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The effective use of the energy resources of Sinai ts a key ent .in

determining the success of develop over the next When

compared with normal civil activities in more envi.ronments~ the harsh

environment of Sinai will extract a heavy energy penalty in achieving developn:lent

objectives~ The successful blending of short-term energy requirements with

energ~l-efficjen.t, long=term goals and objectives will require the skill and dedica-

tion of in all aspects Sinai development.

Sinai nOVI energy in the form of petroleums and projections indicate

that this production vvill be sust.r:dned over the 10 to 15 years. N'atural gas

associated 'with oil production is presently being flared, but steps are being tal<en

by the Egyptian General Petroleum Company (EGPC) to collect and use this

resource~ The energy value of the fltlred gas lr; equivalent to 3 million barrels of

oil per year, or 250 megavvatts of eleetrical povJer if burnE;d in an efficient power

planL

Prover; reserves of coal at the Maghara mine exceed 35 million metric tons.

Used in conjunction with natural in a combined-cyclE; plant, the coal reserves

could provide 300 to 500 megawatts of electric power for 25 to 40 years. Other

coal deposits at Wadi Thora and at Ayun Musa are not considered to be economical

for exploitation at this time.

Annual solar radiation levels in Sinai are ·among the highest in the world~ and

certain regions--particnlarly along the Gulf of Suez and near the Red Sea--have

consistently high wind velocities6 These areas are therefore vlell suited for the

implem ta.tion of ren.ewable encl"g'j technologies1 and many 8,pplications of soilH"

and wind systems have been demonstrated in E~Jpt~

Under the first phase of a thr.ee-part program administered by the Canal

Electr-icity Distribution Company (CEDeO), electricity is now being provided to all

major population centers by means of diesel-electric generators and combustion

gas turbines. The second interval of the CEDCO plan includes generation of power

using flared gas; the third interveJ will generate 300 to 600 mega.watts using coal

from Maghara, with connection through the Hamdi Tunnel to the national electric

grid.
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SinHi is virtually virgin territory with respect to energy conservEition since

both the population and the per el1pita. consumption of energy arc low. If properly

managed, Sinai can be developed i.n an efficient and orderly manner to e.ttain

maximum benefit from the expended energy l:'esources.

Several factol':'s essential to an effective energ-g program for Sinai are

outlined below:

Use of flared g'as-·-Irnmediate steps should be taken to collect use

the gr.0:i associated with oil production. If used efficiently to peoduce

electricity, thi.s gas could generate in excess of 250 megawatts of

elee power. A1teenatively~ the gas could be used as a feedstock

for fertilizer production or petrochemical industriesc

~ Use of Maghara coal--The Egyptian Geological Survey and the Minh::;try

of Electricity and Energy have been eva.luating proposals from

international corporations for reactivation of the MB.ghara coal mine.

Extraction at a rate of 6009000 tons/yr could generate in excess of 200

megavvatts of eleetricaJ power. A high-efficiency, combined--cyele

pOvver plant of 450 to 500 megavvatts could be located along the

northern Gulf of Suez regi.on to use coal from I'~1B.ghara. for

supplementary firing of waste heat recovery boilers1 while gas and oil

could be used to power the gas turbines.

Use of excess capacity of gas-turbine plants at oil company facilities on

the Gulf of Suez--The single-cycle, gas-turbine plants of Petrobel and

those soon to be operational at Suez Oil Company (SUCO) facilities will

be operating at less than rated load, at a hev.t rate on the order of 400

grams of oil per kilowatt-hour (16,000 Btu/kWh) or higher. The plants

would operate up to 20 percent more efficiently at full rated load, and

the excess pov·/er could be sold to CEDCO at a small incremental cost..

The addition of vvaste heat recovery boilers and steam-turbine generat­

ing equipment could lower the heat rate to 250 g/kWh (10,000 BtU/kWh)

or less, providing significantly more power to CEDCO at an even lower

cost.

Conservation-Experience has shown that an aggressive conservation

effort can result in significant savings. Although there is no apparent

infrastructure in place to institute such a. program, an effort should be

2



to at least and determine the total

life-cycle costs for the various options.

l'tlternative energy--Equipment has been developed and many pra(~tical

demonstrati.ons have been conducted in Egypt of solar'9 wind, and

biomass deviees to convert these renewable forms of energy for useful

purposes. An alternative eneegy plan should be developed to define a

specific program for selecting and applying practical$ cost-effective,

renewable systems in Sinai.

~ Institutional changes-~Control and rnanag'ement of energy and water

resources to support the successful development of Sinai will require

the cooperation and int.egra ted support of nunwrous nd.nLstr'ies and

diverse organizations. A mL.'1isterial body is needed to develop policy

guidelines and to coordinHte the activities of the many individual

orgBJlizations so that energy and water can be used most efficiently

throughout Sinat

The national goals of providing goods and services to all B.nd of aiding

and encouraging the fHpid development of Sinai will tend to E::r·,~ourage waste and

energy inefficlcncy~ A.rtificiaUy low prices must be accompanied by reg-ulations

and controls to prevent the developmen.t of high energy consumption patterns. A

national program focusing on the rationalization of energy consumption and the

efficieney of its application is clearly needed.
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1.0

This is submitted in with Task 8.3, Energy Resources

Assessment, and Task 8.4, Evaluation of Energy Hequirements, of the Sinai

Study~ Phase 10 TheinformDtion presented herein win serve as

input to 11 and 12, Pretimin,ary

and Seini--Detailed Pl8.ns~ respectively.

and Investment Study

From January through tJuly 1981, the Group, under a

subcontraet to Dames &. Moore, conducted an assessment of the energy resources

in Sinai 8S a base: planning future energy requirements" fir rn projections

of population and econornic growth had not been esta.blished at the tirne of this

vlriting since thE: type and amount of industrial development had not been

specified, the energy requirements were estimated on a per capita basis. Thus~ the

estima CEtfl easily be to match the projections for

An attempt was also made to determine the sectoral distribution of energ'y­

that is, the distribution by use eategories such c,s agricultural, fishing', transportB:"

Han, electrical generation, industrial, residential1 and commerciaL Where data

wer(1, available, per ullit energy estimates were provided to facilitate future

calculation of sectoral energy needs for various sectoral grovvth rates.

1.1 BACKGROUND---,.",,.,...

The energy resources of Egypt were extensively studied during 1978 by a. joint

Egyptian-U.S. team (U.S. Department of Energy, April 1979). The objective::: of the

study were to identify and characterize energy resources~ present and pr"ojected

energy requirements, and rJ.ternative scenarios that might be implemen.ted to

maxirnize the benefit to Egypt from the application of i.ts energy resources. A

more lirnited study WEtS also made of various renewable energy options from the

standpoint of Egypt's energy needs and its social and economic development

(MITRE Corporation~ July 1980).

With the return of Sinai to Egyptian control, there has been a reeognition of

the need to provide essential goods and services to the Sinai com tmities and to

estabUsh a program for growth a.rId development of the region. The responsibility

1-1



for to

Company (CEDCO)~ an operating unit

Energy. A plan for theof Electrici

developmentrequired

of the

of a

IfJ81 (CEDCO, August 1981)~

with ex.pected

interval, to be completed 4

plants to USE~ the

third interval AH'..JJ-U.'.-" ..,"."

phase is well

tur8 of the

to the main

plan was prepared

years) is

in mid--l

1980,

The first

gas

of north

pOV\Ter mine"

minimumenergy

by diesel-electric or combustion

in Sinai is ultimately derived fronl

is to re(~om-

Since in

petroleum~'·b8.s8d A primary

mend growth alternatives to achieve the

gas--turbine

commen':urate other dc'velopment for

1.2

1.2.1

Sinai is endcwled with reSOUI"CeS far anticdpated

needs and win thus be able to energy to Egypt at least the next several-

decades. Petroleum i.s the only energy resource being exploited at this tiITlE~,

though pla.ns are in place for capture and use of the natural gas assoeiated with

producti.on,. Some explora work heLs been undertaken to determine the

avajlability of n8. gaB not associated vdth oil~ and there are indications that

some Sinai. fields may have commercial oil production. is limited

to onshore and marine fields in the Gulf of Suez, but leases have been sold in

GuJi of A.qabah 9 and exploratory drilling is pla.ce in the vicinity of El Arish.

