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Attached for your review are recommendations for authorization

of an amendment to A.I.D. Loan No. 263-K-032 to the Arab Republic
of Egypt increasing the amount of such Loan by Nineteen Million
United States Dollars ($19,000,000) from Fifty Million United
States Dollars ($50,000,000) to not to exce=d Sixty-Nine Million
United States Dollars ($69,000,000) to assist in financing the
foreign exchange costs or goods and services required for ‘the
lelwan and Talkha Gas Turbine Plants.

No meeting is scheduled for this loan proposal. However, please
advise us of your concurrence or objections as early as possible,
but in no event later than close of business on Wednesday, September
21, 1977. If you are a voting member, a poll sheet has been
enclosed for your response.
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EGYPT: HELWAN AND TALKHA
GAS TURBINE PROJECT

AMENDMENT

SUMMARY AND RECOMMENDATIONS

1. Borrower: The Arab Republic of Egypt. The project will be implemented
by the Egyptian Electricity Authority, a separate entity within the
Ministry of Electricity.

2. Loan:

a. Amount: Not to exceed nineteen million dollars ($19,000,000)
which increases an existing loan (263-K-032) for this project
from fifty million dollars ($50,000,000) to sixty-nine million
dollars ($69,000,000).

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

3. Terms to the Implementing Agency: This loan together with the previous
loan will be re-loaned by the Arab Republic of Egypt to the Egyptian
Flectricity Authority at an interest rate of eight and one-half percent
(8.5%) per annum with repsyment over twenty-five (25) years including a
grace period of five (5) years.

4. Total Project Cost:

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

Egyptian Government Contri-

bution and local currency

costs exclusive of land and

internal engineering and

administration cost L.E. 3,095,000

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




power penevaling plante have been consl.ructed mwd placed in operat.ion,
Tin project wan orlginally funded in FY 1976 when the forelen exchiange
conl. was catimated at $50 million. The current foreign exchange cont
eatimnte is $69 million. This loan will provide the additional
Cinancing needed for the project.

{r, Other Sources of Financing: Since gas turbine generators are to be
purchased in the U.S. no other donor has indicated an interest in parti-
cipnting in financing the cost increases in this project.

7. Mission Views: The U.S. Mission in Cairo views this as a high
priority project and strongly recommends financing of the project.

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

9. Environment: Envirommental considerations have been addressed.

10. Issues: None.

11. Recommendation: Authorization of a loan in the amount of $19 million
to increase A.I.D. Loan 263-K-032 from $50 million to $69 million.

12, Project Committee:

Chairman: Robert N. Bakley
Loan Officer: Charles J. Patalive
Fnglineer: John Callahan
Fconomist: James Norris
Program Officer: George Laudato

Attorney: James Phippard
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I. INTRODUCTION

On June 29, 1976, A.I.D. authorized a loan to the Government of the
Arab Republic of Egypt for the construction of a 120 MW gas turbine
generator plant near the city of Helwan and a 180 MW gas turbine
generator plant near the city of Talkha. The agreement was signed
on July 31, 1976 (AID Loan No. 263-K-032). The total project cost
was then estimated at $50 million in foreign exchange (FX) and

ILE 4 million in local costs were to be provided by the Egyptian
Flectricity Authority (EEA), the implementing agency. Justification
for the project was set forth in the A.L.D. project paper, "BEgypt:
Helwan and Talkha Gas Turbine Plants", AID-DLC/P-2165, May 27, 1976.

In June, 1977, Gilbert Associates, Inc., a prominent U.S. consulting
firm under contract with EEA for project management, completed

its "Preliminary Project Report" for the project, including a review
of the cost estimate. Based on that review, Gilbert estimates the
project cost at $69 million in FX and LE 2.9 million in loecal costs.

A.I.D.'s Loan Agreement requires, in Section .02, the GOE to pro-
vide all resources, in addition to A.I.D.'s Loan, needed to carry
out the project. While the GOE recognizes and accepts this require-
ment, financially it is unable to comply with it on a timely basis.
The GOE therefore sought assistance from other sources, but to date,
it has not been successful. Consequently, the GOE has asked A.I.D.
10 increase its Loan amount from $50 million to $69 million. The
GOF and ELA letters requesting A.I.D. assistance are included as
Annex A to this paper.

In view of the delay in project commencement, and therefore comple-
tion, which would then further increase the project costs, and the
importance of the project to Egypt, we are recommending that A.I.D.
inerease its Loan from $50 million to $69 million -- an increase of
$19 million.

This paper provides an explanation of the cost increase, reviews

the current status of the project and the revised project schedule
and, where pertinent, reappraises the technical, economic and finan-
cial viability of the project.



II. BACKGROUND

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

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

TABLE 1

SELECTION OF CONSULTING ENGINEER

Date Event

1976

April 19 CBD notice published inviting firms to pre-
qualify.

May 19 Pre-qualification material received from
17 firms.

June 29 Four firms short-listed.

July 6 Request for nroposals mailed.

August 26
October T
October 20
December 12
December 20
1977
January 5

May 5

Proposals received.
Firm selected.
Negotiations started.
Negotiations completed.

EEA Board approvel of contract.

Contract signed.

U. S. dollar letter of credit issued.



2.03 As can be seen from Table 1, selection of and contracting with the
consulting engineer took 261 Jdays, a time we find normal in host
country contracting. Fortunately, we started the selection process
101 days VLetore the lLoan Agreement was signed, including asking the
four short-listed firms to prepare technical proposals, or the
meeting of CP's would have been further delayed.

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

rS
o
N

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

A. Financing Gap

The revined cont estimate based on Gilbert's "Preliminary roject
Report" is estimated at $69 million and LE 3,095,100. Table 2
below compares the current estimate with that shown in the original
project paper.

TABLE 2

COMPARISON OF PROJECT COST

S&P Gilbert
(10/75) (6/77) Difference
U. S. Dollars 50,000,000 69,000,000 19,000,000
Fgyptian Pounds 3,675,477% 3,095,100 (580,377)

B. Reasons for Increase

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

TABLE 3

COMPARISON OF COST ESTIMATES

(U.s. $000)
Iten S&P Gilbert Difference
Equipment 33,000 45,073 12,073
Booster Compresser - 1,660 1,660
Fuel 0il Treatment - T10 T10
Freight - insurance L, 480 L ,656 176

1/ Interest during construction, included in original estimate,
has been eleminated since EEA will finance LE costs from internal
cash generations.
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Ttem S&D Gilbert Difference

Frection, Start-up

and Testing 500 1,525 1,025
Training - 400 400
Civil Works - 537 537
Engineering ~ Super- :\

vision 1,100 1,855 155

Sub-Total 39,080 56,416 17,336
Escalation 4,706 9,266 4,560
Contingency 6,210 3,318 (2,896)
TOTAL 50,0G0 69,000 19,000

The causes for the increase in FX costs can be logically grouped
into two categories: Equipment--price increases and additions;
ond a change in project execution. In the first category, the
original equipment cost estimate was $33 million. Equipment is
now estimated at about $45 million and accounts for 63 percent of
the project cost increase. In addition, a booster compressor

for the Helwan site (see paragraph 5.02) and fuel filtering faci-
lities at both sites have been added. The estimated cost of

these additional items is $2.l4 million. The total increase attri-
butable to equipment is $1L.4 million.

The second category is project execution. Originally, civil works
and equipment installation and erection, was planned to be handled
by Egyptian construction firms under contract to EEA. The U.S.
firm supplying equipment was to be responsible for supervision of
erection only. Gilbert has now completed its review of the capa-
bility of Egyptian firms to carry out this work and have concluded
that the most capable firms are overloaded with work and are not
available for this project. Other firms lack the necessary equip-
ment, experience and supervisory staff for this project. Gilbert
has therefore recommended that the prime U.S. firm be required to
fully assume responsibility for civil works, installation and
erection. The additional costs attributable to this decision are
estimated at $2.3 million (erection, start-up and testing - $1.0
million; civil works - $537 thousand; and engineering supervision -
$755 thousand).



3.0%  KFA and A.1.D. fully concur in this change in project execution,
The delayn [n the conntruction of EEA's Awo Buropenn-Cinaneed
power projecta (Kafr Bl Dawar and Altm Quir) have been atbributed
Lo delays by the Egyptian contractors, primarily because of out-
moded (or non-existant) equipment and poor construction super-
vision. Unfortunately, for these two projects, the foreign
supplier has little or no control over the Egyptian contractor
since the Egyptian contractor's contract is with the owner (EEA)
and not with the foreign supplier.

3.06 1In addition to the above items, we have added $400 thousand for
Lraining of FFA personnel in shops and plants in the U.S. Initielly,
we had believed that EEA had an ample supply of trained operators
which could be transferred to the Talkha and Helwan plants. This,
however, is not the case. The emigration of EEA's personnel
primarily to other Arab countries over the past years has so de-
pleted EEA's reservoir of telent that it is presently having pro-
blems operating existing plants, let alone have personnel available
for the new plant.

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

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

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

The load and generation forecasts included in the original Talkha-
Nelwan roject Taper were based on studies by S&P in November, 1975.
For demand projections, two analyses were performed -- onc using
catoblished methods of forecasting titled "Long Range Forecast' and
a second which took cognizance of the Egyptian economy titled
"Short Range Forecast". Both forecasts proved to be conservative
at least for the first two years projected. Table L below shows a
comparison of the two forecasts with the actual experience.

TABLE L

ACTUAL VS. PROJECTED DEMAND

1975 - 1976
Megawatte

Long-Range Short-Range
Year Forecast Forecast Actual
1975 1,582 - 1,643 1,733
1976 1,766 1,867 1,909

As noted in the original Project Paper, EEA has continued the ser-
vices of S&P with financing provided by UNDP and the World Bank
acting as Implementing Agency. (S&P's scope of work for these
services was included as Annex L in the Project Paper.) S&P,

with EEA assistance, has prepared revised projections. These pro-
Jections, including methodology, assumptions and conclusions are
included as Annex H -- Sanderson & Porter, Inc., "Phase I System
Planning and Diagnostic Report", April, 1977.

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

On the projected generation side, four assumptions which formed the
basis of the 1975 projections have proved to be incorrect. First,
and most important, was the filling of Lake Nassar in 1976, an
event not expected to occur until 1981, which allows the Aswan and
High Dam hydroelectric plants to generate more energy. Second, is
the delays in the construction of the Kafr El Dawar and Abu Quir
thermal plants. Completion of these plants has been delayed one
or two years, and the schedule is still slipping. Third is the
further deterioration in EEA's existing system, with most plants
not operating at rated cepacity. Fourth, is the edditional new
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planned generation not anticipated -- especially the increase in
the Abu Quir plant from 300 MW to 600 MW and the Suez plant of

300 MW. The net effect of these changes is that the installed
generating capacity has increased, but not to a great extent. The
unused available generating capacity, through 1982, is shown on
puge 13 of Annex H. (S&P's report also provides an in-depth
malysis of the capabilily of the Aswan and High Dam hydro-electric
plants, a controversial subject. 1In summary, despite the filling
of lLake Nassar, the installed name-plate capacity of 2,445 MW
cannot be cffectively utilized)

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

U.5.A.1.D. concurs in S&P's conclusions. We do, however, believe
the situation is more critical than S&P's report indicates, First,
vwe believe the demand projections are still understated and will
more closely parallel those projected by the Nuclear Power Plants
Authority shown on page ten of Annex H. Second, we believe S&P's
schedule of when new generation capacity will come on stream is
unrealistic, especially the projection that the third and fourth
units of Abu Quir will start commercial operation in 1981, one
year behind the start-up of units one and two, which itself is

an optimistic schedule. Third, we believe S&P's projected out-
put from the existing plants is optimistic, considering EEA's
existing experience. Note that S&P projects most plants to operate
at full capacity and projects output from the Aswan/High Dam
hydroelectric units at 2,360 MW despite the fact that output will
probably be limited to 2,010 MW because of the penstock design.

Assuming, however, that S&P's projections are correct, with the
Talkha/Helwan gas turbine units and the Ismailia Steam Power Plant
on stream, timely, EEA's situation remains poor and without these
plants the situation is critical. EFA's system is such that a

plus 30 percent reserve requirement is necessary for system sta-
bility. The following table shows EEA's reserve capacity, using
S&P supply/demand projections, except as noted, with and wtthout
the Talkha/Helwan and Ismailia plants.
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TABLE 5

AVAILABLE RESERVLE

Generating Less Net Keserve
Year Capacity Talkha-Helwan Capacity Demand With w/0
(MW) Ismailia (MW) (Percent)

1977 2711 - ©271) 2192 19 19
1978 3271 - 3271 2470 17 17
1979 3568 300 3268 2678 25 18
1980 Lots 300 3775 2942 28 23
1981 4343 300 Lou3 3192 2T 21
1982 5250 600 4650 3578 32 23
1983 ssil 600 kg1l Lo28 2T 18

1/ "he commercial operating dates of the Talkha/Helwan and Ismailia
projects do not agree with the present schedule. However, since
these plants are deduted from the generating capacity, the
illustration figures are accurate.

