64 192 0)4 392 6.. 2~ 64 IQ4 -a4 92 6; Y) 2 64 392 1~94 e 412 .5..!' Z,,is. 2 70 -e10 72 '# 2 72 72 2 72;ebbxn ,.1 44) 72 442 72 442 72 442 72 t43 2 4 k1.53 :i ieIwanIo 70 63 387 o3 186 63 )86 61 38t 63 387 63 386 63 386 63 38b 63 367 b) 3f -pong ;ron Alexandria 85 30 224 60 447 60 447 60 447 bO 448 60 ' 5ponge Irnn 5adat City 85 
 20 149 40 29F 40 298 h0 2q8 40 2'Electric Sterl Alexandria 45 
 40 158 70 276 100 394 100 100394 tElectric - tpel Sadat City 41 50 197 150 591 250 986 300 :It 

hemical Prn i-. ° 
1atrite fin Gharib 80 
 20 140 50 
 350 50 350 50 350 50 35htrtiier
Kain A. wan" 80 250 1757 250 1752 250 1752 230 1752 250 1757 250 1752 250 1752 250 1752 250 1757 250 175
P ro-;aIIcon A.,wan(Edfu)* 80 10 70 50 350 50 350 80 5b2 120 
 841 120 841 120 841 120 843 120 64 . reak(eran Ld) Alexandria RO 15 105 15 105 15 105 15 105 15 105 1 1 1n5 15 IcL.au-tic zoda Alexandria 75 20 
 131 20 31 20 111 20 132 20 1)1 20 131 20 131 20 132 20 1:\111N .% Lrea Talkha 80 35 246 55 385 55 385 60 420 75 527 75 526 75 526 75 5P6 75 527 75 5: 
ho~phat. Proi ,.
Mining Lsnal 70 10 61 
 10 61 10 61 10 61 1o 
 61 10 6t 10 61 10 61 10 61 10 E 
Llementi.al Pho - Nag fiammadi 
-h.,le[Concr'e d "4o.4W)3,1 

e
t! I :.AI . : i ne Abu Tartur 80 90 631 90 631 90 631 90 631 90 6" 
rutile., Mcehalla El koubra
( 0 U' iolatej Grteration 
beinz tnit.11.1, Textile Plant) 

ext iil, & Ueavinv 
complex Alexandria 75 30 197 120 788 150 988 150 986 150 986 150 986 150 988 150 911
"liminiu. -meltrr Nag lammadi* 95 
t(E%,ntually 1tt,.oorons) 
 150 1252 220 1831 220 1831 100 24q7 370 3088 400 3329 400 3329 400 3329 400 3338 400 
 332
 

'etrole:m ? Vizw'r% Alexnndria 85 20 149 20 !49 20Pe"troleum 1 4 rincr. Alexandria 85 	 149 20 149 20 149 20 219 20 1420 149 30 223 30 223 30 223 30 224 30 22OItI l'1pelln,. aez b5-80 50 285 130 740 150 854 t50 854 150 854 150 1051 150 1051 150 1051 150 1054 150 105 
Sumedl4Okm 242"Alex.18O.%fter 1980) 

DI I 1Ieline Sie:-Port S.id 
2,t)t" 10OMw Ca nce'lled 

:-mrnt Expansion Iiel. an 80 
 35 2i3 40 281 40 
 280 40 280 40 280 40 281 40 28
 
700.000 	Tons "(Torah)

-ient Plant A..%Iut 80 
 35 245 35 246 35 245 35 245 35 245 35 246 35 24 
YOnO.000 Tons 

-eent IPlant Suez 80 50 351 50 350 50 350 0 350 50 
 351 50 35 
i.000.000 Tons
 
"OTAL LOAD 
 692 4812 894 
6190 984 6781 1264 8817 1514 10698 1794 12774 1924 13448 2054 13960 2154 14387 2204 1455
:oincidence Factor 92% 
 636 --- 822 --- 905 --- 1163 --- 1393 --- 1650 --- 1770 
 --- 1890 --- 1982 --- -0-28 -;encatL±on&Tr ansmi. a on Losses 64 317 82 407 91 442 116 588 139 726 166 
 883 177 890 189 889 198 884 202 ea 
(10% of Peak 
,OTAL GENEHATION 700 5129 qO4 6597 996 7223 
1279 9405 '1532 11424 1816 13657 1947 14338 2079 14849 2180 15271 2230 1543
.ARGLINDUSTRY LOAD FACTOR 
 83.4 83.3 82.8 83.9 84.9 85.8 84.1 81.. 79-7 79. 

411 located in Upper Egypt
 

J 	 0°0 

http:Llementi.al


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 62 63 84 85 
BALANCE OF SYSTEM 

LARGE INDUSTRY 

PEAK DEMAND- MW 

1209 

700 

1909 

1335 

9Uf 

2239 

1474 

9b 

21170 

1627 

126 

2906 

1796 

1532 

3328 

1965 

1816 

378i 

2149 

1947 

4096 

2352 

2079 

4131 

2573 

2180 

4733 

2315 

2230 

5045 

BALANCE OF SYSTEM 
 6.51 7.19 
 7.93 8.76 9.67 10.58 11.57 12.66 13.85 15.15

LAJRGE INDUSTRY 
 5.13 6.6o 7.22 9.41 11.42 13.66 i/.3I4 14.85 15.27 15-43
ENERGY- BILLION kwh 11.64 
 13.79 15.15 18.17 21.09 
 211.24 25.91 27.51 29.12 30.56LOAD FACTOR 69.4-NNUAL
70.3 70.0 71.i 
 72.1 73.2 
 72.2 70.9 29.7 
 69.2
 

NORMALIZED VALUES FOR FINAL PEAK DEA.,D XND ENERGY FURECAST

76 77 70 
 79 dO 
 81 82 
 83 84 
 85
PEAK DEMAND- NW 
 1909 2192 21i70 2678 2924 3192 3578 
 4028 4518 5045
 
ENERGY- BILLION kWh 11.64 
 13.50 15.15 
 16.75 18.52 
 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
 

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

0 
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method of load forecating produced a very 
large rate of growth
for the years 1')76 through 1980 and a suppressed growth rate
for the yearn 1910-198j5. 
 This i- shown in the Energy ForecastCurve shown in Graph 1-1 ini which a decided irregularity?jhoww in tho initial energy 
is 

Load growth curve between the years

19711 an'd 1985.
 

flistorical records of the 
schedule dates for commissioning
new large industrial load., have shown inherent delays due
lags in financing, constructionl, 
to
 

etc. Also since the loadforecast 
for such largo industries is based on i1ormation from
the optimistic five-year plans of the various ministries, it in
felt that there most probably will be a delay in the achievement
dates for such expected toad growth. It was decided therefore
to iorrnalize the initial forecast curve thefor expected energygrowth to produce the final expected energy load forecast. Sucha normalized load growth pattern also is shown in Graph 1-I andtabulated in the bottom half of Table 1-2. 

'rabio 1-3 shows the Projected Growth of Total InstalledEffective Generating Capacity, Maximum Demand and Generated Energy.Th. Percentagos of annual yearly increase of both ma'ximum demand
ail,1 ei.'. are shown as well as the
ry average expected yearlyincr,ns,: from 1976 through 19835. It is noted thaL the averagectmuitlative growtlh rates 1976for throuiqh 19835 are 11.11 percentI'or pteal demand and 11 .3 percent for energ'y requirements, which are .sontnwhat higher than the rategrowth chosen for the rest ofthe existing ystein exclusive of large industrial loads. Graph
I-: shows the lorecaited lPeah l.oading and Generation Expansion

'rogranm from 
 ')77 to 1985 for the UPS. 

lFiially Table I-It ashows comparison of tiree differentload forecast :tudies made for 
the Egyptian Electricity Authority
syntem. Two of these represent the results of recent studies,
whIil e the International Atomi.c Energy Agency annxtetijve a.d comprehen.sive one performed 

Study was 
in 1973. The resultsof .tuch load forecast were obtaine!d by employing the "Aoki"method. Mr. JI.Aoki (developed curves for the relationship betweenGross Electrical Generation Capitaper (kidh/Capita) and the GrossNat iotal Product per Capita ('J../Capita). After studying thisrelatioii.1hip 'or many countries, he arrived at a recommendedtnJ".rial. curve. Such a method was employed in the International
AtomTIc IEnergy Agency Study in 1973 for their market survey for

nltcl ear power for Egypt. 
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TABLE 1-3
 

PROJECTED G2OWtT!f OF TOTAL TNSTALLED EFFECTIV'E GENERATING CAPACITY 

.KAXIYTi. DEY..\,'D .A::D GL..--...- ) LX: .'Y 

Installed aximum Demand Generated energy Annual 
Year effet'v

eneratinS
capaci tya W 

Annual
increase G' I 

Annual
increase load

factorf o 

1970 b 
1971 b 
1972 b 

1091 
1121 
1176 

27 
4.9 

6300 
7300 
7400 

7.4 
1.4 

71.2 
7!.3 
71.6 

1973 
1974 

b 
b 

1248 
1433 

6.1 
14.8 

74OO 
3500 

0 
111.9 

67.6 
67.7 

1975 
1976 

b 
b 2477 

1733 
1909 

20.9 
10.2 

940 0 
116h0 

15.3 
13.3 

64.6 
69.11 

1977 
1978 
1979 

2711 
3271 
3368 

2192 
2t170 
2673 

14.3 
12.7 
3.4 

13500 
15150 
16750 

16.0 
12.2 
10.6 

70.3 
70.0 
71.t1 

1980 
1981 
19S2 
1983 
19811 
1985 

?1075 
16',3 
55.50 
5311 
6111 
6675 

2924 
3192 
3578 
4028 
4513 
5015 

9.2 
9.2 
12.1 
12.6 
12.2 
11.7 

18520 
20/i70 
22630 
25020 
27660 
30330 

10.6 
10.5 
10.6 
10.6 
10.6 
10.6 

72.1 
73.2 
72.2 
70.9 
69.7 
69.2 

.N;aximum Demand 
Compound Rlate % 

Generated Energy 
Compound Rate % 

(1952-76) 12 .6b (1952-76) 1 1 1 b 
(1970-76) 9 .8b (1970-76) 9 4 b 

(1976-80) 
(1981-85) 

11.2 
12.1 

(1976-80) 
(1981-35) 

12.3 
10.6 

(1976-85) 11.4 (1976-85) 11.3 
a 
 Total installed effective generating capacity = combined
 

contributions of Aswan Dam arid nigh Dam towards meeting annual

maximum demand + installed and projected effective capacity of
 
all other plant.(Does not 
account for shceduled or unscheduled
 
equipment outages)
 

b llistorical Data 
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TABLE I-4 

COMPARISON OF FORECASTS OF ENERGY AND MAXIMUM DEMAND 

Year 

Sanderson & Porter 

tApr. 1977) 
Energy Load aximum 
(GWh) Factor Demand 

Nuclear Power Plants 

Authority (Nov.1976) 
Energy Load MIaximum 
(GWh) Factor Demand 

International Atomic Energy 

Agency (Sept 197 ) 
Energy Load Maximum 
(GWh) Factor Demand 

1976 1 1 6 4 0 a 69.4 1909 a 

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 41oo 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. 