At a crude oil production rate of 114,000 bar:orels per day (1980),

production-to-consumption ratio Ls estirnated to be 225~ Thus, the current demand

for petroleum products in Sinai is much less than 1 percent of the production in

region.
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1.2,.2

A sIgnificant energy resour(~e is pteSfmtly being \rvasted is the roughly

1.4 million of associa with petroleum production. This flared

gaSy with an energy content equivalent to 3 minion barrels of oil per year, is 17

times the present energy demand SinaL The Egyptia.n General Petroleum

Company (EGPC) is planning to capture this energy within the near term for

commercial

efficient

Its use for

plant

of electrical power in a. highly

haVE; a leverage of two or more in

displacing on consumed less efficient thermal power plants in Egypt. In this

applicatior~ of to 6 million of oil year could have a

positive impact o:n export income of $150 to rcd.lHon per year.

this na.tural could be electrical generation alJ,d

desalination

facility is

1.2.3 Coal

support of activities at Abu Zenirna once the ferromanganese

tionaL*

The coal resources at the Maghara mine in north central are believed to

be economically extractable~ With 35~6 million metric tons of proven and probable

reserves1 the Maghara coal is being f0l' use in a thermal power plant and

* Immediately prior to the 1967 war, a ferromanganese facility was con~

structed at Zenim~ approximately 53 kilometers above Hie Belayim field~ An
electric furnace was planned for use in a duplex smelting of the ferromanganese
ore--with a total processing capacity of 25 9 000 tons of ferromaI1fJanese per year.
Electricity was to be onsiLe by three Brown Boveri Type TA 8007 gas­
turbine generators (see Project Summary, Abu Zenima Electdcal Generation and
Desalination Facilities). Desalination facilities powered by waste heat boners were

designed to furnish 245~OOO m3/ yr of desalinated v~a.ter, though the anticipated

requirement vv-as only 191$000 m3/yr~

The electrical generation-desalination plant had a projected requirernent of
33 million meters of natural gas per year, which was to be furnished from the
Belayim field. Supply was to be transported through an 8-inc~ spiral-weld steel
pipe; though there are conflicting reports as to whether this pipeline was ever
completed, least part of it is sHU in place, but considerably damaged. The
original compressor facilities at Bell1yim reportedly have been scrapped" The
anticipated ferromanganese load requirements translated to approximately 3.2

million stdft3/day of natural gas.

It appears that flared gas in the eastern Gulf of Suez area is approximately
15 times greater than the supply requirements for the ferromanganese facility at
Abu ZenimELi as originally designed~ The projected supply v\I'ill i'emain at more than
5 times the demand for such all industrial use until the year 1995~

1-3



also to eoke for use in

to the heat

or oil in a co mbined-cycle

two or rnore barrels of

is directly

power plants elsewhere in Egypt.

inIf coal is'11tnl.....,-S.

barrel'-of-oil

petroleurn consumed in less efficient

The leverage in displacing petroleum

ra teEt, or proportional to the the~~rr18J efficiencies of the respective power

plants. At a plant efficiency of 40 pel'cent1 the M:aghara coal could produce 450

mega The

from an over 9

miDion. of oil per or O\i'er of

1.2

In addition to the "Y'/yuc,n Fle",,",",,,,,,,,,,U nonrenevvable energy in the

form of crude on? gas1 and coal, Si.nai is generously endowed with a. relative

abundance of energy resources. Penk insolation rates of 1,000 W/m2 on

a horizontal sw:face are readily achieved~ and SinaPs favorable location and the

iack any significant cloud cover tend to support the application of conventiona17

ready-to-·instaJJJ solar-powered facilities,. Solar-po'Vvered hot water

heaters were

and a factory

extensively in and

in El Arish with

El Arish during the Isr'aeli occupation]

eapability· of producing water heateI'S in

designe

distillation d68salin.ation systems have been

stra at the National ReseaN,;:h Center!s Solar Test Laboratory in Cairo. Similar

units should be installed demonstration solar facilities in SinaL Solar

voltaie panels have brzen used to support a variety of lOiN-power a.pplications vvhich

preclude the use of conventional electrical resources. Exa.mples are remote site

com munication end data acquisition systems and refrigeration and cooHng for

m supplies at remote clinics~ Solar cookers and solar-'powered water purnps

have been. demonstrated, a.nd it is po::"G that variations of existing designs might

be applicable in some locations. Some experimental OT' application engineering will

undoubtedly be required to establish the applicability of many of the solar:-powered

dev

Solar-povifcred salt ponds have proven. to be operable in the Dead Sea area

in a few other sites$ It is possible that a solar sa.lt pond system could be
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in

Of'

making.

wa

ai'eae Stored

conditioning, or

or

in the Lake

provide

the

'Vind resourees sites in Egypt.. Numerous small

wind machines have set to west of and there are

indic~ations that larger machines might be appropriate for production electrical

power

most

Rudejs.

the Red Sea coast. Although detailed wind da are not

in

at

For the most of

a wind are vvater purnplng and of electric

in less than watts to more than

1 systems for sites from

the

potential to

extensively

hasfor electr')cal

The larger

designs has not been well

sour'ee of ClV>IJ"or.,--'·, in an area such as south SinaL

reliability of

of wind

electric
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2.0

of on the direction

of matters in Sinai is indeed a significant responsibility in light of the

almost complete of

be drawn at time? it is

could concluS1.ons.

to worke Although conelusions can

availnbUity of additional data

recommendations are, therefore, a first

Seetions 2.1

might

2.1

Petroleum production is one of the

of the grossgrowth, accounting more than 15

portion of new production will

prover!

and t.he

p(;;rcent of the 1. barrels added to

in 1980 were from the marine Belayim

n,-",.."",,' that a

recoverable rese!:ves of

in 1979. There are

come from Sinai .... ,........."'..... ~

Location 195 field off the coast of SinaL New discoveries to the south of the

Belayim field 1981. could increase the proven recoverable reserves by a

factor of t.:iNO or three. An obvious conclusion is that petroleum prod.uction is, the

dominant industry in Sinai and a major contributor to the gross regional produet

(ORP) of SinaL

RECOMMENDATION 1: Pw"chase excess electrical po\ver ftolTt Sinai oil

operations.

A strong effort should be made to cooperate with the Sinai petroleum

companies to provide infrastructure that vlill help reduce their operating costs find

provide 8. sound base for industrial development in th.e im area of oil

company operationsc, As an initial step, arrangements be made to purchase

excess po\ver from Petrobel and Suez Oil Company (SUCO), at UH3 sarne price that

power Is purchased from the Egyptian Electrical Authority (EEA). This would

provide about LE 80,000 per megawatt-year to the oil companies, without any

. . f" J' . ~ A 'th' .. { t' th .slgnLlCanc Increasea expense and WI no IHcrea..se ill l.nves:::men SInce . eH~ pov;er

plants have both standby and spinning reserve capacity" The savings in gas oil used

in the diesel-electric plants by substitution would be about 30,000 barrels/MWyr,

with 8. world market value of about $900,000 per year; oil company operations in

2-1



Sinai tts their

2,,2

hl the eastern Gulf of

million m3/ day in 1980 million stdft3/day).,

bE; maintained through

1995"

amounted to

Present

LE

Converted to

this

an annual value

t) x 1010 BtU/day"

tt-hour)<minion

The

eastern

energy

plant in to u.se

The is equivalent to more tban

1 percent of the is equivalent.

year. Unless a

construction should

day or 3 millionof

tive CHIt be found for use of the

first phase of a 500-megaVititt, combined-cycle power

should include procure:rnent of up to 180 mega\vatts of dual

turbines, with for later additions of vvaste heat

to wasting over 7,000

more

started im

plant.

f't1el (linql'.r~ g'pc:)A. A":f~t.<i ·\",.L ".Clu

recovery generators" The first should

the oJ a 220-kilovoU transm line to City an<l 220

SinCE; it is p1anned that ""ill

eventual1y be to the national grids and since the flared gas is

equivalent to 3 million oil wasted per year, the national wiU

arl Eicc\;;:lerate(j C(}flstrtl(rtion [he; reeommenc1ed hereine The

direct benefit: to the vlill be an adequate electrical povller system to support

an industrial dev(;;loprnent program in the Abu Rudeis area~
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2.3

are tons reserves

is with

can using it in 8Xf to offset or

efficient oil-burning

drive

to

20

percent

to be to 1967, and the

to be only econornic;

(occupation) to beliE;ve the of

the Maghara min.E:

with the natul"al currently being

a viable energ"Y source for produeing

nrc·"".l"·' in a (~om.bined-cycle plant~

should malce

The combination

400 to 500

flared fro m the BeIayirn field could

RECOAIAfENDilTION 3: use 14)ith natural gas

Bclayirn field to electricity~

is found to be more

power plant, it is recom-

be initio. ted to the;

European

2; ~ The expansion plans should

to capture energy in the

be

in

Unless blending Magrlara with

attractive than its use in an efficient,

the

mended that

powe.r

to to 450

megawatts of additional The coal can provide

firing in waste heat boilers to eonsumc: the high oxygen cont(~mt that

the turbine exhaust gasese

in

2.4 CONSERVATION

There is a comrnitment on the part of the Government of Egypt to provide

energy resources to the people at reasonable prices, frequently far belovJ the v"orld

m8.l'h:et levels for energ·y in other cQuntroies. The low costs of energy to the user
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with that

energy is

trucks can of of

the use of of its Electric~

power of all

SinaL

It Ls is

for

coordina

RE'CONIM

An program, must be developed for To

be

of all

A

vation Sinal.. The of energy

811d energy use so that maximum can

obtained resout"c~es eX"Penfled for The

program

use of production at efficient

versus distributed use of

The use of hot wa

water systerns.

ofpunlping~ or

and water' for other

The use of aU types of renewable as alternatives to nonreneVJ-

able resources~

2.5 ALTE ENERGY-_..............------~~...",""',-.,.,....,. ..-..-....,...--

The Peninsula appeal~s to be an location for' the application of

various forms of renewable ener~~y as an alternative to the eonsumption of oil, gas,
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of more than I.E 2

the

factory into

or

sources" Wind

potable water from brackish or

or

waste to

a. plan for an progra.m in

The

the for essential

to test the

of as salt

for an early field dB. ts.

energ""Y profiles throughout SinaL It

demonstration

program

task to estabUsh

The

ing of El A,r'ish, New Abu

an implements. rapid deploym,cnt of

thatare eeonoI'n compc/dtive

remote site sources of

funding should be addressed by . 1 t t' ., .Imp ernen a'lon pHlny SInce a por-tion of

aceX'ue to the under highly ,J"~".",.~,,,..,,,,£:.)

