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EGYPT - SHOUBRAH EL KHEIMA
 

THERMAL POWER PLANT
 

Summary and Recommendation
 

1. 	Grantee: The Government of the Arab Republic of Egypt (GOE)
 

2. 	ImplementingAgency: The Egyptian Electricity Authority
 
(EEA), a wholly owned Government corporation.
 

3. 	Grant Amount: U.S. $100,000,000 (one hundred million
 
dollars). The grant amount will be passed on to the
 
EEA as a grant contribution to EEA's equity capital.
 

4. 	Project Purpose: To augment the electricity generating
 
capacity of the EEA to meet increasing energy requirements

of consumers throughout Egypt.
 

5. 	Project Description: Engineering and construction of 
a new
 
600 MW thermal power plant, expandable to 900 MW, to be
 
located in Cairo, together with necessary transmission
 
linkages and technical assistance.
 

6. 	Total Project Cost: Total cost of the Project, both
 
foreign exchange and local currency, is estimated at
 
$465.9 million. The foreign exchange component is esti­
mated at $387.8 million, of which $100.0 million will be
 
financed by AID, $139.0 million by the World Bank Group,

$35.0 million by the European Economic Community, $35.0
 
million by the European Investment Bank, $10.0 million
 
by the Organization of Petroleum Exporting Countries (OPEC),

$25.0 million by Japan's OECF, and $43.8 million by the GOE
 
and/or other sources including international commercial
 
banks. The local currency requirement, equivalent to
 
$78.1 million, will be financed by the GOE.
 

7. 	Grant Application: The GOE has requested an AID grant of
 
SL00.0 million to assist in financing the foreign exchange
 
costs of this Project. The application is attached as
 
Annex A.
 



I. INTRODUCTION
 

1.01 The Government of the Arab Republic of Egypt (GOE)
 
has requested AID assistance to finance the foreign exchange
 
costs of engineering and construction of a 600 MW thermal
 
power plant to be located at Shoubrah El Kheima in Cairo,
 
Egypt. The project.was evaluated, in part, by Sanderson &
 
Porter, Inc. (S&P), a consulting engineering firm prominent
 
in the electric power field. S&P's services were financed
 
from funds made available from AID's Technical and Feasibility
 
Studies Grant No. 263-0042. The feasibility study, completed
 
by S&P in early 1979, forms the basis of the project analysis
 
herein. Additionally, the project analyses and assessment pre­
pared by the World Bank have been most useful in preparation
 
of this paper.
 

1.02 The project will form part of the U.S. assistance program
 
to Egypt which aims, inter alia, toward accelerating industrial
 
development and improving the quality of life of rural and urban
 
populations through the provision of an adequate energy infra­
structure. One of the key elements in the success of the AID
 
program is the availability of electric power. The 600 MW power
 
plant to be financed'with the assistance of this proposed grant
 
will be a major generating facility ensuring the adequate avail­
ability of power in the mid-1980's. The power produced by this
 
plant will flow into the Unified Power System (UPS), the national
 
electricity grid, and be distributed to industrial, commercial,
 
governmental and domestic consumers.
 

1.03 A large portion of AID's program in Egypt is focused on
 
the electric power sector. In FY 75, a $30 million grant
 
(No. 263-0001) was provided to finance power distribution
 
equipment for rehabilitation and reconstruction of the Suez
 
Canal area. In FY 76 and 77, a $141 million grant was provided
 
for construction of a 300MW thermal plant at Ismailia in the
 
Suez Canal area. A $69 million loan was also provided in FY 76
 
and 77 for supply of two gas turbine facilities having a joint
 
capacity of over 300MW. AID provided under FY 76 and 78 loan
 
financing of a $41 million National Energy Control Center, a
 
modern computerized center for monitoring and controlling the
 
UPS, and, in FY 77 and 78, loan financing of $46 million was
 
extended for the rehabilitation of urban electrical distri­
bution systems in Cairo, Alexandria and the provincial cities
 
of Beni Suef and Shibin El-Kom.
 



8. 	Mission Views: USAID/Cairo has recommended authorization
 
of the proposed Grant.
 

9. Source of U.S. Funds: Fiscal year 1979 Economic Support
 
Fund.
 

10. 	Statutory Requirements: All statutory criteria have been
 
satisfied; see Annex D.
 

11. 	Recommendation: Authorize a Grant in the amount of $100.0
 
million to the GOE on terms and conditions set forth in
 
the grant authorization in Annex B.
 

12. 	Project Committees:
 

USAID/Cairo
 
Committee Chairman: Philip S. Lewis
 
Loan Officer Thomas Johnson
 
Legal Advisor : James Phippard
 
Economist . James Norris
 
Program Officer : Charles Weden
 

AID/Wash ing ton
 
Chairman, NE/PD 	 . Thomas Sterner 
Loan Officer, NE/PD : Ron Redman
 
Engineer, NE/PD/ENGR : M. Kingery 
Counsel, GC/NE 	 : Gary Bisson
 
Environmentalist, NE/PD : Stephen Lintner
 
Economist, NE/PD : Leonard Rosenberg
 
NE/DP 	 : Dale Pfeiffer 
NE/EI/E 	 : John Sperling
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1.04 A.I.D. is also financing two major training programs under
 

technical assistance grants. One program, costing $381,000, is
 

being 	conducted in Egypt by the Overseas Advisory Associates, Inc.,
 
A total of 200 upper level management
a non-profit company. 


personnel of the Ministry of Electricity have attended the four­

week course, which is a very comprehensive review of modern
 

management of electric utility companies. Additional course
 
to EEA staff in 1979. 	 The other pro­sessions will be offered 


gram is a participant training given by the National Rural
 
content
Electric Cooperative in the United States. The course 


is primarily technical and concentrates on operation of electric
 

distribution systems, particularly rural systems.
 

The World Bank and the IDA ate also active in assisting
1.05 

being
the Egyptian power sector. A power sector survey is 


carried out by the consulting firm Sanderson & Porter, Inc.,
 

under UNDP-financing with the Bank acting as executing agency.
 

Its objective is to integrate planning in the power sector with
 

overall economic planning and to identify changes that are re­

quired in EEA's institutional and organizational structure, its
 

operations and development program. Phase I of the Survey which
 

was completed in November, 1976, recommended changes in energy
 

policy, organization and management, accounting and financing
 

system operation. Under Phase II, the consultants are assisting
 

EEA in implementing the key recommendations. These include:
 

(i) financial consultants to help EEA resolve -the problems in its
 

finance systems; (ii) a training component would
accounting and 

help in manpower planning and in the rehabilitation of EEA's
 

training centers; (iii) study of electricity tariffs; and (iv)
 
The Bank,
a review of EEA's safety and inspection practices. 


during June 1977, extended a $48 million loan to the EEA to
 

finance a portion of the technical assistance required to
 

implement the Phase II recommendations and to finance the
 

foreign exchange costs needed to provide electric power to 13
 

rural cities and a number of rural zones.
 

1.06 The total foreign exchange cost of this project is
 

estimated at $387.8 million. AID's portion of $100 million
 

will be used to finance the dollar costs of consulting engineer­

ing services, for the design, engineering and supervisior of
 
finance major components of
construction of the project, and to 


the power plant itself. The World Bank Group is committed to
 

financing $139 million, with the remaining FX provided by other
 

bilateral and multilateral donors. All local currency needs,
 

estimated at $78.1 million,-will be provided by the GOE. The
 
to the EEA
A.I.D. $100 million dollar grant will be passed on 


by the GOE as a contribution to EEA's equity capital, since our
 

that even after assets are properly valued, EEA's
expectation is 

debt to equity position will be less than satisfactory.
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II THE POWER SECTOR
 

A. ORGANIZATION
 

2.01 Electric Dower was first introduced in Egypt in 1895
 
and developed thereafter by the installation of many small
 
isolated generating units. The characteristics of these
 
individual installations varied widely in frequency and
 
voltage. The small systems were owned and operated by a
 
large number of governmental, municipal, and private organi­
zations.
 

2.02 In 1964 the Ministry of Electricity was founded, placing
 
all of the electric generating facilities under the control
 
of a single governmental agency. In 1965 the General Egyptian
 
Electricity Corporation was founded to own and operate the
 
Public Power System and to expand that system to insure
 
electrical capacity to meet the needs of the nation. In
 
1971 the Rural Electrification Authority (REA) was formed
 
to plan and supervise the construction of rural electrification
 
projects. In 1976 the Egyptian Electricity Authority (EEA)
 
was formed to replace the General Electricity Corporation and
 
EEA now has the responsibility for the nation's electrical
 
power supply, including operation of the facilities planned
 
and constructed by the REA.
 

2.03 In 1976 two other authorities were established to study
 
and develop specific sources of electric power. The Qattara
 
Depression Authority was formed to study the power potential
 
of that project and was given additional responsibilities
 
in planning hydro developments. The Nuclear Power Plant
 
Authority (NPPA) was established to develop nuclear power in
 
Egypt. It is expected that any facilities developed by
 
either of these authorities will be connected to the Unified
 
Power System (UPS) and their output turned over to EEA.
 

2.04 The Ministry of Electricity and Energy (MEE) also has
 
four separate companies for specialized construction work.
 
They are the General Company for Electrical Projects (ELEGECT),
 
the High Dam Company for Electrical and Mechanical Projects
 
(HIDELCO), the Egyptian Electric Transformer Company (EL-MALCO)
 
and the General Company for Mechanical and Electrical Projects
 
(KHAROMICA).
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2.05 The Higher Council for Electric Power has approved the
 
formation of seven provincial electricity distribution companies.
 
When these companies are organized they will own and operate
 
the 11-KV lines and facilities of lower voltage and be res­
ponsible for distributing electric power.
 

2.06 MEE relations with the rest of the Government are regu­
lated and coordinated by the Higher Council for Electric
 
Power made up of the Minister of Agriculture and Irrigation,
 
the Minister of Pndustry and Petroleum, in addition to the
 
Ministry of Electricity and Energy. An organization chart
 
of MEE is shown in Annex E.
 

Eqytian Electricity Authority (EEA)
 

2.07 The implementing agency for this project is EEA
 
which is implementation, management, operation and mainten­
ance of all electric power facilities in Egypt. It became
 
financially autonomous from the GOE to the extent that it
 
was able to prepare its own annual budget and five-year plan
 
subject to GOE approval, retain any surplus revenues for its
 
development and contract loans from both local and foreign
 
sources. Bylaws have since been enacted prescribing such
 
matters as personnel policy, salaries and wages, recruitment,
 
and procurement procedures. In personnel, EEA has virtually
 
no autonomy since it is required to conform strictly to
 
Government policy in this area. One of the key aims of the
 
reorganization in 1976 was to give the EEA more autonomy
 
from Government and subsequently, following implementation
 
of its by-laws, to increase efficiency. This move toward
 
increased autonomy has been slow and is hampered by the
 
traditions of the past and the cumbersome bureaucratic
 
procedures still retained by Government. Another major
 
modification to EEA's legal structure pertains to the
 
impending transfer of all distribution activities to seven
 
distrubtion companies created in 1978.
 

2.08 EEA is a Government-owned enterprise regulated by the
 
Ministry of Electricity and Energy. It is managed by the
 
Chairman of the Board of Directors assisted by two Deputy
 
Chairmen,; one for System Operations, and the other for
 
Financial and Administrative Affairs. The Board of Directors
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includes the Heads of EEA's five regional offices; represen­
tatives of the Ministries of Electricity and Energy, Finance
 
and Planning and the Chairman of the Rural Electrification
 
Authority (REA). Annex F shows EEA's present organization
 
chart.
 

2.09 Since 1976, the organizational structure of the EEA
 
has been changed to include the seven distribution companies
 
created as subsidiaties of EEA under a Cabinet Decree (No.
 
220 of 1978) signed by the Prime Minister on March 6, 1978.
 
These companies are formed to take over distribution (at 11 KV
 
and below) of electricity from the Cairo and Alexandria
 
zones and from the municipalities in the other zones. EEA
 
will continue to be responsible for generation and trans­
mission through its 5 zones. Shares in the new companies
 
are to be held 70% by EEA, 15% by the Governorates or muni­
cipalities and 15% by the public including employees of the
 
companies. However, so far, ony the EEA's shares have been
 
issued in exchange for assets acquired from EEA. Each company
 
will prepare its own budget for approval of EEA's Board of
 
Directors and be able to retain any revenue surpluses, re­
ceive budget allocations from the Government and contract
 
loans.
 

2.10 Apart from the formation of the distribution companies
 
in 1978, EEA created a new position of Deputy Chairman, Finance
 
and Administration. The other Deputy Chairman retained respon­
sibility for operations and dispatch. The Presidents of the
 
five zones and Directors of the Projects Administration, and
 
Studies and Research Departments continue to report to the
 
Chairman. These changes do little to reduce the centralized
 
control exercised by EEA's top management. The administrative
 
system remains cumbersome because there is little delegation
 
of authority, and little coordination between technical and
 
commercial staff. This position will not be rapidly changed
 
but the Overseas Advisory Associates have carried out in 1978 and
 
1979 a series of training seminars for top level management
 
under USAID financing which have been very well received
 
by the participants from EEA. Follow-up courses are planned
 
to include middle-level managers.
 

2.11 The EEA had about 48,000 employees at the end of 1977
 
compared with about 35,000 in 1973. Of the 48,000, about
 
30% were in the Upper Egypt zone, 25% in Lower Egypt, 30%
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in Cairo (including Head Office) and the remainder were in
 
the Alexandria and Canal zones. About 64% were classified
 
as technical staff and the rest were in administrative, fi­
nancial and services departments. The fundamental staffing
 
problems identified earlier remain. There is still
 
considerable overstaffing and a severe shortage of
 
middle and top management level executives. Experienced
 
and well qualified Egyptians continue to be attracted to
 
neighboring oil-rich countries by higher salaries. EEA
 
has been able to ;ncrease its salaries and bonuses about
 
20-30% in the last 2 years but not enough to be competitive
 
with Egypt's wealthier neighbors. EEA has addressed the
 
training needs of its top management through the Overseas
 
Advisory Services courses and, as was mentioned, these may
 
be extended to middle level staff in the next phase. EEA
 
reports that it is no longer compelled to employ additional
 
new graduates 'nd ex-servicemen and has actually achieved
 
some reduction in staff from the maximum number of budgeted
 
employees for 1977 of 50,000. In the future, EEA plans to
 
increase the productivity of its staff through retraining
 
of existing employees. The first IBRD power loan provided for
 
technical assistance, training materials and dormitory
 
accommodation at EEA's two training centers near Cairo.
 
EEA has signed an agreement with the International Labor
 
Organization (ILO) for the services fo a high-caliber ad­
visor to be financed under a World Bank loan. EEA is ex­
pected to follow up this appointment with two training
 
specialists, one for Cairo North and the other for Cairo
 
South .ning center.
 

B. FACILITIES
 

2.12 EEA owns and operates ten steam electric generating
 
stations, with four more committed for construction before
 
1984, five gas turbine generating stations with four more.
 
under construction and two hydro stations. Total capability
 
of generating capacity in service as of early 1978 was 3031 MW
 
as shown in Annex G; of this total 919 MW was in steam plants,

546 MW in gas turbine plants and 1566 MW in the hydro plants,
 
with hydro plant capacity stated on the basis of peak carrying
 
capability recognizing the limitation on water available in
 
December.
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2.13 The Unified Power System transmission facilities comprise
 
a 500-KV transmission link connecting the hydro development in
 
the upper Nile in southern Egypt with the loads and generation
 
in northern Egypt. A 220-KV network serves the northern Egypt
 
loads and a 132-KV system generally parallels the 500-KV trans­
mission and serves the loads in the Nile Valley and nearby
 
oases. A map of the system is shown in Annex H and a one­
line diagram in Annex I.
 

2.14 The principal communications system used for operation
 
and control of the Unified Power System uses power line
 
carrier which is supplemented with wire line telephone cir­
cuits to serve local areas. In general, the public telephone
 
system is not adequate to serve as a reliable substitute for
 
the power line carrier equipment. Microwave communication
 
facilities have not been used.
 

2.15 All power stations and transmission substations have
 
full time operators, and remote control systems have not been
 
used to any great extent. Generation control is accomplished
 
by voice communication with minimal information display to
 
the operator. Frequency control is accomplished manually
 
at the High Dam Hydro Station. However, a new computerized
 
control system is under construction, together with the
 
necessary data for automatic control and monitoring of the
 
system called The National Energy Control Center (AID Loan
 
No. 263-K-037).
 

2.16 Because of the long transmission system from the hydro
 
generation in the south to the principal load centers in
 
northern Egypt, line outages sometimes result in separation
 
of the system with excess generation on the southErn portion
 
and generation deficiency in the north. Frequenujy sensitive
 
relays are used in northern Egypt to disconnect presecleted
 
loads in order to maintain service to the remainder of the
 
northern system loads in case of transmission faults causing
 
such system disturbances.
 

2.17 General service facilities include a General Office
 
Buiding in Abbassia, an AC Network Analyzc. located in the
 
building at Abbassia, a High Voltage Research Center, a
 
Training Center, and various other facilities. The general
 
office building is located in Abbassia and comprises a total
 
of six floors with approximately 5000 square meters of usable
 
space. The Executive Offices of EEA are located here together
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The building

with the principal administrative organizations. 


is occupied by EEA personnel and the Ministry of 
Electricity
 

and Power.
 

The Network Analyzer is housed in the General Office
 

Building and comprises some 15 generating units, 110 line
 

units, 50 capacitor units and other units required to 
model the
 
EEA


electric system with appropriate metering facilities. 

same area which has 12 floors
 also owns another building in the 


It was
 
and about 3000 square meters of usable floor space. 


The top two floors
 
built in 1972 and is fully occupied by EEA. 


are used for a microfilm filing system.
of this building 


The Pyramids High Voltage Research Center was 
established


2'19 

in order to study problems peculiar to high voltage 

transmission
 
con­

in desert conditions and to develop parameters for the 


a reliable transmission system.
struction and operation of 

extra high voltage cascade trans-
The facilities include an 


former capable of developing 2212 KV, a pollution 
and con­

corona test lines, provision for
 tamination testing area, 

testing insulators and devices under actual weather conditions
 

existing at the center, together with the necessary instrumen­

tation.
 

2.20 In addition to these facilities, the EEA operates service
 

zone to support the crew necessary for main­centers in each 

the electric system and construction of new 

facili­
tenance of 

ties.
 