/S 

-I 
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Conorating Capability and Expansion through 1985 

and 
This section of the report examines generating capabilitiesneeds of the Unified Power System through 
the year 1985.
It discusses several special considerations pertaining to the
1111S which wore not particularly obvious atprosont study but the outset of thewhich became more apparent during a relativelydetailed review of various aspects of power system conditions
and performance. 
Among the 
areas of particular significance are:
 

t. 
Conditions and limitations of existing steam generating

plants.
 

2. Hydroelectric capacity and restrictions regarding its

USC. 

3. Problems in providing L'or 
now capacity.
 
/j. Proposed capacity additions through the year 1985.
 

Somo of fhe more specific problems and related connideratioits 
in each of 
the broad areas are analyzed in 
the following

paragraphs.
 

Conditions and Limitations of Existin, Steam Plants 

The active steam power plants in the Unified Powerincltcle an unisually large Systemnwnber of generatingcompri.'n a total units whichinileplato capacity of 1265 MV.'. 'mere37 ,inits in n variety of sizes are
from 7.5 toof these wits 17 NW. The oldestinstalled almost 30 years ago while the newest
went inito service about 9 years ago. 
Plulti-,unit plantsinvariibly almostare constittited of units of different manufacturers.
()vi ously this comn)(otizds maintenance 

over wlhat they and spare parts problemsare in maiiy power systems.are of of the unitsforeign man,'auc .ture and 
All 

needed replaceinent parts sometimes constitute very difficult problems particularly with
the oJqnr machines. D)ifficulties in obtainingnomotitnrs such partsleave equipment out of service for months or even years iii 
q few cases. 

The following Table 1-5the shows the installed capacityoxisting generatinlg plants and als, the expected useable 
of 

power capability of these plants year-by-year through 1985.
It also shows the 
scheduled and recommended generating capacity
addition3 for the 
same 
time period.
 

The sum of the nameplate ratings of allthermal generating of the existingunits, together
capaciLy with the hydroelectricgives a rather impressive total installed capacityin terms of system loads. 

the 

It has been found, however, that
system dependable capacity is considerably less than the
sum of 
the iamcplates and that significant limitations in both
:,team and hydroelectric components must be consideredwhel looking Lt carefullysystem capability from the viewpoints of both;yte i planning and system operations.
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Many of the existing steam units 
are reported to be incapable of producing rated output for various reasons. 
 The
problems range from improper boiler design 
to damaged water
walls, high cooling water temperature, and inadequate control
syntems and safety devices. 
 Many of the boiler problems
attributed to are

the burning of crude oil 
during the war years
when mazout 
was not available. 
 All of these considerations 
are
aside from any that may relate more directly to thermal efficiency
which has not 
been a primary concern to 
date since fuel oil has
been available to 
EEA at a very modest price (currently about
SI.S.1l.25/ton compared 
to an international price of SU.S.67/ton).It has beon stated that plantone still in operation consumes
as mtich as 700 grams of' mazout per k1h, 
a very excessive heat
rate (more than 20,OOO btu/kWh or b22').5 I cal ories/kWh). At
times, however, havethere beeti few options to utilizing whataver geierating capacity was availahle f'or service to meet peak
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In addition 
to any limitations in the power output capabilities of 
the units, the high incidence of outages of many ofthe units must be considered in preparing future system expansion
platns and schedules. 

With reference to certain values shown in 'rab]e 1-5 ofGeoneratit%!- Capabil ities, some explanation is in order. For theCairo West Sf.ati ln shown in the top line of the table,u.eah.le power from the three originial units 
the 

is shown to increasefrnam 150 N ii 1979 to iV187 in 19110, to 2211 NIW in 1981, andto 261 MW in 1982. This is based on the assumption that rectorati on will he accomplished oneon unit per year after the new1111 tinit 
now under cotistimtrctioii and shown in the 12th line
timt.1a, Ie is available for service. 
of
 

The Karmotiz capability isinereasod iin V')77 because of new cooling towers which should
pernit i-creased tunit loading when they arefirst. completed duringtlhe hall, of the vear. The ratin.s shown For the combustionttirbine units are Ifor winter temli)erattre conditions and theavailatble output is underless summer conditions. 

lhydroelectric Capacity and limitations in Its Use 

On the basis of nameplate ratings of hydroelectric generators and a widespread but erroneous concept virtually ununlimited hydro capability because the 
of 

of impressive size ofthe Aswaui and DamHigh complex, i t has been easy to assume thatlittle else should be needed to supply much of Egypt's totalelectric power needs for an indefiiite period. Obviously thesefacilities lave an etremely import.,nt role in an economical 
power !;upply for the lnijied Power System, but atthere are restrictions and limitations which must 

the same time 
be observed.lViirthermore, these apply in somewhat different ways dependingupoti whether current operation or *ututre system planning is
involved. This report is concerned largely with the systemIlaninr aspect and recognizes the restraints on water use asimpo,!n by treaty thethe with government of Sudan concerning 

http:u.eah.le


.?-OhEF.-STATIONS 	 -A-'LE - , 
Installed Fower :.ez.a-atts 
 :'ax1.7.- Capabi1lt,- in %.egawatts
 

(Axsuin-, All .e-eratin tz ts i. Service)
".e of Statior. .u..iber 
and Capac-ty of Lnits 
 .tal. 1 -73- 19:7, 1-77 1?7,! 1979- In 'C" 1931" 1912" lQ".5 19-14 1,7
1. Cairo ;est 
 3 x J,' 1 150 130 150 150 150 1Z72. 	Cairo South 4 x 60 224 2-1 2-1 2b1 2 12t0 130 240 2*i0 240 240 240 2403. Cairo North 	 24CO 240 240 240
2 x 30 + I m 20 4 2 
x 10 100 75 73 75 73 75
5a. Tl-Tebbjn 3 x 15 	 75 75 75 36 3f% 045 2F lO 403. Talka 	 40 jO 40 40 40 40 403 x 12.5 + 3 x 30 	 paO
127 116 116 116 
 116 IiS 116
6. Darnanhour 2 x 15 	 116 11f. 116 116 11'
+ 3 x 65 
 225 193 195 195 193 195 195 195
.£l-Syouf 2 x 26.5 + 2 	 195 195 195 195x 30 
 113 100 100 
 100 100 100
armouz 4 x 16 -	 100 100 100 100 100 10064. 30 30 456
 45 15 '5 0
•. Assixit 	 0 0 0
3 x 30 	 0
90 50 .)0 90 90 90 90 90 90 90 90 90
10 . sue z (1)ama ged ) 4 x 25 100 ... ... ... ... ... ... ... ... ...
11. Cafr £1-Dawar12. Cairo 3 x 110,est 1 x ::7 
 330-.........-110 --- - --
7 .. . ~~~--- 7 - 3 7.. .. 220 220 220 3303
37 (37 330 330 --87 	 8- 3307 1i 
13. 
Abu Qir 1 2 x 150 
 300 -------------
 --- 300
111. Ismailia 2 x 150 	 300 300 300 300 300
 
15. Abu Qir II 2 x 150 	 300- ----------------

300 
 --------- 300 300 
300 300

16 . Suez I 2 x 150
70 Plant 1 2 x 300 	 3 OO --- - --- --0O --- ..--- ----------------- 300 300 300 300
 
18. Sidi Krir I I x 600 	 600 ---
 300 600 600
 

Total 

934 103a 1051 11b1 135S 1- 5 1937 27311 2995 321)5 3";59
 

"
 C0.ItBST10
*. TU?,INE STATIO.S'
1. EI-Max 
 2 x 14 
 2C 12 24 24 24 24
2. Suez 1 x 	 24 24 24 24 21 2417 
 17 17 17 17 17
3. Israilia I x 23	 17 17 17 17 17
 
4. Cairo North I x 23 
 23 23 23 
 23 23 23 23 23 2v
5. Port Said 
 2 x 23
6.6. ra yu-.1 1 x 23 	 2'wan n 	 4646 2, 2 ' 2x 23 	 4646 46 41, 1.23 23 23 23
120 	 23 23 23
120 120 120 	 23 23


120 
 120
ralka 	 120 120
180 .W Total 

IC.O 1O 130 180 180 I.O 
 1:0 IRO
Total 


12 41 
 110 11 ta10, 410 456 45b. 456 45( 45 
I!YDiROSTATIO:,S-'
fligh Dam 
 12 x 175 
 2100' )

Aswan 15 	 45'10-1-72xx 46 + 2 x
swn7 11.5 	 3115--) O14001550 1700 100 2000 2200 2360 2360 2360 2360
Total System Capability 
 2'a77 2711 3271 35b8 4075 4643 5550 5,12 4i11
-"J75 

*Winter RatingS.
 
"Hydro Capability varies as a function of load magnitude and distribution in the UPS network.
C'||igh Dam output is usually limited to 
1750 MW because units must be removed from service in pairs when under
maintenance due 
to common penstock arrangements, and 
one or more units are consistently out 
for maintenance..
Aswan capability is 260 M: due to reduced head after constra:ction of Iich Dam.
 

0
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Nile water recources and water allocations to the two countries.
 
It should be noted that actual water availability and its poten
tial for power production at any given point in time may permit

operational considerations that would be beneficial to EEA and
 
perhaps involve amounts of water greater than the basic allo
cations mentioned in the specific 
terms of the treaty. It is
 
not valid however, to plan future electric system expansion

except on the basis of the specific understandings and agreements

expressed in the 
treaty, and as interpreted by EEA and other
 
government offices. 'li's currently limits planned use to 	 55 billion 
cubic meters per year.
 

A discussion of the possible overall potential of the Nile 
in relation to the electric power system appears in the Power 
Sector - Phase I Diagnostic Report issued in November 1976.
'rho discussion there is 
largely in terms of operational possi
bilities based on average annual river flows considerably in
 
excess 
of 55 billion cubic meters. Such considerations cannot,

however, be tsed in planning for future generation expansion
to 	moot projected peak loads as long as 
there are restrictions 
in water use such as those prevailing today. 

Moreovor, it will be 
noted later in this report that 
the maximum c-pacity of the hydroelectric plants has been used 
in scheduline resources to meet projected peak demands. Under

that condition any greater utilization pertains only to energy
genieration, and not peahi , capacity. 

''l1w folloijy, excerpt from all E'nglisha translation of the
 
treaty with Sudnn 
 describes the allocation of Nile water to
the two countries under th,'- conditions and terms of that 
agreement. 

"First: Presently accepted rights: 

1. 	 What UAR uses from the water of the Piver Nile up to
 
the signin. of* this agreemetit, is the established
 
right to it (UAP) prior to obtaining the benefits
 
which will occur ,ecau.te of the river control projects
and increas'irr the yield of water which is the subject
of 	this areement; and the amouint of this right is 
'i8billion cubic meters; estimated yearly tt Aswan. 

. What the Sudan (epublic uses from the water of the
 
River Nile up to the signing of this agreemcnt is 
its established right before obtainitng the benefits 
of 	the mentioned projects; the amount of this right

is 	/Ibillion cubic meters, estimated yearly at Aswan.
 

Second: The projects f'or 
river control and distribution of its
 
benefits between the twoPepublics:
 

i. 	ro control the river water and to 
prevent the flow of 
its water to the sea. The two Republics agreed that, IX 
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UAR is to construct the reservoir of the High Dam at
Aswan, as 
the first step in the series of projects for
the continuous storage of the Nile water.
 