Finally, the alten1ative energ;y progl:am, plan should define engineering analysis and

economic evaluation ta.sks to study the technical and economical of

multimegaVltltt, solar- and wind-powered syst;zrns in te

of Sinai. For those multimcgs.':vatt systems that appeLl.r to be teel"micany

and economically promising? the program plD.n should set up a task for experirnental
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A policy and

to the charge of distribution;
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3..0 CURRENT ENERGY DEM:AND IN SINAI

3.1 PETROLEUM PRODUCTS

DB.ta on the consumption of petroleum products in Sinai illustrate the rapidly

changing energy situation in the region. Table 3-1 is a summary of the 1979 and

1980 figures for consumption of the major petroleum products. Since different

fuels are used for different purposes, a preliminary estimate can be made of

consumption by sector and, to some extent, of activities within sectors. Table 3-2

presents 1980 data on petroleum product consumption by region.

Butagas is used primarily in residential and commercial buildings in urba..n

areas. Since such areas are often electrified, the primary use of butagas is for

cooking, though it is also used for lighting and hot water heating.

In urban residences, kerosene is used for both cooking and lighting. In rural

residences, it is used almost entirely for lighting since dried dung or other biomass

materials are used for cooking.

electrical generation. By estimating the volume of electrical usage in Sinai in 1981

(16 megawatt-hours, from Section 3.2), and making an assumption for the conver­

sion efficiency from gas oil to electricity (500 to 600 g/kWh), gas oil consumption

for electrical generation (in 1981) is estimated to be on the order of 10,000 tons/yr,

or somewhat more than 50 percent of the total gas oil consumption.

3.2 ELECTRICITY

The authority for governmental policy and planning for electrical power for

all of Egypt rests ~ith the Ministry of Electricity and Energy; the responsibility for

electrical generation and transmission on a nationwide basis is delegated to the

Egyptian Electrical Authority (EEA). The EEA generation facilities consist of two

hydroelectric power stations at Aswan, with a total generating capacity of 2,445

megawatts. An additional 1,444 megawatts of steam-generating units and 523

megawatts of gas-turbine installations provide a total capacity of 4,412 mega­

watts. During 1979, the latest year for which statistics are available, the peak

generated load was 2,752 megawatts, and total electricity generated was 16,338

terrawatt hours (16 x 109 kilowatt-hours). Averaged over the period from 1975 to

1979, both peak load and total electricity generated have grown at a rate of 12

percent per year.
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TABLE 3-1

Annua.l Consumption of Petroleum Products in Sinai
(in tons)

Product Usage 1979 1980

LPG (butagas) Cooking/lighting 184 582

Motor fuel (benzene) Automobiles 2,390 4,072

Kerosene Cooking/lighting 739 1,454

Gas oil (sular) Transportation (excluding 6,152 18,408
automobile/electricity)

LUboils/greases Transportation 154 323

TOTAL 9,616 24,839

SOURCE: The General Petroleum Authority,Statistical Department, April 1981.

TABLE 3-2

Consumption of Petroleum Products
in Selected Regions (1980)

(in metric tons)

Product

Super benzene

Regular benzene

Kerosene

Gas oil (sular)

Fuel oil (mazout)

El Shatt

448

Qantara EI Tor El Arish

90 2,190 1,387

16 233 167

116 636 1,449

719 12,722 8,501

26

SOURCE: Egyptian General Petroleum Company, August 1981.
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Electricity is sold by EEA to major industries, governmental authorities, and

electrical distribution companies for distribution and resale to individual con­

sumers& The Canal Electricity Distribution Company (CEDCO) is responsible for

providing electricity in the Governorates of Port. Said, Ismailia, Suez, Sharkla, Red

Sea, North Sinai, and South SinaL In 1979, CEDCO sold 556.2 million kilowatt­

hours, with a value of LE 6.8 millione Currently, no electricity is transmitted from

the national grid to either of the Sinai Governorates, but four I1-kilovolt, three­

phase submarine cables have been placed under. the Suez Ca.nal in parallel with the

six Nile water siphons at Ismailia. Two 66-kilovolt submarine cables are also being

installed and should be available for use before the end of 1981. A schematic

configuration of the submarine cables and the water siphons is shown in Figure 3-1.

Space has been provided in the utility section of the tunnel, under the canal

at Suez City, for two 220-kilovolt, 500-ampere, three-phase cables, each with a

capacity of 150 megawatts. Additionally, 11-kilovolt cables provide electrical

power for the tunnel facilities.

Since the return of control of Sinai to Egypt, CEDCO has been primarily

concerned with establishing small generating stations in most population centers t

which are used mainly for public buildings and municipal operations. Efforts were

made to restore an adequate electrical supply to El Arish after the connection J~o

the Israeli grid was severed. Most of the electric power is provided throughout the

rest of Sinai by about 50 small diesel generators (50 to 250 kilowatts). The existing

power station in EI Arish has a number of turbine generators, and a 7.•5-megawatt

turbine is currently being installed at a new generating station. Figure 3-2 shows

the existing power generation and distribution network at E1 Arish, including the

new E1 Masaid power station, now under construction, and the 22-kilovo~t transmis­

sion line from Israel that was disconnected (on May 25, 1979) after installation of

two 3,200-kilowatt combustion gas-turbine units. Also shown are three 460­

kilovolt-ampere (actual capacity is 300 kilowatts) emergency power units

connected to the 3.3-kilovolt distribution network.

Details on locations of existing generators in north Sinai were provided by the

Technical Office of the North Sinai Governorate and are included in Table 3-3.

South Sina.i has 22 generators operated by CEDCO--in Ras Sudr, Abu Rudeis, El

Tor, and St. Catherine. Electric power for Abu Zenima is provided by two 50­

kilowatt electrical generators belonging to the ferromanganese plant. Although

details were not available on generating facilities in 'all of the south Sinai towns,

3-3



SUEZ CANAL BED

REFERENCE:
EL REWENY,A., 1981 i CHAIRMAN,
CANAL ELECTRICAL DISTRIBUTION
COMPANY, . PRIVATE COMMUNICATION
(JU LY).

t

I

Sinai Development Study Phase]
Ministry of Development

ELECTRICAL CABLES IN

IS[\AAILIA SIPI-lON TREhJCH

Daines & Moore

~e

FIGURE 3-1



I

PROPOSED
CONNECTION
TO RAFAH
VIA 22 KV

liNE

CABLES AI\D
OVERHEAD LINE

El ARISH
II KV

NETWORK

EL ARIS~J

POWEn STATIOj,,!

CABLES AND
OVERHEAD LINE

2- 3200 !<W

1- 3200 KW epY(UNDER '" 'V 'V

CONSTRUCTION) .

II KV DP I II I' K V I II KV DP 2
'm~~ ~~~ll::1l ~

U 1 IU t
I
I
I
I
I
I
I

OVERHEAD LINE

1et."L" 2 CORE, 17rnrn

TRANSMISSION LINE FROM
ISRAEL 22 KV NETWORK
DISCONNECTED ON MAY 29,
1979 AFTER INSTALLATION
OF 2 - 3200 KW UNITS.

t EL MASAID

I
; POWEf~ ST!~TIOi\!

.;..... IUNDE.F( COi~STRUCTIOI~)
: PFWPOSED(2-5000 1< W

(---.. \ .........., epl-7500 f<W
lrv)f rvl . 'V (UNDER
' ..... / \'-.,./1 .CONSTRUCTION)

I I
I I

f f I'I I

3.3 KV

El ARISH
3.3 KV

NETWORK
3- 460 KVA

REFERENCE:
El REWENY, A., 1981; CHAIRMAN i

CANAL ElECTR ICAl DISTRIBUTION
COMPANY, PRIVATE COMMUNICATION
(JULY).

Sinai Development Study Phase 1
Ministry of Development

Dan-ees & Moore

~

STATIONS

NETWORK

EL ARISH POV\/ER

DISTRIBUTION FIGURE 3-2

3-5



'fABLE 3-a

Electrical Generating System--North Sinai

Location

El Arish

SUBTOTAL (El Arish)

El Hasana

Nakhl

Rated Capacity
(kilowatts)

2 x 3,200

3 x 460

500

25

50

50

Actual Capacity
(kilowa tts)

5,000

900

400

20

6,320

30

·30

Bir El Abd R~gion

Bir El Abd

El Hezba

Neglia

Rabaa.