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

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

There haa been no change In the technical plans and denign of the
projJect with the exception of adding equipment to the gne turbine
unite to allow the buring of fire mazout oil. The Helwan plant
shall have a rating of 120 MW with a minimum of four combustion
turbine units. The Talkha plant shall have a rating of 180 MW
with a minimum of six combustion turbine units. Each combustion
turbine unit shall be a simple cycle pre-packaged electric power
generating staition with each unit containing all auxiliaries
required to support the turbine and generator. Each unit shall
be designed to cperate on natural gas and distillate oil (solar)
with the capability of being converted to fire mazout oil in the
future. The units are expected to operate primarily on natural
gas. The units shall be capable of automatic switching of fuels
vhile under load.

The Helwan plant is located in the southern part of Helwan District
opproximately 30 KM south of the city of Cairo. The plant will
have a distillate fuel oil storage and handling system, service
building, machine shop, storage facilities and control room for
gus turbine operations. The output of the generators shall be
connected to on-site step~up transformers with the high voltage
side connected through underground power ceble to the new Tebbin
Bub-atation, located across the road from the plart site. Natural
rns will be delivered to the site by a pipeline constructed by the
kpyptian General Pétroleum Corporation. Pipeline pressure 1is
cxpected to vary between 60 and 100 psi; therefore, a pressure
booster station will be required to increase the line pressure to
the operating pressure required by the gas turbine suppliers. The
proposed plot plant for the Helwan plant is shown in Annex I.

The Talkha site is located in the delta area approximately 100 KM
north of Cairo and is immediately adjacent to the existing Talkhh
l'ower Plant. It will have the same associated facilities as for
the Helwan plant. It shall also include an extension of the
existing 200 KV sub-station to accommodate the electrical output
of the gas turbine units. Natural gas shall be delivered to the
site by a pipeline constructed by the Egyptian General Petroleum
Corporation. The natural gas pipeline pressure at this site is

of sufficient magnitude that nine pressure reducing stations shall
be required instead of the pressurizing station as required at
Helwan. The proposed plot plan for the Talkha is shown in Annex J.
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VI. ENVIRONMENT

Environmental assessments of the Talkha and Helwan gas turbine plants
have been examined by Sanderson and Porter in July 1976 and by Gil-
bert in April, 1977. Both assessments resulted from site visits

nnd discussions with personnel in Egypt as well as perusal of various
documents which were available.

Annexes K and I show in table form the potential significent impacts
of’ the plants and, where appropriate, the mitigating measures
recommended. Following is a narrative discussion of the environmental
assessment.

A. Helwan

(1) Physical Environment

Water: Nile River water will be withdrawn at a rate of 500 gallons
per day (GPD) from a four-inch water main crossing the Helwan site.
The water main has been designed to serve the power plant and it will
be expanded in the futrue to serve a new population center planned
for 20,000 people located 2,500 feet (762 meters) north of the plant
site. Sufficient water is available for the project. The small
volume of water will neither tax the output of the filtration plant
nor adversely impact the total flow of the Nile River.

Farthern dikes will be built around the oil tanks to prevent contam-
Ination from spills or reputered tanks. The oil unloading area will
be provided with spillage containment and control.

Air: Approximately 2,500 feet (762 meters) from the site it is
planned to construct a1 new community. If natural gas is burned, only,
there will be no significant air emissions. If solar oil is burned,
enissions could have a harmful effect on the residents in the planned
community. However, given the gaseous emissions from Helwan steel
mill, the adjacent power plant and other industry near the plant sise,
the emissions from burning solar fuel will be superimposed on the
existing particulate and gaseous emissions. Controlling the emissions
from the Helwan plant would be insignificent unless & program to
control other massive sources of an emission is initiated.

(2) Biotic Environment

Neither flora nor fauna are evident at the site which is at the edge
of the desert. Some mammals and reptiles now on the site will find
suitable habitat in the adjacent sand and rocks.
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(1) Human Envirvonment

Lad Unes  Approximately b oweren o denert. will be ut 1 {ued by the
ptant, The tand 1o now tdle and not muiltnble for agelcal ture,
Noige: bxisting ambient noise at the site was measured at 20 dB (A)

to 30 dB (A). Noise levels in the immediate vicinity of the gas
turbines will exceed 90 dB (A) which will require personnel protec-
tion. Natural conditions and design features of the gas turbine

vill diminish the roise to an acceptable health level uat the proposed
residential colony (about L0 dB (A)); but will represent an annoyance
to speech and sleep. The noise level will be less than those from
the adjacent highway, .

B. Talkha

(1) Physical Environment

Water: Approximately 500 GPD of filtered Nile River water will be
consumed for domestic purposes and for providing make-up closed loop
lube 0il cooling system. This small volume (0.15 percent of the
daily sand filter output) will neither tax the output of the filtra-
tLion plant for the existing plant nor adversely impact the total flow
of the Nile and its tributaries since they contain an excess ot water,
Dlsposal of the domestic wastes in a cesspool will provide a pathway
for returning the water to the groundwater rescervior.

Recause the Talkha £as turbine facility is situated in close proximity
Lo the emergency cooling water canals, which were initially used for
the older L0 MW portion of the existing station, an oil spill could
contaminate the Sahel Canal, a tributary of the Nile. Although the
intake and discharge canals are still present and filled with water,
they have not been used since the 90 MW extension was installed and
water began to be withdrawn directly from the Nile. The cities of
Talkha and El Mansoura both obtain their drinking water from the Nile.
A ruptured tank could possibly contaminate the water supply of both

of these cities. To prevent such an occurrence, earthen dikes shall
be built around the solar oil storage tanks and shall be of suffi-
cient volume to contain the contents (3,150,000 gallons or 10,000
metric tons) of each storage tank. Measures should also be implemented
to control potential oil spills during oil deliveries,

Air: TImpacts of air emissions from the gas turbine is a potential
health hazard on workers in the residentisl colony 700 feet (213 meters)
south of the site and the other residential colony 1,500 feet (kL57
meters) north of the site. The reported predominating wind direction
is toward the southeast which will cause emissions to blow over the
residential colony to the south. Air emissions from the gas turbines
will be super-imposed upon those presently emitted from the existing

130 MW power generating facility which burns solar oil.
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The two emissions of concern are oxides of nitrogen (NOx) and sulpher
dioxide (SO2). Under certain wind speed and stability conditions,
high levels of air pollutants could reach the residential communities
when burning solar oil. When burning natural gas, which will be the
dominant fuel, the NOx will be much lower, and the S02 emissions
almost non-existent.

(2) Biotic Environmsnt

Habitats for the indigenous flora and fauna will be destroyed when

the approximately 12 acres (149,000 m2) of the site are converted from
prime Egyptian delta agricultural land to industrial land void of

host terrestial habitats. Flora consists predominantly of Eucalyptus
vrees at the eastern border of the site and cultivated crops. In
April, a mature grain crop and a newly planted bean crop were evident.
No trees on the site will be removed unless they directly interfere
with facilities. Plans for tree removal will be approved prior to the
start of construction.

Animals which have been observed by plant personnel at the site
include rabbits and small brown sparrow-like birds which are common,
nnd snakes and salamanders which are rare. No poisonous snake bites
have been reported. Animals which are disturbed during construction
can find suitable habitat in the agricultural land adJoining the site.

(3) Human Environment

Land Use: Approximately 12 acres (49,000 m2) of prime delta agricul-
tural land will be utilized for the project. EFA will compensate
farmers for this land. The site adjoins the existing plant to the

east and a fertilizer production facility to the north. Similsr agri-
cultural land lies west of the site beyond the Sahel Canal &nd to the
north. The size of the site has been minimized to limit the consumption
of agricultural land.

Noise: Noise levels in the immediate vicinity of the gas turbines
will exceed 90 dB (A) which will require personnel protection. Phy-
sical distance, a hedge row of trees, a concrete wall, orientation

of the gas turbine and the configuration of the oil storage tanks will
diminish the noise to an acceptable level at a residential colony to
the south (700 feet) and to the north (1,500 feet).

The existing ambient noise was measured at 35 dB (A) to 45 aB (A) with
the existing power plant at less than full operation. With the addi-
tion of the gas turbine units, the noise level will increese by about
20 dB (A) and should represent no health hazard to the nearby resi-
dential communities. Sound levels at the residences will be far

below those even remotely associated with measurable hearing impairment.
The noise, will however, represent an annoyance to sleep and speech.
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VII. TFINANCIAL ANALYSIS

A, General

In the June 1976 Project Paper, we described the current financial
conditions of EEA and the actions undervay to correct the problems.
Those actions were: the act creating EEA which would allow it more
freedom and independence on financial matters; the increase in
tariffs; and the employment by EEA of Sanderson and Porter, financed
by UNDP to study EEA's financial system and recommend corrections.

The new uct creating EEA as a separate entity has only Just been
approved by all parties, and EEA has not yet exercised any of the
nuthority it now has. Politcally, we expect EEA to move very cau-
tiously on such matters as teriffs and additional compensation for
employees in the form of incentives and bonuses. The important
point, however, is that the act is now in place; and while moving
LEA to implement the act may take time, we are at least at the
starting gate.

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

can attest to EEA's financial statements.

sanderson & Porter has now completed Phase I of its Scope of Work.
lts report, dated November 1976, lists 58 recommendations or actions
FIRA should take in the arceas of energy policy, organization and
management,, system operations, system planning, accounting and
finance, tariffs and training.

Fighteen of the recommendations were in the areas of accounting and
finance and five on tariffs. We have reviewed each of the recommend-
ntions and do not consider them appropriate for inclusion as addi-
tional conditions or covenants for the loan increase. The financial
covenants proposed in the original Project Paper -- debt to equity
ratio and return on investment -~ have been accepted by the GOE and
EEA and are included in the Loan Agreement. Also, the World Bank

has concluded the same covenants as conditions to its loan to EFA

for electric distribution.

B. Financing Plan

EEA's debt to cquity ratio has further deteriorated from a ratio of
2.36:1 at December 31, 19Th to 2.50:1 at December 31, 1976. It will
probably further deteriorate as disbursements increase on its two
large loan-financed projJects -- Kaft E1 Dawar and Abu Quir. On the
other hand, EEA's assets are understated since some were financed by
grant funds which were not amccounted for on EEA's books.
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In the original Project Paper, we stated that it was our intention
to require the GOE to pass on the AID loan at an interest rate and
repayment period to be determined by the Council of Ministers, in
accordance with the new EEA act. To date the Council of Ministers
has not set this rate., Therefore, the re-lending terms to EEA for
the Talkha/Helwan project are still open. We recommend setting them
s described below.

In September 1976 AID anthorized a loan of $24 million to the GOE for
the construction of a National Energy Control Center (A.I.D. Loan

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

C. Helwan and Talkha

Considering the new gas turbine installations as a separate entity,
we have assumed that during the first five years of operaticn (1979-
198L4) they will operate on close to base load at 4,000 hours a year,
and during the next ten years ns peaking power at 2,000 hours per
year. We have assumed a useftl life of 15 years. During the first
five years, annual revenues will be equivalent to $11,900,000 calcu-
lated on the basis of 900,000,000 KWH of salable electricty at an
average sale price of 1.3¢ per KWH. Annual cash operating costs,
based on the current subsidized price of fuel oil and the current ow
wage rate are as follows:

TABLE 6

ANNUAL OPERATING COSTS

Fuel and its transportation $2,070,000

Operating end meintenance:

Generation 99,000
Transmission and Distribution 567,000

$2,736,000
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Using these values the project has an internal financial rate of
return of three (3) percent. The project will therefore make a
marginal positive return to EEA. It will not be a return suffi-
cient to meet the AID covenant of nine percent return on fixed
assets, unless operating hours per year are greater than we esti-
mnte. The original Loan Agreement contains a covenant requiring
EFA to price its electricity at a level to allow it to earn & nine
percent return on its assets by June 1979. EEA accepts this
covenant and is expected to take the necessary steps to comply.

D. Disbursements

Annex M shows the projected disbursements over the life of the pro-
Ject for both dollars and pounds. Annexes N and O show the projected
disbursements by project inputs (except for disbursements for Gilbert's
services).

Il.  Debt Service Capabilitv

Feypt's external debt amounted to about $12 billion at the end of
1976. Of this, roughly one-third was to Eastern Buropean countries
and primarily for past military equipment imports. The $8 ®billion
balance includes almost $2 billion in deposit liabilities of the
Feyptian Central Bank to various Arab OPEC countries,

It is estimated that about $950 million in principal payments on
medium and long-term debt were made in 1976. An amount estimated at
$1.4 billion was owed on short-term bank credit facilities at the end
of 1976. In 1977 Egypt received a loan of $1.5 billion from GODE
which is being used to substantially reduce its current short-term
debt problem.