3. To enable the Sudan to 
use 
its share, the two Republics

agreed that: 
 the Republic of Sudan is to 
construct the
reservoir at Rosserous 
on the Blue Nile, and any other
works which the Republic of Sudan considers to be
 necessary for the use of its share.
 

3. The average benefits from the High Dam are calculated
according to the natural yield of the River at Aswan.
During the present century there has been about 84
billion cubic meters yearly. 
There should be deducted
from this quantity the established rights of the two
Republics, which were mentioned in item "First",
estimated at Aswan. as

Also there should be deducted
from it, the continuous storage loss in the High Dam.
Tho balance of this will be the "Net [Jonefit" which
will be distributed between the 
two lepublics.
 

. Tihe Net Benefit of the High Dam which has been mentioned
in the previous item is allocated between the
Republics at 14.5 billion for the Sudan and 7.5 

two
billion
for UAR, as long as 
the average yield in the future is
still in the range of the average yield mentioned above.
 

This means, if the average yield remains equal to
the avera,c of the previous years of the present century,
which is estimated at 8k billion, and if the storage

losses continue as estimated now at 
10 billion, the
Net Benefit of the High Dam in 
this 
case will be 22billion, and the share of the Sudan Republic out of
that will be 14.5 billion, and the share of UAR will
 
be 7.5 billion.
 

Whon these two shares are added to 
their established
rights, their shares from the not yield of the Nile after
tho full operations of the High Dam will be 18.5 billionfor the Sudan IRepublic, 
and 55.5 billion for UAR.
 

If the average flow increases, the increase in the.
Not Benefit which results from the increase in the yield
is to be divided into 
two equal shares between the two

Republics".
 

On the above basis, the annual hydroelectric contribution
to Egypt's total energy requirement in this system planning
study is basedon55.5 billion cubic meters of water per year.
Furthermore, the amounts of electric energy assumed to be
produced from water power were 
derived from ratios based
pn~ut on
actual operation records rather than effective heads and
turbine efficiencies because 
of 
some apparent but unidentifieddiscrp.pncy between the actual and theoretical efficiencies of 
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tho hydroelectric plants. Mora information on this aspect,

togothor with caJctslattons of an oxamplo load dispatch schedule 
for the forecast peak load day of December 1983, appears later
 
in this chapter of the report.
 

Distribution of water releases over the year are 
not
 
controllod by ERA or the Ministry of Power and Energy but by

the Ministry of Irrigation and the foremost consideration in
 
scheduling water releases relates to seasonal irrigation needs.
 
Of course, due attention must be given to control of reservoir
 
olevations in torms of the annual flood season in late summer
 
and fall when the major portion of the total water for the
 
year flows from the Upper Nile tributaries.
 

The Power Survey Phase I report strongly recommended closer
 
coordination between EEA and the Ministry of Irrigation in the
 
bolief that more affective use of available water may be possible.
 
Current thinking and customary scheduling of water releases
 
throughout the year have normally provi-led for discharges of 
100 million cubic meters per day in the months of December and 
Jr,tiunry. These are the months of minimum irrigation needs and
 
in former years, these low water periods have been used for
 
canal cleaning operations. The latter is not thought to be of
 
as much importance today, however, since heavy mechanical
 
equipment is used for much of the dredging and low water levels
 
are not so necessary.
 

Special permission was obtained by EEA to release 130
 
milJ.ion cubic meters of water per day in December 1976 and
 
January 1977 but this was a special provision because of
 
limiLed available thermal generating capacity in the UPS. 
ALthough it might be possible to effect similar agreements in
 
the future, there is great sensitivity throughout the government
 
to 
releases of water other than in direct relation to irrigation
 
or other physical needs as contrasted to use for electric power

generation. With water releases of 100 million cubic meters
 
per day, the hydroelectric stations can generate about 17 million
 
klh per day and this is the amount considered in the present
 
study. 

As regards peaking capacity of the hydroelectric facilities, 
the maximum nameplate rating of the High Dam is 2100 MW (12 x 175MW 
units) and Aswan is 34i5 Wni(7 x I6 + 2 x 11.5 MW units). As was 
noted in the preceding Table, however, the dependable capabilities
of hoth of the hydroelectric plants are reported to be signifi
cantly less than the nameplate ratings would indicate. At the 
JIigh )atm, each penstock serves two turbin.,, and it is necessary 
to remove both of these from service when maintenance work is 
being performed on either of them. Hlistorically, there have
 
virtua I y never been more than tort of the twelve units available 
for operation at the same time. Therefore EEIA believes that it 
in. not accurate to assume that the dependable capacity of the 
ligh Dam Li any more than 1750 MW. Aswan Dam maximum output is 
n,; limited to about 260 MW be.-ause of the low head normally 
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prevailing since construction of the High Dam. 
Furthermore, at
least one unit is characteristically out of service for maintenance and the plant capability is usually about 225 MW. 
 Therefore
tho 
total maximum hydroelectric peaking capability for both plants
may be only about 1975 MW most of the timo.
 

Because of system stability limitations, the 
total permissiblo generation at the hydro plants under certain conditions is
 a function of the load magnitude and distribution in the UPS
system. Several previous studies and reports were 
examined and
from those a few values were obtained and used to establish
reference points from which a rudimentary graph of 500 
 V transmission capability was plotted. 
 Interpolated values were 
then
obtained for the load levels p:ojected for the years 
1977 through
1985, and it is thos, 
values that appear in the generation

capability table as hydroelectric capability. 
Although it is
recogniz2d that 
the approach employed does not 
represent a
sophisticatod or 
refined method, it is 
believed that the resulting
apprnximations are 
sufficiently accurate to 
permit relatively
reliable indications of transmission capability for present
 
purposos.
 

Under 1976-77 conditions, 
the hydro capability limit is
of the order of 1500 
NW but under anticipated load growth, this
is expected to gradually increase by 1982 
to the maximum hydroelectric capability even if all units were 
to be in service at
the same time. It should not be forgotten, however, that it is
very uinlihely 
that all units will be 
in service simultaneously
unless greatly improved performance and substantially reduced

mnintenance outage time 
can be achieved.
 

The foregoing discussion provides 
some additional insight
with , 500 kV line

regard to earlier suggestions concerning


improvements. 
It is important that the reliability of the lines
be improved but it 
seems questionablethat any increase in transmission capability through the addition of static capacitors is
 
,|':itified under present conditions.
 

The matter of restraints on hydroelectric generation
because of' transmission stability consideration is discussed
rtirther in a following section entitled "lydro 
Generation and
500 kV Transmission Line Transfer Capability".
 

Problems in Providing New Capacity
 

Financing of new power facilities has been a sizeable
problem for Egypt and has frequently caused aelays in arrangeminmts 
for now installations. Entering into the total picture
at 
timesj may have been the previously mentioned widespread idea
stcmmn.g from international publicity that 
 ho mighty Aswan Dam
was the answer to all of the country's power needs of the
indefinito future and therefore 
no other facilities should be
Raoodd for a long time. 
 Some of the relevant considerations in
this 
area have been discussed in the foregoing part of this
 
Ojior t. 0 
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Anotherimpediment has been the lack in some earlier reports 
of solid substantiating data to support projections concerning
 
loads, energy requirements, load factors, and related items.
 
It has been found extremely difficult to establish firm support
 
for some of these. rhe load forecast is perhaps the most
 
difficult because there is nothing for many years that can be
 
considered to represent a normal growth trend. In fact there
 
is no normal growth trend because of the effects of the war
 
years--military action, dislocation of population in many areas,
 
and economic effects of both direct military activities and the
 
impacts on other programs of huge military expenditures.
 

Once an agreement has been reached about the need for a
 
new power facility, then the dealings with foreign governments,
 
financing arrangements, contract negotiations, and the like
 
are very time consuming and it has been extremely difficult to
 
meet anticipated schedules. In some instances, even after
 
construction has been arranged, shortages of construction and
 
hoavy erection equipment have produced difficult problems and
 
consequent delays.
 

Similar to experiences of recent years in many other
 
countries, there has been local opposition to power plant
 
siting in Egypt which resulted in a change of location of at
 
least one new plant within the past year. It is likely that
 
problems of this nature will continue. 

Proposcd Capacity Additions through 1985
 

One of the problems in formulating capacity expansion
 
plans and related schedules of needed generating capacity
 
additions for the future has been thatof knowing what part 
of the existing installed capacity can reasonably be expected
 
to be serviceable at any given time.
 

Expressed concerns of EEA officials about ability to meet 
peak loads at particular times and frequent reports of large 
blocks of capacity out of service for maintenance led to a 
concerLed effort to evaluate the amount of reserve capacity 
ruquired for reliable service to system loads. 

Some earlier reports indicated a need for relatively
 
large percentages of reserves but some offered little substan
tiation of the amounts suggested. After considerable discussion
 
with EEA people and review of available data, it was concluded
 
that a more realistic approach than trying to derive a percent
age figure applying to the total installed capacity (or possibly
 
peak load) would be to develop a needed kilowatt capacity reserve
 
mart:in taking into account the poor condition of many of the 
exi'ntin units and the number and sizes of future units together 
with their expected normal maintenance requirements. Using this
 
npproach, the system requirements were examined year-by-year on
 
the basis of the forecast peak demand and annual energy amounts
 
preaent,.d earlier. 
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Outage statistics for the years 1971 through 1975 
(the

latest year readily available when this report was being

Prepared) were studied and summarized as shown in the accompa
nyingTable 1-6 entitled "Summary of Thermal Power Generating
Capacity Outages 1971-75". Using these results, an outage
projection was made for the generation block represented by

thom of the presont units that are expected to still be in

notvice in 1983. The total capacity projected to be out of
 
service was split into two components, one for scheduled and
 
one for non-scheduled maintenance. 
Similar projections were
 
made for the group of now units to be installed between 1978
 
and 19113, for the combustion turbines, and for 
the hydroeJ.ectric

plants. These were combined to 
produce a total of the generating

capacity that on the average can 
be reasonable expected to be
 
out of service for maintenance at the time of monthly peak loads
 
it 1983. In order to enable a comparison between the expected
 
average conditions and a reasonably possible worse 
condition,
 
a comparison projection was prepared based on the average of
the worst month of each of the 1971-75 years of records and the 
asstimption of simultaneous outages of more than one of the newer 
steam units and hydroelectric units. These appear in the Table

1-6 entitled "Projected Average Sitmultaneous Untages for Year
1983". After the table was prepared supplementary information 
was received on capacity availability during 1976. A note added
 
to the Table compares the 1976 experience with the earlier 5
year period. 

Using the projected outage information as described, another
tabJ.o was developed to show relative syscLem capability in compa
rinon with the forecast peak demand for 1983. Table 1-7 is
entitled "Load and Generating Capability Analysis - Year 1983".
To the forecast peak demand was added an extra increment of 5 
percent as a safc..uard against forecasting errors. Five 
cent was chosen because of its conformity with the 

per-
U.S. Edison

Electric Institute's accepted allowance for 
errors of this type.
 

It will be noted that a spinning reserve allowance equal

to the capacity of the largest unit (75 MW) was used. This
provides less than EEA's normal allowance of reserve equal to 
the two largest units but it was considered appropriate since
allowances had already been made for all expected outages both

scheduled and non-scheduled. Therefore spinning reserve equi
valent to the one 
largest unit should be sufficient to meet any

remaining emergency contingencies.
 