Qatia

New Romana

Old Romana

Baluza

Other sites

SUBTOTAL (Bir El Abd region)

TOTAL

3-6

145 110

58 35

91 91

58 40

90 72

33 33

2x 120 240

90 70

91 91

58 45

58 90

91 91

64 50

1,167 1,058

9,572 7,438



Abu Rudeis has two generators and E1 Tor has six. The E1 'Iior~ generating

equipment consists of four 75-kilowatt and two 515-kilov{att generators.

Electric power for oil production is the responsibility of the individual oil

compani.es, each of which operates its own plant..

On May 25, 1976, the peak load at E1 Arish was 800 kilowatts, and on May 25,

1981, it was 3,100 kilowatts (El Reweny, July 1981).. A survey of communities in

north and south Sinai provided estimated consumption figures as follows:

e Average daily consumption in north Sina~ 40,800 kilowatt-hours

(35,000 kWh/day in El Arish alone).

o Average daily consumption in south Sina4 3,200 kilowatt-hours.

At the time of this survey, most small communities--accounting for about 15

percent of the demand-used the generating equipment only in the evening, for

approximately 6 hours a day.

3.3 NONCOMMERCIAL FUELS

Noncommercial energy--primarily in the form of biomass and animal wastes

burned for cooking and, to a much lesser extent, for space heating--represents a

significant portion of energy consumption in E~pt (U.S. Department of Energy,

April 1979). No accurate determinations have been made of the quantities of non­

commercial fuel used in Sinai. However, based on some very limited information

available for Egypt as a whole, and considering figures for petroleum product

consumption in Sina~ some general observations are possible. Most noncommercial

energy is in the form of biomass (e.g., vegetation, agricultural residues~ and most

of the re mainder is provided by dried animal dung. Probably 50 to 75 percent of

the rural households in Sinai use noncommercial fuels for at least some of their

cooking requirements. Due to the increasing availability of kerosene and butagas

in Sina4 and because of the value of biomass and dung for a variety of other uses,

the total quantity of noncommercial fuels used in Sinai is not expected to increase

significantly in the future, and per capita levels will decline as more areas are

settled.

Yields from solar stills at the National Research Center ar~ between 2 and

4 1/m2/day, depending on the season. Average annual yields are 1,000 to

1,1001/m2. The stills constructed at the National Research Center cost LE 44.5

per square meter in 1979. Approximately 30 percent of this cost was for labor, and
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the foundatio£\ glass cover, 8.nd insulation aecounted for about 15 percent each.

Maintenance costs were estimated at LE 1 per square meter, in 1979 currency.

Based on these costs and a life of 15 yearsy distilled water costs were calculated to

be LE ~L64 per cubic meter (Helwan1 1980). At this rate, solar stills 'will not be

economical in most regions of Sinai.

However, some areas of south Sinai are currently paying more than LE 4 per

cubic meter for water. Since solar stills are low-temperature devices, chea.per

materials could be used, which might significantly lower the capital investment

required.. Additional research should be conducted to improve yields from stills and

to lower construction costs. In areas of Sinai far from any sources of freshwater,

solar stills could be used to provide potable water to small com munities.

3.4 RATIONALIZING ENERGY DEMAND

One of the significant measures of a high standard of living or high GDP is

the per capita consumption of energy. The use of power-operated equipment can

greatly multiply the output of human labor to bring about growth and development.

However, with the substantial increases in world prices for energy since 1973, and

with the possibility of energy shortages in future years, it is important that energy

be used efficiently in all aspects of development.

3.4.1 Petroleum Energy

From a supply-demand point of view, Sinai is abundantly endowed with both

fossil fuels and renewable energy resources. Energy will continue to be a

significant regional export commodity for at least the next several decades. The

statistics in Table 3-4, provided by the Ministry of Petroleum, show this compari­

son; in 1980, petroleum production was 225 times greater than. petroleum

consumption.
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TABLE 3-4

Supply-Demand Comparison of Petroleum

Products in Sinai (1980)a

Product

_--:Q;..Uflfltity Produced_..__

(thousand tons) (10 12 Btu)

Demand----- ----.----
(thousand tons) (10 12 Btu)

Benzene

Kerosene

Bular

Butagas

TOTAL

4.07 0.178 4.15 18.2

1.45 0.061 1.45 6.1

18.41 0.779 18.42 78.0

0.58 0.026 0.58 2.6

24.51 1.044 24.60 104.9--- -- -----

Production _
Consumption -

365 x 6.46 x 1011
10104.9 x 10

= 225

ElDaily crude production =114,000 barrels or 6.46 x 1011 Btu.

The natural gas associated with oil production is presently being flared,

though the Egyptian General Petroleum Company (EGPC) is initiating steps to

capture the 1.4 million m3/ day, equivalent to 8,500 barrels of oil per day or 3.1

million barrels per year. The heat value of the flared gas is:

3.1 x 106bbl/yr x 42 x 135,000 Btu/gal

104.9 x 1010
= 17.58 x 1012 Btu/yr.

The ratio of the flared gas in the Sinai coastal fields to the energy consumption in

Sinai is:

17.58 x 1012

1.049 x 10 12 = 16.8.

Thus, oil production in Sinai is 225 times greater than oil consumption, and the

e'nergy content of the flared gas is over 16 times greater than the oil consumption

rate.
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During' the occupation years, a "strippingn refinery was built south of Abu

Rudeis to extract fuel oil for use in ta.nks, returning the other distillates to the

residual crudeo Recent studies have shown that the plant can be return€d to

service with minimal eh'PEmse in comparison to its worth. With some upgrading~ the

facility can be made to produce a range of fuels suitable for consumption in SinaL

This would add to the petroleum operations, providing an added industrial base in

the area"

3.4.2 Electrical EnerJrt.Y

The electrical demand in Sinai is not easy to define. Much of the electrical

power is being installed for the first tim e, and there is no historical base on which

to make projections. In some locations, particularly in El Arish, electrical power

was provided during the occupation, and replacement power was provided by

CEDCO.

Load demand records of CEDCO show an extremely high rate of demand

growth for the Canal Governorates, which were generally without power until after

1973. Although conditions in the North and South Sinai Governorates are somewhat

different, it is reasonable to believe that their growth rate over the next decade

will greatly exceed the growth rate for the rest of Egypt.

It has been recognized by CEDCD that the installation of diesel-electric

generators in isolated networks is a very high-cost approach and cannot be

expected to continue over a long period of time. As soon as possible, transmission

lines should be installed in the Abu Rudeis-Suez City area and be connected

through the Hamdi Tunnel to the national electric grid. This will permit the

establishment of a strong electrical network to support industrial growth in the

Abu Rudeis area. The generation of up to 500 megawatts of low-cost electrical

power (using flared gas and coal from Maghara) can support the electrical needs of

all of Sinai and also provide for export to the rest of Egypt.

3.4.3 Water

Water is easily the most critical element constraining the development of

Sinai. The nomadic lifestyle of the Bedouin tribes is dictated by seasonal changes

in water conditions~ Recent experience has shown that an assured supply of water

will encourage more permanent settlements. Although not, of itself, an energy

resource, water production, processing, and distribution can consume large blocks

of energy.
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The cost of' water is determined, to a great extent, by the energy needed to

move process it from a source to a point of use. Both the required quantity

and quality are dictated by the end use, and alternative techniques are frequently

available to develop a. source of supply. Alternative techniques for developing

wate[~ sources are to be evaluated under a separate water resources study. Energy

requirements for various pumping functions are reported in Section 6.2 of this

report.
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4eO CONVENTIONA.L EN

4.1 PETROLEU

Petroleum production has become one of the most dominant faetors in the

economic growth of Egypt, accounting for more than 15 percent of GDP in 1979.

Total crude output increased from about 21 million metric tons in 1977 to an

estimated 30 million metric tons in 1980, and is expected to increase to 31 million

metric tons by 1985~ The Egyptian petroleum export price increased from $12 per

barrel in 19 r/8 to $30 per barrel in 1980.

Expor.t earnings from petroleum amounted to approximately $2.8 billion in

1980. An increase in domestic consumption has cut into potential net exports,

which rose by 4.2 million metric tons in the 1977 to 1980 period (out of a potential

increase in the exportable surplus of 9.5 million metric tons).

Although petroleum expoI:ts account for more than half of Egypt's export

earnings; the current export account deficit is close to 10 percent@ A modest

improvement in petroleum or natural gas export would contribute significantly to

Egypt's export trade balance.

4.2 NATURAL GAS

The capture and use of associated natural gas that is currently flared in the

central and western Gulf of Suez fields has been the SUbject of a thorough project

evaluation by the World Bank, in cooperation with the Egyptian General Petroleum

Company (EGPC). Although details of this project have not been released, it

appears to be going forward, and a general outline was derived from interviews

with knowledgeable sources.