The problems encountered in operation of the bulk power
2.21 

large part, from the nature of the
 supply system result, in 


system, with a large part of its generating 
capacity in a
 

hydro generation complex 940 km from the principle 
load
 

fluctuations at substations connected along 
the 500-KV
 
in some instances
 

transmission lines, system disturbances, and 

as a result of trip-outs in 

loss of service to some loads 

the 500-KV lines and a limitation on the amount of power
 

can be used from the hydo project because
and energy that 
There are also currently
of these transmission problems. 


lack of sufficient
 
some problems resulting from the fact trat 


installed generating capacity makes it kard *to schedule the
 

maintenance outages required tc, keep gererating equipment
 

in good operating condition. This situation is further com­

plicated by the difficulties experienceZ in obtaining an
 

adequate supply of spare parts.
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2.22 Several measures are presently being taken to improve
 
the reliability of the 500-KV transmission system to alleviate
 
related problems. these include a program of insulator
 
washing and the installation of weights on insulator strings,
 
where required, to prevent reduced clearance caused by high
 
wind conditions. A techno-economical solution to the pro­
blem is being sought by a study now under way by the Swedish
 
State Power Pool.
 

2.23 System development will also help alleviate these problems
 
in that adding generation and load in the Cairo area will in­
crease the transfer capability of the 500-KV system. simi­
larily, development of additional loads and transmission
 
facilities to serve those loads will help stabilize voltage
 
along the line. Development of additional loads in Upper
 
Egypt will also permit using the available water power with­
out loading the circuit to northern Egypt so heavily. It
 
is expected that implementation of the proposed project will
 
provide sufficient energy generating capacity so that pre­
ventive maintenance can be scheduled, which will further
 
alleviate the problems.
 

2.24 The project forms part of the proposed development pro­
gram to meet the future demand for electricity on the EEA
 
system. The past trend of demand on the system is shown
 
in Annex J. Maximum demand rose from 872 MW.in 1967 to
 
2,338 MW in 1977 (9.9% p.a.) and sales from 4,756 GWh to
 
11,429 GWh (9.2% p.a.). The average growth rates for the
 
whole ten-year period conceal very divergent trends within
 
the peziod. As shown by the detailed figures in Annex J,
 
the annual growth rates followed a markedly downward trend
 
in the first half of the period, declining from 10.1% in the
 
1968 to -0.8% in 1972 for sales, and from 6.7% to 1.4% for
 
maximum demand, the average annual growth rates over the
 
five-year period being 5.4% and 6.2% respectively. These
 
low growth rates reflected the relatively lackluster per­
formance of the economy in these years, during which the
 
growth of GNP averaged only 4.3% p.a. Since 1972 there has
 
been a sharp reversal of these trends, with economic growth
 
of 7% p.a. and power demand growing at over 13% p.a.
 

2.25 The key factor in the much higher growth rate of power
 
market over the last five years have been the demand of five
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major industrial consumers, three of which began operations
 
during this period. These together accounted for over 54%
 
of total incremental sales between 1973 and 1977, during
 
which period sales to these large industrial consumers grew
 
at over 34%/a. Sales to other consumer categories
 
grew much less rapidly, ranging from 17% p.a. for residential/
 
commercial consumers to 1.4% p.a. for irrigation/agriculture.
 
As a result, the share of industrial in total electricity
 
sales rose from 54% to 63% as illustrated in Annex K. This
 

high proportion of industrial sales also accounts for the
 
relatively high system load factor (65% in 1977).
 

C. Load Forecast
 

2.26 Although the Shoubrah El Kheima plant is intended to
 
meet load growth in 1985-87, the load forecast was not limited
 
to this period since in power system planning it is necessary
 

'to ensure that proposed short- and medium-term expansion pro­
grams are consistent with optimum long-term system development.
 
Consequently, EEA's consultants extended the forecast to
 

the end of the century (1999), which was considered adequate
 
for this purpose.
 

2.27 The method adopted by EEA and its consultants in projecting
 
future demand was to make separate forecasts for each consumer
 
category, as described below:
 

(a) 	 ustry. In view of the importance of major consumers
 
l, _ndustrial electricity consumption, this category
 
was divided into subcategories, viz. "Industrial -

Large Consumers" and "Industrial - General." The
 
forecast for the first subcategory was based on the.
 
identification of individual major industrial con­
sumers, existing or projected to 1985, for which
 
specific information regarding their power require­
ments 	could be obtained either from the industries
 

or
themselves (where they already existed), from
 
the agencies responsible for their construction
 
(in the case of new industrial projects). This
 
resulted in the identification of 36 major indus­
trial consumers, as listed in Annex L, which shows
 
their projected power requirements, based on the
 
most 	up-to-date information available on the status
 



of the expansion plans of the industries con­
cerned. It was further assumed that additional
 
major industrial loads would emerge in the latter
 
part of the period to 1985 such as to maintain the
 
annual growth rate for this subcategory at the
 
same level as that projected for "Industrial -

General" (,i.e., 9.5% p.a. - see below). Recent
 
experience indicates that implementation of major
 
industrial projects lags behind schedule, resulting
 
in actual power demands less than those projected.
 
Thus, in the last three years, actual annual sales
 
to large industrial consumers have been between
 
about 50% and 70% of forecast sales. For the
 
purpose of the load forecast, therefore, the
 
consultants assumed, as a measure of caution,
 
that actual annual sales to large consumers in the
 
period to 1985 would be only 60%. of the industries'
 
estimates of their requirement. For the period
 
1986-1999, it was assumed that growth rates for
 
this subcategory would correspond to those for
 
"Industrial - General." The resulting forecast
 
for large industrial decline in the annual
 
growth rate from the average of 34% p.a. in the
 
period 1973-77, to 9.5% in 1983, 7.5% in 1986
 
and 7% in 1991.
 

For the "Industrial - General" subcategory
 
the projection was based on an average growth rate
 
of 11% p.a. in the number of industrial customers
 
(excluding large consumers), and average use per
 
customer declining at 1.2% p.a., through 1985.
 
Thereafter, the number of customers was assumed
 
to remain constant and the growth rate of sales
 
per customer was assumed to be 7.5% p.a. through 1990
 
and 7% p.a. subsequently.
 

(b) 	Residential/Commercial. Forecast sales for this
 
category assume continuance of the 1973-77 growth
 
rate of 14% p.a. through 1985 and a subsequent
 
decline to 12% p.a. through 1990 and 8% p.a. there­
after.
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(c) 	Irrigation/Aaricultural. The number of customers in
 
this category remained constant at 200 in the period
 
1973-77 and, as shown in Annex M, the growth rate
 
of sales was minimal, averaging only 1.4% p.a. How­
ever, there are plans to increase the acreage under
 
irrigation and the total agricultural production by
 
revision of irrigation methods, which is expected
 
to lead tQ somewhat higher growth rates in the
 
future. It was assumed, therefore, that sales in
 
this category, after stagnating through 1980, would
 
increase at 5% p.a. in subsequent years.
 

(d) 	Other Categories. The remaining categories comprise
 
"General Purpose" and "Government Buildings". "General
 
Purpose" sales were projected to grow at the average
 
1973-77 rate of 3.8% p.a. through 1985 and somewhat
 
more slowly (3.5% p.a.) subsequently. It was assumed
 
that the downward tendency in the "Government
 
Buildings" category as a proportion of total sales
 
(3.3% in 1973, 2.4% in 1977) would continue until
 
it reached 2% in 1984 and that it would then remain
 
at this level in subsequent years.
 

2.28 The resulting forecast of total sales, together with the
 
corresponding estimates of net generation and maximum demand,
 
are shown in Annex M and summarized below:
 

Table 1
 

Actual and Forecast Sales Summary
 

1980 1985 1990 1999
 

Total EEA Sales, GWh 17,116 28,311 43,050 81.213.
 
Average Growth Rate,% p.a. 10.6 8.7 7.3
 

Net Generation, GWh 19,902 32,172 48,920 92,287
 
Average Growth Rat' % p.a. 10.1 8.7 7.3
 

Maximum Demand, MW 3,151 5,151 8,093 16,33.3
 
Average Growth Rate, % p.a. 10.3 9.5 8.1
 

This was adopted as the most likely forecast for the economic
 
evalution. It implies that by 1995 per capita consumption will
 
be around the level reached by Portugal in 1976 (1,230 kWh). For
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sensitivity testing, "low" and "high" forecasts were also made,
 
as shown in Annex N. These assume annual incremental sales
 
over the forecast period respectively 10% lower and 10% higher
 
than in the probable forecast.
 

Losses
 

2.29 During the period 1973 through 1977, the system losses,
 
excluding station auxiliaries, as a percentage of net genera­
tion varied from a high of 15.6% to a -ow of 9.9%, which were
 

the losses in 1977 as shown in Annex J. It is expected that
 
The high percentage of total energy delivered to large
 
industrial customers at transmission voltages, especially
 
considering that a large portion of this is delivered and
 
used in southern Egypt thus avoiding losses on the 500-KV
 
transmission system, will result in relatively low losses
 
as compared with other systems. The fact that EEA is pre­
sently engaged in a program of rebuilding substantial parts
 
of its distribution system should also lead to reductions
 
in loss percentages. Therefore, losses are projected at
 
15% of net generation in 1978 with the percentage decreasing
 
to 12% in 1984 and remaining at 12% thereafter.
 

D. FOREIGN-ASSISTANCE-TO-THE-SECTOR
 

2.30 AID has provided assistance to the electric power sector
 

since resumption of the U.S. Assistance Program in Egypt in
 

1975. A brief description of these project activities,
 
totalling over $327 million in loans and grants, is given
 

in paragraphs 1.03 an 1.04. In addition, approximately $70.0
 

million has been provided to EEA and REA from AID's commodity
 

import loans for the procurement of various types of electrica:
 
and support equipment and materials.
 

2.31 The World Bank has made one loan for power in Egypt ($48
 
million) in 1976 for regional electrification. The loan pro­
vided for rehabilitation and extension of all electric power
 
facitilities serving a regional population for about 6 million
 
people in 13 urban centers and 19 rural zones outside Cairo
 
and Alexandria. The loan also included technical assistance
 
for training and studies to strengthen organization and insti­
tutional aspects of EEA and REA. Construction is planned to
 
start in the last quarter of 1979. In addition, the Bank
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was Executing Agency for a UNDP-financed Power Sector Survey
 
carried out in 1976-1978. Under Bank supervision this Survey
 
identified areas needing immediate attention in relation to
 
planning, operational, organizational, and institutional
 
improvements in the Egyptian power subsector. Subsequently,
 
the first power project provided for technical assistance in
 
this connection. Although no loans have been made for oil and
 
gas, a gas pipeline project to gather, treat and transport
 
associated gas from the Gulf of Suez offshore oil fields 
to the
 
Suez City area has been proposed and is now under appraisal by
 
the Bank. Associated gas from this pipeline would be available
 
to the Cairo area through existing pipeline facilities being
 
modified under the Gulf of Suez Gas Project. Surplus gas
 
could eventually be diverted from other power generation
 
users to the Shoubrah El Kheima station.
 



III. THE PROJECT
 

A. PLANT FACILITIES
 

3.01 The Project cbnsists of engineering and construction
 
of a 600 MW thermal power plant, to be located on a site at
 
Shoubrah El Kheirra in Cairo, Egypt. The plant will initially

include two steam generating units each capable of producing

300 MW net, under normal operating conditions, together with
 
the necessary auxiliary equipment including fuel storage,

transmission linkage to the Unified Power System (UPS), and
 
necessary communication and control equipment. The plant de­
sign will accommodate later installation of an 'additional
 
300 MW unit.
 

3.02 The throttle steam conditions will be 163 atmospheres,

538'C with reheat to 538°C. The turbine will be a double
 
flow tandem compound, 3000 rpm unit with seven stages of
 
feedwater heating. The electric generator will be rated at
 
427 MVA, with hydrogen cooling, 80% power factor, with the
 
exciter on the shaft; The steam generator will be capable
 
of producing approximately 1,040,000 kg of steam per hour
 
continuously at the pressure and temperature required to
 
provide the necessary throttle steam conditions. It will be
 
designed to burn mazout but will be capable of being converted
 
to gas if desirable. There will be three 60% capacity electri
 
motor driven boiler fuel pumps to permit pump maintenance and
 
still maintain a high load factor in the plant. A deminera­
lizer is included to provide make-up water.
 

3.03 Condensing water will be taken from the Nile River
 
through an intake structure and equipment designed to prevent
 
trash from the river passina through the condensers. The
 
temperature of this condensing water will be raised about
 
10*C, and it will be returned to the river downstream from
 
the intake, without further treatment.
 

3.04 Plant wastewater will pass through a wastewater treat­
ment plant before entering the river. The wastewater treatren
 
plant will be designed to provide an effluent of. a quality

equal to or better than the U.S. EPA requirements. No provi­
sion is included to collect runoff water since the rainfall is
 
very low.
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B. TRANSMISSION
 

3.05 Transmission system additions required to deliver the
 
output of the proposed plant to the system loads comprise four
 
220-KV circuits with associated equipment. The plan is to
 
loop the present double circuit from Cairo North to Cairo West
 
through the proposed new plant. It is also proposed to loop
 
this circuit through the Saptiah substation which is to be
 
built to serve the increasing loads in the central part of
 
Cairo. This loop to Saptiah, however, is required regardless
 
of the source of power so it is not included in the project.
 

3.06 Project facilities will also include eight 220-KV circuit
 
breakers and line terminal positions complete with circuit
 
breakers, four in the Shoubrah substation to serve the new
 
outgoing circuits and two at Cairo North. Also included are
 
replacement of two circuit breakers and associated equipment
 
of the Cairo North substation to provide sufficient current
 
carrying capacity to handle the expected power flows.
 

C. FUEL SUPPLY
 

3.07 The primary fuel for the plant will be heavy fuel
 
oil, called Mazout. Fuel requirements will be approximately
 
1.0 million tons per annun for the first two units, reaching
 
1.6 million tons per annum after installation of the third
 
unit after 1986. A 14-day reserve storage supply will be
 
provided to enable the plant to continue operations during
 
interruption in the pipeline flow. This is considered a
 
reasonable time allowance to locate and repair a line rupture.
 

3.08 Mazout will be supplied via pipeline by the Egyptian
 
General Petroleum Company from a refinery at Suez. Current and
 
anticipated levels of oil production and refining capacity indi­
cate no problems in supplying the project's mazout requirements.
 
However, existing pipeline capacity is not capable of handling
 
the whole of Shoubrah El Kheima's fuel requirement. EGPC
 
will eventually need to build additional pipeline capacity.
 
At negotiations, AID will seek agreement from the Government
 
to provide for building the additional pipeline facilities
 
as they become necessary to assure adequate supplies of fuel for
 
Shoubrah El Kheima in accordance with the plant's planned opera­
tion.
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D. AID FINANCING 

3.09 The S100 million financing provided by AID will be 
utilized for the procurement of (1) U.S. consulting engineering 
services for the planning and engineering of all facilities; 
terauering and procurerm 2,t of plant ecuipment, materials and 
related civil works construction services; supervision of 
installation, erect'ion and civil works construction; acceptance 
testing and start up of plant; and assistance and training 
during initial commercial oper-ations; and (2) design, supply 
and erection of a major equipment packag, such as the turbine 
generator island or boiler island, from a U.S. manufacturing 
firm. 
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IV. TECHNICAL ANALYSIS
 

A. Project Selection
 

4.01 EEA owns and operates 17 generating stations with a
 
total capability of 3,031 MW. Of these, 919 MW are in
 
steam electric plants, 234 MW in combustion turbines and
 
1,566 1W in hydro. The figure for hydro capability reflects
 
the limitations imposed by the December irrigation programs.
 
A detailed plant-by-plant breakdown of system generating
 
capacity is given in Annexes 0 and P. Generating capacity
 
existing or under construction will suffice to meet the
 
forecast requirements through 1983, but additional capacity
 
will be needed to meet the projected peak demand on the
 
systen in December 1984. The technical options include
 
hydropower and the various thermal possibilities viz nuclear
 
conventional steam plant, combined cycle plant (i.e., a
 
combination of combustion turbines and steam turbines) and
 
cumbustion turbines.
 

4.02 Relative to hydro power, comprehensive studies and
 
reports were made in recent years by two independent
 
consultants: The Swedish firm of Vattensbyggnadsbyram (VBB)
 
and the Soviet Institute "Hydroproject". The reports of
 
these two firms contained similar recommendations for the
 
installation of additional generating capacity at the lower
 

Aswan dam and at new hydro stations in existing barrages on
 
the Nile and in new barrages. Consideration was given to
 
eleven separate sites where hydro power could be installed
 
or increased. These sites are listed in th : following
 
table.
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Table 2
 

HYDRO-POWER GENERATION SITES REVIEWED
 

Distance - Proposed
 

Below 
 Additional
 
Aswan Dam Generating Design Status of
 
per VBB Capacity Head Dam or
 

(km) Site (MW) (m) Barrage
 

0 Aswan Dam 160 20.0 Existing
 

74 Silsila 88 6.0 Proposed
 

167 Esna 89 6.3 Existing
 

266 Qift 75 5.2 Proposed
 

359 Nag-Hammadi 52.5 5.2 Existing
 

445 Sohag 85 8.2 Proposed
 

544 Assiut 48 5.6 Existing
 

608 Deirot 63 7.5 Proposed
 

692 Samalut - - Proposed
 

775 Beha - - Proposed
 

857 Kababat - - Proposed
 

938 Delta - - Existing
 

4.03 A thorough review was made by the feasibility study
 
consultant, Sanderson & Porter, of all existing reports on
 
the above listed hydro sites, supplemented by its own
 
investigations and updated cost estimations and scheduling.
 

4.04 Relative to thermal power, EEA investigated a number of
 
alternative locations for their suitability as plant sites.
 
Preliminary evaluation of these resulted in the elimination
 
of the least attractive of these locatioms, leaving five
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specific sites for detailed evaluation. The five sites are
 
located at: Ras Gharib - Ras Shukeir, Ain Shoukna, Suez, El
 
Tabbin and Shoubrah El Kheima. A map showing the location
 
of possible hydro and thermal sites is attached as Annex T.
 
Each of these sites was studied in depth.
 

4.05 The study report concluded that, although there is scope
 
for further hydropower development.on the Nile, the hydro schemes
 
could not be considered for the present requirement because of
 
the long lead time for their construction (8-1/2 years).
 
Similarly, a nuclear station could not constructed in time to
 
meet the December 1984 peak demand. Of the remaining pos­
sibilities, experience with combined cycle plant is limited.
 
And, due to the complex nature of the plant, many operational
 
problems still exist, making it unsuitable for introduction
 
into the EEA system at this stage, although it could be con­
sidered for later installation when more operational experience
 
of this type of plant has been accumulated. The effective
 
choice for meeting the projected 1984 and 1985 requirements,
 
therefore, lies between conventional steam turbines and
 
combustion turbines, or some combination of these.
 

4.06 Since the alternatives have different effects on the
 
operation of the unified EEA system, they cinnot be compared
 
in isolation from the system. The comparison was therefore
 
made using a computer model known as the Wien Automatic System
 
Planning Computer Program (WASP), as described in Annex Q.
 