Debt service requirements in the future depend heavily on the extent
to which new short-term debt can be avoided. Over the near term, we
expect the debt service ratio (including short-term debt) to move
between 25 and 30 percent of export and service earnings,

In view of Egypt's heavy debt burben, A.I.D.'s normal concessional
loan terms are proposed -- 40 years, including a l0-year grace period,
with an interest rate of 2 percent per year during the grace period
and 3 percent per year thereafter. With these terms, particularly

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

A. General.

The primary benefit of this project is the economic value of the
clectricity that will be generated by the Talkha/Helwan gas tur-
bine units. The amount of usable electricity that will be produced
and delivered to users, per year, is 900,000,000 KWH. The true
cconomic value of a KWH of electric power should be based on an
estimate of customer's willingness to pey. basec in turn on the
shape of direct demand curves for domestic users and prevailing
market conditions for the products of commercial and industrial
users, For Egypt, such an analysis is not possible given the
subsidies and controls that permeate all sectors of the econouy .
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 individusl basis; and special rates
are charged for other purposes, such as irrigation. Rates, there-
fore, are based on the Government's desires to subsidize the user.

Despite the wide rate variance between users, the GOE has tried to
assure that overall average rates are set at a level which allows
EFA 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 subsidy and a cost to the national economy.
Our best guess is that the average overall rates would need to
climb to about 3.5¢ to 4.0¢ per KWH from the present average of
1.3¢ per KWH if EEA were to pay full cost for all its inputs and
average in the relatively cheap hydropower and the more expensive
thermal power plants operating on fuel oil.

B. Helwan and Talkha

The internal economic rate of return of the Talkha-Helwan project

is the discount rate which equates the present value of the time
streams of the attributable costs and benefits over the project's
assumed life of 15 years. At the present time, consumers of elec-
tricity in other countries at Egypt's approximate level of develop~
ment are prepared to pay between 4¢ and 6¢ per KWH. Based on this,
we have estimated the economic value of the electricity produced at
4.5¢ per KWH consumed. On the cost stream, we have included O&M for
the distribution system, a capital recovery factor (using & 15 percent



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



21

IX. IMPLEMENTATION

A. General

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

B. Schedule

9.02 The original project schedule planned for the consulting engineer
to be employed by September 30, 1976, the IFB released by December 1,
1976, contract award for supply of equipment of May 1, 1977 and
both units in commercial operation by January, 1979. Based on the
revised schedule, the Helwan units are planned to be in commerical
operation by July, 1979 and the Talkha units by October, 1979 -- a
six and nine-month delay, respectively. The delay is attributable
to the time required to employ the consulting engineer, as explained
in Para 2.02.

9,03 The revised schedule is predicated on the release of the IFB on
August 31, 1977. This date should be met. Six firms have been pre-
qualified by Gilbert and approved by the FEA. The IFB has been
drafted and is expected to be approved by EEA on August 25, 1977.
Upon approval, Gilbert will release the IFB from their Reading
Office, Contract award is expected by December 31, 1977. Annexes
Q and R show the Criticel Path on a Summary Level Milestone Schedule.

C. Terminal Dates

9.0k Conditions Precedent: Conditions Precedent to Disbursement were segre-
gated in two categories in the original Loan Agreement. "Conditionms
Precedent to Iritial Disbursement"(CPID) were designed to allow
early funding of the constract for the consulting engineer. "Condi-
tions Precedent to Disbursement for Specific Goods and Services"
(CPGS) were the additional conditions that were required prior to
the commencement of construction. All CPID have been met except for
the requirement that the A.I.D. loan be re-lent by the GOE to EEA
on terms and conditions satisfactory to A.I.D. This condition was
transferred to the CPGS section and , as explained in Para 7.06,
is still an open item. Satisfaction of all other CPGS is expected
by December 31, 1977, the date by which funding will be needed for
supply and construction of the plants. A condition of this proposed
amendment will be the satisfactory resolution of the re-lending terms.
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Letters of Commitment and Disbursements: The terminal date for the

opening of Letters of Commitment was originally set at September 30,
1078,  Given the present project schedule all commitments should be
requested by that date and therefore no change is required. The
Terminal Date for Disbursements was originally set at December 31,
1979, 12 months after the start of commercial operation. The present
planned date for commencement of commercial operation at Talkah is
September 30, 1979. Leaving the present date unchanged will allow
only a three-month period, after start-up, to make final payment to
the contractor. This period is too short and we therefore recommend
that the Terminal bate for Disbursements be extended to December 31,
1980. This will allow ample **=. to make final peyment to the
contractor; and allow for a slippage in the schedule.

D, kvaluation

‘The purpose of the project is to help meet interim power needs in

the cities of Helwan and Talkha, until planned thermal generator
plants are constructed and in operation, and to meet the pover demand
of other areas by funding power into the Unified Power Services. The
larger objective of providing the power is to avoid compromising
industrial production and growth.

Upon completion of construction and the beginning of operation, USAID
will preparc a formal evaluation report which summarizes how project
construction time compared to schedule, how costs compared to esti-
mates, whether the plants are able to provide the 300 MW incremental
addition to the power gird, and any particular issues which remain

Lo be addressed concerning the operation or management of the plants.
Purpose level cvaluatlon will be accomplished (1) by a series of plant
nudits to cvaluate management operation and maintenance of each
fneility during its first year of operation; (2) by determining, during
Lhe period of plant operations, the annual kilowatt production as an
indicator of utilization of plant capacity. Such data is monitored

on an hours/day basis. If utilization was below that antlcipated,
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.

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

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

A. Conditions and Covenants

All conditions and covenants recommended in the original project
paper hnve been accepted by the GOE and EVNA and incorporated in
the original lLoan Agreement. All conditions precedent to initial
disbursement have been met except the requirement that the (OE
re-lend the A.I.D. loan to EEA on terms and conditions established
by the Council of Ministers. Based on the discussion in Section
VII, we recommend that A.I.D. set the terms of the re-loan at

8.5 percent per annum with repayment over 25 years including a
grace period of five years; and that Section 3.02 of the Loan Agree-
ment be amended to include this condition. Additionally, the Loan
Amendment will include in Section 3.02 of the original Loan as &
condition precedent a legal opinion from the GOE attesting to the
vaildity and legality of the Loan Amendment.

We recommend no additional covenants be incorporated in the Loan
Apreement amendment. Those existing are adequate. Section 14.05
will be amended of deleted to reflect the interest rate requirement
for the re-loan.

B. Recommendation

Subject to the conditions cited above, we recommend that A.I.D.
authorizc an amendment of $19 million to the existing Helwan-Talkha
Gas Turbine Loan Agreement to finance the increased project costs.
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SCYPTIAN ELECTRICITY AUTHORITY

NASR CITY, ABRASSIA, CALIRO, EGYPT,
THLLGRAM: LECTROCOP CTELEN : 2007 POWER UL N,

Cairo, 17 July, 1977

Mr. Donald S. Brown D T P
Director USAID Mission 'C““”‘o-Ql&i"‘%zfi 7,/
Cairo, Lgypt. ACHONTAKEN_____DATE_g;(CW‘

INITIALS

NAN

Dear Mr. Brown.

A8 you know we have received a draft copy of the preliminary
project report for the Helwan/Talkha Gas Turbine Plants fror our
Consultants. The foreign exchange preliminary estimate contained
in the draft report is US § 25,90:,000 for Helwan and US $37,5%5,000
Tor Talkha or a total of US 63,436,000 as against the estimated
Zovelgn :rchange requirementis of US $45,402,000 contained in the
Sand=2rson & Porter report. This increase, we believe, is at.ribu-
tuble to the delay in the project execution and the cost escalation
Lhat has occurred with respect to material and equipment. The
cvmpletion dates on which the Sanderson & Porter estimate was based
wes 1976 for Helwan and 1978 for Talkha. The present scheduled
coupletion date for both Helwan and Talkha is 1979,

As e result of our review of the draft report with our
Lons. .tantis certain modifications have been agreed upon which will
» . %eet the estimated foreirx exchange requirements for the progject.
4ttached is a marked-up copy of the preliminary est 'mate, Table 9-1,
cf the draft preliminary project report, which shows the modifications
»70v have been made to the estimate with the result that the foreign
exchange estimate for Helwan is US $27,200,000 and for Talkha
Us $39,355,000 for a total of US $66,555,000.

The increase in the preliminary estimate of US $3,149,000
is primarily attributable to the addition of fuel treatment facili-
ties for solar oil, increased provision for training, increased
provision for spare parts, and additional machine shop capability
and increases in the indirect costs attributable to these added costs.

The total estimated foreign exchange cost of US $66,555,000
set forth above does not include our contract with Gil® —; Associates
which presentl; provides for an expenditure of US $1 . 7,5,000.
Therefore, our total foreign exchange requirement for the Helwan/
T~lkha Gar Turbine Project is US $68,410,000.



EGYI'TIAN ELECTRICITY AUTHORITY
NASR CITY, ABBASSIA, CAIRO, EGYPT.
TELFGRAM: FLECITROCOP CTILEX : 2097 POWER UL N,

(2)

Loan Agreement No, 263-K-032 between USAID and the ARE
executed on July 3lst, 1976 provides for a maximum of US $50,000,000,
In view of the presently estimated foreign exchange requirements
for the Projects it is requested that the Loan igreement be amended
to provide for an amount not to exceed US $68,500,000 or an increase
in the loan of US $18,500,000.

-4 view of the critical need for this additional generating
capacity to meet our system demands and the schedule which our

Consultants are trying to maintain, your early approval of our
request will be greatly appreciated.

Very truly yours,
/(/]/4/ 5 /'/'

(Eng. K abih)
De Chairman,



ANNEX B

LOAN AMENDMENT AUTHORIZATION

Country: Aranb Republic of LKgypl
Nrme of Project: lelwan and Talkha Gas Turbine Plants
Loan No.: 263-K-032

Project No.:

Pursuant to Part 2, Chapter b, Section 532 of the Foreign Assistance Act
of 1961, as amended, I hereby authorize an amendment to A.I.D. Loan

No. 263-K-032 to the Arab Republic of Egypt increasing the amount of such
Loan by Ninteeen Million United States Dollars ($19,000,000) from Fifty
Million United States Dollars ($50,000,000) to not to exceed Sixty-Nine
Million United States Dollars ($69,000,000) to assist in financing the
forcign exchange costs of goods and services required for the Helwan and
Tnlkha Gas Turbine Plants,

In mddition, the Loan Agreement dated July 31, 197G, will be amended to
provide that procceds of the Loan will be reloaned to FEPA at an interest
rate of elght and one-half percent (8 1/2%) per annum and shall be repayuable
within twenty-tive (25) years including a grace period of five (5) years.

All other provisions of the Loan Authorization approved on
1976, remain unchanged.

Administrator

Date
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ANNEX €

Certificetion Pursuant to
Section 611(e) of the
Foreign Assistance Act of 1961, as amended

I, Donald S. Brown, the Principal Officer for the Agency
for International Development in Egypt, having taken
into account, among other things, the maintenance and
utilization of projects in Egypt previously financed or
assisted by the United States, and the technical assis-
tance and training planned for this project, do hereby
certify that in my judgment Egypt has both the financial
capability and human resources capability effectively to
maintain and utilize the capital assistance to be pro-
vided for the construction of a 170 MW pas turbine plant
near Helwan and a 180 MW gas turbine plant. near 'Talkha.

btrf

Donald S
Director

2/ o7
e |
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1
financed shall be transported on privately . . !
1

e e — e e e
»
<
St

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

IhEras s

7. FAR Sec. 621. If technical assistance  Technidal assistance, to the greatest extent

s financed, will such assistance be furs m‘ cti i .
nished to the fullest extent practicable *. '?al’ will be frm;private enmrlse

+ as goods and professional and other on a contract basis..
- services from private enterprise on a ' ‘
. contract basis? If the facilities of

¥ other Federal agencies will be utilized,
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are they particularly suitable, not
compatitive with private enterprise, .
and made available without undue inter-
farence with domestic programs?

International Air Transport. Fair'

Compatitive Practices Act, 1974 "

If air transportation of persons or

property:is financed on grant basis, will

provision be made that U.S.-flag carriers
will be utilized to the extent such
service is available?

Constructiéni

1.

FAA Sec. 601(d). If a capital {e.g.,
construction) project, are engineering
and professional services of U.S. firms
and their affiliates to be used to the
muximum extent consistent with the
national {nterest? :

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

FAA Séc= 620(k). If for construction
of productive enterprise, will aggregate .

value of assistance to be furnished by
the U.S. not exceed $100 million?