The end result of the 1983 analysis shows that a surplus
somewhere between 16 and 219 MW should be available at the time 
of peak demand under the projected outage conditions. Therefore,
if equipment problems should result in total capacity outages

equivalent to the average of the 
"Highest Month" conditions,

the capacity margin in December 1983 would be only 16 MW and 
the presently planned capacity would be sufficient to meet 
anticipated peak demands through less than the first half of
 
1984. 

t
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,Jveragc Outages (Y) 

-S.LVARY GF Ti'.'ET-\.AL FC.E GEN.ERATING CAPACITY 

1Iq71 - 1973 

For Scheduled and N:on-Scheduled Naintenance At 

Oh'TAGESO 

Times of Monthly Peak Loads 

Average of 12 Yonths Highest Month of Year 

Year 
Sc.heduled 

:J 
Non- Scheduled 

N,"-_._._WN_. 
Total of Installed 

Caoacitv :onth 
Scheduled 

iW 
Non-Scheduled 

,%W 
Total !.-6f Instal 

MW Capacity 

1971 
1972 
1973 
1974 
1975 

198.8 
232.5 
237.9 
135.8 
95.8 

161.2 
113.3 
103. t 
184.2 
210.4 

360 
31*6 
343 
370 
3o6 

29.3 
26.0 
28.4 
31.3 
25.9 

Dec. 
Dec. 
May 
Apr. 
Oct. 

230 
265 
300 
160 
75 

200 
200 
130 
300 
A25 

430 
465 
450 
460 
500 

35.0 
37.0 
37.2 
38.9 
42.3 

Average 190.2 154.9 345 28.6 206 255 461 38.2 

PROJECTED AVERAGE SI..ULTAINEOUS OUTAGES FOR YEAR 1983 

Sverage of 12 Nonths Highest Month of Year 

% of Installed Sched. Non-Sched. Total of InstalledSched. Non-Schod. "j'tal 

MW MW CapaccityW MWW ,Ih Capacity M; 

230 416 38.6
 
Old Steam Units 171 140 311 28.8 186 


(.078 mw) 
150 87 237 14.7


New Steam Units 150 0 150 9.3 


( 1617 M1) 
23 53 11.6
9.2 30
Combus. Turbines 30 12 42 


( 1156 :i) 
0 385 16.3
385 0 385 16.3 385
lydroelcctric 

(2360 mw) 

1091 19.8
888 16.1 751 340

Total(5511 NW) 736 152 


" See EEA Dispatching Inspectorate Report No. 6-1976 for detailed outage statistios.
 

Note: Information on generating capacity availability for 1976 received after above statistics were
 

that year an average UPS available generating capability of 2694 MW.
accumulated indicates for 

and 2649 NW at time of monthly peak loads as derived
This may be compared with totals of 2754 MW 

Months and Highest Month of Year respectively.
from the above figures for Average of 12 


S
 

U,
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LOAD ANO GE.E ATI.NG CAFADILIrY A.YArSIS - YEAR 12G3 

Xnstalled Capacity*
 

Steam
 

Old Units (Prior to 1970) 
 1078 MW
 
Newf Units (1978 and Later") 1617 NiW (Includes Kafr El Dawar, New Cairo west, Ab Qir, 

[smailia & Suez [ but not New Plant X)
Combustion Turbines 
 456 mh
 
Hydroelectric 
 2360 mW
 

Total 
 5511 MiW
 

Analysis of Estimated Available Capacity for Average Nionth and High Maintenance of 1983000
 

Average Month 
 High Month
riustalled Capacity (Without New Plant I) 
 3511 MW 
 5511 NW
 
Scheduled Maintenance Outage 736 Mw 751 MW 

4775 NW 4760 NwNon-Schcduled Maintenance Outages 152 MW 340 mW 
4623 MW 4420 MWSpinning Reserve (Equiv. to Largest Unit) 
 175 MW 
 15 MW
 

Net System Capability 
 4448 mw 4245 MW
 
Forecast Load 
 4028 MW 
 4028 MW
 
Forecast Load (+ 
 1" for N'argin of Error) 
 4229 NW 
 4229 MW
 
Capacity Ilinus Load (Based on Forecast + 5) 
 219 NW 
 16 MW 

See Accompanying Table 
- "Installed and Projected.Generating Capacity"

" No New Steam units were 
installed between 1970 and the scheduled 1978 in-Service dates for 2 units
 

at Kafr El Dawar.. 
" See Accompanyin- Tables-"Summary of Thermal Generation Outages 1971-1975" and "'Projected Average 

iSimultaneous Maintenance Outages for year 1983" 
0 
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The results of using the preceding method of reserve ana
lysis gives a conservative or "optimistic" reserve requirement.
 

In order to gain greater insight into the maximum possible

system reserve requirements several computer runs using probabi
lity methods were performed. The program utilized in the first
 
group of these studies was based 
on the "loss of capacity

probability" method using the binomial distribution for the
 
state of the different units running in the 
power system. The
 
on -line units were combined into any number of groups having

the same size and same forced outage rates. For each group,

the number of similar units, the MW rating of each and the rate
 
of forced outage were input data. The output of the program
 
gave the cumulative probability of loss of capacity for each
 
group and for the total combination of groups.
 

The big disadvantage of this method is that it 
assumes
 
the daily system peak demand exists for 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

sensitivity studies were performed with a 50". and 100% increase 
in the original forced outage rates of such units. 'rhe forced 
outage rntes of the hydro, combustion turbine and new steam units 
were held constaint in all these additional studies. The normal 
EIA reliability rate tised in probability studies is 0.999 
corresponding to a one day system outage in four (250 working
days) years. Practice in the United States is one day in ton 
years or a reliability level of .9997,a g'.c:11tian six day work 
week. Other reliability levels were 
also used in the sensitivity

studies. 

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

TABLE I-8 

RESULTS OF RELIABILITY STUDY USING PROBABILITY METHODS
 

Case 1: FOR as adopted in the previous EEA studies
 

Reserve Requirement: 
4125 MW for 0.99 Reliability Level (1 day in 100 days)

615 M1W " 0.999 " " (I day in 4 years) 
720 MW " 0.9998 it " (1 day in 20 years) 

Case 2: FOR increased 50% for older thermal units
 

Reserve Requirement:
 

495 MW for 0.99 Reliability Level
 
6t0 mW " 0.999 it 
725 MW " 0.9998 it 
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Case 3: FOR increased 100% for older thermal units
 

Reserve Requirement:
 

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

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

Scheduled Maintenance 
 736 mw
 
Spinning Reserve for system
 

(Reliability Level 0.999) 
 615 MW
 
Forecasting Errors (5%) 201 MW
 

1552 MW
 

Percent Re:.erve Margin on Peak Demand 
 a 38.5% 

* In the former optimistic analysis 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 "loss of capacity" method gave 
on overall
24*hour system reliability result much greater than that used
in the study. This was due to 
the fact that it considered a

load duration curve with a 
100 percent load factor and with a
constant 211 hour demand equal to 
the daily maximum demand.

Consequently it gave 
an excess reserve requirement. In order
to 
obtain more meaningful results a "loss of load probability"

study was next run. 
 For this type of study the daily load
duration curve for December,Graph I-It was 
used with the FOR's
to determine the loss of capacity not available during different

periods of the day. For the 
study the load duration curve was
divided into three finite increments as shohn in Graph 1-3
 
below:
 

GRAPH 1- 3
 

LOAD DURATION CURVE AND TIME PERIODS
 

FOR LOSS OF LOAD PROBABILITY STUDY
 

T, (QM'tAT%NGCAPACITJ< 

-A,, OPERAT CAPACiT,( 

/3
 

oTmrtw / too
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A typical generation dispatch for each of the operating
periods was 
then prepared. 
The first dispatch considered all
units (loss those out 
for scheduled maintenance) to 
be on the
line; 
the second dispatch considered the combustion turbines
uhtit 
down and reduced hydro capacity; the third dispatch considered additional reduced hydro capacity. 
Separate "loss of
capacity probability" studies were 
run for each block of the
load duration curve and the results then evaluated by using the
percent time periods of the load duration curve affected by such
loss. Tho results wore 
then plotted in the 
form of a graph using
somi-logaritIunic paper. 
From this graph the required reserve to
freot the reliability levels were obtained. For 
a reliability
level of 0.999 (the EEA standard) a reserve requirement of 430 MW
is roquired. 
For a reliability level 
of 0.9997 
(0 day in 10 years)
a reserve requirement of 510 MW is required.
reserve requirement values obtained by the 
Both of these high


"loss of load probability" method reinforce the original recommendation that additional
generation in required in 1983 if 
the EEA's installed generation
is to reliably serve 
the forecasted peak loads.
 

Since several months are 
likely to be required for a new
unit to reach commercial maturity, it is recommended that such
a unit be scheduled for operation 
no

of 1983. 

later than the third quarter
The peak demand in 1984 is forecastt to increase by
490 MW over the preceding year. Therefore, 
more new capacity will
be needed to meet 
the anticipated load requirements at that time.
 

Any of the capacity additions suggested by this study indicate that unit sizes larger than the 
150 MW ratings utilized
through 19112 
(Suez I Plant) 
-hould be considered for the 
future.
re subJect of unit 
sizes however, 
 is discussed separately in
 a subsequent section of this chapter.
 

In view of 
the indicated capacity situation, the expected
loads, and the ever-present difficulty of meeting scheduled dates
for installation of new 
facilities, it is recommended that plans
be made promptly for the addition of a 2 x 300 PiJW 
 unit steam plant
with an installation schedule to 

the 

provide for initial operation of
first unit during the third quarter of 1983, 
which is probably
about as early as 
it is possible 
to have such a unit in initial
operation. 
The second unit should be scheduled to follow within
 
a few months.
 