This is designed to define the least-cost generation program in
 
present worth terms for an electric power system, subject to
 
any constraints, over a specified period, in this case 1978 and
 
1999. As a first step, the program was used to determine the
 
appropriate size of unit to introduce in 1984 and 1985. As
 
shown in Annex 0, approximately 300 MW of additional thermal
 
capacity is needed to meet the 1984 peak demand, and a further
 
600 MW in 1985, while still maintaining the required system
 
reserve margin of 20%. Since the largest unit at present
 
under construction or planned is 150 MW, this suggests 300 MW
 
as the appropriate next choice of size. However, this was
 
compared with the 450-MW size to establish whether the benefit
 
of the scale effect would offset the additional cost of installing
 
capacity in excess of system requirements. The comparison
 
showed that the development program including three 300-MW units
 
in 1984-85 rather than two 450-MW units had the lowest present
 
worth of costs over the whole range of d~scount rates applied
 
(8%-16%), and this result was found to be insensitive to variation­
in'the main assumptions, thus confirming 300-MW as the economic
 
choice of unit size.
 

http:development.on
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4.07 Two generation expansion-programs to meet the projected
 

1978-99 requirements were then compared, the first incorporating
 
the proposed steam station (i.e. a 300-MW conventional steam unit
 

in 1984, followed by two similar units at six-month intervals
 
in 1985) and the second substituting 300 MW of combustion-turbine
 
capacity for the 1984 steam unit. The program incorporating the
 

Project was found to have the lowest present worth of total system
 
costs up to a discount rate 17'. This result was found to be
 
insensitive to variaLions in the base-case assumptions on
 
capital costs, fuel costs, value of foreign exchange and load
 

growth, the equalizing discount rate lying in the range of 15-19%
 

for the cases considered.
 

4.08 It was finally necessary to compare the economics of four
 

possible 	sites for the steam station, viz Ras Gharib (215 km south
 

on the west bank of the Gulf of Suez), Ain Soukhna (also
of Suez 

on the Gulf of Suez, 47 km south of Suez), Shoubrah El Kheima
 
(located in Greater Cairo on the east bank of the Nile) and Suez
 

itself. Ras Gharib was rejected at an early stage of the
 

comparison when it was found to have the highest present worth
 

of costs (capital plus operating - particularly transmission
 
even when it was assumed that natural
investment and losses) 


gas would be the fuel, despite the fact that it was the most
 
favorably situated of all the sites in relation to the gas
 
supply; 	as mazout is now assumed to be the fuel, for which
 

Ras Gharib is less favorably situated, this rules it out from
 
costs associated
further 	consideration. Details of the estimated 


with the other three sites are shown in Annex R. The Shoubrah
 

El Kheima site has the lowest present worth of costs up to a
 
discount rate of at least 15% and is therefore the preferred
 
location.
 

B. Project Site
 

4.09 The project location in Shoubrah El Kheima is at the site
 

of an old abandoned steam-electric generating plant, north of
 

the city proper, in the Governorate of Kallabia on the east
 

bank of 	the Nile. The property,, shown in Annex T, is occupied
 
by two large powerhouses, each housing three turbine generator
 

units varying in capacity from 10 MW to 13 MW, numerous boilers
 

and auxiliary equipment. Both powerhouses, which appear
 
structurally sound, are completely abandoned and are not used
 

for any purpose. The site also contains many smaller buildings
 



-22­

and presently serves as a major storage depot and service
 
center for EEA's distribution system. Eleven concrete
 
underground fuel oil storage tanks are on the site, as
 
well as an active 66 KV substation.
 

4.10 While the property is sufficiently large in area to
 
accomodate the proposed plant, significant efforts must
 
be expended in the demolition of present structures and
 
the preparation of the site for new construction. Further,
 
EEA's storage yards and warehousing activity must be relocated
 
prior to initiation of site clearance.
 

4.11 The plant site is directly adjacent to the Nile River,
 
separated from it only by a road under which circulating
 
water intake and discharge pipelines must pass. The river
 
appears to have adequate depth, minimal variations in stage,

and sufficient current to present no problems in operation
 
of a direct once-through condenser cooling water system. The
 
temperature of this cooling water will be raised about 10
 
degrees centigrade. River water can be used as boiler make-up
 
water after demineralization.
 

4.12 The plant structure will be founded on the alluvial deposits
 
of the Nile river valley. The deposits of the flood-plain
 
alluvium facies are represented by silty loam, sandy loam
 
and clay. The deposits of fluvial alluvium facies are usually
 
grey, fine sand strata with lenses of medium to coarse sand.
 
The total thickness of the alluvial deposits is about 20 meters
 
or less, and are underlain by strata of sand and gravel. The
 
site is considered adequate for foundation support either pile
 
or matraft type. The ground water table is about 3 to 4 meters
 
below ground surface. This will create some difficulties if
 
deep excavations are required and, as some soil layers have
 
high sulphate content, ground water effect on buried steel and
 
concrete structures must be given careful attention.
 

4.13 The site is located close to both the AbuRoach-North Sinai
 
and the Red Sea - South Greece seismic belts. However, the
 
region of the seismic belts near Cairo is characterized by

earthquakes having low magnitudes, ranging from zero to about
 
1.9, but having a high frequency of occorrence. Plant design
 
will include consideration of these seismic parameters.
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4.14 The approach to the site is by way of a major city
 
into a secondary, but also
street followed by a short turn 


wide, city street before entering the main gate. All
 
these busy city
equipment, materials and personnel would use 


thoroughfares which, during the construction phase of the
 

plant, may cause occasional delays. Aside from this minor
 

no problems concerning access and transportation,
inconvenience, 

even of the heaviest power plant components, are anticipated.
 

4.15 As the only viable site located in the greater Cairo
 

area, no special requirements concerning procurement or
 

accommodation of the construction personnel are expected
 

for this site.
 

C. Plant Design
 

4.16 The ultimate project comprises three steam turbine
 
under
generating units each capable of delivering 300 MW net, 


normal operating conditions, together with the necessary
 

auxiliary equipment including fuel storage, transmission to
 

connect the plant to the Unified Power System, and necessary
 
The throttle steam
communication and control equipment. 


conditions will be 163 atmospheres, 538 
0C with reheat to
 

a double flow tandem compound,
538 0 C. The turbine will be 

3000 rpm unit with seven stages of feedwater heating. The
 

at 427 MVA, with hydrogen
electric generator will be rated 

cooling, 80% power factor, with the exciter on the shaft.
 

The steam generator will be capable of producing approximately
 

1,0 ),000 kg of steam per hour continuously at the pressure
 
to provide the necessary throttle
and temperature required 


stea. conditions. It will be designed to burn mazout but
 

will be capable of being converted to gas if desirable.
 

There will be three 60% capacity electric motor driven
 

boiler fuel pumps to permit pump maintenance and still
 
A demineralizer
maintain a high load factor in the plant. 


The proposed physicalf
is included to provide make-up water. 

shown in the plan and
arrangement of the plant on site is 


A one line diagram of the plant's
related drawing of Annex U. 

proposed electrical layout is presented in Annex V.
 

D. Fuel Supply
 

4.17 The primary fuel for Shoubrah El Kheima would be
 

heavy fuel oil (mazout). Fuel requirements would amount
 

to approximately 1.0 million tons/a for the first two units,
 
the site is fully developed
reaching 1.6 million ton/a once 
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(3X300 MW) after 1986. Mazout will be supplied via pipeline

by the Egyptian General Petroleum Company from a refinery at
 
Suez. Current and anticipated levels of oil production and re­
fining capacity indicate no problems in supplying the Project's
 
mazout recuirements. However, existing pipeline capacity is
 
not capable of handling the whole of Shoubra El Kheima's fuel
 
requirement. EGPC will eventually need to build additional
 
pipeline capacity.' The GOE will be required to provide

evidence that necessary actions will be taken to ensure ample
 
fuel supply. A 4-day reserve storage supply will be provided
 
at the plant site to enable the plant to continue operations

during an interruption in pipeline flow. This is considered
 
a reasonable time allowance for location and repair of line
 
rupture.
 

E. Transmission
 

4.18 Transmission system additions required to deliver the
 
output of the proposed plant to the system loads comprise four
 
220-kV circuits with associated equipment. The plan is to loop

the present double circuit from Cairo North to Cairo West
 
through the proposed new plant. It is also proposed to loop

this circuit through the Saptiah substation which is to be
 
built to serve the increasing loads in the central part of
 
Cairo. In order to provide ample thermal capacity in the
 
transmission facilities, it will be necessary to increase the
 
conductivity of that portion of the existing circuit from
 
the point where the new connection to the Shoubrah plant
 
connects to the existing line to Cairo North. This is 
to
 
be done by adding a second 400-mm(2) conductor per phase to
 
the existing line. Project facilities will then comprise
 
twelve 220-kV underground cables for a distance of 1 km
 
from Shoubrah. At the end of these cables, the four circuits
 
will go overhead for 2 km to a point where they meet the
 
existing line. The existing line from that point to Cairo
 
North, a distance of 5 km, will be strengthened by tower
 
modifications and the addition of a second 400-mm(2)
 
conductor per phase.
 

4.19 Project facilities will also include eight 220-kV
 
circuit breakers and line terminal positions complete with
 
circuit breakers, four in the Shoubrah substation to serve
 
the new outgoing circuits and two at Cairo North. Also in­
cluded are replacement of two circuit breakers and associated
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equipment of the Cairo North substation to provide sufficient
 
current carrying capacity to handle the expected power flows.
 

4.20 A power flow study shows that locating 900 MW of genera­
ting capacity at Shoubrah El Kheima also requires that the
 
220-kV transmission link from Cairo South to Wadi Hof be
 
strengthened. 
 This will be accomplished by construction of a
 
double circuit 220-kV tower line from Cairo South to Wadi
 
Hof, a distance of 3 km. Stability studies show that it
 
will not be necessary to extend the 50L-kV transmission
 
system north from its present termination near Cairo.
 

F. Project- Costs
 

4.21 A project cost estimate was prepared by the consultant
 
during the feasibility study and subsequently adjusted to
 
include escalation and contingencies. The table below
 
presents a summary of costs. 
 A detailed cost estimate is
 
shown in Annex W.
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Table 3
 

Summary Cost Estimate
 

-----
Local 

Million LE -----
Foreign Total 

US $ Million 
Equivalent-----

Local Foreign Total 

a) Thermal Power Station 
(2x300 MW), base cost/l 25.5 180.4 205.9 35.6 252.6 288.2 

Contingencies 
Physical 
Price 

1.9 
25.3 

13.5 
71.3 

15.4 
96.6 

2.7 
35.5 

18.9 
99.9 

21.C 
135., 

Subtotal 52.7 265.2 317.9 73.8 371.4 445.2 

(b) Transmission 
(4 km, 220-kV lop plus 
a reinforcement of 
existing facilities 
base cost/l 0.9 6.5 7.4 1.2 9.2 10.4 

Contingencies 
Physical 
Price 

0.1 
1.0 

0.6 
2.7 

0.7 
3.7 

0.1 
1.4 

0.9 
3.8 

1.0 
5.2 

Subtotal 2.0 9.8 11.8 2.7 13.9 16.6 

(c) Technical Assistance 
(Studies, Research and 
Training) base cost/i 0.7 1.4 2.1 1.0 2.0 3.0 

Contingencies 
Physical/2 
Price 0.4 

-

0.4 
-

0.8 0.6 
-

0.5 
-

1.1 

Subtotal 1.1 1.8 2.9 1.6 2.5 4.1 

TOTAL ESTIMATED 
PROJECT COST 55.8 276.8 332.6 78.1 387.8 465.? 

/1 At 1978 prices. 
/2 Consolidated into price contingency figures for ease in rounding off.
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G. Operation and Maintenance
 

4.22 The organization chart and table of organization of the
 
required operation and maintenance staff for this project are
 
shown in Annex X. 
The estimated personnel requirements are
 
summarized in the following table.
 

Table 4
 

Estimated Personnel Requirements
 

Units in Operation
 

l&2 1,2,&3
 

Plant superintendent 1 1
 
Assistant plant superintendent 1 1

operation section 
 83 ill
 
Maintenance section 
 63 77
 
Administration section 
 23 31
 

Total staff 
 171 221
 

4.23 The Plant Superintendent and his assistant are responsible

for the safe and economic operation of the plant at its highest

efficiency. He will be responsible to EEA's General Director
 
of Power Stations. The Superintendent's s+-aff will be divided
 
into three principal functional groups: Operations, Maintenance
 
and Administration. The Operations Department is responsible

for the safe and efficient operation and control of generating

facilities. 
Personnel will be assigned to four continuously

rotating 8-hour shift crews, each headed by a Shift Supervisor.

The Maintenance Department consists of three technical groups,

each headed by a Maintenance Supervisor, responsible for
 
mechanical, electrical and instrumentation maintenance,

respectively. Most normal maintenance is performed during one

daytime shift. Minimal maintenance-crews are retained during

the other two shifts. The Administration Department is
 
responsible for all general office functions, such as 
personnel,

procurement, accounting, correspondence and internal plant

communications.
 

4.24 The number of employees per megawatt of installed capacity

represented by the above totals is greater than might be
 
expected for similar modern oil fired plants in the U.S. 
 On
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the other hand, the number of employees presently utilized at
 
thermal power stations in Egypt far exceed these numbers. This
 
is partly due to the smaller size of units found in the developing
 
countries and the shortage of adequately trained personnel which
 
is reflected by the need to add more trainees.
 

4.25 The level of skills required to operate and maintain the
 

initial two 300 MW units is indicated in the following table.
 

Table.5
 

Skill.-Level Requirements
 

Experienced managers 8
 
Administrative assistants 
 4
 
Highly experienced skilled
 

personnel 41
 
Experienced skilled personnel 61
 
Semi-skilled personnel 17
 
Professionals 
 2
 
Semi-professionals 4
 
Unskilled workers 
 -34
 

Total 
 171
 

4.26 It is expected that most of the personnel needed will be
 
drawn from the staffs of other existing power plants where
 
professional and skill experience has been gained. However,

.between now and 1982, some 
1600 MW of thermal generating
 
capacity will be added to EEA's system. 
To meet its personnel

needs, EEA plans to place greater emphasis on timely recruit­
ment of new personnel and on strenghtening and upgrading its
 
in-house training function. The project consultant's scope of
 
work will include provision of initial operation management

services to supervise and assist the operation staff for a
 
period of twelve (12) months. The consultant will also be
 
required to provide operation and maintenance training for
 
the plant staff to assume a cadre of trained and skilled
 
engineers, operators and other personnel for the proper

operation and maintenance of the project.
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V. FINANCIAL ANALYSIS
 

A. General
 

5.01 EEA is an operational organization within the Ministry
 
of Electricity and Energy, and its finances form a part of,
 
and are comingled with the Ministry's. As such, EEA's financial
 
statements are es-entially a listing of cash flow transactions
 
that have occurred during one year, although it does own assets,
 
has incurred liabilities and has a stated capital.
 

5.02 Since its formation in 1976, EEA has prepared its own
 
annual budget and 5-year plans which are submitted through the
 
Ministry of Electricity for approval by Parliament. With the
 
formation of the seven new distribution companies, EEA's budget
 
is prepared separately from those of the distribution companies;
 
however, they w'11 be consolidated for A.I.D.'s purposes.
 
EEA's 5-year plai (the current one for 1979-83) is now updated
 
each year by dropiing off the current year and adding a year.
 
Inclusion of a project in the 5-year plan represents the
 
Government's approval and agreement to commit funds over the
 
5-year plan period without prescribing specific amounts for
 
each year of the plan.
 

5.03 Although EEA planned to establish its own chart of accounts
 
when it was formed, it still follows and is bound by the chart
 
of accounts and the accounting principles described in the
 
Government's "Standardized Accounting System". This system does
 
not serve EEA's needs as a utility and is geared more to furnish­
ing statistical information for the Government.
 

5.04 The deficiencies in the accounting system were pointed out
 
in the 1976 UNDP Power Sector Survey report by Sanderson & Porter
 
(S&P) Inc., New York. To remedy these deficiencies, EEA contracte-,
 
with S&P for these financial management services. These services
 
commenced in August 1977 but due to the preoccupation of
 
the consultants with the asset revaluation exercise, little
 
progress has been made in regard to modifications to EEA's
 
accounting system.
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5.05 S&P has also been developing the management information
 
system (MIS) concept within EEA with the full support of EEA's
 
management. However, with its contract expiring in August 1979,
 
it is unlikely that a new system would be introduced by then.
 
EEA has asked S&P to prepare specific recommendations for imple­
mentation of the MIS system and to outline the scope of work to
 
be undertaken in the remaining period of its contract. IBRD's
 
Loan Agreement will contain a covenant that the GOE/EEA agree
 
to continue to employ consultants for modification of the exist­
ting accounting system and the establisnment of a management
 
information system. If requested by EEA, these services could
 
be financed as part of this project. Further, AID's Grant
 
Agreement will require the GOE/EEA to covenant that it will
 
take appropriate measures to implement improvements in its
 
accounting system.
 

,
5.06 Another study currently underway relates to determining
 
the feasibility of computerizing various commercial operations
 
of both REA and EEA. This Bank-financed study is being conducted
 
by Harza Engineering Company International and is expected to
 
be completed this year.
 

5.07 EEA's fixed assets have been valued at historical cost.
 
Therefore, S&P was contracted by EEA to revalue its existing
 
assets through establishment of an acceptable formula which
 
reflected price changes in the costs of those assets. This
 
study was completed in December 1978. S&P has recommended
 
the valuation of EEA's gross fixed assets at about LE 601
 
million as of December 31, 1977 as against the historical cost
 
of LE 492 million, which represents an increase of about 22%
 
in the recorded values as of December 31, 1977. The valuation
 
of LE 601 million (US $864 million) for a system with total
 
effective generating capacity of 2,719 MW (919 MW in steam
 
electric plants, 234 MW in combustion turb.nes and 1,566MW
 
in hydro) along with associated transmission and distribution
 
facilities appears rather modest and is significantly below
 
S&P's own estimation of the replacement value of the system
 
in November 1976 as US $4 billion. Since the attempt in the
 
pioposed revaluation exercise would not be to compute the
 
replacement value of the assets, but rather to restate the
 
historical cost to reflect the price level changes, a 22%
 
increase need not necessarily be inadequate. Since many of
 
the assets are new and the old ones have been retired, and
 
the valuation is based on the consultants' in-depth study,
 
the valuation would seem to be an acceptable starting point.
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Furthermore, considering the magnitude of the assets that
 
will be brought into service in future compared to the existing
assets, establishment of appropriate principles for revaluation 
in future would be relatively more important than a precise
determination of exist'ng values. 