Other Rustrictions

1.

FAA Sec. 201(d). If development loan,
is interest rate at least 2% per annum

during grace period and at least 3X per '
annum thereafter? ~

FAA Sec. 301§d). If fund is established
! solely by U.S. contributions and adminis-
' terad by an international organization,

does Comptroller General have audit
rights?

FAA Sec. 620(h). Do arrangements
preclude promoting or assisting the
foreign aid projects or activities of

Communist-Bloc countries, contrary to
the best interests of the U.S.?

FAA Sec. 636(1). Is financing not per-
n to be used, without waiver, for
purchase, long-term lease, or exchange

of motor vehicle manufactured outside
the U.S. or_guaranty of such transaction?

Mot %gplié&blg :

[

">

3

Not aiplicable.

R R A
4
It

Not applicable.

The 1c}an agreement will so stipulatg
For #

TS : v

Pindnging is not permitted to be ufed for
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5. Will arrangements preclude use of
financing:

a, FAA Sec. 114. to pay for performance
of abortTons or to motivate or coerce
persons to practice abortions?

b. FAA Sec. 620(3‘. to compensate
owners for expropriated nationalized
property? .

c. FAA Sec. 660. to finance police
training or other law enforcement
astistance, except for narcotics
proyrans?

d. TAA Sec, 662, for CIA activities?

. égn‘ Sec, 103. to pay pensions, etc.,
for miTitury personnel?

f. App. Sec. 106, to pay U.N. assess-
ments?

y. App. Suc, 107. to carry out provi-
siuns of FAA Sections 209(d¥ and 251(h)?
(transfer to multilatera) organization
for lending),

h, AH¥._§FC. 501. to be used for
publicity or propaganda purposes
within U.5, not authorized by Congress?

Yes,

Yes.

Yes;

Yes,

Yes,

YEus@

Yes,

' Yes,

'o’c'fs“)'la;
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ANNEX E

SECTION 3

SCOPE OF WORK TO BE PERFORMED BY GILBERT

Gilbert will provide enginecring, engincering administra-
tion and construction monitoring services in support of
EFA for the Project. Gilbert will furnish the services
of qualified personnel who will complement the capa-
bilities of EEA by providing assistance and advice as
described in this Section 3.

Preliminary Project Reports

3.1.1 Utilizing existing data made available by EEA
to the maximum extent possible, Gilbert will
prepare comprehensive plans which will define
the overall design, and construction para-
meters, contract and contract administration
plans and requirements, schedular requirements,
and cost estimates for the Project.

3.1.2 Gilbert will review reports made available by
EEA covering the archeological, geotechnical,
ecological, hydrological, meteorological, and
agronomy conditions that exist at both sites.

In the event that the information is considered
to be insufficient to adequately evaluate the
environmental aspects of the design specifica-
tions to enable the prospective contractors to
prepare their estimates in a competitive manner,
or to satisfy the applicable A.I.D. environmental

requirements, Gilbert will develop a program of



[

further investigation to provide the missing
information. The cost of developing such a
program of site investigation and of super-
vising any related field work is not included
in the original estimate and the original cost
estimate and fixed fee shall be adjusted
accoxrdingly.

Development of technical specifications for the Project.

Based on information contained in the preliminary

Project report, Gilbert will develop technical speci-

fications including equipment performance requirements,

for the design and installation of the Project.

Pre-%ualification of bidders and preparation of

Inviéation for Bidders (IFB).

3.3.& During the preparation of IFB, Gilbert will
conduct the pre-qualification of interested
bidders in accordance with established A.I.D.
guidelines and the wishes of EEA.

3.3.2 The IFB, based on information from the earlier
specifications developed by the EEA and the
preliminary Project report, will outline
contract terms and administration, describe
the technical design parameters, and specify
the mequirements for installation and start up.
Gilbert will prepare the IFB in accordance with
standard US engineering practices, codes and

standards and with applicable A.I.D. requirements



3.4

for sealed bid procurement. Equipment,
services, and construction requirements
will be fully and clearly defined. The
IFB will also specify design drawings and
documentation which the design/constructor
and/or equipment vendor must provide in
order to show compliance with design
specifications and equipment performance
requirements.

Review of Proposals and Award of Contracts

Gilbert will evaluate the responsiveness of the bidders

to the invitation for bids, the reasonableness of the

prices bid, submit recommendations and, if necessary,
assist in negotiating the contract between the EEA
and the selected bidders. To this end, Gilbert shall:

3.4.1 Prepare tabulations, analyses and evaluations
of all bids.

3.4.2 Together with the EEA Evaluation 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.

Contract Monitoring and Administration (Design Phase)

3.5.1 Gilbert will provide professional services
to assist the EEA in reviewing the work of

the Contractors for compliance with all



3.5.2

specified contract requirements and good

engineering practices.

Gilbert will review:

3-5.1.1

3.5.1.2

3.5.1.3

3.5.1.4

3.5.1.5

3.5.1.6

3.5.1.7

3.5.1.8

3.5.1.9

Systems designs (flow diagram, system
design criteria and descriptions, in-
strument and control logics, electrica}
diagrams and electrical system criteria
and design).

Equipment and material specifications.
Proposal of only the successful equip-
ment bidder before equipment contract
is awarded by the Contractor.

Selected manufacturers' spare parts,
operations, and maintenance requirements.
Plant layout drawings, for compliance
with accepted good practice, access for
maintenance, provision for equipment
removal if necessary, and economy of
space.

General routing of major systems.
General outline drawings of major
equipment and structures.
Constructability.

Review and witness factory inspection

and tests.

Detail designs requires for construction and the

checking of detailed design calculations and

drawings will be performed by the Contractor.
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3.5.3 The design review objective will be to deter-
mine that systems and structures will be capable
of performing their specified function, and that
adequate technical specifications and drawings
exist for obtaining bids on equipment and com-
ponents. Gilbert will review the adequacy of
design and provide an administrative check on the
Contractor's design functions. These review
functions will not relieve the Contractor of
its responsibility for the satisfactory perfor-
mance of the plants.

3.5.4 Along with the technical surveillance, Gilbert
will review Contractor's progress and expendi-
ture reports for compliance with forecasts.

Contract Monitoring and Administration (Construction and

rection)

3J.6.1 Gilbert will, as representative of EEA, admini-
ster the single responsibility design/construct
contract and monitor the Contractor's work to
verify that all contract work is accomplished
in accordance with the plans, pecifications
and contract documents. Gilbert will keep the
EEA site representative informed of Gilbert's
site actions, orders to, and correspondence with
the Contractor. The single responsibility con-
tract will assign to the Contractor sole re-
sponsibility for design, equipment selection,

procurement, manufacturing, assembly, shipment,



construction/erection and commissioning of

the complete plants. During the construction

and erection of the Project, Gilbert will

assign a resident staff to the Project sites.

Gilbert's resident staff will be supported by

Gilbert's home office as necessary. EEA

shall provide office facilities at the

Project sites and Gilbert will:

3.6.1.1 Establish lines of communication,
reports and liaison among Gilbert,
the EEA, and the Contractor. The
EEA will carry out all liaison with
ARE,

3.6.1.2 Act as the EEA's representative and
provide engineering monitoring and
detailed inspection of the performance
of all construction/erection work to
verify conformance with the
plans and specifications; advise EEA
on the plans and progress of the
Contractor and advise EEA of delays,
both actual and anticipated, which may
effect the construction of the plants
and means, where such exist, to
overcome these delays.

3.6.1.3 Review work plans, progress schedules
and financila schedules prepared by the
Contractor and analyze and report on

such schedules as necessary.



3.6.1.4

3.6.1.5

3J.6.1.6

3.6.1.7

3.6.1.8

Prepare monthly progress reports and
special reports as required by the EEA,
Monitor construction/erection progress
and receipt, installation, and testing
of equipment. Review the construction
methods of the Contractor and his sub-
contractors prior to application to
avoid, insofar as possible, the use

of unsafe or improper methods which
could result in construction delays,
defective work, adverse affects on work
of others at the sites or intolerable
exposure to hazards of property or
persons.

Certify the validity of contractor's
progress payment invoices before such
invoices are submitted to the EEA and
upon completion and acceptance of the
Project, certify the release of final
payments.

Interpret contracts, drawings, and
specifications to obtain compliance
with the contract documents and timely
provision of services, equipment and
materials.

Review and evaluate field design changes
and revisions and advise EEA of the

justifications of the Contractor's cost



proposals tor any such changes or
oxtra work. After obtaining LFA's
approval prepare and issue changes
or extra work orders as necessary.

3.6.1.9 Assist theEEA in obtaining appropriate
agreements relative to the provision of
utilities and infrastructures.

3.6.1.10 Monitor and advise the EEA of the
progress of such on-site or off-site work .i.
directly related to the Project and
coordinate such work with the require-
ments and work of the Contractor.

3.6.1.11 Inspect for proper installation of
mechanical and electrical equipment
together with related controls and
instrumentation and witness performance
testing of such equipment and make
recommendations for acceptance.

3.6.1.12 Assist the~EEA in performing final
inspection and testing of facilities
and in determining final acceptability
of the work.

3.6.2 The anticipated schedule for assignment of Gilbert's
Expatriate Employees is shown in Annex 1.
3.7 Test, Acceptance and Start Up
3.7.1 Gilbert will assist the EEA in monitoring and
reviewing tests and start up of the facilities,

through handing over the units to EEA.
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td

3.7.2 Gilbert personnel will review test and initial

operation

of or cha

procedures and recommend acceptance

nges to them. Gilbert will:

3.7.2.1 Witnes; conduct of static checkouts

3.7.2.2

3.7.2.3

(electrical, mechanical, instrumenta-
tion) bybthe Contractor to verify that
components and systems are ready for
initial operation.

Provide assistance to EEA operating
personnel in the initial operation
and shakedown of components and
systems; maintain close contact with
Contractor personnel to resolve
problems which arise during initial
operation.

Supervise turnover by the Contractor

of the completed plant (or unit) to

3.7.2.4

3.7.2.5

3.7.2.6

Training Program

3.8.1 Based on

EEA at the completion of start up
activities.

Review Contractor-prepared plant
operational manuals in English for
adequacy.

Witness and review performance testing
of major equipment and systems in order

to verify test results.

Review test calculations and submit test

reports to EEA.

EEA's approved staffing pattern and an



assessment of available personnel capability,

Gilbert will prepare and oversee the implemen-

tation of an operating and maintenance training

program by performing the following:

3.8.1.1 Evaluate the competency level of
personnel proposed by the EEA for
trainring,

3.8.1.2 Ascertain that classroom training in
plant theory, operations and mainte-
nance will be provided along with
vendor training which will be
provided in accordance with the
specifications.

3.8.1.3 Ascertain that on-the-job training
during initial operation and shake-
down of plant equipment is
successfully completed.

3.8.1.4 Review training materials (visual
aids, texts, etc.) to be used
during training.

3.8.1.5 Evaluate the competence level of EEA
personnel after training, and report
results to EEA with recommendations
for continuing training efforts.

3.8.1.6 Ascertain that facilities already
available in the USA or ARE are

utilized to the-extent possible in

meeting training requirements.



3.

9

3.8.1.7

E - 10

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.

Spare Parts and Inventory Control

3.9.1 Based on manufacturers' recommendations and

Gilbert experience, Gilbert will prepare and

assist in the implementation of a system for

the supply, storage and issuance of spare

parts.

3.9.1.1

3.9.1.2

3.9.1.3

3.9.1.4

Gilbert will:

Confirm that the Contractor's spare
parts list is complete and that a
spare parts stock will be provided.
Assist EEA in placing initial orders
for spare parts as required.
Establish receipt and disbursement
control system for spare parts.
Establish a spare parts re-ordering
system based on minimum/maximum

levels.
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GLOSSARY OF SYMBOLS AND ABREVIATIONS

gigawatt GW 1,000,000 kilowatt
gigawatthour Gwil 1,000,000 kilowatthours
kilovolt kV 1,000 volts
kilowatthour kWh 1,000 watthours
megawatt Mw 1,000 kilowatt
megawat thour MWIl 1,00012 kilowatthours
terawatt W 1012 kilowatt
terawatthour ™wH 10 kilowatthours
btu British Thermal Unit of heat

calorie Metric Thermal Unit of heat

FOR Forced outage rate

mazout Approximately No. 5 fuel oil burned

in fossil tuel power plants in ARE

ARE Arab Republic of Egypt

EEA Egyptiazn Electricity Authority

GEEC General Egyptian Elecctricity
Corporation (Superceded by EEA)

IAEA International Atomic Energy Agency
IBRD International Bank for Reconstruction
and Development

NPPA Nuclear Power P’lant Authority

upPs Unified Power System

USA United States of America

USAID United States Agoncy for International
Development

LOWER EGYPT Cairo and the Delta, Alexandria and Canal Zone

UPPER EGYPT Area south of Cairo to Aswan



SHORT RANGE GENEHATLON LEXPANS1ON STUDY (1977-1985)

Summary and Conclusions

A short-range load torecast and a companion generation
expansion study for the Leyptian Flectracultly Authority through
the vear 1985 were prepared with the aid and cooperation of the

EEA engineers of tho planning e¢roup of the Studies and Research
Sector.