Load and Generation Analysis
 

December 1983 Forecast Peak Load Day
 
The following is an analysis of generation required under
the assumed conditions as specified to meet 
a load of 4229 NW and
75664 MlJl possible 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
Graiph 1-4 shows 
the projected hourly load distribution and the
divisiota of 


"rho 
energy supply between hydro and thermal sources.
analysis presents the conditions which would have 
to
if', because of forecast errors, be met


the demand and energy requirements g 1h',
,,ld exceed the forecast values by five percent as explained
e'irl ier. 
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Assumutions
 

100,OOOOOO M3 /DAY Water Allocation at High Dam*
 
4229 MW Peak Load (Forecast + 5%)
 
75664.O5 MWH/DAY Energy Requirement
 

ilydraulic Efficiencies
 

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
utilizying assumptions as 
to theoretical turbine efficiencies,
heads, standardized hydraulic power formulas, and the like.
Heported monthly water discharges through the turbines and the
energy generated yield the following results:
 

.1975 M3 /kWh 1976 m 3/kWh 

High Dam Aswan High Dam Aswan 

Jan. 8.398 19.910 7.413 22.630 
Fob. 8.247 22.423 7.271 21.967 
Mar. 8.422 21.198 7.484 23.206 
Apr. 8.1197 21.605 7.581 23•053 
May 8.184 20.830 7.523 23.012 
June 

July 
8.624 

8.914 
20.582 

20-597 
7.237 

7.567 
23,035 

22.401 
Aug. 
Sop. 

8.874 

7.961 
a69597 

20.087 
7.371 

7.268 
22.186 

22,839 
Oct. 7•506 18.-45 7.105 22.321 
Nov. 7.429 19.811 7,143 22.999 
Dec. 7.329 19.405 7.232 22.723 

20.98;1? 7.350 22.698
 
Average 8.199 
 20.445 
 7.350 
 22.698
 

Based on the above, the following water use values were
selected for this analysis:
 

Iligh Dam 8 M3 /kWh 

Aswan 22 M3/kWh
 

* This is the amount of water normally scheduled by Ministry of
Irrigna.tion for the months of December and January.
 

http:75664.O5
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Cmputation of Generation Requirements 

Forecast +5%
 
Enorgy from Hydroelectric Sources:
 
Ifigh Dam - 100,000,000 M3/Day - 12,5OO,000 kWh
 

8 
Ahwun Dam - 100,000,000 ?.3/Day = 4,540,00 kWh 

22
 
Total flydro Energy/Day 
 = 17,040,000 kWh
 

With Peak 
Day Energy Total = 
awd 75,664,O50 kWhlydro contribution 

17,040,000 kWh
 
Thermal 
 Energy R1equirement = 58,624,050 kWhThormal Capacity Required 


2 2443 N
58624050= 

2 4
 
Average 
 High
N'imirxMaintenanice Maintenance

I '=a2t Loadrt 

.oed'(I Thermal Capacity 4229 tW 229 MW
 

2/113 NW 2443 NW 
4"edv,,;.I lydro Capncity 1786 MW 1786 NW
 

.\1iI i c i lif. ( Sy t m C apability
 
(ne'v [b lc of, genctra i$,
 
:npaI 
 i. I i. Ci es L roiih 1'9185
 

o<I :e~:I..:o in 
 sli-report) 
Ilvdlro - Ii: .1 JaDa (12 175x MW Units) 2100 nW. 2100 M4,\:;wn, ( 7 x 46 + 2 x 11.5 N) 260 1.1W 260 NW 

r tial Ilydroclectric 
2360 MV 2360 NT'|erma1 - . nilar1 
2695 1IW 2695 MW(as Trbinos 1156 mw /156 NW 

T, La) 'lJerinal 
3151 iW 3 151 NW 

T,t.l Jiistaljod Capacity 5511 MW 5511 MW 
M;aitiietoeiaicO Ottagcs (see table inItoloorl. Text) 

888 I'w 1091 mw 
C:lmcj Ly Avnilab)o at Peak Load 4623 MW:;pl1, i ll l ,servc (E-qttal to Largest Unit) 

4420 MV 
175 iW 175 MWi 

I1t,..a i iii.,ig Avnilnble capacity 1If /18 I'ni' 42115 MW
Nt~:..i,,,,i,, l4oad 

'1229 1, /1229 me 
: I.. ',ll* Ilr('se1vc 

219 Iw 16 . Il 
Sli, s i.. ,'crated va.luc ,,sed instead of 315 *1M for Aswan plnnt.1 bec of;,.,lb i Cy (se .1.imiting lowl head 

617 
conditions silice igh

11;11-1 C I , :Illr . 
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Plol 
 Dates Of Commercial Operation for Ex ected New
Generat 
 ]PlaT.
 

The following Table I-9 shows the scheduled or otherwise
anticipated dates of commercial operation for the 
new generating units to be added to the Unified Power System through
tI)e year 1985.
 

TABLE 1-9 
ESTIMATED DATES OF COMMERCIAL OPERATION OF GENERATINGUNITSPlant 

EEA'a Survey

L o c t io___ _ _ _yLocation 

p 

DTyD T e a m's 
Helwan ate120 HW Total Gas Turbine 1977Talkha 1978180 MW Total 
Ga.s Turbine 
 1978 
 1978
Kafr El Dawar 
 3 x 110 MW 
 Stam 
 1978-79-82

Cairo West 1978-79-82


1 x 87 MW 
 Steam 
 1979 
 1979
ith Unit
 
Abu Qir 
 2 x 150 MW 
 Steam 
 1980 
 1980
Ist Phase 
Abu Qir 
 2 x 150 MW 
 Steam 
 1981 
 1981
2nd Phase
Ismailia 
 2 x 150 MW 
 Steam 
 1981
Suez I 1982

2 x 150.W 
 Steam 
 1982
Now IPlant I 1982
2 x 300 MW 
 Steam 

1983
Sidi Kreir I 

1982 
1 x 60o mW Nuclear 
 1983 
 1985
 

EEA's schedule of dates for
Ifelwan commercial operation of thogas turbines, 
the Ismailia steam power plant; 
the New
'lant I, and the first unit of the Sidi-Kreir nuclear power
plant appears optimistic, and it is the Survey Team's opinion
that the scheduled dates of commercial operation for these
planLj cannot be met. 

Generation programming is
tho required gox'erned by lead time includingtime 
the initiationfrom 

of the project study to 
the completion of construction including commissioning. 
Typical
pro..sent day lead times for plant construction in developing
couti.-io.q is shnwn i.n Table I- 10 

2?
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TABLE I- 10
 

LEAD TIME-MONTHS
 

Study'Financing-
 Plus Engineering,
Specifications & 
Manufacturing and
Bidding Time 
 Construction 
 Total
(M1onths) 
 time (onths) 
 (Months)
Gas tiurbines
small/large 

6 
 18/24 
 24/30


New fossil fuel steam
small/large 

12/18 
 48/6o
Nuclear 
24 60/78
 

78 
 102
 
The Survey Team's estimate of completion dates is given
in the last column 


morcial Operation". 
of the Table 1-9 "Estimated Dates of Com-
It has been arrived at after considering


schodules for 


the present status of the financing, procurement and construction
the previously mentioned power plants and after
extensive discussions with both EEA officials and outside 
sources.
 
Of particular interest to the present study is the timing


study as 

of the proposed fossil fuel power plant, identified in this
the "New Plant I", 
and the proposed first unit of the

Sidi Kreir nuclear power station.
for commercial operation of the New Plant I is
schedule of one 


The earliest estimated date
 
1983 based on a
to one and a half year financing and procurement
timo and of a four to five year construction schedule. 
 The
onrliest estimated date for commercial operation of the first
unit of the Sidi Kreir nuclear power staticon is 1985, based on
 

a minimum time of two years for financing and contractual
arrangements and a minimum construction time of six to six and
ono-half years.
 

It is concluded that the likely unavoidable delay in the

commissioning date for the Sidi Kreir nuclear power plant to
at least 1985 makes it mandatory that EEA consider interim
sources 
of power generation such as
New Plant I in order to the proposed 2 x 300 MWbe able to satisfy therequirements of the Egyptian economy for the years of 1983-1985.
 

power and energ•
 

Turbine.-Gnerator Unit Size and Type
 
Up through 1982 the largest generator unit size planned
to be added to the Unified Power System is 
a 150 MW unit.
 

two 
Four units of 150 MW size are planned at the Abu Qir Plant,units of 150 MW size at the Ismailia plant,unli ts, and two units of150 MW size at the Suez I plant for oa £egt10H
a total of eight 150 MW
 4 
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In 1983 the forecasted peak load will be 4028 MW and in 
1984 it will be 4518 MW. The corresponding installed maximum 
effective gonerating capacity is expected to be approximately
5511 MW for both 1983 and 1984. The addition of a new 300 MW 
generating unit in 1983 woull make this 5811 MW and the addition
 
of a second 300 MW unit in 1984 would make this 6111 MW.
 

A "rule of thumb" often used in sizing new generating

additions to an electric utility system is that the largest

unit size should be between seven and ten percent of the instal
led generating capacity.
 

The following Table I-i1 entitled "Relationship of Maximum
 
Unit Size and Peak Demand" was taken from the Market Survey for
 
Nuclear Power in Developing Countries- 1974 Edition". 
 It covers
 
all types of power plants ahd appeared as Table XI, page 18,

of that report and was used in the International Atomic Energy

Agency generation expansion study for Egypt.
 

TABLE I-11
 

RELATIONSHIP OF MAXIMUM UNIT SIZE AND PEAK DEMAND
 

Peak demand Maximum unit size Percentage
 
(MW) 
 (WW) of peak demand
 

250 
 50 20.0

1 00 
 75 19.0
 
550 
 100 18.2
 
700 
 125 
 17.8
 
850 
 150 17.6
 

1500 
 200 13.3
 
2000 
 250 12.5
 
2500 
 300 12.0
 
3700 
 400 10.8 
5400 
 500 
 9.3
 
7000 
 600 
 8.6
 
96oo 700 7.3
 

12000 
 800 
 6.7
 
17000 
 1000 
 5.9
 
22000 
 1200 
 5.5
 
30000 
 1500 
 5.0
 

The size and peak demand relationships show that the 
maximum turbine generator unit s e used in the IAEA study 
was approximately 450 MW for additions to the system in 19838I. (That study assumed a forecasted peak load of approximate
ly 4200 MW). 
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The following Graph 1-5 shown the economy of scalerolationship of the cost index and unit size for fossilfuel fte.a electric units up to 500 MW. 

GRAPH 1-5
1.2 
COST INDEX 

UNIT SIZE 
1.1 FOSSIL FUEL STEAM ELECTRIC UNITS
 

1.0 

0
0 0.9 

0.8 .
 

0.7 

100 200 300 400 500 

UNIT SIZE - MW 
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Graph 1-5 shows that there is approximately a nine percent
 
saving in unit cost (U.S.$/KW) in installing a 300 MW steam 
ttrbino generator over installing two 150 MW steam turbine 
generators and approximately a sixteen p.nrcent saving in unit 
cost (U.S./KW) in installing a '450MW steam turbine ge:.erator 
over three 150 MW units. In addition there is often a three 
to four percent improvement in plant heat rate to be gained 
from the installation of the larger more efficient units.
 

After considering many aspects of the Unified Powor System
 
and its future operation, it is recommended that the next steam
 
power plant unit size to be added to the EEA system be 300 NW.
 
Generating expansion studies should be performed up through the 
year ,000 to determine the optimum size of later units, taking 
into account both scheduled maintenance ar.d system spinning 
reserve requirenents. The change to a 300 MW size is undoubt
edly justified at present in view of the high forecasted loads 
and EEA's planned intention to shortly thereafter add a 600 MW 
nuclear unit to the system. 

Another alternative to be considered and studied is the 
posuible construction of a combined cycli plant with its lower 
dollar per kilowatt installed cost. It is estimated that a 
300 MW combined cycle plant would cost approximately 25 percent 
less than a conventional steam power plant and has the additional 
advantage of a better heat rate (possibly 9600 btu/h0h compared 
to 9000 btu/k1h). Ono proposal put forth by the LEA's staff is 
that of considering the use of the 180 MW of combustion gas 
turbines presently scheduled to be installed at Talkha as part 
of a combined ycle plant. It is likely, however, that such 
01n instzllation would require original plans based on this 
desigii, niid that an initial independent combustion turbine sta
tion of usual design would not be Feasib]e for litter adaptation 
to combined cycle application.
 