5.08 In view of the difficulty of having a single index reflect­
ing price inflation of all capital goods (both imported equipment
 
as well as local construction), it would be appropriate to 
use two different indices for valuing oreign and local expenfi­
tures. The consultants have r-ecommendaJ that for revaluing the 
foreign cost component, the Hand-it :n Index be used and 
that for revaluing the local cos;t coioent, the Construction 
Material Cost Index, as periodically J> u.,edby the Egyptian

Center for Mobilization and Staitistics :, used. Although the
 
recommendation for revaluing the local cost component would be
 
generally acceptable, the use of the i'{d-.Whitman Index
 
(US construction costs index) for r-ev luing the foreign cost,
 
no matter how appropriate it might 'I for use in the USA,
 
it might not correctly reflect the increase in prices of
 
the equipment imported into Egypt. An alternative would
 
be to use an index for the prices of ma-ichinery and equipment

exported by developed countries, such as the one published

by the United Nations. Pendinu agree.mtnt with the Egyptians
 
on the principles of revaluation, th. assets shown in the
 
financial forecast in Annex Z have been revalued through
1986 using the valuation established by the consultants for
the assets at the end of December 1977 and assuming an 
average annual price increase of 7.5%.
 

5.09 The income statements and balance sheets of EEA for the
 
years .976-1986 are given in Annexes *fand Z. In 1976,
 
EEA's first year of operation as an independent electricity

authority, it earned a modest profit of LE 3.6 million 
(Annex Y). The 1977 accounts show a further improvemen­
in net income to LE 11.9 million, which may be reduced to
 
about LE 5 million if a proposed provision for bad debts of
 
LE 7 million is finally made. These results produced rates
 
of return of 8.6% 
in 1976 and 10.0% in 1977 on unrevalued 
assets. In 1978, EEA is estimated to have earned a return of 
4.7% on revalued assets. EEA's internal cash generation,
which is a better measure of oerformance considering the
 
valuation of its assets, was 11% of expansion requirements
 
in 1976 and 2% in 1978 but none in 1977.
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5.10 While the rates of return achieved appear to be very 
reasonable, they have been obtained in a period when EEA has 
reaped the benefits of cheap Aswan hydro power, and fuel oil 
of about $75 a ton. In addition, salaries and wages have been 
very low averaging about LE 380 per annum per employee (US $530 
equivalent), although this advantage is offset by considerable 
overstaffing. With the growth in demand for electric energy to be 
met in the next 5-6 years from fossil-fueled plants, the possib­
ility of Government reducing the fuel oil subsidy and the
 
likelihoo] of lar,-e increases in salarie's and wages (e.g., 1978
 
salary and wage increase of 30%), the future outlook is for
 
much higher electricity rates. The last increase in electricity
 
rates, namely, 20% in 1975, had met with strong resistance
 
from the large Government-owned industrial consumers who use
 
about 60% of all electricity sold, and it was only in January 
1978 that the increase was ratified. (Domestic rates were 
unchanged.) Disputes over the legality of the increase helped 
increase the total unpaid electricity accounts to LE 59.8 million 
(US $84 million equivalent) as of March 31, 1978. 

5.11 EEA has always had difficulties in collecting its 
electricity supply bills from entities in the public sector such
 
as municipalities, public utilities, Government buildings and
 
and Government industrial companies. In the case of the Governmen
 
industrial companies, the failure to pay is often the result
 
of a genuine lack of funds due to the prices of their goods
 
and services being controlled by the Government at uneconomic
 
levels. Although the Government and EEA have been taking action
 
towards reducing its accoutts receivables to not more than
 
the equivalent of 6 months sales by March 31, 1978 and
 
not more than 3 months sales by December 31, 1978, these
 
targets were not achieved. In fact, the overdue accounts
 
which amounted to about LE 51 million at the end of 1975
 
rose to about 60 million at the end of August 1978 while its
 
electricity sales revenue for 1976 thru 1978 was about LE 289
 
million. Some progress has, however, been made since then.
 
In January 1979, the Government agreed to a credit of about
 
LE 10 million representing the arrears due from the Government
 
industrial companies in 1975 and 1976. EEA hopes to obtain
 
payment of a similar claim of about LE 5.3 million represent
 
ing the 1977 consumption. Discussions are also under way
 
between the Government and EEA for the settlement of a further
 
sum of about LE 15 million on account of amounts due from
 
muncipalities, Government buildings and public utilities.
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If these expectations are fulfilled, EEA would clear about
 
LE 30 million, or a half, of the overdue accounts. Discussions
 
between the Government and EEA are continuing with a view to
 
reducing the receivables to the level of 3 months sales as
 
agreed. However, since this is likely to be a continuing
 
problem with implications for EEA's liquidity position,
 
A.I.D will require the Government to covenant that it will
 
(i) cause its agencies to pay EEA all amounts owed to it by
 
these agencies for electricity sales through 1977; (ii)
 
agree on measures to reduce the outstandings to not more
 
than the equivalent of 3 months' sales hy September 30,
 
1979; and (iii) agree to cause its agencies in the future to
 
pay EEA all amounts for electricity sales that are outstanding
 
for more than 3 months.
 

5.12 In 1Q76 and 1977, EEA did not charge interest to con­
struction but charged the total interest expense against
 
revenues. However, EEA has now decided that, in future
 
years, it will capitalize interest on funds borrowed for new
 
investments. The IBRD loan agreements will require EEA to
 
confirm that it will capitalize interest on loans for all
 
new investments.
 

5.13 EEA's income statements have been prepared assuming
 
that it is not liable to income taxes. However, the Government
 
has claimed that EEA and the distribution companies should
 
pay taxes on their profits. IBRD will seek to obtain a covenant
 

from the Government and EEA that any income taxes which are held
 
to be payable by EEA, would be included in operating expenses
 
for determining EEA's rate of return under the proposed loan.
 

5.14 EEA's debt equity ratio improved marginally from 74/26
 
at 1976-end to 72/28 at 1977-end based on its historical balance
 

sheet figures. With the revaluation of assets as of December 31,
 

1977 resulting in the creation of a revaluation reserve, the
 
debt/equity ratio would have improved to 68/32 at the end of
 
1978. However, long-term (expressed in LE) debt has not been
 
valued to reflect current rates of exchange. EEA has agreed
 

to revalue its debt each year on the basis of current official.
 
exchange rates. This current value would be recorded in a
 
foot note to its balance sheet. EEA's debt/equity ratio may
 
be expected to strengthen further in the short-term as it
 

makes use of grant funds from USAID and the Ministry of
 
Housing and Reconstruction and revalues its gross fixed assets
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and depreciation. The majority (90%) of EEA's exiZ:ting
 
long-term debt is owed to the Government and is repayable
 
over 12 years subject to annual interest of 5%. The remaining
 
10%, or about LE 42 million, comprises LE 27 million repayable
 
over the next 5 years on USSR loans for the Aswan project
 
and LE 15 million in short-term supplier's credit.
 

5.15 EEA's debt service coverage in 1977 was only about
 
0.7 due mainly to the abnormally high repayments made on its 
loans to the Government. However, the debt service coverage
 
for 1978 was estimated at 1.1 times the net revenues for that
 
year. The current ratio which was 1.3 in 1977 fell to 1.0 in
 
1978 reflecting an increasingly tight liquidity position.
 

B. Financing Plan
 

5.16 The forecast of sources and applications of funds of EEA
 
for the period 1978-86, assuming the tariff increases indicated
 
in para 5.18, is given in Annex AA. A condensed version for the
 
same period is given below:
 



LE 


Capital Expenditure Requirements
 
(Including Interest during Construction)
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Table 6
 

Sources and Application of Funds, 1978-1986
 

1978-1986 % of
 
Amount (Thousands) Capital
 

The Project 

Other Construction 


Total 


Sources of Funds
 
Internal Cash Generation 

Less: Debt Service 


Less: 	 Working Capital Increase 

Net Internal Cash Generation 


Grants
 
USAID 

Government 

Total Grants 


Borrowinqs
 
Foreign - Proposed IBRD/IDA
 

Loan/Credit 

EIB 

EEC 

Others 

Total Foreign 


Local 


Total Borrowings 


Other Sources 


Total Sources 


383,708 

7,002,813 


7,386,521 


2,253,676 

(753,813) 


1,499,863 


(718,743) 

781,120 


88,734 

2,002,398 

2,091,132 


81,250 

24,306 

24,306 


'3,891,863 

4,021,725 


488,011 


4,509,736 


4,533 


7,386,521 


US $ Expenditui
 

552,540 5 
10,084,050 95 

10,636,590 100 

3,245,293
 
(1,085,490)
 
2,159,803 20
 

(1,034,990) (9)
 
1,124,813 1i
 

127,777 1
 
2,883,453 27
 
3,011,230 2E
 

139,000 1
 
35,000
 
35,000
 

5,582,284 53
 
5,791,284 54
 

702,736
 

6,494,020
 

6,527
 

10,636,590 iC
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5.17 It will be seen 
from the above table that EEA's investment
 
program for 1978-86 will require about LE 7,387 million

(US $10,637 million) which is expected to be financed 11% from
 
net internal cash generation, 27% from Government grants, 1%
from AID grants, and 61% from borrowing. After allowing for debt
service, but not providing 
for working capital increase, the
internal cash generation would be about 20%, which is appropriate

considering that the annual cash generation during the period
1978-81 ranges from only 2% to 11% 
since only a gradual raising

of tariffs is assumed in order to reach the required 9% return.
We are recommending that the A.I.D. grant be passed on 
to EEA
by the GOE as a cc ;ribution to EEA's equity capital since we
believe that EEA's debt to 
equity position will still be less
 
than satisfactory even after proper evaluation of its 
assets.
We believe provision of the A.I.D. funds 
as a grant will be

the best method of assisting EEA. Although firm financing

arrangements are reasonably assured for the Project, 
it

would be unrealistic to expect EEA to furnish 
a financing

plan with assured funding for the total program at this
 
stage. Since Egypt has in 
the past secured all financing

necessary for 
its power sector investments, it is reasonable
 
to expect that it will provide not only the local currency

financing, but also will cover any shortfall in foreign exchange

requirements. 
 The GOE is, however, unlikely to need to provide

any substantial portion of this foreign exchange gap from its
 own resources as 
the gap is likely to be closed from additional

aid 
lources currently under consideration for the cofinancing

of the project. 
 In addition, various international commercial

banks have expressed their readiness to participate in the
 
cofinancing of this project.
 

5.18 On the Basis that the Government wished to establish EEA as a
'inancially viable entity with a level of earnings which would pro­vide some of its future expansion needs from internal 
resources

after meeting its operating expenses and debt service obligations,

AID Grant 263-0009 (Ismailia) contained a covenant which required
EEA to set its tariff rates at a level which would allow EEA to earn
 
a rate of 
return of at least 9% on average net fixed assets. There
is a similar covenant 
in the loan agreement for the Helwan-Talkha
 
combustion turbine project, Loan No. 
263-K-032. A review of EEA's.
projected earnings during 1979 
(see estimated income statements
for 1979-1986 in Annex Y), 
and the assumptions underlying the
financial statements 
in Annex BB shows that EEA cannot earn the

required 9% immediately without a relatively large percent tariff
increase (110% if effective July 1, 1979) because any tariff

increase agreed upon could only take effect around the middle

of the year with its impact, therefore, limited to only 6 months.
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It is estimated that with a 40% average tariff increase effective
 
July 1, 1979, EEA would achieve a rate of return of only 3.6%
 
in 1979. Considering the environment in which EEA operates,
 
it would be realistic to plan for reaching the required 9%
 
return qradually over a period of time, intermediate targets
 
being fixed for the interim for monitoring EEA's progress
 
towards achieving the final objective of 9% return. The Bank
 
is recommending a plan which requires EEA to implement a
 
program which will lead to achievement of a minimum return
 
of 5% in 1980, 6% in 1981,8% in 1982 and 9% in 1983 and
 
thereafter. AID believes the plan is i.asonable. These
 
targets would require average tariff increases of 30%
 
effective July 1, 1981, 25% effective January 1, 1982, 25%
 
effective January 1, 1983 and additional adjustments as necessary
 
thereafter. These returns would result in net internal cash
 
generation of 3% in 1979, 4% in 1980, 11% in 1982 and 23-27%
 
in 1983 through 1986, corresponding to a rate of return of 9%
 
during this period. Over the total period of 1978-86, EEA's
 
net internal cash generation would be around 20% excluding the
 
requirements of working capital increase.
 

5.19 Assuming the tariff increases mentioned above, revalua­
tion surpluses and the provision of LE 2,091 million as grants
 
from both AID and Government during the period 1978-76, EEA's
 
debt equity ratio would steadily improve from 68/32 at the end
 
of 1978 to 42/58 at the end of 1983. Thereafter, it would rise
 
to 49/51 at the end of 1986. The current ratio which is
 
expected to be around 0.7 in 1979 reflecting an extremely tight
 
liquidity position is expected to rise steadily to 1.4 in 1981,
 
1.5 in 1982, around 1.8 in 1983-85 and a comfortable 2.1 in
 
1986.
 

-C. Section 611(a) Requirements
 

5.20 In view of the foregoing, it is the conclusion of the
 
Project Committees that the requirements of'Section 611(a) of
 
the Foreign Assistance Act of 1961 as amended have been satis­
fied. The project is based upon sound engineering analysis and
 
planning performed by Sanderson & Porter, Inc., and a reasonably
 
firm cost estimate has also been prepared. The Mission has
 
reviewed the plans and cost estimates and finds them reasonable
 
and accurate.
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VI. ECONOMIC ANALYSIS
 

A. General
 

6.01 The primary benefit of this project is the economic
 
value of the electricity that will be generated by the 600 MW
 
Shoubrah El Kheima thermal power plant. The true economic
 
value of Le Kwh of electric power should be based on an
 
estimate of customer's willingness to pay, based in turn
 
on the shape of direct demand curves for domestic users and
 
prevailing market conditions for the products of commercial
 
and industrial users. For Egypt such an analysis is not
 
possible given the subsidies and controls that permeate all
 
sectors of the economy. The GOE establishes tariff structures
 
for electricity in Egypt. Tariffs for larger customers, such
 
as producers of aluminum, iron, and steel, and fertilizer, are
 
negotiated on an individual basis, while special rates are
 
charged for other purposes, such as irrigation. Rates, there­
fore, are based on the GOE's desires to subsidize the user.
 

B. Economic Cost Comparison
 

6.02 Once the need for additional power is established, as is
 
the case for Egypt, the power must be produced internally--it
 
cannot be imported. The economic analysis must initially
 
determe the least cost method of obtaining the
 
new generation. As noted earlier, hydroelectric generation

offers few possibilities in Egypt. The building of barrages
 
onthe Nile and transferring water from the Mediterranean Sea
 
to the Quattara Depression in Western Egypt are future possi­
bilities that require additional and lengthy study. The second
 
alternative nuclear power, is being considered by EEA but, at
 
present, implementation is constrained by financial and political
 
factors. This leaves EEA two alternatives - gas turbine generators
 
and conventional fossil fueled thermal plants. The least cost
 
analysis for this comparison is presented in Annex CC.
 

9.03 The assumptions underlying the least cost comparison are
 
carefully outlined on pp 1-2 of Annex CC. Both alternatives
 
provide identical electric power output. In both instances
 
the net export price to the Egyptian economy determined the
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fuel price included in that analysis. Unskilled labor used
 
in the alternatives (in construction and operations and
 
maintenance) was taken at 50% of marked price and the foreign
 
exchange rate of LE 1 = 7.40. The relevant cost streams are
 
presented on pg. 3 of 4 of Annex CC. The discount rate necessary
 
to equalize both cost streams, that will bring the higher total
 
cost of the combustion turbine into line with the conventional
 
steam generating plant, is 17.4 percent. The sensitivity analysis
 
on pg. 3 of 4 of Annex CC indicates that the equalizing discount
 
rate will remain substantially above the assumed 9-11 percent
 
opportunity cost of capital given the movement in variables
 
included in that table. The minimum shown is 15.1 percent.
 

C. Economic Rate of Return
 

6.04 The Project includes only two of the three 300-MW units
 
to be built at Shoubrah El Kheima and enough transmission
 
materials to interconnect the plant with the system. It does
 
not include associated system transmission and distribution
 
facilities needed to make the station's output available to
 
consumers. However, the justification of the Project cannot
 
be considered in isolation from the whole Shoubrah development
 
(including associated system transmission and distribution), of
 
which it forms an integral part. It was necessary, therefore,
 
to calculate the economic rate of return on the complete Shoubrah
 
scheme rather than on the Project alone. This is the discount rate
 
which equates the present worths of the streams of costs and
 
benefits associated with Shoubrah. For the purpose of the
 
calculation, the attributable financial costs were adjusted
 
for taxes, internal transfers and for any differences between
 
the money costs of inputs and their opportunity costs to the
 
economy. The benefits comprise the incremental revenue from
 
sales of electricity to consumers attributable to Shoubrah, plus
 
other quantifiable incremental benefits.
 

6.05 The details of the calculation, and the technical and
 
economic assumptions used are given in Annex EE. The main
 
adjustment to the financial costs relate to the fuel (mazout).
 
Many of the other adjustments were noted in para 6.03 above.
 
The internal price payable by EEA is controlled by the Government
 
and has remained unchanged for over 20 years at LE 7.50/ton,

which compares with its opportunity cost at the time of appraisal,
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based on the export value of mazout, of LE 55/ton. The
 
incremental electricity sales attributable to Shoubrah were
 
valued at the average prices derived from the financial pro­
jections for EEA (Annex Y). Additional benefits comprise
 
fuel savings through substitution of electricity from Shoubrah
 
for fuels with higher opportunity costs, plus extra tax revenues,
 
radio receivers license fees and connection charges payable by
 
residential consumers. The resulting economic rate of return
 
is about 8%. This is below the opportunity cost of capital,
 
estimated to be in the range of 9%-11%, indicating that the
 
tariff projections in the financial forecast (Annex Y), though
 
adequate from a financial point of view, do not adequately re­
flect the long-run marginal cost of electricity supply if fuel
 
is valued at its opportunity cost rather than the low domestic
 
price paid by EEA. Sensitivity tests indicated (pg.7 of Annex EE)
 

that the rate of return would vary in the range 5.5%-10% for
 
variations in the assumptions on capital costs, fuel costs,
 
revenues for electricity sales, load growth and value of
 
foreign exchange.
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VII. SOCIAL ANALYSIS
 

7.01 The construction and ope-ation of the Shoubrah El Kheima
 
Thermal Power Plant will have a number of direct and indirect
 
social benefits which can be viewed as significant outputs
 
of the Project.
 

7.02 First, there will be an important element of employment
 
generation, mostly in the non-skilled and semi-skilled areas,
 
during the entire construction and erection period of
 
approximately four and one-half years. The total number of
 
constructioh workers will peak at over one thousand during a
 
two-year period as the first two 300 MW units are installed.
 