At present, only minor quantities of associated natural gas are captured for

internal use in the petroleum production operation. The fields from which gas

recovery is being considered in the western Suez project are Ramadan, July, and

Location 382, as well as the Amal fiel<i, which produced nonassociated gas.

Additionally, gas from some single-well fields, including Location 195, may be

dedicated to this project. Of these fields, only the Ramadan and July fields are

currently producing; a major uncertainty facing the gas recovery project is the

volume of gas production attainable from Location 382 and Amal.
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Petroleum production in Egypt is concentrated in the Gulf of Suez are~ with

more than 90 percent of the national output coming from fields that are primarily

offshore. Although past production has been greater from fields identified with the

western side of the gulf, the additions to new reserves over recent years have been

primarily in that portion of the Suez identified as Sinai production.

For example, in 1980, 1 billion barrels of petroleum were added to the proved

recoverable reserves in Egypt as a whole-a. figure that represents all newly

discovered fields and all new discoveries in previously identified fields. Of this

amount, 450 million barrels of new recoverable reserves were identified in the

marine Belayim field, and 190 million barrels of new reserve were found at

Location 195, which is also in the Abu Rudeis area. Thus, approximately 64

percent of the additional proven recoverable national reserves were in the Sinai

area.

Two compPJ1ies ar.e currently involved in petroleum production in Sinai. The

major producer is PetrobeI, with wells near Abu Rudeis, Belayim, and Wadi Feiran.

Current production from these wells amounts to 114,000 barrels a day, and the

reserves are estimated at 1,112 million barrels. Petrobel is now improving its

fields in Abu Rudeis and Wadi Feiran to increase production. The EGPC operations

are much smaller, producing 3,000 barrels a day, with estimated reserves of 3

million barrels, near Ras Sudr, Ras Misalla, and Ras Matarma. The Suez Oil

Company (SUCO) is currently building facilities in Ras Budran, north of Abu

Rudeis, in preparation for drawing on estimated reserves of 234 million barrels

beginning in 1982 or 1983.

Licenses have been issued to various companies to initiate exploration

activities, primarily in north Sinai. These include licenses for Mobil aU (in Ras

Sudr), Conoco (near Lake Bardawil), Gulf Oil (in northwest Sinai), and British

Petroleum and International Egyptian Oil Co. (elsewhere in north Sinai). These

explorations are expected to result in some additional discoveries of natural gas.

The western Suez project involves the capture of currently flared gas and

transport to a compressor location at Ras Shukeir, where liquefied petroleum gas

(LPG) and natural gas liquids will be stripped, and the dry gas transported by

pipeline to Suez City. In Suez, the gas is assigned to industrial use, primarily by an

extant fertilizer plant, a 3D-megawatt electrical generation station, and a proposed
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cement plant. Excess gas will be transmitted t.o Cairo by existing pipeline

facili ties.

The use of ga.s from these fields is important to Sinai energy planning. If the

western Suez project is not successful, it may be desirable to designate gas

production in certain fields for use in Sinai gas capture projects. Specifically, gas

from Ama}, Location 382, and Location 195 might equally well be transported to

the eastern side of the Suez for treatment and use in Sinai.

Unpublished information on the current and projected availability of natural

gas in the eastern Gulf of Suez is shown in Table 4-10 It is estimated that 50

million ft3/day were a.vailable in 1980 but not captured. Production is expected to

rise to 54 million ft3/day by 1985 and then decrease to 29 million ft3/day by 19900

TABLE 4-1

Natural Gas Availability in the
Eastern Gulf of Suez Area

(1980 - 2000)8.

Production
(millions of standard cUbic feet/day)

Field 1980 1985 1990 1995

Belayim area
Petrobel marine field 31 25 21 17

Abu Rudeis area
Locations 195, 185, 173 9 20 7 0

Shoab Ali area
Alma field 10 9 1 0

TOTAL 50 54 29 17
- - -

fiThese data were presented to the Supreme Council for Energy in February 1981.
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The significant feature of this projection is the dominance of production from

the Petrobel Belayim field. Only this field furnishes a major quantity of gas over a

sufficiently long period for serious consideration in planning Sinai development.

Recent additions to the reserves to the south of the Belayim area are two to three

times the present Belayim reserves.

A major uncertainty regarding gas from the Belayim field Le; the possible

existence of absorbed hydrogen sulfide (HzS). Some initial studies indicate that

this gas, which is potentially corrosive to stripping and compression equipment, has

been found to exist in 300 to 400 parts per million in recent tests of associated gas

from the Location 382 field. Pretreatment to remove hydrogen sulfide would be

required if it was found to exist at these levelse

4.3 COAL RESOURCES

Although coal resources are known to occur at several locations in Egypt,

only those in the Sinai region are believed to be economically extractable. The

largest deposits are at Maghara., where proven and probable net metric tonnage is

estimated to be 35.6 million (Powell Duffryn, May 1966).. Of this, approximately 2

million metric tons are in an upper seam that possibly could be extraC\ted

economically at a rate of 600, 000 tons/yr (Ben Gurian University, August 1976).

The overburden ratio is approximately 29 m3/m 3 of coal.

During the occupation years, Israel considered extraction at two rates of

production, but reserve was not developed because it would have provided slightly

SUbmarginal economic returns. Also, there was a question concerning the length of

time available to recover the investment at a higher rate. The more economical

seam at Maghara is mineable by underground shaft techniques. Characteristics of

this coal are given in Table 4-2. It is a subbituminous coal with a gross heating

value of 7,215 kcal/kg (12,990 Btu/lb) and a relatively high, though washable, sulfur

content.

There are two other known coal deposits in Sina4 one of which contains 60

million metric tons and is located at Wadi Thora. Although extre.ction is not now

considered economical, it may prove to be such if gasification ·01' liquefaction is

feasible. Coal also occurs in lenticular beds at Ayun Muse., approximately 400 to

600 meters beneath the surface. Exploitation of this deposit is complicated by high

rates of water flow from an artesian aquifer, and economic extraction is not

possible at present (U.S. Department of Energy, Vol. 2, Annex 1, April 1979).
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TABLE 4-2

Characteristics of Coal from thE; MaghHi'U Mine

As Dry~

Received Dr.y Ash Free--------

Proxi112!:::f:.e Analysis (9?)

Moisture 4.9

Ash 6&5 6.8

Volatiles 50.7 53,,3 57.2

Fixed carbon 37.9 39.9 42.8

Ultimate Analysis (%)

Moisture 4.90

Ash 6.50 6.84

Carbon Tirl :.:~ I7A f)') 01 nocu.uu , "X.vu 0.1. • .;;10

Hydrogen 5.67 5.96 6.58

Nitrogen 1.04 1.09 1.21

Combustible sulfur 2.97 3.12 0.65

Oxygen (by difference) 8.26 8.69 9.58

Kilocalori~~er..!5J)~ogram

Gross 7,215 7,610 8,476

Net 6,890_ 7,292 8,082

SOURCE: Powell Duffryn, May 1966.
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The Egyptian Geological Survey has moved forward with plans for reactiva­

tion of the Maghara coal mine, and a request for proposals for this project was

issued last year, with a closing date of December 10, 1980. There are indications

that 10 proposals were submitted and reviewed, but no final deterlnination had

been made as of July 1981. The alternatives under consideration are to use the

coal in coking~ to blend it with better European coking coals, or to use it for

electrical power generation.

If used exclusively for generation of electricity, the life of the Maghara mine

will be a function of the megawatt-hours per year and the overall efficiency of the

power planL Figure 4-1 shows the mine life at various rates of extraction and the

a.verage power output of the plant at efficiencies from 25 to 40 percent. Table 4-3

shows the yearly coal consumption for various sized electrical power generating

plants operating at efficiencies of 25 to 40 percenL The heat rate (Btu's per

pound) for various operating efficiencies was determined by dividing 3,413 Btu/kWh

by the efficiency. Appropriate heat l'ates for a range of efficiencies are as

follows:

e 0.9 x 106 J/kWh (13,652 Btu/kVlh) at 25 pereent effieiency.

e 1.1 x 10 6 J/kWh (11,377 Btu/kWh) at 30 percent efficiency.

e 1.3 x 106 J/kWh ( 9,751 Btu/kWh) at 35 percent efficiency.

e 1.4 x 106 J/kWh ( 8,533 BtU/kWh) at 40 percent efficiency.

The average megawatt output of a generating plant was calculated on the

basis of tons per year of coal and heat rate according to the following formula:

Megawatt _
output -

tons/yr x 2.9 x 1010 J /ton x efficiency

8,760 hr/yr x 3.6 x 109 J/MWh
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TABLE 4-3

Annual Coal Consumption of Electrical Generating
Stations at Various Operating Efficiencies

Efficiency (thousands of metric tons per year)

Megawatts 25% 30% 35% 40%

1,000 4,184 3,484 2,987 2,613

900 3,766 3,136 2,688 2,352

860 3,347 2,787 2,389 2,090

700 2,929 2,439 2,091 1,829

600 2,510 2,091 1,792 1,568

500 2,092 1,742 1,493 1,307

400 1,674 1,394 1.,195 1,045

300 1,255 1,045 896 784

200 836 697 597 523

100 418 348 299 261

4.4 ELECTRICITY

CEDeo has projected power requirements by querying both the North and

South Sinai Governorates as to their anticipated demands in 1981, 1985, and 1990.