Plant Type. and Location 

The previous discussion covers the recommendation that
 
a now power plant preferably of the 300 MW size be added to
 
the EEA system before the third quarter of 1983 with a second
 
unit to be scheduled for commercial operation a few months
 
lot-or.
 

The site location of such a power plant needs to be 
sttldiod. One possible site proposed is that south of the city
 
or Suez at Ain Sokhria, the location of the torminal of the 
SUMlI'D petroleum oil pipeline. Another location to be considered
 
is further south on the Gulf of Suez in the vicinity of the Ras 

(sharib location, where the oil and gas fields are situated. This 
Latter !%if w(tild necessitate a substantial extension (200 Ion or 
more) ol the E'EA transmission system. This would be no different, 
however, to the plan used in uther countries of' locating power 
Slanin near coal deposits and transmitting the generated electric|| 
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power for distances as 
great or greater than those suggested

Iere* 

The use of the sites discussed above is predicated upon
the possible use of otherwise flared gas as the plant fuel. Load
 
predictions for the reasonable future do not indicate sufficient
 
load growth in the Canal Zone and Gulf of Suez area to justify

the construction at this time of any more generating capacity
in those areas than that which is already planned unless there 
is some other reason for building a new plant there. It has
been thought that the Gulf and the Red Sea coastal areas might
offer considerable promise as future industrial development
 
areas 
because of the gas and petroleum resources, the availa
bility of sea transportation, and the nearness of reported
mineral deposits.
 

At present a large volume of gas (4 million cubic meters/
day) is being flared wastefully at the oil fields in the Gulf
of Suez, and thin may be a strong inducement to locate a power
plant nearby if arrangements can be made to take advantage of 
this otherwise wasted source of fuel. 

Another matter that might be studied is the possible

construction of a combination power/water desalting plant in
the Gulf of Suez Area as presently there is no available potable
water 
in the lower Gulf area and all fresh water must be brought

by tnn]ker from the port of Suez. 

All those alternates should be studied before a final 
decision on the 
type plant and its location is made.
 

fLydro Generation and 500 kV Transmission Line Transfer Capability
 

Previous studies by the Russians and others have shown
that the maximum through transfer capability governed by steady
state stability considerations of the 
two 500 kV transmission

lines betwecn the ligh Dam and Cairo is of the order of 1700
1100 Mi. This assumes no intermediate loads between the High
Oanm 500 kV bus and the Cairo 500 kV bus, and is the maximum
capable stable power transmission limit between the High Dam 
source and the lower Egypt load when the system is subjected
to small disturbances. At this point the internal angle
botweon the hydro generators in Upper Egypt and generators inLower Kgypt would be the maximum possible with the system on
the, verge of instability. 

A cursory check of such steady state stability limit

tilizing a power circle diagram with ten of the Iigh Dam

hydro units and all of the Aswan hydro units in operation has

indicatod a maximum limit of the order 15110 Mi.of This analysis
l'owover, disregarded line capacitance, synchronous condensers,
etc. .so the 1700-1800 MW ma:in:um transfer capability is believed 
to be a realistic value. 
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The philosophy of the EEA in operating the 500 kV trans.
mission system is 
to allow a reasonable safety margin. 
The
safety factor normally considered is expressed as 
follows:
 

Ks a Pmax -
Ptr x 100
 
Ptr
 

where: Pmax a maximum power transmitted

Ptr 
= normal transmitted power
Ks must be equal or greater than:

20% for normal operation


8% for short term condition
 
after fault clearance
 

Normal utility practice is 
to Operate within a "safe area"where system stability is assured. 
A usual practice is to
allow a 20 percent safety margin with the limit extended by
the use of automatic voltage regulators particularly when fast
acting regulators such as
When applied to the 
those of the electronic type are used.
UPS, this 
can be interpreted to mean that
for normal operation the through transfer power limit between
the high Dam 500 kV switchyard and the Cairo 500 kV switchyard
would be of the order of 1420-1500 Mi. 

Such limiting values were considered in determining the
useable peak hydro generation capability on
employ in the generation expansion study. 
a yearly basis to
 

was 
that of limiting the Aswan hydro dam to 
The other limitation
 
a capability of
260 MW because of the reduction in head experienced by the
Aswan Dam after the construction of the High Dam.
 

By the year 1983, the following large industrial loads
are expected to be operating in Upper Egypt:
 

INDUSTRy
 
1. 
Ras Gharib Nitrates

2. Kitna Fertilizer 50 MW 

250 MW3. Ferro Silicon at Edfu4. Mining at Esna 120 MW 
5. 10 MWMine Fertilizer at Abu Tartur
6. Aluminium Smelter at Nag Hammadi 

90 mW 
7. 4OO MwCement Plant at Assiut 
 35 MW 

Total 955 MWThese loads coupled with the normal growth of the other
sectors of Upper Egypt brings the forecasted load in that area
to approximately 12110 MW for the year 1983.
 
Assuming ten of the twelve 175 MW hydro units at the HighDain in operation (two units out because of maintenanceand all but one work)
of the Aswan Dam hydro units inexpected approximate maximum operatibn thepower500 kV transmission flow in the two circuitline as shown in Figure I-I "LoadDin gra ti, Flow- Upper Egypt" would c: 



FIGURE4 I-1
 

LOAD FLOW DIAGRAM - UPPER EGYPT (1983) 

High Dam Nag H I adi Samalut Ca ro 

1750 NW 1300Mh'- 90OMW-6- 8;!ozi-e- f 
MW 6250 80mwI6oiW 

225 MW30 
Aswan Assiut
 

Notes All 500 kV transmission line losses (normally 5-6 percent

of transmitted power) have been neglected.
 

It can be seon from the above load flow diagram that the
 
system is operating well outside the 20 percent safety margin

that the EEA requires for normal operation. An A.C Network
 
Analyzer study has verified the above load flow normal stability

safety limit transfer capability of the 500 kV transmission lines.
 

It is on this basis that the full operating capability of
 
the uigh and Aswan Dams complex of 1975 MW (1750 MV Ii.D. and 
225 MW Aswan D~am) was considered as being easily within the safe
 
transmission capability limit in the 
1980's. It is also for
 
this reason that any series capacitor line compensation or the
 
building of a third 500 IcV transmission line is believed un
necessary under the presently anticipated future load conditions.
 
However, improvement in reliability of the two existing 500 kV

transmission linos izi 
necessary if the full capability of such
 
lines is to be available on an adequately dependable basis.
 

The capability of the hydro complex for the years preceding

1983 has been roughly determined considering both transmission
 
line stability and system dynamic stability as restraints limiting

the hydro output at time of peak.
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CHAPTER II
 

LONG RANGE LOAD FORECAST (1985-2000)
 

Summary and Conclusions 

Because of the urgent requirement for an approximato

long-range load forecast to be used in financial analyses,

such a load forecast is included at this time in the Plan
ning Diagnostic Report. Although the Terms of Reference
 
require a forecast out through the year 1995, a forecast
 
through the year 2000 is included here. A section on the
 
controversal subject of the EEA's forecasted system load
 
factoris also included in this chapter of the Diagnostic
 
Report.
 

Both these items will be reevaluated and determined
 
with greather accuracy during the implementation portion
 
of the power survey but are presented at this time for the
 
aforementioned reasons.
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Long Range Load Forecast 

Several long-range load forecasts exist for the LEA
 
electric power system up through the year 2000. The most
 
comprohensive is that publishod by the International Atomic
 
Energy Agency in their report "Market Survey for Nuclear Power
 
in Developing Countries - Arab Republic of Egypt". This load
 
forocast, identified in the IAEA report as Table X-3, was used
 
withL the Wien Automatic System Planning Package (WASP) for the
 
Sczioration expansion study of the EEA. It is reproduced in
 
Table II-1 below.
 

TABLE II-1 

LOAD DESCRIPTION-WASP PlOGRAM DATA
 

Year Max.demand . Quarterly load factors(%). .. Eeg 

(MW) lot 2nd 3rd 4th Annual (GWh) 

1978 2923 76.01 77.99 74.04 73.01 71.89 18408.2 

1979 3097 76,o1 77-99 74.04 73.01 71.89 19504.0 

1980 3282 76.01 77.99 74.04 73.01 71.89 20669.0 

1981 3516 76.01 77.99 74.04 73.01 71.89 22136.4 

19A2 3766 76.01 77.99 74.04 73.01 71.89 23717.1 

1983 4091 75.00 76.01 73.01 73.01 70.95 25426.7 

19111 4445 73.01 75.00 71.92 71.97 69.74 27156.5 

1985 4831 71.97 74.04 71.0 71.01, 68.82 29124.8 

1986 5392 71.o4 73.01 71.01 70.01 67.86 32053.1 
1987 6o19 70.01 71.97 68.99 68.99 66.88 35263.0 

1988 6720 68.99 71.04 68.O 68.ol 65.94 38819.0 

19119 7505 68.oi 70.01 66.97 66.92 64.97 4271o.8 

199o 8383 66.92 68.99 65.99 65.99 64.0o 47001.9 

1991 8914 66.92 68.99 65.99 65.99 64.00 49984.8 
1992 9479 66.92 68.99 65.99 65.99 64.00 53141.4 

1993 10080 66.92 68.99 65.99 65.99 64.00 56516.7 
1994 10719 66.92 68.99 65.99 65.99 64.00 60093.9 

1995 11398 66.92 68.99 65.99 65.99 64.oo 63906.5 

1996 121o4 66.92 68.99 65.99 65.99 64.oo 67864.8 

1997 12853 66.92 68.99 65.99 65.99 64.00 72o64.4 

1998 13650 66.92 68.99 65.99 65.99 64.00 76533.0 
1999 1/'i195 66.92 68.99 65.99 65.99 64.00 81276.3 

2000 15393 66.97 68.99 65.99 65.99 64.00 86305.7 yiN 
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This forecast is based on the "Aoki" method of load fore
casting obtained from historical data (1961-1968) of the growth 
rate of gross national product (GNP) and of energy generation 
for 111 countries. It assumes that a correlation exists between 
the Gross Electricity Generation per Capita (kWh/capita) and 
the Gross National Product per Capita (US 8/capita). Of course, 
the resultant accuracy of any load forecast utilizing such a 
method depends upon the ability to accurately forecast both a 
country's gross national product and its population growth. 
The "Aoki" method has been used successfully for long-range 
load forecasts in many countries such as Iran where it has cor
related closely with other methods such as the Elasticity Method 
and the Stanford Method. 

Another approach employed by EEA for their long-range load
 
forecast is the same as that utilized for the short-range load 
forecast in which the electrical load is first ass'wied to double
 
in sever. years, then again doubling in approximately eight years,
 
then in nine years, and finally in ten years out to the year
 
2000.
 

If we continue the short-range load forecast of Chapter I
 
on the above basis and assuming that the 1985 system load factor 
of 69.2 percent is gradually reduced to a load factor of 64 per
cent (the same load factor for the year 2000 as that employed
 
by the IAEA in their study), we obtain the long-range load 
forecast for the period 1986-2000 shown in the lower half of 
Table 11-2, "Load Forecast 1976-2000". 

System Annual Load Factors
 

A discussion is included in this Diagnostic Report covering
 
system load factors because of the exceedingly high system load
 
factors utilized in previous long-range load forecasts. This
 
matter is presently under study and definitely will be ascertained
 
with, reasonable accuracy during the implementation portion of
 
the survey.
 