Depending on the timing of third unit installation, this figure
 
could climb to 1500 workers. It is presently estimated that
 
about 70 percent of the above noted work force will be Egyptian
 
nationals with about one-third of this group being common
 
laborers. The remaining force of roughly 450 workers will be
 
semi-skilled tradesmen and laborers who will receive intensive
 
on-the-job training from expatriate personnel in the fields of
 
welding, piping installation, electrical and mechanical instal­
lation, conduit installation cable and wire hookup, instrumentatior
 
work and sheet metal trades. Following construction of the plant,
 
people having experience in these fields will be easily assimilatec
 
by the Egyptian job market on a long-term basis.
 

7.03 Second, operation and maintenance of the completed 600 MW
 
plant will require a permanent work force, including professional
 
and technical personnel, of about 171 people. When the third
 
unit of generation is added, the work force will grow to about
 
221 people. Although a number of these people will be transferred
 
for other operating thermal plants, they will be replaced by
 
less experienced personnel and/or trainees in at least equal
 
numbers.
 

7.04 Third, undoubtably the most significant social impact of
 
this project will result from the longer term effects that
 
adequate electric power availability will have on the Egyptian
 
economy. Present power demand projections indicate that, without­
this project, power shortages would begin to develop in the
 
mid-1980's, thus constraining public and private industrial and
 
commercial development. The new industrial development and the
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increases in production made possible by having reliable power
 
available are expected to result in increased employment and
 
increased availability of goods on the Egyptian economy.
 

7.05 If present industrialization and urbanization trends in
 
Egypt continue, most secondary employment generation resulting
 
from this project could occur in presently heavily urbanized
 
areas. This could possibly result in negative social benefits
 
with respect to deterioration of the-human environment in
 
Egyptian cities. Countering this, ArD programs and those
 
activities of other donors are directed toward upgrading the
 
social services and the sanitary infrastructure (potable water
 
and sewage systems) of the major cities in Egypt. It is intended
 
that these programs will be expanded to cover additional urban
 
centers in the future. Further, AID is supporting a study
 
of national urban growth policies which is expected to result
 
in governmental actions designed to modify present industrializa­
tion and urbanization trends, hopefully moving toward patterns
 
which will minimize negative social benefits.
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VIII. ENVIRONMENTAL ANALYSIS
 

Although an Initial Environmental Examination (IEE) of
8.01 

the project was not formally prepared, it was recognized by the
 

Mission that an Environmental Assessment of the project was,
 

by the basic nature-of the project, required. The scope of
 

services, therefore, of the feasibility study consultant,
 
included the requirement of prepar-
Sanderson & Porter, Inc., 


ing such an assessment. An Environmental Assessment was so
 

prepared by S&P and submitted as Appendix I of the Feasibility
 

Study Report. The findings and conclusions of that assessment
 

are summarized below.
 

A. Land Use
 

the east
8.02 The project site lies in the Nile River valley on 


bank of the river, some 10 kilometers north of the main business
 

A site plan is shown in Annex T. There are
district of Cairo. 

on or in the immediate
 no known archaeological or cultural items 


vicinity of the proposed site. However, if during the course of
 

site preparation excavations such items are discovered, immediate
 

notification will be given to the appropriate GOE officials 
to
 

permit investigation and proper disposition.
 

8.03 The land area in the immediate vicinity of the site is
 

presently used for a combination of light industries, commercial
 

Although presently abandoned, the proposed
and residential uses. 

site has for many years been the site of electric power generat­

return the site
ting 	facilities. This project, therefore, will 

Other EEA activites presently on site,
to its previous usage. 


equipment and material storage and worker housing, will be
 

relocated by EEA.
 

8.04 	 Adverse effects during the construction period will include
 

fugitive dust from traffic and construction activities,
some 

some 	traffic congestion
temporary and acceptable noise levels, and 


area caused by delivery of project commodities. Dust can
in the 
 -

be reduced by appropriate palliative methods and traffic conges-


tion can be minimized to a great extent by special traffic control
 

procedures and the scheduling of commodity deliveries during 
off­

peak periods.
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8.05 The power plant's sanitary wastes will be disposed of
 

through connections with existing city sewage collectors. As
 
rainfall is minimal, no special site drainage facilities will
 

be necessary.
 

8.06 The power plant will have three systems which are potentia:
 
sources for oil spills.
 

a. The lubricating oil system is an integral part of each
 
turbo generator unit, and consists of an oil tank, pumps,
 
strainers, coolers, gages and associated piping. Oil spill
 
prevention techniques for lube oil tanks include check values
 
on discharge lines to prevent flow reversal. Instrumentation
 
will provide adequate warning of excessive conditions in
 
the system which might produce spills. Control techniques to
 

counter spills will consist of concrete dikes to retain all
 

tank volume and sumps with level-actuated pumps to transfer
 
oil to portable tanis for reclamation.
 

b. The fuel oil system is composed of fuel oil storage
 
tanks, day tanks and their related piping. A concrete dike
 

will surround each tank to catch the total. amount of storage
 
volume. Pumps will return spilled oil to the tanks.
 

B. Water Quality
 

8.07 The condenser discharge into the Nile River would form
 

a thermal plume with a surface temperature 3
0C or more above
 

the ambient water temperature over about 1600 square meters,
 
some
although water temperature at the discharge would be 


100C above the ambient water temperature. Due to the effect
 
of the plume mixing with the river water, the 30C rise plume
 
area at a depth of 3 meters below the surface of the river
 
is only 311 m . At a depth of 6 meters below the surface of
 

the river, the plume area is insignificant. The depth of
 
the river adjoining the proposed site is about 10 meters.
 
In order to bring the discharge temperature down to the
 
50C limit in the World Bank Guidelines, an oversize con­
denser would be required together with oversized facilities
 
on the rest of the circulating water system. For the 900 MW
 
plnt this would add about $10,000,00G to the capital cost
 
of the plant and $250,000 per year to the operating cost. The
 
consultant was advised by the Director of Fishery Projects of
 
the Department of Aquatic Life in the Ministry of Agriculture
 



- 45 ­

that there would be no adverse effect to river fish life if the
 
raising of the temperature of the river were limited to a 100 C
 
rise above ambient. Since the thermal plume to be expected
 
comprises only a small volume of the tosal volume and depth
 
of the Nile River at the subject site and since the maximum
 
thermal impact would be only a 3'C temp:rature rise, additional
 
substantial expenditures to construct a olant- with effluent
 
restricted to a 5 C rise is not considered warranted.
 

C. Noise
 

8.08 The medical profession has described hearing impairment
 
as an average hearing threshold level greater than 25 dB at
 
various frequencies, and limits have been established to
 
prevent a hearing loss in excess of this value. When employees
 
are subjected to sound levels exceeding those listed in the
 
following table, administrative and engineering measures must
 
be taken.
 

Table 7
 

Threshold Noise Exposure Levels
 

Duration Sound Level dBa
 
(hours per day) (slow response)
 

8 90
 
6 92
 
4 95
 
3 97
 
2 100
 
1 1/2 102
 
1 105
 
1/2 110
 
1/4 or less 115
 

8.09 Typical sound pressure levels produced by major equipment
 
in a power station will be approximately 90 to 100 dBa. Noise
 
levels inside the station should meet the criteria listed in the
 
above table. The procurement specifications for the various
 
plant equipment items, such as turbine generator, pumps, fans
 
and other noise source items, will specify that protective
 
treatment, such as acoustical insulation, be used to meet the
 
noise criteria established.
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D. Air Quality
 

8.10 The major air pollutant emissions from the power station
 
when operating with mazout fuel oil will be particulates,
 

nitrogen dioxide, and sulphur dioxide. The average maz ut
 
fuel oil presently being supplied to EEA contains about 2.8
 
percent by weight of sulphur. Cleaner fuels are available
 

in Eypt in limited quantities; however, they command a
 

premium price.
 

8.11 The consultant examined the extent of these
 
pollutants against two principal criteria: the maximum
 
annual average degradation of air quality, and the maximum
 

24-hour averaqe resultant ambient concentrations. His
 
findings indicate that, relative to annual average degradation,
 
all plant configurations studied yield expected values which
 

compare favorably with EPA, Egyptian and World Bank standards.
 
However, relative to 24-hour concentrations, plant configuration
 
is a significant factor and the more strict standards of EPA
 

and the COE cannot be met in every case.
 

8.12 The following table indicates 24-hour average ambient
 
air quality limits and standards for the three major pollutants
 

as established by the U.S. Environmental Protection Agency (EPA)
 
the Egyptian Ministry of Health and The World Bank.
 

Table 8
 

EPA Ambient Air Quality Standards
 
(ug/M )
 

U.S. EPA Egyptian World Bank
 

Pollutant 	 Limit Standard Guideline
 

Suspended 150 150 500
 
Particulates
 

Nitrogen not 200 	 not
 
spec.
Dioxide 	 spec. 


Sulphur 365 z0 1,000
 
Dioxide
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8.13 utilizing meteorological data for Cairo for a ten-year
 
period (1965 - 1974) and derived diffusion climatology, the
 
consultant cal. ulated expected gruund-level concentrations
 
of pollutants resulting from the plant emissions (burning
 
mazout) for-a range of plant configurations. The results
 
of this mathematical modeling are shown in the following
 
table. The figures represent the existing ambient concentra­
tions plus the degradation caused by the plant, thus indicating
 
the resultant ambient conditions. (Stack heights are in meters.'
 

Table 9
 

Maximum Resultant Ambient Air Quality for 24-Hour Average
 
(ug/M3 )
 

Plant Three Stacks Two Stacks One Stack
 
600 MW 900 MW
Type 900 MW 


300 100 200 300 100 200 3,
Stack 100 200 

Height
 

Item
 
Suspended 258 228 209 258 228 209 244 225 2..
 
Particulates
 

196 124 79 196 124 79 - -
Nitrogen 

Dioxide
 

Sulphur 1233 808 539 844 561 382 708 536
 

Dioxide
 

8.14 Inspection of the table indicates that, relative to
 
suspended particulates, the resultant ambient concentrations
 
are less than the World Bank guideline but exceed both EPA
 
and Egyptian standards for all of the plant configurations
 
examined. Relative to nitrogen dioxide concentrations, the
 
air quality degradation caused by all plant configurations
 
studied is less than the Egyptian (ambient) standard. Re­
lative to sulphur dioxide concentrations, in all but one case
 

(three stacks 900 MW, 100 meter stack height) the World Bank
 
guideline can be met; however, in no case can the EPA or
 

Egyptian standards be satisfied.
 

8.15 Further investigations by the consultant have indicated
 

that the installation of air pollution control equipment
 
together with certain plant configurations would reduce emissior
 

and groundlevel concentrations so as to satisfy EPA standards.
 
such equipment for the (ultimate)
However, the capital costs of 


900 MW plant were estimated at about $145 million and annual
 

operation and maintenance costs would be increased by about
 

$9.5 million. Preliminary site layout studies indicate that
 

the area of the present site could accommodate the control
 

equipment.
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8.16 Given the above described situation, it is expected that
 
the GOE and EEA will elect to accept World Bank guidelines
 
regarding air quality. In view of Egypt's state of development

and available resources, USAID believes that acceptance of the
 
World Bank guidelines in this case is appropriate. Special note
 
is given to the fact that the consultant's feasibility study does
 
not represent final design. Decisions on final design parameters
 
and plant configurlation, particularly with reference to stack
 
arrangements and air quality control, will be made in response
 
to the Prelimina-,' Design Report to be prepared by the U.S.
 
engineering consultant selected to design and supervise
 
construction of the plant. The preparation of this report
 
will be the first task assigned to EEA's engineer.
 

8.17 It is the intention of AID, the World Bank and other
 
cofinanciers that, in preparing the Preliminary Design
 
Report, the engineer give particular attention to methods of
 
reducing air pollution and making explicit the trade-offs
 
between improved air quality and project costs in order to
 
set such alternatives before EEA for informed decision-making.
 
Further, it is the intention of the cofinanciers, including
 
AID, to reach agreement with EEA regarding installation of
 
appropriate air quality measuring equipment to monitor
 
ground-level sulphur dioxide concentrations resultin, from
 
project operation. Such monitoring would enable EEA, under
 
adverse atmospheric conditions, to temporarily modify, restrict
 
or curtail plant operations in order not to exceed established
 
standards.
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IX. PROJECT IMPLEMENTATION
 

A. m.ulementing Agency
 

Egypti n Electric Authority
 

9.01 Prime responsibility for the overall management of project
 
implementation will be the Egyptian Electric Authority (EEA).
 
The EEA will establish, by July 1, 1979, a special project
 
team, reporting directly to the Chairman of EEA, having full
 
authority to approve all contracts, change orders, and payments
 
to contractors and to make final decisions on all project­
related matters. This unit shall consist of a project director,
 
electrical engineer, civil engineer, accountant, financial
 
analyst, contract specialist and legal counsel. This special.
 
project team shall be supported, as required, by the full
 
organizational resources of EEA and the Ministry of Power and
 
Energy.
 

Cooperating Agencies
 

9.02 Timely and economic implementation of this project depends

primarily on EEA. However, the cooperation of a number of other
 
agencies of the GOE is essential to the implementation process.

For example, the cooperation of the Customs Department of the
 
Ministry of Finance is needed to ensure that project commodities
 
and equipment are afforded timely clearance through the Port of
 
Alexandria; the General Organization for Sewerage and Sanitary

Drainage (GOSSD) and the General Organization Greater Cairo
 
Water Supply (GOGCWS) must cooperate with EEA in providing the
 
site with adequate water and sewage services; the Governorate
 
at Cairo must provide assistance to EEA in the movement of
 
project commodities through the crowded Cairo streets to the
 
project site; and the 7gyptian General Petroleum Company (EGPC)
 
must coordinate with EEA relative to timely provision of fuel
 
pipelines, storage and supply.
 

B. Implementation Plan
 

Current Status
 

9.03 On October 30, 1978, AID had published in the Commerce
 
Business Daily a notice requesting expressions of interest and
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submission of prequalifying data from experienced and qualified
 
U.S. consulting firms relative to provision of engineering
 
and management services for implementation of this project; the
 
due date for submissions was November 27, 1978. A shoft-list
 
of six prequalified firms was selected by EEA utilizing an
 
evaluation procedure agreed upon with USAID; this short-list
 
was approved by USAID. On March 7, 1979, a Request for
 
Proposals (RFP) including the scope of work, was provided to
 
the short-listed firms with technical proposals due on April 21,
 
1979. Utilizing evaluation procedures agreed upon by USAID,
 
EEA is expected to have selected, by the end of May 1979,
 
the first ranked firm with whom to initiate contract negotiations.
 
It is expected that a contract will be executed by EEA and
 
approved by USAID in July 1979.
 

Consulting Services
 

9.04 The proposed contract between EEA and the Consultant
 
shall include a scope of services similar to the scope of
 
work set forth in the RFP. The Consultant shall be responsible
 
for: preparation of a preliminary design report, schedule and
 
cost estimates; final design and engineering; fullprocurement
 
services; construction management; performance and acceptance
 
testing; management of initial commercial operations, 0 & M
 
training and establishment of an adequate spare parts system.
 

9.05 At the request of EEA, the dollar portion of costs of
 
the Consultant's engineering services contract will be funded
 
under this project; all local currency requirements for the
 
Consultant's support and for the services of associated
 
Egyptian engineering firms will be for the account of the EEA.
 
It is anticipated that a cost-plus-fixed-fee type contract will
 
be negotiated between the EEA and Consultant. Contract terms
 
and conditions shall be in accordance with guidelines set
 
forth in AID Handbook 11, Chapter 1.
 

9.06 If, as expected, the services of the Consultant are
 
required prior to the date of effectiveness of the AID project
 
grant provided hereunder, with the approval of theMinistry of
 

Economy and Economic Cooperation, initial services may be funded
 
under a letter of credit and/or commitment financed from AID
 
Grant No. 263-0042, Technical and Feasibility Studies.
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Implementation Procedure
 

9.07 The EEA has made application to multiple agencies for
 
loans and grants for financing of this project (see the
 
Financial Plan, in Section V), including AID, the World Bank

Group, and other bilateral and/or multilateral agencies.

Procurement of all equipment, commodities, construction and
 
erection services, etc., 
shall be made in accordance with
 
applicable lender/donor regulations and guidelines. 
All
 
AID funded procurement shall be in accordance with AID Hand­
book 11, Country Contracting.
 

9.08 Because of the multiple funding sources, prcject

equipment and services will be procured under a number of
 
separate but related tenders. Final decisions on the assign­
ment of specific bid packages to specific funding sources
 
shall be made after receipt of the preliminary design report,

to be prepared by the Consultant, in which the Consultant's
 
recommendations regarding such assignments shall be 
set forth.
 
EEA decisions on these assignments shall be subject to the

approval of the lenders/donors. A preliminary schedule of

funding assignments is, for illustrative purposes, attached

hereto as Annex FF. 
 However, agreement in principle has been
 
reached among the cofinanciers, reflective of AID's desire to

fund a major, highly visible plant component, to the effect that
 
one of the major equipment islands (i.e. boiler or turbine gener­
ator) will be 
funded by AID under AID procureient regulations.

During the discussions regarding project procurement it was

concluded that one possible solution would be to have the 
first
 
major tender (for either the boiler island or T-G island)

open to international competition; if awarded to a U.S. firm,

the procurement would be financed from the AID grant. 
 (Any

possible financing shortfall relative to this procurement will

be covered by World Bank or other untied funds.) If this first
 
major tender is not awarded to a U.S. firm, the second major

tender (for either the T-G island or boiler island) will be

limited to competition among U.S. suppliers only, and the result­
ing procurement will be financed from the AID grant. 
 It should
 
be understood that this procurement procedure is illustrative
 
and will not be part of the Agreement.
 

9.09 The demolition of existing site structures and site
 
preparation will be accomplished by a local Egyptian general

contractor. Procurement of equipment and commodities will
 
be principally from foreign suppliers; major bid packages will

include the boiler island, turbine generator island, electrical
 
equipment, substation and switch yarc auxillary mechanical

equipment, transmission tie lines and fuel 
tank farm. The prime

civil construction contract will be tendered internationally
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and awarded to a foreign firm or a joint venture of a foreign
 
firm and a local Egyptian firm; it is expected that other
 
local construction firms will be engaged for non-critical
 
plant civil works, such as auxiliary buildings. Erection
 
services will be provided by the respective suppliers of
 
major equipment packages. Miscellaneous erection/installation
 
services will be provided under separate contract(s), under
 
the direct supervision of the Consultant, for non-major items.
 