Based on this survey, a total demand of 18,650 kilowatts is projected in 1981,

56,450 kilowatts in 1985, and 169,550 kilowatts in 1990" Additionally, a 20,000­

kilowatt demand is projected in 1.985 and 1990 for the ferromanganese facility at

Abu Zenima, if the facility is reopened.

A breakdown of projected demand by load category is given for north Sinai in

Table 4-4, and for south Sinai in Table 4-5 (CEDCO, August 1981). Figure 4-2 is a

graphical representation of these data. Demand in, north Sinai is expected to grow

to 110 megawatts by 1990, dominated by tourism, land reclamation, and housing.

Electrical load in south Sina~ exclusive of oil company load requirements, is

projected to h8 60 mega?Jatts in 19!10, with the primary demand from housing and

land reclamation" The oil company loa.d requirements are expected to exceed 8.11

other' electrical loads in Sinai.

Over the near-to-medium term (6 years~ electricity planning for Sinai will be

conducted in three intervals. The first interval, which is regarded as the most
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TABLE 4-4

Anticipated Loads for North Sinai
(in kilowatts)

Projected Power Requirement _ Thro,~UIb....!Xle Year _
_~..J:oad eategory 1982 1985 1990

Tourism and hotels (letter from
Deputy Minister of Tourism) 3,000 30,000 42,000

Ministry of Health 150 300 400

Mill tary and other national security 1,500 1,900 1)9008.

Ministry of Industry (Maghara project) 400 2,000 2,000&

Training centers 200 400 400a

Private sector projects 1,500 2,000 6,000

Ministry of Irrigation (poultry,
canning, livestock at El Arish) 1,500 1,500 3,000

Town of Bir El Abd 300 500 800

Industrial schools at El Arish 200 300 300a.

Ministry of Supply (corn grinding
600aand bakery at El Arish) 400 600

Ice production units at El Arish 500 1,000 2,000

Other ice production units and
governmental food shops 300 300 300

Ministry of Development--Housing 1,500 2,500 20,000

Ministry of Development--Land reclamation 2,000 4,400 30,°9°
TOTAL 13,45Q. !1_tl00 109 L7.Q_q,

--'~-"'-

aAssumed values, no estimate provided.
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Anticipated Loads for South Sinai
(in kilowa tts)

Projected Power Requirement
by Load Category

Tourism and hotels (letter from
Deputy Minister of Tourism)

Ministry of Hea.lth

Training center.s (Ministry of Industry)

Private sec tOt" projects

Ministry of Higher Education

Ministry of Supply (corn grinding
and bal<ery)

Ice making and governmental food shops

Ministry of Development--Housing

Ministry of Development-·-Land reclamation

TOTAL

Power' requirements for Sinai
ferromanganese facility

8.Assumed values, no estimate provided.
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import&'1t, will last 2 years--until mid-1H82. During ttl.is period, the main objective

is the installation of generating stations and the low- a.nd medium·~volt8.ge

transmission and distribution system. This electrical net.work will be installed in

coastal areas to meet the needs of tourism, industry, and land reclamation.

Figure 4-3 shows the capacities of generating units and. their proposed locations in

Sinat

Information made available by CEDeO in January 1981 indicates that nine

major ,projects are planned in north Sinai for the period from November 1980 to

December 1981 (Table 4-6). These include installation of generating stations and

associated distribut.ion networks at RomaDa, Bir El Abd, El Arish, and El Maliz.

The peak load at El Arish on May 25, 1976~ was 800 kilowatts.~ and on May 25, lH81,

it was 3,100 kilowatts. CEDeO has estimated that the power derna.nd for El Arish

and the surrounding area \NiH increase to 16 megawatts over the next 3 years.

Total cost is expected to be LE 17.5 million.

Table 4-7 ShOV'lS a ITlOre limited expansion program for south Sina4 where

major population centers have already been furnished vlith electrical generation

and distribution networks. The total cost for the first interval j:; estimated to be

LE 13.8 million. Additionally, essential power requirements for those portions of

the Canal Governorates that He geographically in the Sinai PeniIlsula are shown in

Table 4-8, at a total cost of LE 12.7 million. The total anticipated development

cost for the first-interval electrical system for Sinai is thus LE 44 million.

CEDCO has ordered 24 turbine generators to be located throughout Sinai.

The anticipated installation schedule is as follows (El Reweny, 19B 1):

@ Two 500- and two 900-kilowatt units by October 1981.

($ ~IO 500- and two 900-kilowatt units by November 1981.

(II Two 500- and two 900-1dlowatt units by December 1981.

e Two 500- and two gOO-kilowatt units by l\1.ay 1982.

The delivery Hnd installation dates for eight 150-kilowatt generators have not yet

been determined.
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TABLE 4-6

Essential Distribution Network Requirements-­
North Sinai (Oetober 1980-June 1982)

InstEl.l1ation of a generating station (two SOO-kilowatt
diesels) at RamanE!. Village;; including step-up transformer
and 3. J->kilovolt dL3tdbution network

Installation of 11-ldlovolt teansmission line from east
to soutll of Rornana (4:2 kilometers), including pole trans'~

formers and cabinets

Installa tion of electric generating station (three 900­
kilowatt diesels, tv\TO l50-kilowatt diesels) at Bil' El Abel}
with step-up transfor mel'S and distribution network:·

InstaJ1ation of l1-kilovolt transmission line, from east
to west of Bir El Abd (50 kilometers), ineluding pole
transformers and cabinets

Construction of a new E1 Arish generating sta tron,
temporarily vvith one 7.5-·rnegawatt and one 5-mege.watt
gas turbine with distribution network

InstaUation of ll-ldlovolt transmission line plus
cables (75 kilometers) and transformers in El Arish

Installation of four small generating stations at
El Ma.liz, Gifgafa, Nakhl, and Hassana (two 75-kilowatt
and two l50-kilowatt tmits), including switchboard and.
step-up transformers

Installation of low-voltage electric networl< in various
villa.ges and towns (750 kilometers), including internal
network and street lighting

TOTAL

SOURCE: CEDCO, Augu~t 1981.
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TABLE 4-7

Essential Distribution Network Requirements-­
South Sinai (October 1980-J'une 1982)

Project

Improvements to present electric generation sta tion
at St. Catherine (two gOO-kilowatt and two 150­
kilowa.tt units), complete with step-up transformer

Development of generation station in Oasis of Feira.n
(two 150~-kilowatt units) and switchboD.rd

Development of present generating station at Ras SudI'
(three SOO-kilowatt units)

Installation of two 900-ldJ.owatt units in Abu Rudeis,
including tr'ansformers and switchboard

Installation of four 500-kilowatt units in EI Tor~

including transformers and switchboard

Installation of 11-kilovolt transmission line from
generating stations, for 200-kilometer total length,
including transfor mel'S end cabinets

Installation of low-voltage electric transmission
lines for street lighting fu'1d internal netvvorl(

TOTAL

SOURCE: CEDeo, August 1981.
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TABLE 4-8

Essential Distribution NetvJork Requirements-­
Canal Governorates (1981-1982)

Proiect
I'

60~'kilomet(~r reinforced electric cables, ll-kilo\!olti
type XLPE, three··phase, 240-square··millimeter section

60-kilometer reinforced electric cables] l1-kilovo14
type XLPE, three-phas~ 50-square-millimeter section

40-kilometer reinforced electric cables~ 1I-kilovolt]
type XLPE, three-phase, 70-square-millimeter section

150 cabinets and transformers, 500 kilovolt-amperes,
and extra material for rnedium and low voltage

250 tons of conductors, variable sections

6,000 light poles] various makes, 8 to 10 meters in
length

20 distribution boards, medium voltage

100-kilometer, low-voltage cables, various sections

Cable connection boxes and insulators of 10,\;'1 voltage,
various iron parts

Ele(~tr.icswitches, medium voltage, indoor and outdoor
types

2,000 poles, metal structure, 11 kilovolt, 12 to
15 meters in length

TOTAL
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4.4.2 Second- Third-In terval Network_PlanniI~

The second interval, to be conducted from mid-1982 tomid-1984, will consist

primarily of establishing combustion gas-turbine generating stations using natural.

gas1 to be connected by a 66-ldloYolt grid. The third interval, planned for mid-1984

to mid-198B, VJiU include connection of both north Sinai and south Sinai to the

national gri~ construction of the thermal generating stations (using Maghara coal),

and extension of the 66-' and 220-kiloyolt networks.