The system load factor for the year 1976 was 69.4 percent
 
and from 1960 to 1976 it varied between 66.0 and 76 percent.
 
*rite load factor for the remainder of the 1976 system, loss the
 
heavy industry, as listed for that year in Table 1-2 entitled
 
"Initial Peak Demand and Energy Forecast" was 61.3 percent.
 

Table I1-3 shows the forecasted load factors for variou4
 
developing countries of the world for the years 1980, 1990 and
 
2000. It averages between 60 and 61 percent. The 1976 average
 
load factor of the 100 largest electric utilities in the United
 
:;tnten, a very heavy industrialized nation, was 58.3 percent.
 

Previous load forecasts of the EEA have utilized very
 
hi yl lo::d factors such as 81.5 percent for 1985 and 74.4 per
._itf for the year 2000. Sand.,rson and Porter's load factor 
v.:ti,,,at:e for the same years ore 69.2 percent for 1985 and[-b 



G 4
 

64.0 percent for tho year 2000. Even these are some of the 
highest in the world. 

By 1980 it is expected that the industrial sector of the
 
Egyptian economy will account 
for approximately 60% of the
 
country's energy consumption and that much of such consumption

will be by largo high load factor industries. After 1985 the
 
percentage growth of such industries is expected to be reduced
 
drastically while the consumption of the lower load factor
 
rosidontial, light industrial, and commercial enterprises is
 
expected to increase and to account for the greater portion of
 
Egypt's load growth out to the year 2000.
 

At the present time 65 percent of Egypt's electrical
 
energy requirement is produced by hydro power from the High

and Aswan Damn. By 1985 this percentage of hydro production
 
to the total system electric energy requirement will have been
 
reduced to 40 percent and by 
the year 2000 to lss than 15 per
cent. The era of inexpensive hydro power will have passed and
 
all new industrial tariffs will have 
to be predicated on the
 
incremental cost method of the more expensive nuclear
 
and fossil fuel means of power prodtiction. This will reduce
 
tho attractiveness of establishing additional 
high load factor
 
large industrial loads, and will likely affect the load growth
 
patterns correspondingly. At the present time, Egypt's large

industrial expansion program is riot 
based on incremental costs,

antd in some instances large industries are being subsidized at
 
costs well below the actual energy production costs utilizing
 
fossil fuel power sources. For the above reasons, it is
 
suggested that the 
system load factor of EEA will decrease in
 
the future to a value approaching that of the other countries
 
in the world. 



TABLE 11-2
 

LOAD FORECAST 1976-2000
 

Year Max.Demand Energy 
Energy 
Growth Load Factor 

(MW) (GWH) (Percent) (Percent) 

U) 
u 

1976 

1977 

1909 

2192 

11640 

13500 

18.8 

16.0 

69.4 

70.3 
0: 
0 

1978 

1979 

2470 

2678 

15150 

16750 

12.2 

10.6 

70.0 

71.4 

0 
1980 

1981 

2924 

3192 

18520 

20470 

10.6 

10.5 

72.1 

73.2 

o 1982 3578 22630 10.6 72.2 

1983 4028 25020 10.6 70.9 

0-o 

1984 

1985 

4518 

5045 

27660 

30580 

10.6 

10.6 

69.7 

69.2 
19-- 986 5527 3360 9.1 68.9 
1987 6066 36400 9.1 68.5 

1988 6629 39710 9.1 68.2 

0 
rr 
0
U. 
In 
0 

1989 

1990 

1991 
1992 

1993 

19911 

7221 

7834 

8510 

9208 

10032 

I0884 

42890 

46320 

50020 

54030 

58350 

63020 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

67.8 

67.5 

67.1 

66.8 

66.4 

66.1 

% 1995 11826 68060 8.0 65.7 

1996 127911 73500 8.0 65.4 

o 1997 

1998 
13941 

15015 
79380 

85100 
8.0 

7.2 
65.0 

64.7 

1999 16197 91230 7.2 64.3 

2000 17395 97790 7.2 64.0 

Compound Max.Demand Energy 

Growth Rate 

1952-1976
1976- 1985 

1985-1995 
1976- 1995 
1976-2000 

12.6%
11.40,0 

8.9% 
1o.1% 

9.6% 

11.9%
11.-3:' 

8.3% 
9.7% 
9.3% 



0.466 
TABLE 11-3
 

FORECAST PEAK DEMAND (GW) AND ELECTRICITY GENERATION (TWh)*

AND LOAD FACTOR BY REGION
 

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

Contral and
 
Soutt America 
ilrazil 21.4 101.0 294.652.8 119.3 563.5 63.5 63.7 63.5 

:ft-xco 13.5 33.3 70.0 73.3 180.3 380.2 61.8 62.0 61.8 
Argentina 8.2 16.5 42.0 148.029.0 83.2 58.3 57.6 58.1
 
Venozuela 
 6.2 11.9 21.0 32.4 62.7 110.4 59.5 60.1 59.8 
Columbia 4.8 9.6 i8.o 25.2 50.5 94.6 59.8 60.1 59.8
 
Peru 2.7 9.6 27.5
5.2 14.0 50.5 59.0 60.4 59.9
 
CileJ.o 2.2 
 4.5 8.1 10.9 22.7 41.0 56.4 57.6 57.6
 
C1tba 1.9 6.6 19.1
3.6 9.9 34.7 59.3 60.6 59.9 
1,rh',iay 1.0 2.0 3.8 5.3 10.5 20.0 60.3 59.9 59.9 
Jwllaca 0.8 2.2 6.1 4.9 13.7 37.4 69.7 71.1 69.8 
Costn lIca 0.4 1.0 2.3 2.3 5.5 12.1 65.5 62.8 59.9 
J)ominican Rop. 0.4 1.0 2.2 2.2 5.2 11.3 62.6 59.4 58.5 
Ecuador 0.4 2.2 5.21.0 2.2 11.3 62.6 59.4 58.5 
i'a11mn 0.4 1.0 2.2 2.2 5.2 11.3 62.6 59.4 58.5 
Bolivia 0.A 0.9 1.9 1.9 4.5 9.7 54.1 57.1 58.1 
(Ginte,,nla 0.3 1.7 3.90.8 1.7 8.7 64.5 55.7 58.3 
I-,Isalvador 0.3 0.8 1.6 1.6 3.8 8.3 60.7 54.2 59.1 
Asia & For East Aver. 61.2 60.i 60.i 
ludia 40.0 88.0 190.0 210.0 i62.0 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 59.6 59.8 59.8 
Korea 5.4 13.2 27.5 31.0 76.3 159.o 65.4 66.o 65.8
 
I'alistan 
 4.4 10.7 22.7 23.0 56.4 119.2 59.5 60.2 59.8 
riailand 2.7 13.4 36.66.5 20.0 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
 
flong Kong 
 2.5 5.6 10.1 13.1 29.5 53.0 59.7 60.1 59.7 
S iL|gapore 1.5 12.0 26.54.7 8.7 68.6 66.0 64.4 65.1 
M:laysia(I'enin.) 1.4 3.14 7.0 7.5 17.8 37.0 61.0 59.8 60.2 

Io!.eIj:a(Java) 1.0 3.4 8.0 5.3 17.9 42.0 60.3 60.1 59.8 
"(o;. Vietnam 1.1 2.9 6.5 5.8 15.0 34.o 60.0 59.0 59.5 

langlndesh 1.0 4.5 9.7 4.8 	 21.7 51.0 54.6 55.0 59.9 
Aver. 62.3 60.6 61.o• -	 log
 

I 



'I b1iln ( c, nt,) It.& 

.- 47 
GW TWh % Load Factor
 

_1980 
 1990 2000 1980 1990 2000 1980 1990 2000
 
Middle
Europo, 


East and Africa
 

Spain 24i.8 46.6 83.5 130.4 245.0 438.9 59.9 60.0 59.8
 
Y1goslavia 15.1 26.5 46.1 79.5 139.4 212.2 59.9 60.0 59.8
 
"rur:coy 5.2 14.6 33.6 28.6 80.6 185.4 62.6 63.0 62.8
 

(.rceco 4.5 9.3 18.3 25.5 52.6 103.5 64.5 64.6 64.4
 
tF1'yl 3.3 8.4 15.4 20.7 47.0 86.3 71.4 63.9 63.7
 

J.1:3r.ol 3.0 6.2 10.3 15.6 32.8 5ti.1 59.2 60.4 59.8
 
Kvtwait 0.9 2.0 4.3 4.9 10.5 22.6 62.0 59.9 59.8
 

Iraq 0.8 1.7 3.5 4.3 
 8.9 18.1 61.2 59.8 58.9
 
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.Ij 7.4 18.1 55.3 60.3 58.9
 
Alroeria 0.6 1.3 2.7 3.2 6.7 14i.2 60.7 58.8 59.9
 

L,ebanon 0.5 1.0 1.9 2.6 5.1 10.2 59.2 58.2 61.1
 
:;y Iin 0.5 1.1 2.5 2. 11 5.7 13.1 541.6 59.2 59.7 

wC aAmeron 0.1 0.7 1.1 2.3 3.7 5.9 65.5 60.3 61.1 

PIb;,1, it 0.41 0.9 2.2 2.0 1.8 ij.6 56.9 60.9 60.0 
Igada 0.4 0.9 2.0 1.9 1i.5 10.5 511.1 57.1 59.8 

111 i : in 0.4 0.9 2.0 1.9 4.5 10.5 54.1 57.1 59.8
 
Z,11, i a 0.3 0.8 1.8 1.7 3.9 9.5 64.5 55.7 60.1
 
Saitli Arabia 0.3 0.8 1.8 1.7 3.9 9.5 64.5 55.8 60.1
 
(o,,erally Plan- Aver. 60.3 59.8 6o.5
 
ne lEconomics
 
I'uI(itnd 22.9 37.9 59.7 120.1 199.0 315.8 59.7 59.9 59.8
 

Czechoslovakia 15.2 23.2 32.1 80.0 122.0 169.0 59.9 60.0 59.9
 
1onialliai 14.8 26.3 46.1 77.8 138.0 242.5 59.8 59.9 59.9
 

I Ilg'1aria 7.8 13.0 21.3 1iO.9 68.3 111.7 59.7 60.0 59.7
 

htngary 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
 

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


(1980-1990-2OO)= 60.5 
6o -_(Gl = gigawatt=103 MW 


'JWh = tcrawatt hour= lOgkWh.
 
riutiortLion on Forecasted Peak Demand and Electricity Generation
 

ob ta i eI It um pages 16 and 17 "Market Survey for Nuclear Power in
 
1cv,.J,,. ing Coun tries-19711 Edition" by International Atomic Energy

Age,,cy.;)ata for Load Factors derived from the above peak demand and /u'IA' 
,I)",t.-y i -formation. 

http:J.1:3r.ol
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Impact _Sigtitia:ace V! "-At -______-- .e-i -t--tln-?ic5'ifIa 

IIMMA4 E%V1'O!4%iNT 

LAtM USE 

50.8 acre" of agricult,,ral land v1OL 
convcrted to heavy industria lad 

be Cropo of beans, tri-Rtces, siuash. wheat 

are currently grown en 1-d. 
b.dhay i,. -

Hlntise; vill be destroyed to accomaate the 

pover plant facility. 