The load forecast was arrived at at'ter giving lengthy
consideration Lo the various facets of the present and expected
future growth in the demands for clectric power in Egypt. It
was then used to determine the future vyearly maximum demand and
energy requirements of the Unitied Vower System. It was decided
that the power requirements (exclusive of large industrial lcads)
probably would grow at a rate of 10./ percent (load doubling in
seven years) up through the year 1980 and then at a reduced
rate of 9.4 percent (load doubling in slightly less than eight
vyears ) up through the vear 1985. Because of the high percent-
ages of large industrial loads that presently comprise or are
expected to he added to the Unificd Power Syvestem, such industrial
londs were analyvzed on a cparale basis.  The results were then
combained with the expectod growth of the remainder of the loads.
The load growth predictions thus vbtained were normalized to
reduce any yearly inconsistencies and allow tor any delay in
commissioning ot the large industrial Jloads which is expected
(as past history has indicated) to occur. This provided a
composite ecxpectod system load growth from 19706 through 1985
of 11.4 percent for the pealc power demands and 11.3 percent for
the encergy requirements.

LEA's latest generation expansion plan was reviewed and
several of the indicated dates of initial operation of new
units were revised because it was not believed that the time
remaining was sufficient to meet the originally planned target
dates. An analysis was made of both the existing gas turbine,steam
and hydro generating plants and the new gas turbine and steam
(both fossil tuel and nuclear) power plants expected to be
added to the EEA system in the future.

Due regard was given to the deteriorated condition of a
large number of existing thermal units and to the usually
large amounts of outage time that has been experienced with
some of these. Outage records were studied and estimates were
made of both expected future scheduled and unscheduled main-
tenance requirements.

Hydroelectric limitations due to the reduced capability
of the Aswan units, the unusually lengthy maintenance outage
time, and the limitation in power transfer capability due to
stability restraints of the 500 kV High Dam - Cairo transmission
lines were also considered.
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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
the Sidi Kreir nuclear power station in commercial operation
before year 1985.

After considering projected generating capability, system
maintenance requirements, spinning reserve capacity, and load
forecasts together with forecasting error poassibilities, it
was concluded that additional generating capacity definitely
would be needed by the year 1984 and should be scheduled so
it can provide firm dependable capacity by that time. Other-
wise the EEA cannot adequately and reliably meet the forecast
demands for electric power in an oxpanding Egyptian economy.

Therefore it is recommended that EEA consider immediately
the construction of an additional 2 x 300 MW steam power station
Wwith the first 300 MW unit to be scheduled for commercial oper-
ation not later than the third quarter of 1983 and a second
300 MW unit a few months later.

Load Forecast

l.oad forecasts with high accuracy are the foundation for
efficient usage of limited capital resources. Accurate fore~
casts are difficult, however, and the problem is compounded by
the past and present economic conditions existing in the Arab
Ropublic of Egypt. As the era of low cost energy ends, it
becomes even more difficult to accurately forecast future loads.
Bocause electric power use is aensitive to variable parameters
over which no one has absolute control, forecasting at best
romains an educated guess no mattor how sophisticeted the
pracedures uscd. Additionally, every power system has local
conditions that significantly inf'luoence electric power usage
in its service area, and a successful forecasting technique
utilized in one area or country may not necesasarily serve
adequately in another.

The Lkgyptian Electricity Authority has undertaken many .
load forecast studies for the determination of the future
electric power demand of Egypt until 1985 as well as the general
trend until the year 2000. Most of the presently employed
methods of load forecasting (the accumulative method, the extra~-
polation method, the sentiment method, and the correlation
between the national economy and the energy demand including
the Aoki method) have been extensaively studied by the planning
personnel of EEA.

None of these methods has seemed entirely satisfactory
for application to the Unified Power System and the final
method chosen as best suited was that of a gradually decreasing
annual rate of growth of the power demand and system energy



requirements through the year 2000. A higher growth rate of

peak load and energy use can be expected at first to compensate
for the low and erratic growth rates that prevailed because of
the war years. An initial high growth rate also can be expected
in connection with the new changes in 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

at a cumulative annual growth rate of 10.4 percent. Studies
undertaken by the planning group of the Studies and Research
Sector of FEA have shown that the average rate of growth of
electrical energy consumption in Egypt for the last decade
excluding large industries, even though erratic on a year-by-
year basis, has been at an average rate of 10.44 percent.
Separate individual studies of the various sectors of the Egyptian
economy (residential, commercial, small industrial, agricultural
etc.) up through the year 1980 have indicated an expected conti-
nuation of this 10.4 percent growth rate. For these reasons, it
is expected that such a growth rate of 10.4 percent will continue
up through the year 1980. It is also highly improbable that such
a rate can be maintained indefinitely. Therefore, it is assumed
that after 1980 up through the year 1985 the normal load will
grow at a rate which would cause it to double again in a little

less than eight years or at an annual cumulative rate of 9.4
percent.

Because of the very large power and energy requirements
of some planned new loads and the projected expansions of
existing large high load factor industrial loads, the forecast
for such loads has been analyzed soparately. The results were
then combined with the expected normal growth rate of the rest
of the system to obtain a composite load forecast.

Table I-1 is a tabulation of an analysis of the large
industrial loads resulting trom the planned installation and
expansion of large industries up through the year 1985. The
data listed in the table was obtained from and verified by
various sources including the Ministries of Industry and Mineral
Wealth and of Petroleum. Although considered complete for the
five-year plan up through the early 1980's, it is felt that
other large industrial loads in addition to those listed in the
table will undoubtedly develop for the years 1983 through 1985.

A coincidence factor to provide for diversity in the non-
coincidental peak industrial demands as well as system generation
and transmission line loss factors for both power and energy
requirements has been utilized to reflect all such large industrial
demand and energy requirements to that of a system gross gensration
level. Such a gross generation requirement is part of the input
data used in the generation expansion program.

A tentative composite Peak Demand and Energy Forecast on
a yearly basis for the Unified Power System up through the year
1985 was compiled. The original forecasted peak demands and
energy reguirements are shown in Table I-2. Using the above



Table I-1 LARGE INDUSTRIAL ELECTRICAL LOADS IN EGYPT 1976-85
(in Megawatts & Gigawatt Hours)
Est.
Ann. 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Load
Iron & Steel Location Factor MW GWH MW GWH MW GWH MW GWH MW  GWH MW GWH MW GWH MW GWH MW GWH MW ¢
Integrated Mill Tebbin 1 70 6&% 1394 64 392 64 392 64 1392 64 394 64 392 64 392 64 392 64 394 68 -
(1.5 Min Tons) Tebbin 2 70 70 430 72 442 2?72 442 72 442 72 443 72 442 72 442 72 442 72 443 72 L
(1.5 Min Tons) Helwan 70 63 387 63 1386 63 386 63 386 62 387 63 386 63 386 63 386 63 387 63 -
Sponge Iron Alexandria 85 30 224 60 447 60 447 60 447 60 448 60 ¢
Sponge Iron Sadat City 85 20 149 40 298 40 298 40 298 4o
Electric Steel Alexandria 4s 4o 158 70 276 100 394 100 594 100 :
Electric Steel Sadat City 45 50 197 150 591 250 986 300 1°
Chemical Projis.
Nitrates Ras Gharib* 80 20 140 50 350 50 350 50 350 50 .
Fertilizer Kima Aswan® 80 250 1757 250 1752 250 1752 250 1752 250 1757 250 1752 250 1752 250 1752 250 1757 250 1°
Ferro-Silicon Aswan({Edfu)* 80 10 70 S0 350 50 350 8o 562 120 841 120 841 120 842 120 843 120 1
Urea(German Uda) Alexandria 8c 15 105 15 105 15 105 15 105 15 165 15 105 15 :
Caustic Soda Alexandria 75 20 131 20 131 20 131 20 132 20 131 20 131 20 131 20 132 20
NH3INO3 & Urea Talkha 80 33 2646 55 385 S5 385 60 420 75 527 75 526 75 526 75 526 75 527 75
Phosphate Projs.
Mining Esna* 70 10 61 10 61 10 61 10 61 10 61 10 61 10 61 10 61 10 61 10
Elemential Phos- Nag Himrmecdi - ’ R
phate(Cancelled 340MW)
Fertilizer Mine Abu Ta1taf 8¢ 90 631 90 631 90 631 90 631 90
Textiles Mehalla Bl Koubra-
isolated Generation
being installed Textile Plant)
Textile & Weaving
Complex Alexandria 75 30 197 120 788 150 988 150 986 150 986 150 986 150 988 150
Aluminium Smelter Nag Hammadi® 95
(Eventually 166,000Tons) 150 1252 220 1831 220 1831 300 2497 370 3088 400 3329 400 3329 400 3329 400 3338 400 3
Petroleum Refinery Alexandria 8s 20 149 20 149 20 149 20 149 20 149 20 149 20
Petroleum Refinery Alexandria 8s 20 149 30 223 30 223 30 223 30 224 30
0il Pipeline Suez 65-80 50 285 130 740 150 854 150 854 150 854 150 1051 150 1051 150 -1051 150 1054 150 1
Sumed340km 2x42"Alex.(80after 1980) : .
8il Pipeline Suez-Port Said
2x36"100MW Cancelled
Cement Expansion Helwan 8o 35 245 bo 281 40 280 40 280 40 280 40 281 &40
700,000 Tons "(Torah)
Cement Plant Assiut® 8o 35 245 35 286 35 245 35 245 35 245 35 246 35
600,000 Tons
Cement Plant Suex 8o 50 351 50 350 50 350 ) 350 so 353 50
1,600,000 Tons
TOTAL LOAD 692 4812 894 6190 984 6781 1264 8817 1514 10698 1794 12774 1924 13448 2054 13960 2154 14387 2204 14
Coincidence Factor 92% 636 --- 822 -~- 905 e- 1163 --- 1393 ~== 1650 -== 1770 --- 1890 -== 1982 --- 2028
GenerationktTransmission Losses 64 317 82 407 91 442 116 588 139 726 166 883 177 890 189 889 198 884 202
(10% of Peak .
TOTAL GENERATION 700 5129 904 6597 996 7223 1279 9405 1532 11424 1816 13657 1947 14338 2079 14849 2180 15271 2230 1*
LARGE INDUSTRY LOAD FACTOR 83.4 83.3 82.8 83.9 84. 85.8 84.1 81.5 79.7 79.C

®All locatcd in Upper Egypt




TABLE I-2

INITIAL PEAK DEMAND & ENERGY FORECAST

10.4% Normal Load Growth

(System Less Large Industrial Loads)

9.4% Normal Load Growth
(System Less Large Industrial Loads)

76 77 78 79 8o 81 82 83 84 85
BALANCE OF SYSTEM 1209 1335 1474 1627 1796 1965 2149 2352 2573 2315
LARGE INDUSTRY 700 - 904 996 1279 1532 1816 1947 2079 2180 2230
PEAK DEMAND- MW 1909 2239 2470 2906 3328 3781 4096 431 4753 5045
BALANCE OF SYSTEM 6.51 7.19 7.93 8.7 9.67 10.58 11.57 12.66 13,85 15.15
LARGE INDUSTRY 5.13 6.60 7.22 9.41 11.42 13.66 14.34 14.85 15.27 15.43
ENERGY- BILLICN kWh 11.6% 13.79 15.15 18.17 21.09 24,24 25.91 27.51 29.12 30.55
ANNUAL LOAD FACTOR 69.4 70.3 70.0 71.4 72.1 73.2 72,2 70.9 69.7 69.2

NORMALIZED VALUES FOR FINAL PEAK DEMAND AND ENERGY FURECAST®*

76 77 76 79 30 81 82 83 84 85
PEAK DEMAND- MW 1909 2192 2470 2678 2924 3192 3578 4028 4518 5045
ENERGY- BILLION kWh 11.64 13.50 15.15 16.75 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

*Value Used in Short Range Generation

Expansion Plan ( 1976-1985 )



method of load forecasting produced a very large rate of growth
for the years 1976 through 1980 and a Suppressed growth rate
for the years 1980-1985, This is shown in the Energy Forecast
Curve shown in Graph I-1 in which a decided irregularity is

shown in the initial energy load growth curve between the years
1978 and 1985.