C. Implementation Schedule
 

9.10 The final implementation schedule will be included in
 
the preliminary design report to be prepared by the Consultant
 
and submitted to EEA approximately six weeks after start of
 
work. However, based on the general planning accomplished
 
during the feasibility study of this project, an approximate
 
schedule for implementation is set forth in Annex GG.
 
attached hereto. Principal or milestone dates of this
 
schedule include:
 

Table 10
 

Implementation Schedule
 

Consulting Engineer's Contract Signed July 1979 
Engineer Starts Work August 1979 
Preliminary Design Report Completed October 1979 
Turbine Generator Island Tendered April 1980 
Turbine Generator Island Awarded October 1980 
Boiler Island Tendered June 1980 
Site Preparation Contract Awarded July 1980 
Boiler Island Awarded December 1980 
Civil Works Contract Awarded June 1981 
Mechanical/Electrical Package Awarded July 1981 
Switchyard/Transmission Package Awarded August 1981 
Preliminary Operation Unit No. 1 March 1985 
Commercial Operation Unit No. 1 June 1985 
Preliminary Operation Unit No. 2 September 1985 
Commercial Operation Unit No. 2 December 1985 

D. Terminal Dates 

Conditions Precedent
 

9.11 The terminal date fcr meeting the initial Conditions
 
Precedent to Disbursement, relative tz consulting engineering
 
services, will be 60 days from the date of grant signing. The
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terminal date for meeting the second set of Conditions
 
Precedent to Disbursement will be 180 days from the date
 
of grant signing, being the date when funds will be needed
 
to finance project equipment procurement contracts.
 

Letters of Commitment
 

9.12 The terminal date for opening of Letters of Commitment or
 
amendments thereof will be Dec. 1, 1984, 7ix months prior to
 
initial commercial operation.
 

Project Assistance Completion Date
 

9.13 The project assistance completion date (PACD) will be
 
December 1, 1985, the date of initial commercial operation
 
of the second 300 MW unit.
 

Disbursement
 

9.14 The terminal date for Disbursements will be Dec. 31, 1986,
 
twelve months after initial commercial operation to allow for
 
final payments after all guaranty tests have been completed.
 

E. Control and Monitoring
 

9.15 Upon signing of the Grant Agreement, USAID will issue an
 
Implementation Letter which, inter alia, will contain the ne­
cessary guidance details on the types of reports, i.e., progress,
 
financial, shipping, etc., and reporting formats and schedules
 
to be followed. As one of his first tasks under the proposed
 
scope of work, the Consultant will prepare, as a part of the
 
preliminary design report, a revised, updated project imple­
mentation plan, schedule and cost estimate. This plan and
 
schedule shall, upon approval by EEA, and subject to subsequent
 
refinements, become the basis for project control and monitoring.
 
The EEA, through the Consultant, shall be required to submit
 
to the lenders/donors (including USAID) a monthly progress
 
report covering all significant aspects of the project,
 
measuring progress in terms of the approved implementation
 
plan and schedule.
 

9.16 Throughout the life of the project, the U.S. Consultant
 
will monitor the project, bringing all routine problems, to­
gether with recommended solutions, to the attention of EEA
 
and USAID in the form of the monthly progress report. More
 
serious problems, those requiring immediate action, will be
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USAID Project Officers, including both an electric1 engineer
 

and a loan officer, through frequent and timely periodic 
visits
 

to the project site, meetings with EEA principals and site
 
Regular reviews,
personnel, U.S. consultant staff and others. 


usually bi-monthly, of progress will also be conducted by the
 

USAID Project Committee responsible for the project, which in
 

the engineer and loan officer, also includes a
addition to 

a member of the controller's
program officer, legal counsel, 


staff and an economist. Regular bi-monthly reviews of progress
 

will also be conducted by the USAID Mission's top management
 

staff. Such reviews, when required, will be followed by
 
project problems with EEA management
substantive meetings on 


staff and with responsible representatives of other lenders/
 

donors.
 

F. Evaluation
 

USAID will conduct annual evaluations of this project
9.17 

beginning twelve months after award of the prime civil works
 

construction/erection contract, or approximately June 1982.
 

These evaluations will be primarily based on routine monitoring
 

procedures, including monthly reports, disbursement records,
 

and normal site visit reports.
 

initiation
Upon completion of construction/erection and
9.18 

of commercial operation of the first two 300 MW units, a more
 

comprehensive, detailed evaluation will be performed which 
will
 

summarize how actual project performance parameters compare
 

to those projected or estimated, i.e., was the project com­

pleted in accordance with the technical criteria and plans
 

originally formulated, was the project completed within the
 
projected schedule, 	was the project completed within the
 

Where significant discrepancies are
estimated budgets. 

apparent between the actual and planned parameters, the
 

reasons for such
evaluation shall attempt to establish the 

be learned
differences, and to 	set forth those lessons to 


from this project which may be applicable to subsequent
 

projects.
 

One year after completion of construction and initial
9.19 

commercial operation, a second comprehensive project evaluation
 

assess the management, performance and
will be conducted to 

This evaluation
maintenance functions relative to the plant. 
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will include evaluation of the annual kilowatt production of
 
the plant with respect to the load demands existing during the
 
operational year, the actual staffing of the plant's organiza­
tional structure by EEA during the year, the costs of operation
 
and maintenance compared with similar projected or expected
 
costs, etc. As necessary, and as resources permit, this final
 
evaluation of this project will be conducted by an independent
 
AID task force, composed of individuals not previously involved
 
in project management, or by an independent consulting firm.
 



- 56 -

X. RECOMMENDATIONS, CONDITIONS AND COVENANTS
 

A. Recommendation
 

10.01 Subject to 
the conditions and convenants listed below,
 
we recommend a grant to
that AID authorize the Government of
 
Egypt (GOE) in the amount of $100,0 Million for the construction
 
of a 600 MW thermal power plant in the city of Cairo, district
 
of Shoubrah El Kheima; and that the grant be passed on by

the GOE to the Egyptian Electricity Authority (EEA) as a
 
grant contribution to EEA's equity capital.
 

B. 	Conditions Precedent to Disbursement
 

10.02 Prior to the first disbursement or to the issuance of
 
the first Letter of Commitment under this grant, the GOE
 
shall furnish to AID in form and substance satisfactory to
 
AID:
 

1. 	An Opinion of the Minister of Justice or of other
 
counsel acceptable to AID that this Grant Agreement
 
has been duly authorized and/or ratified by, and
 
executed on behalf of, the Grantee and that it
 
constitutes a valid and legally binding obligation
 
of the Grantee in accordance with all its terms.
 

2. A statement of the names of the persons authorized
 
to represent the Grantee and EEA as specified in
 
Section 8.02, and a specimen signature of each person.
 

3. 	An acceptable Contract for consulting engineering
 
services for the Project with an organization accepta­
ble to AID.
 

4. 	Evidence that the proceeds of the grant will be made
 
available to EEA as a grant contribution to its equity
 
capital.
 

5. Evidence from the appropriate GOE entity that utiliza­
tion of World Bank air quality guidelines as project
 
criteria is acceptable to the GOE and will not consti­
tute violation of Egyptian law.
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10.03 Prior to any disbursement or to the issuance of any Letter
 
of Commitment under this Grant for any purpose other than to
 
finance the services of the consulting engineer, the GCE shall,
 
except as AID may otherwise agree in writing, furnish to AID
 
in form and substance satisfactory to AID:
 

1. Evidence of firm commitments from U.S., international,
 
and foreign lending institutions for provision of not
 
less than seventy (70) percent of all foreign exchange
 
funds required for the project, aside from those funds
 
provided by the AID grant, on acceptable terms.
 

2. Evidence that local currency financing for the Project
 
has been budgeted by the Grantee and will be available
 
for expenditure by EEA through establishment of a
 
special fund (to be replenished monthly) adequate to
 
meet at least three months' expenditures on the Project,
 
pursuant to a cost estimate made by the Consulting
 
Engineer and approved by EEA.
 

3. Evidence that satisfactory arrangements have been
 
made by Governmental Agencies involved in the Project
 
to carry out, operate, and maintain the Project
 
as planned, including evidence of the ownership or
 
availability of the plant site on Shoubrah El Kheimah,
 
or some other site acceptable to AID, for the purposes
 
intended.
 

4. Evidence that the GOE has taken all steps necessary to
 
ensure that adequate supplies of fuel for the power
 
plant to be built under this Project will. be made
 
available on a continuing and timely basis; and that
 
the GOE shall provide for the building of additional
 
fuel pipeline facilities as and when they become
 
necessary for Project purposes.
 

5. Evidence that the Project has been designed and
 
shall be built and operated in a manner which shall
 
ensure that ultimate sulphur dioxide concentration
 
levels resulting from the Project do not exceed 1,000 ug/rn
 
24-hour peak and 100 ug/m 3 annual average.
 

6. 	Evidence that the GOE has formulated and is prepared to
 
implement a firm plan, including but not limited to
 
tariff increases, which will allow EEA to meet the
 
required minimum rates of return of 5 percent in 1980,
 
6 percent in 1981, 8 percent in 1982, and 9 percent in
 
1983 and thereafter, and that such plan will evidence
 

that these rates of return shall not be achieved by
 
increasing the fuel input subsidy.
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C. 	Covenants
 

10.04 The GOE will be required to covenant as follows:
 

1. The Grantee and EEA shall cooperate fully with AID 
and other lenders/donors to assure that the purpose 
of the Grant will be accomplished. To this end, 
they shall from time to time, at the request of 
either party, exchange views through their 
representatives with regard to the progress of the 
Project, the performance by the EEA of its obliga­
tions under this Agreement, the performance of the 
the consultants, contractors and suppliers engaged 
on the Project, and other matters relating to the 
Project . 

2. The EEA shall provide qualified and experienced manage­
ment for the Project, and it should train such staff
 
as may be appropriate for the maintenance and operation
 
of the Project.
 

3. The Parties agree to establish an evaluation program
 
as part of the Project. Except as the Parties other­
wise agree in writing, the program will include, during
 
the implementation of the Project and at one or more
 
points thereafter: (a) evaluation of progress toward
 
attainment of the objectives of the Project; (b) indenti­
fication and evaluation of problem areas or constraints
 
which may inhibit such attainment; (c) assessment of
 
how such information may be used to help overcome such
 
problems; and (d) evaluation, to the degree feasible,
 
of the overall development impact of the Project.
 

4. The Grantee and EEA covenant that, except as AID shall
 
otherwise agree in writing,
 

a. 	EEA shall promptly take all such action as shall
 
be required to provide in any fiscal year after 1982
 
an annual return on the average of the current net
 
value of the fixed assets of EEA in service at the
 
beginning and end of the fiscal year concerned at a
 
rate of not less than nine percent (9%).
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b. 	 In order to achive the desired nine percent (9%)
rate of return by 1983 and thereafter, EEA agrees
to implement a program necessary to achieve a minimum
five percent (5%) 
rate of return in 1980, six percent 
(6%) in 1981, eight percent (8%) in 1982 and nine 
percent (9%) in 1983 and thereafter. Grantee further 
agrees that these rates of retu:rn shall not be 
achieved by increasing the fuel input subsidy. It is
 
further agreed that any increase in fuel costs shall
be immediately reflected by commensurate increase
 
in tariff areas.
 

c. 	Grantee shall 
assure adequate long-term financing

for EEA's expansion program which has been authorized
 
and modifications and additions to 
such program.

Within two years from the date of this Agreement,

the financing so provided will Le divided between
 
equity contributions and 
loans in such a manner
 
that after the completion of loan transactions the
 
debt to equity ratio will be no greater than 1.5:1.
 

d. 	Grantee shall (i) cause its agencies to pay EEA all
 
amounts owed to 
it by these agencies for electricity

sales through 1977; (ii) agree on measures to reduce
 
the outstandings to 
not more than the equivalent of
 
3 months' sales by September 30, 1979; and (iii)

agree to cause its agencies in the future to pay EEA
 
all amounts for electricity sales that are outstand­
ing for more than 3 months.
 

5. 	The GOE agrees to hold periodic consultations with A.I.D.
 
concerning fuel pricing as 
it relates to the power rate.
 

6. 
The Grantee shall provide evidence of a plan relating

to the distribution of shares in 
the seven distribution
 
companies of the EEA.
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7. 	The EEA shall take appropriate steps to implement
 
modifications and improvements in its existing
 
accou.. ing system. Such improvements shall be
 
based, at least in part, on recommendations of
 
the consulting firm under contract to study EEA's
 
accounting system.
 

8. EEA covenants to prepare and to submit to AID by November
 
1 of each year, a provisional forecast of operating
 
revenues, operating expenses and rate of return for the
 
next succeeding year, a statement of the tariffs and
 
assumptions underlying the forecasts, an aging report
 
of accounts receivable from major accounts, and a
 
statement of the measures proposed, if any, to produce
 
the annual return provided for above, and to furnish
 
to AID all such detail as AID may reasonably request.
 

For the purpose of this section
 

a. 	the annual return specified above shall be calcu±.ted
 
in respect of each fiscal year, by using as the de­
nominator the average current net value of the fixed
 
assets of EEA in service at the beginning and at the
 
end 	 of each such year, and as numerator the net 
operating in--ome of EEA for the same year;
 

b. 	 the term "current net value of the fixed assets of 
the EEA in service" means the gross value of EEA's 
fixed assets in service less the amount of accumu­
lated depreciation, both as valued from time to time 
in accordance .ith consistently applied appropriate 
methods of valuation or revaluation acceptable to 
AID; and 

c. 	the term "net operating income" means gross reve­
nues from all sources less all operating expenditures,
 
including expenses of administration, adequate main­
tenance and taxes, or any payment in lieu of taxes,
 
and adequate provision for depreciation, but excluding
 
interest and other charges on debt.
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IDEPARTMENT OF STATE 
AGENCY FOR INTERNATIONAL DEVELOPMENT 

WASHINGTON. 0. C. 20523 

OFFICE OF
THE ADMINISTRATOR 

PROJECT AUTHORIZATION
 
AND REQUEST FOR ALLOTMENT OF FUNDS
 

PART II
 

Name of Country: Arab Republic 
Name of Project: Shoubrah El Kheima
 
of Egypt 
 Thermal Power Plant
 

Number of Project: 263-0110
 

Pursuant to Part II, 
Chapter 4, Section 532, of the
Foreign Assistance Act of 1961, as 
amended, I hereby authorize
a Grant to the Arab Republic of Egypt (the "Cooperating Country")
of not to exceed One Hundred Million Dollars ($100,000,000) (the
"Authorized Amount"), 
to assist in financing the foreign exchange
costs of goods and services required for the project as 
described

in the following paragraph.
 

The project consists of the engineering, design and 
con­struction of a 600 megawatt thermal power plant at Shoubrah El
Kheima in Cairo, Egypt (hereinafter referred to 
as the "Project").
The funds authorized herein will be made available to the Egyptian

Electricity Authority (EEA) to carry out the project.
 

The entire amount of the A.I.D. financing herein authorized
for the Project will be obligated when the Project Agreement is
 
executed.
 

I hereby authorize the initiation and negotiation of the
Project Agreement by the officer to whom such authority has been
delegated in accordance with A.I.D. regulations and Delegations

of Authority subject to 
the following terms 
and covenants and
major conditions; 
 together with such other terms and conditions
 
as A.I.D. may deem appropriate:
 

a. 
 Source, Origin and Nationality
 

The source and origin of goods and the nationality of
suppliers of goods and services shall be the United States, ex­cept as A.I.D. may otherwise agree in writing.
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b. Conditions Precedent to Disbursement
 

(1) Prior to the first disbursement or to the
 
issuance of any commitment documents under the Project
 
Agreement, the Cooperating Country shall, except as AID may
 
otherwise agree in writing, furnish to AID in form and
 
substance satisfactory to AID:
 

(a) An Opinion of the Minister of Justice or
 
of other counsel acceptable to AID that
 
the Gran-- Project Agreement has been duly
 
authorized and/or ratified by, and executed
 
on behalf of, the Cooperating Country and
 
that it constitutes a valid and legally
 
binding obligation of the Cooperating
 
Country in accordance with all its terms.
 

(b) A statement of the names of the persons
 
authorized to represent the Cooperating
 
Country and EEA, and a specimen signature
 
of each person.
 

(c) An acceptable Contract for consulting
 
engineering services for the Project with
 
an organization acceptable to AID.
 

(d) Evidence that the proceeds of the Grant
 
will be made available to EEA as a grant
 
contribution to its equity capital.
 

(e) Evidence from the appropriate Cooperating
 
Country entity that utilization of World
 
Bank air quality guidelines as project
 
criteria is acceptable to the Cooperating
 
Country and will not constitute violation
 
of Egyptian law.
 

(2) Prior to any disbursement or to the
 
issuance of any commitment documents under the Project
 
Agreement for any purpose other than to finance the services
 
of the consulting engineer, the Cooperating Country shall,
 
except as AID may otherwise agree in writing, furnish to
 
AID in form and substance satisfactory to AID:
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(a) Evidence of firm commitments from U.S.,
 
international, and foreign lending

institutions for provision of not less
 
than seventy (70) percent of all foreign
 
exchange funds requi.red for the project,

aside from those funds provided by the AID
 
loan, on acceptable terms.
 

(b 	Evidence that local currency financing

for thEl Project has been budgeted by the
 
Cooperating Count, and will be available
 
for expenditure by EEA through establishment
 
of a special fund (to be replenished monthly)
 
adequate to meet at least three months'
 
expenditures on the Project, pursuant to a
 
cost estimate made by the Consulting
 
Engineer and approved by EEA.
 

(c) Evidence that satisfactory arringements have
 
been made by Governmental Agen,:ies involved
 
in the Project to carry out, operate, and
 
maintain the Project as planned, including

evidence of the ownership of availability of
 
the plant site on Shoubrah El Kheima, or some
 
other site acceptable to AID, for the purposes
 
intended.
 

(d) Evidence that the Cooperating Country has
 
taken all steps necessary to ensure that
 
adequate supplies of fuel for the power

plant to be built under this Project will
 
be made available on a continuing and timely
 
basis; and that the Cooperating Country shall
 
provide for the building of additional fuel
 
pipeline facilities as and when they become
 
necessary for Project purposes.
 

(e) Evidence that the Project has been designed

and shall be built and operated in a manner
 
which shall ensure that ultimate sulphur diox­
ide concentration levels resulting from
 
the Project do not exceed 1,000 ug/m 3 24-hour
 
peak and 100 ug/m 3 annual average.
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(f) Evidence that the Cooperating Country has
 
formulated and is prepared to implement
 
a firm plan, including but not limited,to
 
tariff increases, which will allow EEA to
 
meet the required minimum rates of return of
 
5 percent in 1980, 6 percent in 1981, 8
 
percent in 1982 and 9 percent in 1983
 
and thereafter, and that such a plan will
 
evidence that these rates of return shall
 
not be achieved by increasing the fuel
 
input subsidy.
 

c. Covenants
 

The Cooperating Country will be required to
 
covenant as follows:
 

(1) The Cooperating Country and EEA shall
 
cooperate fully with AID and other lenders/donors to assure
 
that the purpose of the Project will be accomplished. To
 
this end, the Cooperating Country shall from time to time,
 
at the request of either party, exchange views through their
 
representatives with regard to the progress of the Project,
 
the performance by the EEA of its obligations under the Project
 
Agreement, the performance of the consultants, contractors and
 
suppliers engaged on the Project, and other matters relating
 
to the Project.
 