At least 20 houxec and :. exist an the ite. T--'-4 

ct-* 

"'1ai by the project viii be 

1te tby e Etcyptian Gotvermlnt. 

TRANS I'ORTATION 

Increased traffic.e*stly durls Roadays are considered ede-quate ne ;--:.ed 

eon'tructon. 

Increased barge traffic duriug cintructiem Telume of boat tr..'.c .s.r-11com;a-ed te nermlss- -eNned 

and operntion. traffic on Great Bitter La:e. 

HIfAN ]NT F.ST 

Noise 

Construction and operation activiuies vill 

cause substantially more noiqe tbm 
Peareqt populotion ceitcr 

I k any, Sc.itertd e 
(,Su c-ltan) is ^rprox. 
-tl.!n% ar-eadjcent 

-.e 

presently exists at the site. to southern boundary'. 

ECONOMT 

Em plt ment 

Creat ion of a max. of approx. 30M vm Jda Lomg term Ivrnct not s:F-.fflcant Nc.e 

during contruction and "pproximeL7 100 

during opct ..t n. 

Electric roer production 

300 MW electricity provided by frllity. Lnad i- anticpited to e-t-hle in 7 ye.rt.. F.ne Re--:Ired 

Eximting facilities inadequate fer preent 

denmnd. o'ill ru ide r--*,rcrc"w i.-dustries 



TABLE &.1-1 (Cent°'d 

Ipact "f__f!ic.-:e of .-. ct " ,, .sc 

BIOTIC EWVIRO"IENT 

TERRESTRIAL 

Habitats for indigenous plants and animals Crops of beans, teitos. wheat and har rli.plsced a.'i--:iq can rerpculate 
will he neutralized were evident cn 6/26/77. adJo!.nt Ia-. 

AQUATIC 

Economically important fish and she~lfish Variety of eccn.,ically I-rer'nt fish and a. Ma.in2i!e -trunlln of thoernal plime 
in Crest Bitter Lake p.tentially killed by shiellfish are VP.ent. Gray -let (IVs i by e-rlc--; multiple diqch-rlte 'icints 
thermal plume selall) breed% !n .%3ha1ow r-ar shore W;I.ers 

b. Locate d!--! rge in ne-n-vltal ,rea 

c. Locate e:4-h.%rgo. In dikoI area 

d. V'a- cr-Or;.- t..w~ra 

e. L.-It er-'.? rntirn of free 
• .'.:-- "ilorln' In dicrhorge 

tn pn 
-'r'-' 

n%-:1ge of n.2 n/I ad a 
".:0.5 mg/I , nd minmize 

eh1errn-:'-n time. 

Impingement, entranment and entrainment hassive cloRginp of intl.e - ...ct:tre cuuld a. L-cat, n-' strij-tiir. where 
of otgantou in cooling water withdrawn close down plant. ;e~t orl:.'.-.s vithdrawn Ir-,nrt.it 

from Great Bitter Lake will be killed. PorilAtIct,: of ecnormncally -rr.f--- .. ilhet live or mIgtate. 
Important fish and shellfi .t.ildbe destroyed. 

b. Ve.it.gn t.-'v'p" -triict,,re. cenfiguration 

Ito tI.3t -le nT..1 Ic r.,Im 
can a'c!- !t. 

- rrc- ?,.-m x. arr, A1. 1 vel.c ty 
tv !:.-ecn ,of0.75 fps 

- rro--tie through screen v ocelty 
of I.--%fl. 

- rtcv'e- tras!, rac'k .nd provide 

scre - n i s.ize of 3/8 inch 
to r::,c-,t estrtnlnment of large 

Impingement, entrapment and entrainment of Aquatic life ani tranth is a!u.dAnt in canal. Dee:gn Int.l.ci' triirtlre vith a trash 
organisms in fresh water withdrawn from Sweet Could cpuse unnecessary cliccing of water rack and sc-e.n in descrJl,ed In 
Water Canal treatment system. "b" aboee. 



Impact 


1PYsICAL ENVIRC.M-T 

WATER
 

Water Ned
 

A'r-ox. 20O.,S) S,- wltrawn from Creat 

Bittor LAke foc ouce through tooling 

Arprox. 40 gni wltIh,lrawn Irm Svee. Water 

C.11.1i for htr-' . boiler m5.keulp And other 
In-,-Ianat tes,-i 

W lter 11is!ch..!
Ae A. 

Apprnx. 2Ofnro pm -%-%it cooling water 


ttharg.-I titt Bitter L.-ikeat approx. 


m.x. 31C (98.SF) In .uly 

Approx. 40 g *j"t.r frt-n non-coo)ling 


le-pt.it uqos ,!l.h.r,-,, 


Ir. Creat Bitter L.ak recirculatinn of 


he.nted cuolini uw%,r into cooling atter 


Int.ake 

Rupt,.r'.I oli storige tanks or spills during 

oil delLvery comIad ontnuinate Creat Bitter 

Like 


AIR
 

S02 and NO eiatsions from brnIng ol. 
xJ. 


°
 
T'_.".'.-. "E-NV ;IVIN.W7,'T;IAL I"7ACT$
.
 

I LIEA 

3T: M _-L ELFCTRTCAL PFOJECT 
."'---;ELEUCRICITY ALrTHlI,!TY 

I S"..\ 


-. tt..nce of .T,.t 


-
 on !i.- due to Size
Inels-!_. !f.-e ne 


(20.5 !'--; by 11.5 &a wide; total
 
volume .. , :.<
 

Suffi:!-.%t -li-, available 

KM. ..: (:4 q-ie# Lake top. at
 

disc!t'z.
 

Coul" t-:-:i[zld pollution oF lIk" vith 


oil .---. sclv,. nnd sts,.nd-d solids 

and .-. : .. .. Could Int-•-re with 

rcre-': .'ting and fishing in area. 

Oecremaed
Crea'- -! .- u .ttor -ink In D..;. 

ef7 :-:', .- r plai. 


Oil s,"'!. :- Like vnoid tiot re.lily be dI-persed. 

celd .-:'. -!ich,.s for rccrentl.ndt uses an.I 

hr' I*"i-; i-h.:try. 

No 1 -:l j!. r Xslatlonq will be violated 
Pr.-a.I ! .-. hlow cmt aloihts over rrent 

Recou~end 4 Hitlttnl HSsre__ 

eone Requtred
 

None Required
 

Prevent ditchArg-s to Cr-.it fitter Lake. 

Discharge all nn-cocltni vat ert 

into p~rcoI-*t",t--v.'Trntton U.rlcn. 

Develop rectrcul.iti' rldel for I.nke and 

design %nd lorit-. 1''ke and disclirlte 

qtror:,,roq t' %.'o1i r. ..Iril tlon. 

Dikes vl IIe s Ilt ar-,,nJ storage 

tanks and detlivmry .r .. 

m.xlimtze use or natural gn to minimise W 
eusatons. 

http:le-pt.it
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ArNEX M 

TABLE A
 

CURRENCY 

YEAR PEIOD U.S. DOLLARS EGYPTIAN (L.E.) 

1978 lst Q .... 

1978 2nd Q --

1978 3rd Q 395,000 13,000 

1978 4th Q 1,954,000 25,000 

Total 1978 2,349,000 38,000 

1979 lot Q 2,070,000 335,000 

1979 2nd Q 4,492,000 921,200 

1979 3rd Q 10,440,800 1,807,700 

1979 4th Q 10,060,700 1,905,700 

Total 1979 27,063,500 4,969,600 

1980 lit Q 13,465,000 1,077,700 

1980 2nd Q 17,332,500 627,500 

1980 3rd Q 19,509,000 1,211,100 

1980 4th Q 17,202,000 1,375,100 

Total 1980 67,508,500 4,291,400 

1981 lot Q 8,541,200 1,200,400 

1981 2nd Q 10,268,000 1,034,500 

1981 3rd Q 10,757,000 892,700 

1981 4th Q 5,014,500 828,900 

Total 1981 34,580,700 3,956,500 

1982 lit Q 2,145,300 636,300 

1982 2nd Q 1,433,000 233,200 

1982 3rd Q 1,056,030 -

.Total 1982 4,63.3 8690 

Total Project Capital 136,136,000 14,125,000 
I(
Cost 
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AHEX.0 

ISMAILIA 
ECONOMIC RATE OF RETURN 

COSTS OPERATING 
(DOLLARS IN MILLIONS) 

NET DISCOUNTED 
YEAR 
1977 
1978 
1979 
1980 

CAPITAL 
.5 

1.8 
31.0 
66.0 

AND MAINT. 
-

-

TOTAL 
.5 

1.8 
31.0 
66.0 

BENEFITS 
-
-
-
-

BENEFITS 
.5 

1.8 
31.0 
66.0 

-
-
-
-

AT 20% 
.42 

1.25 
17.94 
31.83 

1981 
1982 
1983 
1984 

36.0 
4.7 
-
-

13.6 
40.9 
54.6 
54.6 

49.6 
45.6 
54.6 
54.6 

22.2 
66.5 
88.7 
88.7 

27.4 
20.9 
34.1 
34.1 

-
+ 
+ 
+ 

11.01 
7.0 
9.52 
7.93 

1985 - 54.6 54.6 88.7 34.1 + 6.61 
1986 
1987 
1988 
1989 

-
-
-
-

54.6 
54.6 
54.6 
54.6 

54.6 
54.6 
54.6 
54.6 

88.7 
88.7 
88.7 
88.7 

34.1 
34.1 
34.1 
314.1 

+ 
+ 
+ 

5.51 
4.59 
3.82 
3.19 

1990 
1991 

-
-

54.6 
54.6 

54.6 
54.6 

88.7 
88.7 

34.1 
34.1 

+ 
+ 

2.66 
2.21 

1992 
1993 
1994 
1995 
1996 

-
-
-
-
-

54.6 
54.6 
54.6 
54.6 
514.6 

54.6 
54.6 
54.6 
54.6 
54.6 

88.7 
88.7 
88.7 
88.7 
88.7 

34.1 
34.1 
314.1 
34.1 
34.1 

+ 
+ 

+ 
+ 

1.84 
1.54 
1.28 
1.07 
.89 

1997 
1998 

-
-

54.6 
54.6 

54.6 
54.6 

88.7 
88.7 

34.1 
314.1 

+ .74 
.62 

1999 
2000 
2001 
2002 
2003 
200o4 
2005 

-
-
-
-
-
-
-

54.6 
54.6 
54.6 
54.6 
54.6 
54.6 
54.6 

54.6 
54.6 
54.6 
54.6 
54.6 
54.6 
54.6 

88.7 
88.7 
88.7 
88.7 
88.7 
88.7 
88.7 

34.1 
314.1 
314.1 
34.1 
34.1 
314. 
34.1 

+ 

+ 
+ 
+ 
+ 

.51 

.43 

.36 

.30 

.25 

.21 

.17 

REMAINDER + .80 
t 0 
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Footnotes - Economic Rate of Return 

1. 	 Plant life is estimated at 25 years with no salvage value.
 

2. 	 Capital costs are the unescalated current estimate with 

disbursements based on Annex M 

3. 	 Egyptian Pounds have been converted at the parallel market rate 

(LE .70 equals US $ 1.00) . 

4. 	 Plant start-up is based on CDM chart in Annex P.
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