Historical records of the schedule dates for commissioning
new large induatrial loads have shown inherent delays due to
lags in financing, construction, etc. Also since ths load
forecast for such large industries is based on information from
the optimistic five-year plans of the various ministries, it is
felt that there most probably will be a delay in the achievement
dates for such expected load growth. 1t was decided therefore
to normalize the initial forecast curve for the expected energy
growth to produce the finzl expected energy load forecast. Such

a normalized load growth pattern also is shown in Graph I-1 and
tabulated in the bottom half of Table I-2.

Table I-3 shows the Projected Growth of Total Inatalled
Effective Generating Capacity, Maximum Demand and Generated Energy.
The Percentages of annual yearly increase of both maximum demand
and energy are shown as well as the average expected yearly
increase from 1976 through 1985. 1t is noted that the average
cumulative growth rates for 1976 through 1985 are 11.%4 percent
for peak demand and 11.3 percent for energy requirements, which
are somewhat higher than the growth rate chosen for the rest of
tho existing system exclusive of large industrial loads. Graph
I-2 shows the Foreocasted Peak Loading and Generation Expansion
Program from 1977 to 1985 for the UD'S.

Finally Table I-4 shows a comparison of three different
load torecast studies made for the Egyptian Electricity Authority
system. Two of these represent the results of recent studies,
while the International Atomic Energy Agency Study was an
extensive and comprehensive one performed in 1973. The results
of such load forecast were obtained by employing the "“Aoki"
method. Mr. H.Aoki developed curves for the relationship between
Gross Electrical Generation per Capita (kWh/Capita) and the Gross
National Product per Capita (US3/Capita). After studying this
relationship for many countries, he arrived at a recommended
universal curve. Such a method was employed in the International
Atomic Energy Agency Study in 1973 for their market survey for
nuclear power for Egypt.
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TABLE I-3

PROJECTED GROWTH OF TOTAL INSTALLED EFFECTIVE GENERATING CAPACITY
MAXTIMUM DEMAND AND GENERATED ENERGY

Installed Maximum Demand Generated energy Annual
Year effectlye Annual Annual load
sener?txng My increase GWH increase | factor
capacity? (24) (%) (2)
1970 b 1091 6800 71.2
1971 b 1121 2.7 7300 7.4 74.3
1972 b 1176 4.9 7400 1.4 71.6
1973 b 1248 6.1 7400 (o} 67.6
1974 b 1433 14,8 8500 14.9 67.7
1975 b 1733 20.9 9300 15.3 64.6
1976 b 2477 1909 10.2 11640 13.8 69.4
1977 2711 2192 14.8 13500 16.0 70.3
19738 . 3271 2470 12.7 15150 12,2 70.0
1979 3568 2679 3.4 16750 10.6 71.4
1980 4075 2924 2.2 18520 10.6 72.1
1981 4643 3192 9.2 20470 10.5 75.2
1982 5550 3578 12.1 22630 10.6 72.2
1983 5811 4028 12.6 25020 10.6 70.9
1984 6111 4513 :2.2 27660 10.6 69.7
1985 6675 5045 1.7 30580 10.6 69.2
Maximum Demand Generated Energy
Compound Rate % Compound Rate %
(1952-76) 12.6° (1952-76) 11.17
(1970-76) 9.8 (1970-76) 9.4
(1976-80) 11.2 (1976-80) 12.3
(1981-85) 12,1 (1981-85) 10.6
(1976-85) 11.4 (1976-85) 11.5

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

Historical Data
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TABLE I-4

COMPARISON OF FORECASTS OF ENERGY AND MAXIMUM DEMAND

Sanderson & Porter

Nuclear Pcver

Plants

International Atomic Energy

Yoar (Apr. 1977) Authority (Nov.1976) Agency (Sept. 1973)
Energy Load Maximum | Energy Load Maximum Energy Load Maximum
' (GWh) } Factor Demand (GWh) [ Factor Demand (GWh) Factor Demand
(%) (Mw) (7 (MW) (%) (MW)
1976 | 11640% | 69.4 19092
1977 | 13500 70.3 2192 15200 | 77.1 2250
1978 | 15150 70.0 2470 18100 78.0 2650 18408 71.9 2923
1979 | 16750 71.4 2678 20800 77.4 3050 19504 71.9 3097
1980 | 18520 72.1 2924 21900 76.9 3250 20669 71.9 - 3282
1981 | 20470 73.2 3192 23100 76.4 3450 22136 71.9 3516
1982 | 22630 72.2 3578 27300 | 76.0 4100 23717 70.9 3766
1983 | 25020 70.9 4028 28700 75.3 4350 25427 69.7 4091
1984 | 27660 69.7 4518 30300 | 75.2 4600 27157 68.8 4445
1985 | 30580 69.2 5045 32000 | 75.3 4850 29125 67.9 4831
1
a Historical Data.

ot
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Generating Capability and Expansion through 1985

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

1. Conditions and limitations of existing steam generating
plants.

3. Hydroelectric capacity and restrictions regarding its
use.

3. Problems in providing for new capacity.

4. Proposed capacity additions through the year 1985.

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

Conditions and Limitaticns of Exisving Steam FPlants

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

The fqllowing Table I-5 shows the installed capacity of
the existing generating plants and also the expected useable
power capability of these plants year-by-year through 1985.

It also shows the scheduled and recommended generating capacity
additions for the same time period.

The sum of the nameplate ratings of all of the existing
thermal generating units, together with the hydroelectric
capacity gives a rather impressive total installed capacity
in terms of system loads. It has been found, however, that
the system dependable capacity is considerably less than the
sum of the nameplates and that significant limitations in both
steam and hydroelectric components must be considered carefully
when looking at system capability from the viewpoints of both
system planning and system operations.
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TABLE 1I-6 )
-SUMMARY OF THERMAL POWER GF 'ERATING CAPACITY GUTAGES®
1973 = 1975

Averagz Outages (MVW) For Scheduled and Non-Scheduled Maintenance At Times of Moztkly Peax Loads

Average of 12 Months Higrhest Moxnth of Year
§Eheduled N&n- Szheduled Total ¢ of Installed Scheduled Xon-Scheduled -cta- ~-of Installed
ear MW W MW Capacity Month MW MNoa M Capacity
371 198.8 161.2 360 29.3 Dec. 230 200 %30 55.0
72 232.5 113.3 346 28.0 Dec. 265 200 &¢s5 37.0
973 237.9 105.4 343 28.4 May 300 150 350 37.2
974 185.8 184.2 370 3i.3 Apr. 160 300 %60 38.9
975 95.8. 210.4 306 25.9 Oct. 75 £25 500 42.5
verage 190.2 154.9 345 28.6 206 255 351 38.2
- -PROJF-TED AVERAGE SIMULT .EOUS OUTAGES FOR ¢ZAR 1983
o Average of 12 Months ) Hi-hest Mcnt: of Year
Sched. Non-Sched. Total % of Ins:ulled Sched. Nor-3ched. Tctial % of Irstalled
Mw MW Miv Capacgity Mw AW Ma Capacity

1¢ Steam Units 171 140 311 28.8 186 2350 416 3E.6

(1078 Mw)
ew Steam Units 150 0 150 9.3 150 87 257 14.7

(1617 Mw) .
onbus. Turbines 30 12 42 9.2 30 23 53 11.6

( 456 MW)
yiroelectric 385 (o] 385 16.3 385 0 385 16.3

(2360 Mw)
5tal(5511 Mw) 736 152 888 16.1 751 340 1061 15.8

Tee EEA Dispatching Inspectorate Report No. 6-1976 for detailed outage statistics.

ste: Information on generating capaciiy availability for 1976 received after above statistics were
accumulated indicates for that y=2ar an average UPS available generating capability of 28¢3 M,
This may be compared with totals of 2754 MW and 2649 MW at time of morthly peak loads as derived
from the above figures for Averaze of 12 Months and Hichest Month of Year respectively.

o2
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TABLE 1-7

LOAD AND GENERATING CAPABILITY ANALYSIS - YZAR '.1'953

‘[Ced Capacity®

s

\E Units (Prior to 1970) 1073 MW

> Umits (1978 and Later**) 1617 My (Includes Kafr E1 Dawar, New Cairo West, Abu Qir,
- S = - Ismailia & Suez I bnt rot New Plant I)

‘xstion Turbines £56 MW

:xmelectric ﬁo MW

Total 5511 MW

'lxsisf of Estimated Available Capacity for Average Month and High Mairnterance of 1983°°*

Eigh Huuti!

Average Montn

:talled Capacitiy (Withbut New Plant I) 5511 MW 5511 rMW
.miuled Maintenaace Outage 7356 MW " 751 MW
4775 MW 576C MW

-»Scheduled Maintenance Outages 152 MW 340 MW
4623 MW L4520 MW

:amimg Reserve (Equiv. to Largest Omit) 175 MW 175 MW
Net System Capability 4448 MW 4245 Mw
.wcast Load : 4028 MW 5028 MW
‘acast Load (+ 5% for Margin of Errar) 4229 MW 5229 MW
‘meity Minus Load {(Based on Forecast + 5%) 219 MW 16 MW

:we Accompanying Table - "Installed and Projected. Generating Capacity”™
‘o0 New Steam-units were installed between 1970 and the scheduled 1978 in-service dates for 2 units

at Kafr El1 Dawar.
¢ Accompanying Tables-"Summary of Thermal Generation Outages 1971-1975" and "Projected Averaze

Simultaneous Mcintenance Outages for year 19835"
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The results of using the preceding method of reserve ana-
lysis gives a conservative or "cotimistic" reserve requirement.

In order to gain greater insight into the maximum possible
system reserve requirements several computer runs using probabi-
lity mothods were perform.d. The program utilized in the first
group of those studles was based on the "loss of capaclty
probehility" wathod usine U+ b nomial distribution for the
siate of the <difforent w ... ruindng in the powor asystem. Tho
on -lino units werov combined into any number ot groups having
the same size and same fc. ced outago rates. For ecch group,
the number of similar units, the MW rating of each and the rate
of forced vutage were iuput data. The output of the program
kave the cumulative probe ility of loss of capacity for each
group and for the total combination of groups.

The big disadvantage of this mothod is that it assumos
the daily system peak demand oxists for twenty four hours (in

other words a systom load factor of 100%) and as such gives a
""pessimistic" result.

In order to evaluate the effect of an increased forced
outage rate for tho older preosontly existing thermal units
sonslitivity studies woro porformed with a 50% and 100% increase
in the original forced outage ratos of such unita. Tho ftorced
outago rates of the hydro, combustion turbine and new stoam units
were held constant in all these additional studies. The normal
EEA reliability rate used in probability studies is 0.999
corresponding *o a one day system outage in four (250 working
days) years. Practice in the United States is one day in ten
vears or a relinbility level of .99Y97a Egyptian six day work
week. Other rqliability levels were also used in :he sensitivity
studies. .,

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

RESULTS OF RELIABILITY STUDY USING PROBABILITY_METHODS
T DA I | y T .

R TIYCR IR S I
Case 1: FOR ‘as adopted in the previous EEA studies
Reserve Requirement; g

425 MW for 0.99 Reliability Level (1 day in 100 days)
615 MWw v 0.999 " n (1 day in 4 years)
720 MW " ' 0.9998 Cooon " (1 day in 20 years)

Case 2: FOR incrsased 50% for older thermgl units
Reserve Requirement:

k95 MW for 0.99 Reliability Level
64o MW " 0,999 " "

725 MW " 0,9998 " "



Case 3: FOR increased 100% for older thermal units
Heserve Requirement:

535 MW for 0.99 Reliability Level
670 Mw " 0.999 " "
755 MW " 0.9993 " (1]

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

Scheduled Maintenénce 736 MW
Spinning Reserve for system .
(Reljability Level 0,999) 615 Mw
Forecasting Errors (5%) 201 MW

1552 MW

Percent Nesorve Margin on Voak Demand = 30.95%

* In tho forme= optimir i~ 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" mothod gave on overall
24 hour system reliability result much greator than that used
in the study. This was duo to the fact that it considored a
load duration curve with a 100 percent load factor and with a
constant 24 hour demand equal to the daily maximum demand.
Consequently it gave an excoss reserve roquirement. 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- 4 was used with the FOR'g
W UaVErBARD FNE 1008 al sndacsty 00t avallable during aiffersns
periods of the day. For the study the load duration curye was

divided into three finite increments as shown in Graph I-3
telows

GRAPH I-3

LOAD DURATION CURVE AND TIME PERIODS
FOR LOSS OF LOAD PROBABILITY STUDY
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A tyvpical generation cispateh for.pach of the operating
prilcds wag thon prepared. The first dispatch considered all
units (less those out for scheduled maintenance) to be on the
line} tho second dispa:ch .zusidared the combustion turbinos
shut down and roduced hydro capacilty; the third dispatch con-
sidered additional reducec hydro capacity. Scovnarate "loss of
capacity probability" studies were run for each block of the
load duration curve and the results then ovaluated by using the
percont time periods of the load duration curve affocted by such
losa. Tho rosuls wore t! :in »lotted in the form of o graph using
somi-logaritlhi:ic paper. o this graph the required reserve to
moet the reliability levels were obtained. For a reliability
level of 0.999 (the EEA s‘andard) a reserve requirement of 430 Mw
ie roquitsd. Fo. a relis Li:'y lavel of 0.9997 (1 day in 10 years)
a4 reserve roquirement of 510 MW is required. Both of these high
rosorvo roquiromoent valuos obtained Ly the "loss of load probabi-
" 1lity" method reinforce tho original rocommendation that additional
generation in required in 1983 if the EEA's installed generation
is to roliably sorve the forecastod poak loads.