(2) The EEA shall be required to provide
 
qualified and experienced management for the Project, and shall
 
train such staff as may be appropriate for the maintenance
 
and operation of the Project.
 

(3) The Cooperating Country and AID agree to
 
establish an evaluation program as part of the Project. Except
 
as the Cooperating Country and AID otherwise agree in writing,
 
the program will include, during the implementation of the
 
Project and at one or more points thereafter: (i) evaluation
 
of progress toward attainment of the objectives of the Project;
 
(ii) identification and evaluation of problem areas or con­
straints which may inhibit such attainment; (iii) assessment
 
of how such information may be used to help overcome such
 
problems; and (iv) evaluation, to the degree feasible, of the
 
overall development impact of the Project.
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(4) Except as AID shall otherise agree in
 
writing:
 

(a) The Cooperating Country shall ensure that
 
EEA will promptly take all such action as
 
shall be required to provide in any fiscal
 
year after 1982 an annual return on the average

of the current net value of the fixed assets
 
of EEA in service at the beginning and end
 
of the fiscal year concerned at a rate of
 
not less than nine percent (9%).
 

(b) In order to achieve the desired nine percent

(9%) rate of return by 1983 and thereafter,
 
the Cooperating Country shall ensure that
 
EEA agrees to take prompt action, including
 
but not limited to adjustment of tariffs,
 
if necessary, as shall be required to achieve
 
a minimum five percent (5%) rate of return
 
in 1980, six percent (6%) in 1981, eight
 
percent (8%) in 1982 and nine percent (9%)

in 1983 and thereafter. The Cooperating

Country further agrees that these rates of
 
return shall not be achieved by increasing
 
the fuel input subsidy. It is further
 
agreed that any increase in fuel costs shall
 
be immediately reflected by commensurate
 
increase in tariff areas.
 

(c) The Cooperating Country shall assure adequate

long-term financing for EEA's expansion
 
program, which has been authorized and for
 
modification and additions to such program.

Within two years from the date of the Project
 
Agreement, the financing so provided will
 
be divided between equity contributions and
 
loans in such a manner that after the com­
pletion of loan transactions the debt to
 
equity ratio will be no greater than 1:5:1.
 

(5) The Cooperating Country shall hold periodic

consultations with A.I.D. concerning fuel pricing as it relates
 
to the power rate.
 

(6) The Cooperating Country shall provide

evidence of a plan relating to the distribution of shares in
 
the seven distribution companies of the EEA.
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(7) The Cooperating Country shall ensure that
 
EEA takes appropriate steps to implement modifications and
 
improvements in its existing accounting system. Such
 
improvements shall be based, at least in part, on recommendations
 
of the consulting firm under contract to study EEA's accounting
 
system.
 

(8) The Cooperating Country shall ensure that
 
EEA prepares and submits to AID by November 1 of each ar,
 
a provisional forecast of operating revenues, operating expenser

and rate of return for the nekt succeeding year, a statement
 
of the tariffs and assumptions underlying the forecasts,
 
an aging report of accounts receivable from major accounts,
 
and a statement of the measures proposed, if any, to produce
 
the annual return provided for above, and to furnish to AID
 
all such detail as AID may reasonably request.
 

For the purpose of this covenant (8):
 

(a) The annual return specified above shall be
 
calculated in respect of each fiscal year,
 
by using as the denominator the average
 
current net value of the fixed assets of
 
EEA in service at the beginning and at the
 
end of each such year, and as numerator
 
the net operating income of EEA for the
 
same year;
 

(b) the term "current net value of the fixed
 
assets of the EEA in service" means the
 
gross value of EEA's fixed assets in service
 
less the amount of accumulated depreciation,
 
both as valued from time to time in
 
accordance with consistently applied appro­
priate methods of valuation or revaluation
 
acceptable to AID; and
 

(c) the term "net operating income" means gross
 
revenues from all sources less all operating
 
expenditures, including expenses of administration,
 
adequate maintenance and taxes or any payment
 
in lieu of taxes and adequate maintenance
 
provision for depreciation but excluding
 
interest and other charges on debt.
 

d. Other Terms and Conditicns
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The Project Agreement will be subject to such other
 
terms and conditions as A.I.D. shall deem appropriate.
 

Alexander Shakow
 
Acting Deputy Administrator
 

Date I 

BEST AVAILABLE COPY 



ANNEX C
 

CERTIFICATION PURSUANT TO
 

SECTION 611(e) OF THE
 

FOREIGN ASSISTXNCE ACT OF 1961, AS AMENDED
 

i, Donald S. Brown, the Director 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 technical assis­

tance and training planned under 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 provided for the engineering and
 

construction of a 600 MW Thermal Power Plant at Shoubuah El Kheima
 
/..
 

in the city of Cairo, Egypt.
 

4..?;.......
....................................


Conald S. Brown
 
Director
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AM= G/1.
 

GC'-2-AT G STATIO.NS SERVICE 
1.78 & 1983
 

Number & Ncminal Net Capabi ity aStation Size o_ Units (-) nd of Year (.q)
 
1975 1 1983
 

_ Steam 

Cairo West 3 x 87 
 165 261
 
Cairo South 
 4 x 60 150 240

Cairo No.th 2 x 30 + 1 x 20 + 2 x10 64 36

El TebbL'r 3 x 15 
 33 45

Ta1,a 3 x 12.5 + 3 x 30 
 117 117

Demrn our 2 x 15 + 3 x 65 
 200 225

Kaxmouz 4 x 16 
 22 0

El Siouf 2 x 26.5 + 2 x 30 
 45 113
 
Assiut 3 x 30 78 
 90
 
Suez (old) 4 x 25 
 45 100
 
Kafr El Dawar 3 x 110 ­ 110
 
Cairo West I x 87 
 87
 
Abu Qir 4 x 150 
 600

Ismail-ia 
 2 x 150 
 300
 
Suez (new) 2 x 150 - 300
 

Total Steam 919 2884
 

Combus'±on Turbines
 

ElMax 2 x 14 
 22 22

Suez 1 x 17 
 17 17
 
Ismailia 1 x 22 22 
 22
 
Cairo North 1 x 22 22 
 22

Port Said 2 x 23 44 44
 
Fay Um 1 x 22 
 22 22
 
Helwan 
 -120 
 120
 
TaLkha ­ 192 192
 
Tahrir Matamir 1 x 23 
 23 22
 
Eel.iomolis 3 x 12.5 37 
 37
 
,arMouz 2 x 12.5 25 
 25
 
El Tebbin 2 x 25 
 - 50 
ICairo East 2 x 25 ­ 50

Total CO~iaustior. Turbn.es 546 645
 

12 x 1715 12.
 
.Asw~.~Dam (2) 7x A 2 x11.5 2 176
 

Tota -- 3015 

T Syste= 302!1. ii
Tota1 


21764 

http:Turbn.es
http:STATIO.NS


Notes: 

(1) Based on usable capability at time of syst em peak 
!oz.d considering water avail-bility. 

(2) 	 Based on minimum water availability and require­
ment to regulate river flow. 



AMNEX G/3s 

P2TIRZ*E=r S=nm 

____r______ ____-___ :o. c _-"Unit f-__ /U_ _--_ ' t -

15 Cai:o N6rt2 

1986 TaUkha 3 27 81 

1988 Tebbin . 3 J-5 45 

1990 Da- anhou 2 15 3C 

199i S ouf 2 27 53 

1995 S'.ez (old) 4 25 100 

1995 Cairo SouIth 4 60 240 

1996 ba= GT 2 14 24 

1997 TaD_-ha 3 12 36 

1997 Assiut 3 30 90 

1998 Cairo West 3 87 261 

1998 1 .3 65 195 

2.998 Suez CT 1 17 17 

1998 SE Gas T.zbi4 es 6 22 132 

1999 Siou_- 2 30 60 

1999 Eelwa?. GT 5 24 3-20 

1999 Ta.ha GT 8 24 192 

1999 Swedish GT 5 12.5 69 
'-..'" st-crnGT 4 25 C 

.... -­ "-- 1- 0 

G- GCas " " 
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BEST AVAILABLE COPY
 

SUROMRL'E m ME z.91TITU1 V'1?.10RJECT 

Load Forecasts 

Me= .. c.' tLcv Forecast h .ceeast 

Year 7_.-n Wm*± n.U 

1978 2,532 15,529 2,500 L5,331 2,565 1.5,727 
1979 2,830 17,698 2,763 17,283 2,396 i8,=23 
1980 
1981 

3,151 
3,438 

19,902 
z:,881 

3,C31 
3,305 

19,267 
21,048 

3,252 
3,567 

20,537 
22,714 

1982 3,804 24,.59 3,637 23,098 3,971 25,220 

1983 
1984 

4,217 
4,648 

26,561 
29,.55 

4,011 
4,400 

25,260 
27,595 

4,424 
4,897 

27,862 
30,7!5 

1985 5,1!31 32,172 4,853 30,310 5,449 34,034 
1986 5,619 34,947 5,275 32,808 5,963 37,087 
1987 6,1251 37,990 5,756 35,547 6,547 40,434 
1988 6,738 41,316 6,285 38,540 7,191 44,093 
1989 7,384 44,956 6,868 41,816 7,9U0 4,8.097 
1990 8,093 48,920 7,508 45,384 8,694 52,547 
1991 8,753 52,523 8,104 48,627 9,417 56,510 
1992 9,457 56,333 8,739 52,056 10,190 60,701 
1993 10,Z23 60,.',.9 9,430 55,760 11,031 65,229 
1994 11,050 6.,8!3 10,:76 59,724 11,939 70,073 

1995 11,945 69,582 10,983 63,980 12,922 75,275 
1996 12,916 74,678 12,859 68,566 13,989 80,881 
1997 13,967 80,139 12,806 73,481 1.5,143 86,888 
1998 15,103 85,977 13,828 73,735 16,387 93,310 
1999 16,333 92,287 14,940 84,414 17,743 100,251 

MW f. ir s1ma79 a deamd 

G6Jh figures - net ge-aai±o 

Mac 1979 
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of %'.k? ?rOMraDescri:±ic 

of six i--:
The Wien Automratic System Flamning Package C'AS?) consists 

to meet the needs of the -terua.ional 
ccputer code modules developedrelated It £.

Su-vey for Nuclear Power in Developing Countries.
Atonic Agency's Market programs for c­
desi~ged to find the ecoacaically optimized generation expansion 

system within user speciiied constraints.electric power 

The ecomcmic crite=-i n used for optimiatiOn is the present worth of 
study the period from 

the total cost stream for the period sLmulated, in this 


This cost stream includes a salvage value credit for the
 
1973 thr=-ugh 1999. the study period. 

reni4g life of plants still in ser-vice at the end of 

of reliability and production c: 
WAS? uses a probabilistic est!natOlon 

the dynamic progr.±ng method of opti-.uzat io n . System load data are pros
and of the load duraticand mathematical represeatationin the forn of system peak 

.for up to 12 periods per year. 

Capital costs are inputted in the form of total cost of the time thc 

interest during construction. The program t*" 
plant is co=2Lsioned, including . 
deducts the interest during ccnstruction and spreads the remainring construct i 

in accordance with a predeter=-ined schedull 
costs over the construction period 


of expendiZuras.
 

and the in-putted

Using t1he probabilistic reliability coputations 

using all combinations of availan­
reliab i.'it7 requirement, expansion progra-s ofwithin the constraintdeter--inedinstallations arealteriative zenera-or program is then c-:> 

maxin and '"_-- reliability. Each exzansion
spec.fied the capital cost procedur=e 
using the probabilistic production cost program and 

stream is converted to 
and the total cash flow stream deter--med. lis cost 

using an inputrad discount rate and the expansion programs are 
present worth in the order of leant.tec hique and ranked
opti ized by a dyTznic progr--ng 

Data for a specified number of exmpz
of the total cost stream.present worth 

progras are then outputted in accordance 
with that ranking. 

also be used to determine the present -orth of the 
The progr-am can 

Annual cost stream, using the same comDutation of.procedure except mitting
 
- input controls.
 

selec.icn of alter-ative expansion progr. ams, by suitable 
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POWER PLANT SITES 
LOCATION MAP 
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APWIL 1919 
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EGYPTIAN ELECTRICITY AUTHORITY 
SHOUBRAH EL KHEIMA THERMAL POWER PROJECT
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IBRD 14222R 
. I K( -

APRIL 1979 

, .A., ,A ' 1A,, ARAB REPUBLIC OF EGYPT 

EGYPTIAN ELECTRICITY AUTHORITY
 
"--"" .B A SHOUBRAH EL KHEIMA THERMAL POWER PROJECT 

'4" % . "vk~kMit 0 Haifa/ 0t. ProposedProposed Power Plant220kV 
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SM0USRAE EL M MA TMAL POW"M P?.0JCT 

Notes and Ass eons for Fi=auciaI Forecasts 

A. General
 

•Formatiou of Distibution Co anies Since tbe d.stm..butcu com­
paz±es bave =Qt sared operat±ows, and most matters czuce-,.g their era­
t±os are still .ar, tmehe financial foreasts a=sse con:tluanca of the 
presen: state of aff:a.rs. 

B. I come Stateent 

1. Sales of Electrcit, have been based oun iformat ou furzished by 
=A and its cwul:ts as sub sequently modLfiedC&* the Bank. The forecasts 
ass=e annual kWh sales &rmthof 14.9, in 1978, 14.6Z in 1979, 13.1Z in 1980,
10.6% im 1981, 11.0% in 1982, 10.6Z in 1983, 10.4Z in 1984, 10.3: in 1985 and 
8.6Z i= 1986. Average revernue per =it sold is based on actuals for 1978 
=d ass=ed average ta4.2-rf 4-creases of 40% effective July 1, 1979, 30. from 
Janus.7 1, 1981, 2: f-OM Jans-7 1, 1982, 25% ftom Jas--7 1, 1983, 3%ftom 
January 1, 1984, 1.: from Januar7 1, 1985 and 4Z from Janpa-7 1, 1986. 

2. .. Comectia-.om =d .i ance Cha-'es' are assi~ed to i±c:ease by the 
sme peremtages as a-ual k"h sales of e-ec:i.c.:7. ,.ai=tenance charges 
are based On forecast sales to mruLmca.lties in l,"vhs a: 1. 5 mille.es 
per kWh. 

3. Other 0.era-.ns. Revenues are assued to incrzasas b7 the sam' per­
ctntages .as Mua.1 kh sales of elece= t.7. 

4. Fuel =d Lubri:ns are based on es=ma:as of Senera:±o .-­
stem =:.L= =d czmbus .ou -=.blines ms g fu p r'.s and heat rates as 

(1 ) Tuei -'T--cas :' 

Diesel fuel - __ :'...'C :.- (:--busti:c :-:±_es)
Fue ci. - -"7..0:n-'(s:azi :': -s) 

http:0.era-.ns
http:mille.es
http:aff:a.rs
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(2) 	 Beat Rat: 

C=busz:om t~bmes 1.5,475 Btu - 2. k~Th 
(1978)sasn :---bzes - 2.2,667 at-. - 1 kJh 

- 2.2,000 3tu - 2 kh (1979) 
11,000 Btu - 1 k (1980 and thereafter) 

S. Sa!lzes and Waxes are based on =A's 1977 s.a-ies and wages 
in staffesca.latad by 15; each yea" th-rOgh 1986. So Spec.(ic increases 

be adequatei&r assnad sinza =A is avestaffad =ow and its present staff will 

through 1986.
 

and Services and Other Overating EZ~emses6. Purchase of Mater-ials 
are assumsd to increase roug.ly in p--port:ion to the increase in net fIned 

assets 	 in se7rae. 

7. Deo e ictio= is co=u.ed at an average anual rate ot 3/a of the 

Z==s~ .1imad -asez in service at t!±A begionig a! the rear 

Inceme is based on average of acua l uon­
8. NoT-noeracin- (Toss) the 

opezrating L==e and expense for the years 1973 through 1977. 

from 	 the9. 	 Intexest is calculated a: the rate of 5%/a on a.12. loans 

=7isr Intacest on all ez4istig foreign loans iLs based anof Finance. 

ML's actual caculaoins. All new borowing from the MI4=s =y of Finance
 

foreignis assu~ed to be at an aver-iga interest rate of 516/a and future 
for wihbor.owing eaept the identi ed loans, e.g., .3D, EMB, et., 

would appl7, is assumed to be at 8A (for presen-tly aam­the specific rates 
(future expansion facilities). nte.rest,.:ed geneatIng plan=s) and 8-1/2 

1980-82

has been added to constructi=n costs at 6.5% in 1978-79, 7.5Z in 

and 8.51 in 1983-86. 

B. Balance Seet 

10. 	 Gross Fixed ssets in Service =e valud at bs tor-cal cost through
 

They have been revalued as of the beginnIng of 1978 usiug the con­
1977. 


fi ed assets and LE 199 millionsultans' valuatiorm of LZ 601 =illion for gross 

for aaz.L=atd depr ciati=. Ther"fter, the have beem revalued in alter­

as of the end of 1979, 1981, 1983 and 1985 asax-l" an
nate years, i.e., 

average =muma price inc-easse of 7.5.
 

A's actuals as of 1977-e=d and are
II. Inventories are based on 
the i=ease in tet mXad asse:s

estIated to Lncese rough17 in l4ne Wi:,h 


Ucevbles 'Iha frecasts assure =ace.z.ab. as to be the ..	 ACCCIurs 
of :_-ee m-hsW sales -1 1982 a=d :heraf~r.ecu;v-Aen: 

.. 	 aeser-esi=cremased each by c==---buc=n =srecaived fro-e 7ear 


the M±nstr of' Rousiag and !Ueontr44Otzinist7 of Finance and ;grans
 
by 7S
 

http:ace.z.ab
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4. o~.~: .?vt~e ndDa u: Lial:4i±:±es L~e es:±a'-ad each yea:z 
on the bass of -au .ca &.: e4=d±:-as and c.ash operza:g expenses. 

.5. Cns5-r=s' Devos.:s ae asum-d :o Ic=ase in lime with the Iz:c.ases 
in kSh sal-as of . c -. . 

D. So es and Ava1±.a::ons of i.=ds 

16. C=-n-±but:Lns f-.= the M±--4st--v of Bousinst and Recous:'--ction and 
M. ..s=y7 of F-.ance ze based on =V1 s 5-Ya: Pl-m es=-.aes. 

17. 7-SAIfl Grants of $1-17.8 -411 -ton ($100 mll l"on for the ?.oj act and zhe 
rest:f-c DIbseme=s are based USAM es -a-. hes) -are'asnmed. on =a:es 
fu.rLshd to the Bank. 

is. 3orB.'iv=.s All foreign bor-ov4-=&s aze converted to EZg ptian poumds 
u.s.ag the par.ale. ma=ka: ra e of exchange of I. 1 - US$1.44. =&.'s plannged 
bor.-oing proga=m has been adji.rsed to meet the needs of the costr=-ctio. 
program as revised by the Banmk and taking into account =EA's in: emal cash 
geeratiol: and expected g a=ts. 