The facility is slated to contain two 300~megawatt generatOl"Sy nnd

the estimated total investment is $80 million local eurrency equivalent and ~;300

miJJion foreign currency (Strategy of the Ministry of Electricity and Energy for the

Period 1980-2000, February 3, 1981). Facility size and lo(;a.tion have not been

established; but locations at mine mouth, at El Arish; and along the canal are being

considered. Also, the decision to use Maghara coal both for coking and for

electrical generation could dictate that only the smaller plant be constructed.

Plans for the second and third intervals will not be finalized until funds

become available in the next 5-year plano However, f'irst~dinterval activities are

undervvay, and total investment is expected to be LE 41.6 million ($20 million

equivalent foreig'Tl currency).
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500 RENEVvABLE ENERG Y

The economic value of petroleum resources on the world market is a strong

impetus for the extensive use of solar, wind, and biomass energy resources in Sinai.

Displacement of petroleum use by alternative energy resources will directly

benefit Egypt's eArport trade balance since all petroleum production in excess of

national needs is sold at world market prices. The high C!:B-pital cost of providing

conventional electriceJ power to remote locations with low popuL51tion densities is

an additional incentive to use alternative energy sources..

The development of various renew·able energy' resources may be the key to

long-term economic growth and stability for the remote regions of Sinai.

Estimated costs for renewable energy teebnologies are summarized in Appendix F,

together with costs for conventional forms of energy.

5.1 SOLAR ENERGY

5.L1 Resource Potential

Due to its favorable location and the ladc of any significant cloud cover

throughout most of the year, Sinai has a relative abundance of solar energy. Peak

insolation rates are around 1,000 W!m 2 on a rorizontal surfaceo Figures 5...1 and

5-2 iUustrate typical values for incident solar radiation throughout the day.

Factors that reduce insolation levels include sand and dust storms and fog, but

these probably account for less than a 5 percent reduction in total radiation levels

in Sinai.

5.1.2 Solar Water Heating:

The use of flat plate solar collectors to provide domestic hot water is a

technology that has proven effective in numerous iocations throughout the world.

Hot water heating is an ideal application of solar energy for a number of reasons­

operating temperatures are low, which results in relatively high energy conversion

efficiency; there is an essentiaUy constant year-round demand for hot water,

thereby making maximum use of equipment; and domestic hot watet~ heating

systems require only simple construction. Thermosiphon systems are the most

common in warmer climates, and in a location such as Sinai these h'1ve the

advantages of not requiring anti-freeze or other chemicals, and not having any

moving parts. Many of the existing houses in El Arish have solar hot water
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system~ and 8. small metal-working fa.ctory in El Arish has the captlbility of

manufacturing solar hot water systems of a similar' design.

The econ.omics of solar hot vJ"ater heating are affected by the amount and

temperature of water used, the type; of fuel that would normany be used for hot

vlater heB.tingy Hnd the specific charaeteristics of the solar system~ In general,

solar hot water systems cost between LE 120 fmd 170 per square meter of collector

surface. The total energy provided annuaUy by such a system vvould vary from 700

to 1,250 kWh/m 2 of collectorf>1 all.d most systems have a useful life of at least 10 to

15 years"

5 ..1.3

Housing for" desert climates can be designed so as to be comfortable

throughout the year with minimal energy requirementso Such struetures

incorporate high thermal mass to dampen fluctuations in outside ambient tempera-~

tures, to provide protection from sum mer- sun, and to provide adequate ventilation.

In addition to reducing heating requirements, or alternatively to make dwellings

more comfortable in eold weather9 buildings can be sited and designed to make use

of solar radiation for passive heating HJld can be insulated to reduce heat lossesG

Much of the existing construction in Sina.i incorporates several of thes~

features. Concrete block buildingf:'l, with interior masonry walls, are often

constructed with overhangs to provide shading and with an air .space below the roof

to reduce the transfer of heat from the roof into t.he living spaceG The continued

use of these and other appropriate construction teclmiques is very important in

ensuring that demands for electricity and other forms of energy do not increase

anymore rapidly than necessarYG

Residential c(},.')ling can be enha.nced by a number of proven methods that

require simple technologies and little or no energy. Ventilation rates can be

increased with chimneys that use the heat of the sun or the existing vv-inds to

create pressure differences that force air through buildings; this has been a

common construction technique in the Middle East for thousands of yearsG

A number of systems have been devised that use the heat of evaporation t.o

cool air. Some passive ventilation systems have included fountains or damp

surfaces in the air flow path to increase the cooling effect.
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A of cornmercially available packag(~d units incorporate a. fan that

dravIs air thr'ough a wetted pa.~ usually made from a fibro1.1c; material. These

evap-orH cooling systerns have dra.wbaeks in certain environments. In areas

where water is scarce, evaporative coolers may not be appropriate since- they are

significant consumers, though saline or brackish water can be used where it

is available~ Also, most evaporative coolers require electrical energy to drive the

necossary pumps and fans. Furthermore} during hiD-I'm weather, evnpora tive cooling

is of little or no benefit in a1'e8$ of high rela.tive humidity. In spite of these

disadvantages; evaporative cooling can often be an economic and energy--'efficient

replacement for air conditioning.

5.L4 DesalinB.tion

The scarcity of tel" in many areas of Sinai IT1Ety dictate the use of

desalination lli'1its to provide potable v~a tel\ Desalination using reverse osmosis,

vapor decompression, and flash distillation can be accomplished using solar energy

as 8. source of power~ but since these systems are not dependent on a unique source

of energy (L ee, electricity, natUfa.l gas, or other fossil fuels cen be used)y they are

not discus;.:;cd herein. Solar stiUs represent a. means of providing freshwater using

simple technology and readily ava.ilable materials. A number of designs for solar

stills are shown in Figure 5-3.

In general, the process of desalination in a solar still consists of water in a

shallow container with a dark bottom being heated by the sun, evaporating, a.nd

thereby saturating the surrounding ai.r, which is enclosed in a. transparent roof.

Because the glazing in the roof is cooler than the air, freshwater will condense on

the glazing1 which is sloped, 8Jld run into a collection basin.

Yields from stills at the National Research Center are between 2 and

4 11m 2/day, depending on the season. Average annual yields are 1, 000 to

1,100 11m 2• The simplest stills constructed at the National Research Center cost

LE 44.5 per square meter in 1979. Approximately 30 percent of this cost was for

labor, a.nd the foundation, glass cover, and insulation accounted for about 15

percent each. Maintenance costs VJere estimated at LE 1 per square meter in 1979

currency. Based on these costs and a life of 15 years, distilled water costs were

calculated to be LE 3.64 per cubic meter (Helwa, 1981). lit this rate, solar stills

would not be economical in most regions of Sinai. However, some areas of south

Sinai are currently paying more than LE 4 per cubic meter of we. ter. Since solar
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stills Elee low--temperature devic:es; materials be that might

significantly lower capital investment required. Additional research should be

conduetcd to improve feomstills and to lower construction costse In areas of

Sinai far feom any sourees of freshwHter~ solal~ stills could be used to provide

potable vvater to small eommunities.

5.1.5 Food and

Food and crop are some of the oldest uses of energy. However,

somE; drying methods have including loss of nutritional valu.e

dt18 to spoilage or breakage and the long periods of time required for dryinr;. rvlany

foods are dried com mercially using natural or other fossil fuels, but this is not

likely to be pBl'ticularly applicable for most of Sinai agricultUJ~e due to the high

capital operating costSe

Numerous solar drying systems have been developed; usually consisting of

very simple air coll€~ctors in conjunction with H drying chamber, or drying chambers

designed to admit solar radiation. and retain heat. Compared with conventionally

fueled drYE~r2>t most solar drying systems have the disadvantages of requiring longer

drying times and opera.ting cycles consistent with periods of sunshine Of', alterna­

tively, requiring thc1:'mal storage. Although eosts are highee for solar food drying

relative to traditional rnethodsj where fossil fuel-fired dryers are being eonsidered;

or where traditional drying methods result in severe reductions in the value of the

product---solar drying is a potentially viable option and should be evaluatedc

5.1.6 Solar P~otovo1tajc~plicatigns

Photovoltaic cells provide a means for direct conversion of solar energy to

direct current electricity. CeU efficiency is on the order of 10 percen11 providing

100 VI!1m2 of surface normal to the direct insolation. For large photovoltaie

installations} tracking systems and concentrating optics can be used to maintain a

high level of solar insolation and thus a higher than normal output per solar celL

Electric storage batteries are normally us(~d to provide electl"ic povver during

periods when the sun is not shining, and solar cells are used to charge the batteries

during sun periods. Some applications--principally water pumping for irrigation-­

can be accomplished as the su.n shines~ with a resulting reduction in cost of the

(storage) system. The cost of photovoltaic systems is expected to drop over the

next few years because of major cost reduction programs instituted by the

U.S. Department of Energy.
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likely in remo loc~ations v'Jhere

sma.ll amounts of energy are requir'ed tionj cornmunieations

systems,
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Solar reflectors1 i.ncluding (line focus) and parab·-

oloidal (point

water or

C811 be us'.;:;d to

of

high~=temperature

process steam

from hot water' or steam for' food to

using fluids

steam fOI"

are

ms using solar

require-

and the periodic

for high quality

and in areas

in most applications.. The

F

and maintenanceopera

have

usually limits

Concentra

us. of highee tempera

ments to the initiaJ

availability dk~t8.te

energys which are usurJJy fa.irly

such as increase operating costs and cause

increased costs to the need for special materials enclosures"