Since sevoral months are likely to be requirod for a new
unit to roeach commorcial maturity, it is rocommond»rd that such
a unit be scheduled for oporation no later than the third quarter
of 1983. Tho raak demand in 1984 is forecastes L2 Inzrmass Yy
490 MW over the preceding year. Thorefore, more new capacity will
be needed to meet the anticipated load requirements at that time.

Any of the capacity additions suggoested by this study indi-
cate that unit sizes larger than the 150 Mw ratings utilized
through 1982 (Suez I Plant) should be considered for the future,
The subject of unit sizes however, is discussed soparately in
a subsequent gection gf‘thi§lchaptcr(

"In view of ‘the Indlcatod capucity situation, the oxpected
loads, and the ovar=prosont difficulty of mouting schoduled datos

Cor installotion of wow Cowidibiae, 1t is soammmendud that nluane
ba. madae promptly tor tho addition of a 2 x 300 MY unit steam plant

with an installation schedule to provide for initia)l operatiaon of
the first unit during the third quarter of 1983, which is probably
about as early as it is poasible to have such a unit in initial

operation. The second ur.t should be scheduled to follow within
a_fow‘months,h ' ' !

el 4

Load and Generation Analysis

December 1983 Forecast. Peak Load Day

[T S N MY
The following is an analysis of generation required under
the assumed cordtions as 3pocified to meet a load of 4229 MW and
75064 MWH possib.e on the peak load day of December 1983. It is
presented to illustrate how the available sources of generation
might be used to meet the load requirement. The accompanying
Graph I-4 shows the projected hourly load distribution and the
division of energy supply between hydro and thermal sources.
The analysis presents the conditions which would have to be met
if, because of forecast errors, the demand and eneorgy requirements
8 A excead *ha forecast v-Inese hy f e nercent as ey.olained
eerlier.
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Assumptions

»
100,790,000 ¥ /CAY Wata~ 1 zaion at High Dam
4229 MW Peak Load (Forecast + 5%)
75664.05 MWH/DAY Ynergy l.zyoiroement

Hydraulic Efficiancies

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 pover formulas, and the like.
Reported monthly water diacharges through the turbines and the
energy genorated yield the following results:

1975 MS/kWh 1976 MS/kWh
High Dam v Aswan High Dam Aswan
Jan. £.7298 19.910 7.413 22.630
Fab. 8.247 22.423 . 7.271 21.967
Mar. 8.5 2..198 7.184 23.200
Apr. 8.607 21.605 3 7.581 23.053
May 8.184 20.830 7.583 23.012
June 3.624 20.582 7.237 23.035
July 8.914 20.597 7.567 22.401
Aug . 180878 v 2649502 . 7.%271 22.186
Sap. 7.964 20.087 7.268 22.839
ost. . 7.506 18.445 7.105 23.321
Nov. . 7.9g9 19.811 7143 22.999
Dec. 7.329 19.405 7.232 22,723
2049877 7.350 22,698
Average 8.199 20.445 7.350 22.698

Dased aon il:e above, ine fol;owing water use values were

unlogbad Far e wnpjysdes ;

liigh Dam 8 MB/kWh
Aswan 22 M’ /kWh

* This is the amount of water normally scheduled by Ministry of
Iprigasion for ke moh.he of Bopember and Januas, .


http:75664.O5

Computation of Generation Rc juirements

T es:

lligh Dam - 100,000,000 M3/Day =
8

Aswvan Dam - 100,000,000 M3/Dny =

22

Enorgy from !ydroslectric

Total llydro Energy/Day o=

With Peak Day Enorgy Total =
and llydro contribution ©

‘Thermal Energy Requirement =
Thermal Capacity Required =

Summnrx
I'oalc Load =
Nuvodoad Thormal Copeclty a

Needed llydro Capacity =

Anticipatoc Systom Capability
(sco table of gonorating
capabilitios tlucugh 19485
olsowhero in this roport)

llydro - lligh Dam (12 x 175 MW Units)
: Aswan V7 x 46+ 2 x 11.5 M)

Tatal llydroolectric

' . Vo 1
Thorinal - Stgam ‘

Gas Turbinaes
Yokad Blarinnd
Total lnatalied Capaoity

‘Maintenance Outages (see table in
lteport Text)

Capacity Available at Peak Load
Spinning Reserve (Equal to Largest Unit)

Remaining Available capacity

Maximum Load

Sta dby Yngan-a

* This is derated value usci instead of 345 MW ror Asvy

Forecast +5%

[}V

12,500,000 kWh

4,540,000 KkWh

17,040,000 kWh

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

58,624,050 kwh

58624050= 2443 My

24
Averageo High
Maintonance Maintonance

-~

.

4229 pw
2403 My
“

1786 Mw

2100 MW,
260 Mw

e

2360 MW

2695 MW
456 Mw

e nhanty
i mw

SRR ER

4229 My
2h4h3 My
-—_.

1786 MW

2100 MW
260 MW

S ——————

2360 Mw

2695 MW
456 Mw

e —————

31931 mw

BEasesx

5513 v 3933 MW
888 Mw 1091 MW
4623 My 20 My
175 Mw 175 Mw
-““
4448 My 4245 My
4229 Ly 4229 My
“-—_—.
1219 MW 16 MW
an ﬁlant

capability becqyge:pf 1i “ting low head conditions since High

bham'clounre.
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Plannod Dates of Commercial Upsration for Expected Now
Genorating Plauts

The following Table I-9Y shows the scheduled or otherwiso
anticipatud datos of commercial operation for the ne- gonor-

ating undts to be added to the Unifjoed Powaer Systom through
thuv year 1985,

TABLE T-9

ESTIMATED DATES OF COMMERCTA'. OPERATION OF GENURATING UNITS

Ilant LEA's Survey
Team!' s

Location Size Txpe Date Date

Helwan 120 MW Total Gas.Turbine 1977 - 1978

Talkha 180 MW Tota.. Gas Turbine 1978 1978

Kafr E)l Dawar 3 % 110 MY Steem 1978-79-82 1978-79.82

Cairo West 1 x 87 Mw Steam 1979 1979
kth Unit

Abu Qir 2 x 150 MW Steam 1980 1980
1st Phase .

Alu Qir 2 x 150 MW Steam 1981 1981
2nt Phege

Ismailia 2 x 150 MW Steam 1981 1982

Suez I 2 x 150 .MW Steam 1982 1982

Now Plant I 2 x 300 MW Steoam 1982 1983

Sidi Kreir I 1 x 600 MW Nuclear 1983 1985

CEA's schedule of dates for commercial operation of the
Helwan gas turbines, the Ismailia steam power plant; the New
Plant I, and the first uait of the Sidi-Kreir nucleaxr power
Plant appears optimistic, and it is the Survey Team'as opinion
that the scheduled dates of commercial operation for these
plants cannot be met.

' Generation programming 13 governed by lecad time including
the time required from the initiation of the project study to
the completion of construction including commissioning., Typical
present day lead times for plant construction in developing
coun®ries is ghowr in Tadle - 30
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COST INDEX

31

The following Graph 1-5 shows the economy of scale
relationship of the cost index and unit size for fossil
fuel steam slectric units np %o 500 Mw,

GRAPH I-5
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TASLE IT-3

FORECAST PEAK DEMAND (GW) AND ELECTRICITY GENERATION (TWh)®
AND LOAC FATCTOR BY REGION

Y

GW Twh % Load Factor
19801990 2000 [1980 1990 2000 1980 1990 2000
Central and '
South America .

Brazil 21.4 52.8 101.0 |119.3 294.6 563.5 | 63.5 63.7 63.5
Moxico 13.5 33.3 70.0 | 73.3 180.3 300.2 | 61.8 62.0 61.4
Argontina 8.2 16.5 29.0 | 42,0 B83.2 148.0 | 58,3 57.6 58.1
Vonoszuela 6.2 11,9 21.0 | 32,4 62.7 110.4 59.5 60,1 59,0
Columbia 4.8 9.6 23.0 | 25.2 50.5 94.6 | 59.8 60.1 59.8.
Poru 2.7 5.2 9.6 14,0 27.5 50.5 59.0 60.4 59.9
Chile 2.2 4.5 8.1 | 10.9 22.7 41.0 | 56.% 57.6 57.6
Cuba 1.9 3.6 6.6 9.9 19.1 34,7 | 59.3 60.6 59,9
Uruguay 1.0 2,0 3.8 5.3 10.5 20.0 | 60.3 59.9 59.9
Jamaica 0.8 2.2 6.1 h.9 13.7 37.4 | 69.7 71.1 69,8
Costa Rica 0.4 1.0 2.3 2.3 5.5 12.1 | 65.5 62.8 59.9
Dominican Rep. 0.4 1.0 2.2 2.2 5.2 11.3 62.6 59,4 58.5
Ecuador 0.4 1.0 2.2 2.2 5.2 11,3 | 62,6 59.4 58.5
Panama 0.4 1.0 2.2 2.2 5.2 11.3 | 62.6 59.4 58.5
Bolivia 0.4 0.9 1.9 1.9 4.5 9.7 | 54.1 57.1 58.1
Guatemala 0.3 0.8 1,7 1.7 3.9 8.7 | 64.5 55.7.58.3
El salvador 0.3 0.8 1.6 1.6 3.8 8.3 60.7 54.2 59.1
Asia S Far East Aver. | 61.2 60.1 60.1
India 40.0 88.0 190.0 [210.0 462.0 1000.0. 59.8 59.9 59.9
Iran 7.5 21.0 39.0 | 39.4 110.4 205.0 | 59.8 60.0 59.8
Taiwan - y 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 76.3 159.0 | 65.4 66.0 65.8
Pakistan b.4 10,7 22.7 | 23.0 s56.4 119,2 | 59.5 60.2 59.8
Thailand 2.7 6.5 13.4 | 20.0 36.6 75.4 | 84.3 6h.1 64.1
Philip. (Luzon) | 2.6 6.2 13.9 | 13.7 32.5 72.8 | 60.0 59.8 59.6
|Hong Kong 1 2.5 5.6 10.1' 13.1 29.5 53.0 ‘| 59.7 60.1 59.7
Singapore ‘ 1.5 4.7 12.0 8.7 26.5 68.6 | 66.0 64.4 65.1

Malaysia(Penin.)| 1.4 3.4 7.0 | 7.5 17.8 37.0 | 61.0 S9.8 60.2
Indonesia(Java) | 1.0 3.4 8.0 5.3 17.9 42.0 60.3 60,1 59.8
Rop. Vietnam 1.1 2,9 6.5 5.8 15.0 34,0 | 60.0 59,0 59.5.
|Bangladesh 1.0 4.5 9.7 4.8 21.7 51.0 | 54.6 55.0 59.9
Aver AR.2 A6 Hi.y
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" Tablo (cnnt.)

Y

’ All Countriss °’

| GN = gigawatt=10° MW o
TWh = terawatt hour=10%kWh.

* Information on Forecasted Peak Demand and Electricity Generation
obtained from pages 16 and 17 "Market Survey for Nuclear Power in

Develupin

Composite Aver.