19. Constuc:±on Recuiz-,ments axe based on A's estimates as revised 
by the Bark and escal'ated using the follow ng percancagas for price contin­
gences cor-espond-Ig to expected conditions in Zg-pt: 

1978 1979 1980 1981 1982 1983-1986
 

Equipment 7 6.5 6 6 6 6 
Civil Works 15 i5 1 14 13.5 13 

20. Amortization of Lon2-Te-m Debt !Uin"s-y of Finance loans ane 
assumed repayable over 12 yas aftan 3 yeas' grace. Amortization of other 
.:Lsting foreign loans is based o MA's calculations 

Y.==h 1979 
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X T TOJECTSO3MRAREL ?ZE& . AL PO-

ComOge-som of Altarmatives 
Tecbmica'snd Ecounomic Assrmmtious 

1. Ercoain=c Life of ?acilities 

.~.yd~opowe 2.a.:50 yz 
Co ~:±oual Ste= Generating Pln: 30 7ears 
Nuclear Generz:g P.ant 30 years 
Combus:io Turbi4e 20 7ears 
Transmission 40 years 
Dist.--ibut ou 30 7eaZs
 

2. G eZa:± &eserve 

20: of System Paak Demand. 

3. Soeciflic F-iel Cos~tion 

Comvent!oua-I Stea= Turbine 1i,000 3Bu/kh
 
Cobuston Tubine 1.5,475 3rtu/k.J
 

4. Camta2."Csts 

Combustion Turbine Station (4-x75 W') IM 236/kW (inal. i.d.c.). 

5. Fuel Costs 

Zatermal prices of pet.ole products in Egypt, which are cou=olled 
by the Gvernent, are below world price levels. For the ecou.ic analysis, 
however, the .elevant costs are the opporu.i=T costs i.e. the export value, since 
the al:ernat±ve o im:e-ai use is export. Ac-=ordi.gI7, the ecu=c=c amalsis 
vas based ou the f.o.b. values of :he products at :he :i= of appraisal, -. ±:h 
are as follovs: 

US=S7 (. 34 )/:=
 
Gas 0-a 2SS120 ( 86),/:*u
 
Zarosene S O'S0 93)/::u
 

The doe.ve7 Costs for =azout to the poss!_bla s a= station si:4 a: Suez 
-ere :akain as :e .ba, sices the !ue2. wvmod be su=.Uied from :he Sue: refine.-r 

an ex.st!=g pipe.line. 
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?age 2 of 

?or the Ain Soukha s:-.a the es:±-atad deliver-y c€s: for ma.Zou: was 
taken as USS0.50/tou and for Shoubrah Z1 hiheima as USS2/tou, based om ±.for--uou 
suppLied by the Ziprlsm G a.zal ?e=olau Corpo-a on. 

T±s resul:ed in the followig 	fuel cers per kh generated: 

Sta Sez:±cem (the P12rolect) 

At Suez L5..3 1,ames/kh 
Az Ain Soukh~.a 15.6 mwlems/kWh 
At Shoubrah Z! EeI.a 15.9 -±.l.eas/kWh 

Combus=±o 	 Tu--bie 33.0 m-±L.emes/kwh 

For the =ciear power sta:ons included in the lomg-ce= development 

program the !o..owi=g fuel costs were adopted by the consut.a:s: 

=/m±1l1iom Btu 

600- Uu.t 0.342 
900-.J Unit 0.315 

6. fteratioz and a± ameCosts 

Steam G eating Plaint 1.86 -4.1ames/kWh 
Tr-"vm~s±ou 1.5Z of Capital Cos:s 
Dis-trbution 2: of capital costs 

7. "oreizm Sz.change 

1 US$1.40 

8. 	 0nvortumirv Cost of Czaital 

10% 

9. U''ed Labor 

Since there is heavy e .o'men: and =dee.ovemt of =sk:l-ad 
labor in Ezy.€, this was 'ralued at 50Z of its zohey wages for the ecocrmcmi ana!ys. 
Zms iead labor -was assumed to represent the folo.iowg pro-par:c s of n.rs-'c­

teo:sts: 

Saam Se=e-a:.g ?=: 	 30 o- lcca. :cs:s 
0- ,Transmisson 	 : o :3:a.. ::szs 

D.s . bu-ou 	 25% :f ::aZ cs:sts 
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Co=Zi±sio-. 
Sen, 

of Alte.--ae'ves 
Yi. ty Tests 

Equaiz±± Disco=m1: Rate 

ase Case 

Capi.al costs 20: Righe 

Capita.1. Costs 20'. Loex 

Fue. Costs ZO: Risherg 

rual Costs 20% Low 

High Load Yorecast 

Low Load Forecast 

,ighar: 7-o-3"e Rate (ZE 1 US$1.75) 

Lowe Exchme Ra:e (' 1 - US$1.05) 

17.4 

15.7 

19.5 

19.1 

15.4 

18.0 

16.7 

19.2 

15.1 

.a--h -979 
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EGYPTIAN ELECTRICITY AUTIHORITY 

SHOUBRAII EL KIIEEKA TIERMAL POWER PROJECT 

Powr Sector Development Program. Sun ary of Escalated 
(Thousands of LE) 

Coats, 1978-1986 

1. 

IDescril,luoa. 

tGcneratlo LC 
rf: 

1978 

17.363 
47,020 

1979 

43,702 
1 

1980 

69,692 
168.274 

1981 

70,261 
220.194 

1982 

88.914 
299.058 

1983 

112,555 
428,203 

1984 

130,533 
523.871 

1985 

175,652 
611.266 

1986 

223,412 
70541. 

1978-196 

932,084 
3,127,774 

11. 

Ill. 

True~,tU1iSJ 

DlI1LrbuLion 

T 

ILC 

"C 

T 

LC 

,C 

64,383 

15,287 

15,490 

30,777 

67,896 

23,471 

168,189 

17.489 

15.953 

33,442 

89,386 

25,191 

237,966 

21.405 

17,524 

38,929 

105,584 

23.622 

290,455 

28,710 

30,576 

59,286 

132,058 

23.932 

388,072 

36.660 

29,108 

65,768 

165,018 

2810 

540,758 

45,198 

32,677 

77,875 

198,973 

32,948 

654,404 

52,940 

34.074 

87,014 

244,094 

37.045 

786,918 

61,927 

37,831 

99,758 

285,395 

40.163 

928,813 

77,112 

42,340 

119.452 

330.493 

43,407 

4.059.858 

356,728 

i255573 

612,301 

1,618,897 

277,887 
03 

r . 

IV. 

V. 

General IHAL 

-SLudIet. lesearch 
ad "rraia,8 

1 

Ile 

ILC 

T 

I1: 
__ 

90,367 

4.139 

4.254 

8,393 

2.311 
--

114.577 

3,807 

6.209 

10,016 

3,473 
807 

129,206 

4,324 

6,831 

11,155 

4,010 
857 

155,990 

5,011 

7,490 

12,501 

4,572 
908 

193,126 

5,664 

8.317 

13,981 

5,220 
958 

231,921 

7,336 

9.226 

16,562 

6,099 
1.034 

281,139 

8,525 

10.076 

18,601 

6,891 
1.034 

325,558 

9,634 

10.838 

20,472 

7.787 
1.162 

373,900 

.11,189 

11.988 

23,177 

8,800 
1.232 

1,896,784 

59.629 

75.229 

134,858 

49,163 
8.054 

m 

C')0 
" 

T 

Cr1i: 
iC 

2,311 

106.996 
90235 

4,280. 

157,857 
172.647 

4,867 

205,015 
21718 

5,480 

240.612 
2 1 

6,178 

301,476 
365549 

7,133 

370,161 
504.088 

7,987 

442.983 
606,162 

8,949 

540,395 
701,260 

10.032 

651.006 
804,368 

57.217 

3.016.501 
3,744,517 

T 197,231 330,504 422.123 523,712 667.025 874,249 1,049.145 1,241,655 1.455,374 6,761,018 

Jt lt:1979 
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EGTPTL i ELECTRICIT AfTORTT 

SHOU3RLH EL IMEML THE~AL POWER PROJECT 

Return on nvestment 

1. 	 The specific technical and economic assumptions used for the 
used analysiscalculations, vere they differ from those for the lest-cost 

(Annex CC , are sacmarized below. 

A. Costs
 

The basic cost data for the Shoubrah station (3x300 MW),plus asso­2. 

ciated transmission and distribution facilities were taken from Anne: DD .
 
The transmission component includes, in addition to the specific transmission
 
facilities forming part of the Project, the time slice of ZEE's transmission 
investment program related to Shoubrah, i.e. the itms shown in Annez ID 

as "1984 and 1985 projects", plus part of 1986. Similarly, the parts of 
ZE&'s distribution investment program associated vith Shoubrah's output 
were identified as the 1984 and 1985 projects, and part of the 1986 projects, 
shown in AnneDD , including the rural electrification program for 1984 and 

1985. The foreign exchange rate used was LE 1 = $1.40 on foreign exchange costs. 

3. For calculating the race of return the capital costs ereadjusted
 

by shadow pric~ g.the unskilled labor oomponents at half the financial cost. 
The unskilled labor components were assumed to represent the following propor­

tions of the capital costs: 

Shoubrah El Kheiza Station 30: of local currency costs 
Transmission 15% of total costs
 

Distribution 25 of total csts
 

Fuel Cos:s 

4. For the economic calculation it was necessarv to use the opportunity 

costs of els, based on ex=ort values, rather than :he current domestic prices, 

as se: by the Goverme=n. -hese are shown below, .*Sether vi:h :he dces:i= 

pri-es for comarison (gas oil and kerosene are .ncluded, s--nde Sdoubrah' s 

dousun=zion of =nese fuels through substi:t:ion o­.zecefi:s incluce reduced 
Shoubrah aut.u:) : 
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Milllees/kWb 
./ton Generated (Net) 

Maout 	 - Opportni. Cxat 55 15.9 /1 
2.2 71- Doms:ic Price 7.50 

Gas Oil 	 - Opportunity Cost 86 Combustion Turbine 33.0 
Diesel Set 	 21.9
 

- Domestic Price 24.60 	 Combustion Turbine 9.5 
Diesel Set 6.3 

-
mroseze 	- Opportu=ity Cost 93 


- Domestic Price 32.30
 

/1 Shoubrah El Kheiia. 

Overation and Maintenance Costs
 

5. The following 0 & M costs were assmed: 

Generation 1.857 milliems/kWh
 
Transmission 1.5% of capital costs
 
Distribution 2: of capital costs
 

Proiect SunolV
 

6. It was assumed that the 	Shoubrah El Kheima station would operate
 

•.at ,an-ema e Load .acrtor..of.80: 	 in the period 1986-1999, generating 6,300 GWh 
G'b wasp.a. (for 1985, the first year of 	 operation, an output of 3,150 

as suvm ). 

B. Benefits 

Incremencal zlectricic7, Sales 

7. The main benefi:s are the incremenal supplies of electricity to 

consumers attributable to Shoubrah. The forecast total 'sales !rom 1985 (whe= 

the ?ojec: ccmes into oeracion) and subsequent years are shown in Annex I. 
together wi:h the c0--e=onding generation required. F.,m _his and Annex P 

"h-in6 shows che avai-lable generazion !rm -he .ZA sys:em : :a 1996, it
 

4s possile :o derive :he cumula:ive annual incremental sales and Seneratiou
 

:-be zec by Shoubrah, and these :ocal figures were :hen alloca:ed prora:a. v
 

consumer 	 categories (-rom Annex M ) as .oleows: 

http:acrtor..of
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T.Mcre enral 7lec:rici:7 Sales and Generation 

by Cons-mer Categories 

1987-1999
1986
1985 

equired &equired
Uquired 


Sales Generation
Sales Generation
Sales Generation 


522 593 985 1,119 1,065 1,210
Induscry (General) 

1,919 2,181 2,050 2,330

:ndus ". (Large) 1,029 1,169 


2,227 2,174 2,470

Usidenc ial/Commrial 986 1,120 1,960 


48 87 99 96 109

T---ga on/Ar icul Cure 42 
General Purpose 27 31 	 52 59 56 64 

94 107 103 117.49 .56'Government 'Buildings 

3,017 5,097 5,792. 5,544 6,300,
Total 

co the Shoubrah sales were culculated revenues acc.ibucableThe incremental 
using the annual average projected prices derived from the financial 

projections
 

(Annex Y). 

Fuel Savinzs
 

8. Part of che outpput from Shoubrah will resulc in savings in fuel costs 
for ocher,

to the economy through che substitution of electricicy from the grid 

affected are Residential/
The conswner cacegoriescostly energy sources.more 	

The fuel savingsand Irrigacio/Agriculcurs.Comercial, Industry (General) 


were derived as follows:
 

The load forecast includes projec:ion.s
(a) aesidential/Co=mercial. 

of 	 the -i ber of consumers in this category, from which the new 

the Shoubrah were 
customers to be supplied as a .-esult of 

dee-ved, as shown below: 
i985 1986 1987-99 

New Residen~ial/Comnrciai. 
959 1,044
customers (cumulative), '000 482 


?art of the supply to these consumers will be for lighcing, for 
couserva­would ocherwise be used. I: waswhich kerosene lamps 

tively es:zimaed tha: kerosene consumpciou for Uigh:in; would 

per day, or 15 li:ers/=nth, and :hat 
be 1/2-1iner er consizer 

the :orr?3=! iL: eaeCg.Ciy cousumpcion would'be 15 * h/mon:h. 

fuel costs, and :esul:"! savings, pe:
The c m=ara: ve annma. 


cust=er are as zollows:
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Cost, L
 

13.3Leros etElec:ici7 	 2.9 

10.4Savings. 

(b) Indust= General. No data are available on the e-eu of auto­
smallgeneration I= Chis category, which covers both mediumn and 

or 
assumed

industry, nor on the trpe of autogeneratio,, i.e. diesel 

stam. in the absence of precise data, it has been 

that, if supply were not available from -he grid as a result 

third of the required generation would comeof Shoe brah,one 
Thefrom industry's ova diesel sets at a higher fuel cost. 

on the opportunicycomparative figures are as follows (based 
I
 

costs of fuel): 

Fuel Cost
 

Milliemes/kWh
 

Supply from Shoubrah 15.9 
Autogeneratio- (Diesel) 21.9 

6.0
savings 


Supply from the grid attributable to
(c) 	Irrigation/Agriculture. 


which the same
Shoubrah would replace diesel pinag, for 

are assumed as in the previous case.savings in fuel cost 


also be fuel savings through
9. In addition to the above, there would 

in the fist vo years of its
the substitution of generation from ,Sbou.rah 

higher incremental fuel costs. These 
operation for generation from plant with 

Shoubrah
 
savings will occur in the years 1985 and 1986,when the full output of 

consumption, but when econacia
is not required to met incramental electricity 

it to be operated up to its full availability, displa­dispatching will cause 

cing output from higher cost combustion tu=bines. This replacement generation
 

was derived as follows: 

1985 1986 1987
 

Z,.533 5,097 7,775

Zncremenal SEA Sales, Gh 


Required Incremental
 
G'*£ 3,017 5,792 8,335
Generacion, 

6,300 6%,300P-:ojec: CapabiU:, =%vn 	 3,150 
!-3 508 ­

la.= iacamenc Gneain, G'h 

-.he ae :s.a: the ".::erence beveen.he resulting savings were valued 
and by Shoubrah (i.e. 33 il'-..emes,k-WhI5-9
geae~ltioa bV tonbusCinlags4 :ur0nes mtlee/~ 
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Other 3enefits
 

10. Other benefi:s comprise the folloving items:
 

(a) 	 a stam tx of 5 -±L1±inas'I~h paid by &.U rusidienza2
 
consumers. For this pu-pose residential cons: pti
 
was estimated to ,comprise 751 of sales in the residential/
 
comrial cacegory; 

(b) 	a radio license fee of 2 milliaes/kWh by residenial 
com-rs in Cairo and .1exmndria, and of 1 millieim/kWh 
by consumrs oucside Cairo and Ale.andria., on the first 
45 k/mnth. Since it was nor possible to identc4Ir7 
the Cairo /Alezandria and Other res idenC izi consUMer3 
se. aracely, an average value of 1.5 milliees/kWh was 

asumed; 

(c) 	connection charges payable by mew residential corns-ers.
 
These range from LZ 4 to LE 24, and an average value of
 
LZ 10 was uauemd. The new custameies to be served by
 
the Project were esti-sted at 362,000 in 1985, 357,000
 
in 1986 and 64,000 in 19G7; and
 

(d) an annual contract renewal fee of LZ 0.3 payable by
 
resident:al cons-ers.
 

Rare 	of Recurn
 

are shown in the attached
11. The resulting screams of costs and benefits 

table. The race of return was found co be 7.8:. This result was tis:ed for
 

sensicivity eo variationin capital costs, fuel costs, load growth and value
 

of foreign exchane. The results are set out in the attached table on pg.7 of
8.
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ZGTT E.=T.ZCI! AW=HCRZTT 

S 3ER.A !L mmmu T AL POwEn .TzOCT 

Costs, s3neefit and late of Return 
Sensitivity Tests 

3ase Case 

Capital Costs I0: Higher 
Capital Costs 10Z Lover 
Fuel Costs 10" Higher 
Fuel Costs 10% Lower 

High Load Forecast 
Low Load Foreca3t 
Higher Exchange Rate (LE 1 " US$l.75) 
Lover Ex.hange Rate (M.E I - S$1.05) 
Elec ticity Sales Revenue 10% Higher 
lect-city Sales evenue 10% Lower 

Late of Return 
(Z)
 

7.8
 
7.0 
8.8 
6.6
 
9.0
 
7.9 
7.6 
8.8 
6.1 

10.0 
5.5 
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SEOU3RAE M. MQl.A TEMAL PO= PROJECT 

Raturt GSV ,jAIA.E o\Costs. Bsaats and Rate of 

Sensit±v-J.- Tests
 

Rate of Retu 

Base Case 7.8 

Capital Costs 10% Highe. 7.0 

Capa t.l Costs 10, Lower 8.8 

Fuel Costs 10: -ighae 6.6 

Fuel Costs 10% Lowe: 9.0 

Eigh Load Forec=ast 7.9 

Low Load Forecast 7.6 

Eihr Exca=ga Rate (= I US$1.75) 8.8 

L.? Exzeh e ae Crz:=1 US$1.05) 6.1 

Elec--cry Sales 0 10.0Ravenu 10% Eighex 

Zlcrircty Sales Reveum 10, Lower 5.5 

.a:h 1979 
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