~ Y ol
GW TWh % load Factor
1980 1990 2000} 1980 1990 2000 | 1980 1990 2000
Kurope, Middle
Fast and Africa
Spair 26,2 46.6 97.5 [120,4 245.0 438.9 1 59.9 60.0 59.8
Yugoslavia 15,1 26.5 46.1} 79.5 139.4 242.2 }1 59.9 60.0 59.8
Turkey 5.2 14,6 33,6 28.6 80.6 185.4 | 62.6 63.0 62.8
Grooce 4.5 9.3 18.3]25.5 52.6 103.5 | 64.5 64,6 64.4
Lyypt 3.3 8.4 15.4 | 20.7 47.0 86.3 |71.4 63.9 063.7
Israol 3.0 6.2 10,3 15.6 32.8 54.1(59.2 60.4 59,8
Kuwait 0.9 2.0 4.3 4,9 10.5 22.6]62.0 59,9 59,8
Irrq 2.8 1.7 3.7| 4.3 8.9 18.1]61.2 59.8 58.9
Ghana 0.8 1.1 1.6] 4.0 5.8 B8.4]56.9 60.2 59,8
Morococo 0.7 1.3 2.5| 3.6 6.9 13.1]58.5 060.6 59.7
Nigeria 0.7 i.4 3.5 3.4 7.4 18.1155.3 60.3 58.9
Algoria 0.6 1,3 2.7 3.2 6.7 14,2 160.7 58.8 59.9
Lebancu 0.5 1.0 1.9] 2.6 5.1 10.2{59.2 58.2 61.1
Syria 0.5 1.1 2.5| 2.4 5.7 13.1 54,6 59.2 59.7
Camoeron 0.4 0.7 1.1 2.3 3.7 5.9 | 65.5 60.3 61,1
Albania o.4 0.9 2.2 2.0 4.8 11.6 {56.9 60.9 60.0
Uganda 0.4 0.9 2.0} 1.9 4.5 10,5 |5%.1 57.1 59.8
Tunisia 0.4 0.9 2.0f 1.9 4,5 10.5|54.1 57.1 59.8
Zambia 0.3 0.8 1.8] 1.7 3.9 9.5 |64.5 55.7 60.1
Saudi Arabia 0.3 0.8 1.8 1.7 3.9 9.5 | 64.5 55.8 60.1
Generally Plane Aver.| 60.3 59.8 60.5
ned gconomics e ] e
Poland 22.9 37.9 59.7 {120.1 199.0 315.8 |59.7 59.9 59.8
Czechoslovakia 15.2 23.2 52.1| 80.0 122.0 169.0 |59.9 60.0 59.9
Romania 14.8 26,3 46.1 77.8 138.0 242,5 [59.8 59.9 59.9
Bulgaria 7.8 13,0 21.3| 40.9 68.3 111,7 |59.7 60.0 59.7
Hungary 6.6 11.7 20.8 | %4.9 61.5 109.4 |60.2 60.0 59.9 |
| Aver. |59.9 60.0 59.8 |
11 Countries , ‘Composite Aver. 60.9 60.1 60.4 .

(1980-1990-2000)= 60.5

Countries-1974 Edition" by International Atomic Energy

Agoncy.Rate Far Lued Factary derivqp ram thia phevp ggale dapgad eud
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Impact

TABLE &4.1-1°

POTENTIAL EXNVIRONMENTAL IMPACTS
HELWA{

120 M GAS TURBINE PROJECT
EGYPTIAN ELECTRICITY AUTHORITY

Significance of Impact

PHYSICAL ENVIRONMENT

WATER

Surface Water Used

Consumption of approximately 500 gpd
Nile River water for makeup to closed
loop lube oil cooling system, cleanup and
domestic purposes.

Domestic Wastewater Discharged

500 gpd domestic wastewater discharged

into cesspool at site. Possible eventually
discharged into sewer lines for proposed
community of 20,000 people 2,500 ft

(762 m) from the site.

AlR

2,844 1bs/hr SO, 1260 lbs/hr NO, #nd

9.5 lba/hr particulate emissions from
burning sclar ofll, 648 1bs/hr NO, emissions
from burning natural gas.

Sufficient water available.

Percolation characteristics of soil are
guitable for cesspool.

Existing air pollution very serious due to
steel and cement mills. Controlling air
emisslons from gas turbine would be futile
without controlling emissions from other
sources in area. No local air pollution
regulations will be exceeded.

Recommended Mitigating Measures

None required.

Cesspool shall be deslgned to
accoomodate the wastewater flow.

Maximize use of natural gas to minimize
emissions.

A XINNY .



Impact

BIOTIC ENVIRONHENT

FLORA AND FAUHA

Habitats for indigenous plants and
animals will be neutralized.

HUMAN ENVIRONMENT

LAND USE

24 acres of undeveloped desert will be
converted to a positive industrial function.

TRANSPORTATION

+= Truck, rail, auto and river traffic will

w increase -~ mostly during construction.
HUMAN INTEREST

Noise

Noise is produced by gas turbines
during operation.

ECONOMY
Emplovment-creation of new jobs during

construction and operation of the plant.

120 MW electricity added to Fgyptian
power network.

TABLE 4.1-1 (Continued)

Significance of Impact . Recommended Mitigating Measures
Few if any plants or animals exist at the site Displaced flora and fauna can
since the site is undeveloped desert. None were repopulate similar nearby desert.

observed in April 1977.

Idle land currently useless for agricultural None required.
purposes will perform a productive function.

Transportation routes are adequate. None required.
Residential community planned 2,500 ft Target sound pressure levels will be
(762 m) away. Existing ambient noise developed at appropriate distances.

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

Most of jobs (approximately 100) will be None required.
during construction only. Ten full time
employees will be required.

Electricity demand expected to double seven years. None required.
Existing facilities are inadequate,Shall provide

for new industries needed to supply goods and

create jobs.
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Impact

PHYSICAL ENVIRONMENT

WATER

Water Used

Surface Water Used

Consumption of approximately 500 gpd
Nile River water for makeup to closed
loop lube oil coolingsystem, cleanup and
domest {c purposes.

Water Discharged

Domestic Wastes

500 gpd domestic wastewater discharged
into cesspool at aite.

0Oily Wastes

Ruptured storzge tanks or spills during
ofl delivery could contaminate Nile
tributaries.

AIR

4265 lbs/hr $0,, 1890 1lbs/hr NO_,

14 1lbs/hr particulate emissions from
burning solar oil, 972 1lbs/hr, NOy
emigsions from burning natural gas.

BIOTIC ENVIRONMENT

FLORA AND FAUNA

Habitats for indigenous plants and
animals will be neutralized.

TABLE 4.1-]

POTENTIAL ENVIROYMENTAL IMPACTS
TALKHA

180 MW GAS TURBINE POWER PRNJECT
EGYPTIAN ELECTRICITY AUTHORITY

Significance of Impact

Fxcess of Nile River water available. 0.15% of
output of pand filters serving existing units.

Percolation characteristice of soil are suitable
for a cessponl.

Tributaries flow into Nile which serves as a
water supply for the nearby cities of Talkha
and E] Mansura.

No local alr regulations will be erceeded.

Beans and wheat crops were evident f{n April 1977.
Animals which have been reported include
rabbits, birds, salamanders, snakes. Fucalyptus
trees line the eastern boundary of the rite.

Recommended Mitigating Measures

None required.

Cesspool shall be designed to accommodate
the wastewater flow.

Earth dikes shall be built around the
tanks to contain nll shnuld tanks rupture.

_Maximize the use of nat:ral gas to

minimize emissions.

Slze of site has heen kept tn a minimum.
Displaced animals can repopulate simflar
agricultnural tand to the west and north.
Trees shall not be remnved unlens they
obstruct facilities.

T XANNY
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Impact

HUMAN ENVIRONMENT

LAND USE

12 acres of prime agricultural land will
be converted to heavy industrial land.

TRANSPORTATION

Truck, rail and auto traffic will
increase - mostly during construction.

HUMAN INTEREST
Noise

Noise is produced by gas turbines during
operation.

ECONOMY

Employment - creation of new jobs during
construction and operation of the plant.

180 MW electricity added to Egyptian power
network.

TABLE 4.1-1 (Continued)

Significance of Impact

Prime agricultural land is rare in Egypt.
Several crops are currently grown on the
site providing food to an expanding nation
which imports food.

Transportation routes are considered adequate.

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

Most of jobs (apﬁroxlnﬂtely 100) will be
temporary during construction. Ten full time
employees will be required.

Load expected to double in seven years. Existing
facilities are inadequate. Shall provide power
for new industries needed to supply goods and
create jobs.

Recommended Mitigating Measures

Size of site has been minimized to limit
congsumption of agricultural land.

None required.

Install sound suppressing equipment.
Retain all trees on the site. Plant
additional trees between turbines and
surrounding colonies. Retain existing
walls. Place oil tanks to block sound
from colonies. Workers can use noise
suppressing equipment. Target sound
pressure levels will be developed at
appropriate distances.

None required.

None required.
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CIVIL/STRUCTURAL

MECHANICAL EQUIPMENT

PIPING

ELECTRICAL
SUBTOTAL-DIRECT COSTS

INDIRECT COSTS

TOTAL-DIRECT AND
INDIRECT COSTS

U.S. Dollars
Egyptisn (LE)

U.S. Dollars
Fgyptian (LE)

U.S. Dollars
Egyptian (LE)

U.S. Dollars
Egyptian (LE)

U.S. Dollars
Egyptian (LE)

U.S. bollars
Egyptian (LE)

U.S. Dollars
Egyptian (LE)

' CASH FLOW PORECAST - HELWAN

TABLE 16-2

. 1978 1979 )
lst - 2nd 3-d &th lst 2nd rd -Total
. 194,000 25,000° 15,000 234,000
251,000 180,000 107,100 56,600 594, 800)
1,100,000 3,300,000 3,300,000 6,780,000 l,99l;000 80,000 438,000 1¢£,989,000
’ -+ 23,000 15,300 38,300
27,000 8,200 “10,800 46,000
2,800 - 3,800 6,600
1,136,000 ‘288,000 146,000 65,000 1,635,000
'~ 20,000 18,900 . 38,900
1,100,000 3,300,000 3,300,000 "8,137.000 2;312,200 251,800 503,000 18,904,000
- : - 251,100 180,000 152,900 94,600 - 678,600
310,900 772,500 772,500 3,786,100 2,352,300 169,000 132,700 8,296,000
- 1,300 177,800 169,600 204,000 98,200 - 650,900
1,410,900 4,072,500 4,072,500 11,923,100 &,664,500 420,800 635,700 27,200,000
. - 1,300 428,900 349,600 356,900 192,800 - 1,329,500
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TABLE 10-2 .
CASH FLOM FORECAST

1978 - 1979 g
1st 2nd 3rd 4th ist 2nd 3rd 4th TJotal
CIVIL/STRUCTURAL U.S. Dollars , 243,000 26,000 17,000 17,000 ' ' 303,000
Egyptian (LE) 127,500 223,000 133,000 66,300 31,900 » 581,700
MECHANICAL EQUIPMENT U.S. Dollars 1,650,000 4,950,690 4,950,000 8,474,000 907,000 1,115,000 257,000 38,000 22,801,000
Egyptian (LE) _ _ 9,600 19,700 6,500 . 35,800
PIPING _ U.S. Dollars : 46,000 14,500 14,500 75,000
Egyptian (LE) L 5,200 6,600 11,800
ELECTRICAL U.S. Dollars - 2,187,000 672,000 290,000 244,000 . 3,393,000
Egyptian (LE) ’ i 37,500 101,700 33,500 172,700

SUBTOTAL-DIRECT COSTS U.S. Dollars 1,650,000 4,950,000 4,950,000 10,950,000 1,665,000 1,436,500 532,500 438,000 ‘26,572,000

Egyptian (LE) - 127,500 223,000 180,100 192,900 78,500 - 802,000

INDIRECT COSTS U.S. Dollars 567,400 1,353,300 1,353,400 5,480,900 2,994,300 607,400 288,600 137,700 12,783,000
Fryptian (LE) ' = 2,500 177,700 189,700 193,100 157,700 73,700 - 794,400

TOTAL-DIRECT AND U.S. Dollars 2,217,400 6,303,300 6,303,400 16,430,200 4,659,300 2.043.900 821,100 575,700 39,355,000
INDIRECT COSTS Egyptian (LE) - 2,500 305, 200 412,700 373,200 350,600 152,200 - 1,596,400

0 XINNV



1977
1978
1979
1980
1981
1982
1983
198L
1985
1986
1587
1988
1989
1990
1991
1992

1993 |

1994

CAPITAL
25
56023
_16TTh

TALLHA-ETT AN

- ECONIOMIC RATE JTF.

COSTS OPEPATING

AND MAINT. TCTAL
- - 625
- . 56023
10400 26400
- 29800 29800
29800 29800
29800 29800
29800 29800
19400 19L00
1Lk900 14900
14900 14900
14900 14900
14900 1kooo
14900 14900
14900 1k900
1Lk900- 14900
1k9oo 14900
14900 1k900
1k900 14900

SRy,

PyS-ASR S S ¥}

BENEFITS

1.8900
54000
54000
54000
54000
35100,
27000
27000
27000
27000
27000
27000
27000
27000
27000
27000

BENEFITS
- 625
56023

7500
24200
2k200
2k200
24200
15700
12100
12100
12100
12100
12100
12100
12100
12100
12100
12100.

REMAINDER +

++ A0

SISCOUNTED
AT 2L%
50
36435
393L
10236
8255
6657
5369
2809
1746
1408
1135
916

736

596

L80o

387

312

252

423
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