Concentrating collcetor systems may be most to ror considGj>2J.tion

in large conditioning systerns, where appropriate design allov-ls the use of lower

temperature fluids and coefficients of perforiT18.ncE~ greater than one can be

obtained~ and the peak demand usually corres:ponds roughly to the period of peal{

insolation. Af; larger par'aboloidal coneentrating becc,me rrlO1"e reliablE~; and

more efficient j the use of solar- upower towersH for electricEl.l pr'oduction in Sinai

should ted over thE~ long term"

5.L8 Ponds---
The solar gradient salt pon.cl is an emerging technolog;y that appears to have

near-term application for' SinaL Solar gradient salt ponds can be a source of solar

thermal energy of sufficient quality (i.e6' temperature) to be useful fOl~ the

generation of electrical energy or for a variety of applications that use mechanical

shaft power.
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rH:;;ar theto

The

Nael there are numerous other possibiHties. Solar radiation

enters though some is the water~ majority is absorbed

on the mayan artifieiaUy blackened liner). As a result of

this heat collection bottorn, the waters beeome warm. of

the higher of the lower pond the vvarmer? deep

waters Pure· water"

becomes

there

was no salt in

bottom of

the

pondothe heat in

of the pond, which norm.sJly occurs by convection, is

this nft

thethe

salt

Heat

broken up to enable the

(100 0 e
t'e;gions or

actual ponds).

a high

In pond ha.s. Verticel convection

this

kept as thin as practically The layer, vlhich may be 1 meter thiek,

of salt \.vith depth and is noncon~'

vecting. bottom. is a high-·density convecting

facilitates heat extraction.

that. provides rnost of

Solar grad.ient salt ponds have operated i.n Israel, irt Canada, and in Ohio and

New Mexieo in the United States. The largest wdt in operation at I;tcesent has been

producing; 150 kilowatts of electrical power since 19800 It i:1 reported that solar

ponds can pl.'oduce electrical povJer at a total cost of $0.1.2 to $0.13 per. kilowatt--

hour, much larger units are study.

One possible application of solar pond.s in Sinai is to genera electrical

power and manufacture ice for the fishing ind.ustry D.t Lake Bardavvil. The high salt

concentration in Lake Bardawil the existing terrain, which could minimize the

cost of excavation, are two factor.s that could be signifieant in the economics of

building and operating the facility. Further study is suggested to determine the

significance of these factors and to establish the pra.cticnli ty of salt gradient pond

technolog'y.
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Average

Arishj El Tor, and Rudeis.

Tot" and 17 km/hr (5 m/sec)

Abu UEe~ and

variations t

not

1'e1a.tively
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suited for systems.
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Planning for a

info}:"ma

velocity

itt various sites in Sina.4

seasonal

111

the potential effectsi.n

i.rl

potent

and daily

5~2,,2

}I;.n irnpor>tant of wind energy is that systems produce

meehanicnl energy direetly, whi(~h is more valuable than thermal energy for most

applications. Wind has been ut3ed fOt" many purposes~ including milling and

grindingy wa.ter. pumping, electricDl generation; sawmill operations, and heating..

The most promi.sing applications Sinai are for water pumping e.nd proc1uetion of

electricity.

Wind pumps in a variety of designs have been for hundreds of years~

MultiblD,ded horizontHl~e.zis windmiHs, sueh as those used extensi\lcly in the

American lvlidwest in the 1800 ls and early 190()Isy provid8 high torqu~ which allows

for the use of direct-deive systems for pumping'--l'educing capital and maintenance

costs and the complexity of construction. The simplicity of design and the use of

common materials for' construction favor local production of wind pumps. A

multibluded pumping system is currently being assembled in :Egypt for a demonstra.-­

tion unit to be installed and tested by the National Research Center (El Mallah,

1981)" The fact that the water in Sinai is often relatively deep means that the use

5-10



I I I T I i

I
r-

\
I '\

I

1,,-------_f
I ,.--- --...

I EL TOR \
I \

...\-------- --'._---

~--
\

I \
./ ~ \I /'" "I '\.

~'"
\

/ ! ABU HUDEIS \./
./ I \,/

,/ I <,{
,/

/

I/
I

I \
I

I \I
I \ ~

/ I

'-I~J
---------- \', /

/ \\ /

/j/ \\
/ -/_./---- '-"'-. ' , \

/;7~

~
-,'.-

~--=-J~~ 1/
El_ /4.F~ISH

v-'

---------- .._._--------------1-----._--- .--.._-

I I I I I I

5

o
JAN FEB M/d·( APR fVj,0\Y dUNE JULY AUG SEPT OCT NOV DEC

25

r:r..: 20I
~

~
~

)-
t-
O
0
_J
llJ 15
>
0
z
5:

lJ,.1
t'
<:£
[r:

10ilJ
>
<:£

MONTH

ai Dcvelopnlent Study Phase 1
Ministry of Development

Dames [~ f-.,Tzoore

~~

SEASONAL \!V1ND

VELC)CITY VARIATIOf\lS FIGURE

5-11



80006000
HOURS

40002000

5 l------------------t--------···----·:.---t----------+----··-~:___-""J-~--------.--_.--_____1

4 0 r--------\-----·-----~-----t__-----------+------------------+-------+---------------1

35

\
cr: :)0
:r
'---:z: \~

>-.
t- ')h

0 L • ....)

0
.-1

\ttl
>
0
~~

~?;:

""
"15

"-
)'

EL /l.RISH

10

evelopnl en t St udy Phase 1
Ministry of Development

VELOCITY DIJRP,TION ClJRVES
FIGURE 5-5

5-12



more
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amoun

many

other uses~

to

~.

l,

i.n

Ethanol are tvvo t

produee a fuel vlith to

be soil n.,",.•"''''·''''' or animal Eth.anol is H

complex reli";I,tively high-valuE! biomb~;s e.s a feedstock.

on the oti:ler hand9 can be pro{]ueed from most animal wastes using simple

equiprnent that can often be locally constructed.

Biog'&s genera.tion using a variety of animal as feedstocks has been

sHccessfuUy dernonstrated i.n Cldna1 and other pa.rts of t.he vJorld. The

National Center J'€:~ccntly in, the construction tv;c;

bi.ogasgenerators in the town Cairo

Dayern, 1981). These digesters were on Indian end Chinese designs$ modified

to accommodate high water tables eomrl1on the Nile Valley. Schematic dravvings

of these two types of digesters are ShOV'ID in Figure 5-6"

The most J'equirements of biogas gen.eration are the availability of

at 60 Idlogra.m;; of human and wastes per day (excluding camel dung)~

as well as an equal volume of water. The integration of a digester \vith animal and
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Several. ted \vitll tne opel'S,

the: to
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Cooking to

contEmt, ancl ovens using EH'E; more than l:raditionfil ovens~

Although com.rnunity-size digesters are techrdeaUy

and spent slurry is troubl<2som~ 8110 the

absence of

G contains detailed inforrnation

the modified Indian design \'vcrc: LE 550 for a 10-

ChInese bio[;c<s

construction costs in 1981

Bn3ed on experience in the Nile total

and 3~;O for D. modified Chinese

modifications to the resid(::nce and animal shed to facilitate the eoUection of

wastes and the use of the gas cost approxin1ately LE 200~

digester can be expected to yield around 2 cubic meters of
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thermal

hilS been lind.ted systematic eveJuation of possible sources of geo~

in Egypt. Of two are located in Sinai-~at

Hamrnam a.nd Hammam Saidna

Hammam

As shovfn belo\l\f (Ramly~ 1

ie, (),h"'t,t 7C:°C'J.tJ v).lV il· iJ -''j

the

flow Eg:vptian sources~

Ain Hammam Faraun~

Ai.n Hamrnam •·.... U.·''-'5I...... Muse.:

These volumetric in lD6L

Sinai may prove to be well the developrriCnt of geothermal

resourees. Due to the consider.able petrolEmffi ehrploration and production activities

in Sinai and in the Gu.lf of Suez, e. large amount: of data has been collected

concerning the geological characteristics of the area~ The General Petroleum

Corporation js currently preparing to assess the geothermal potential in Egypt,

including SinaL The first step in thLs evaluation will be the revision of well logs

from petroleurn opera to map the most probable are:D.g for geotherrnal

exploitation and to assess energy potential and qualIty of these areas.

Due to tho high costs of developing geother'mDJ r-esourcesJ the time

to evaluate regional potentia~ and the low number of applications for geothermal

in the immediate future, from the perspective of Sinai development,

geothc~'mal resources may represent a significant energy source; that could become

8.vaila.t)le toward the year 2000~ To expedite the development of this resourcey the

study of existing dt'illing logs and existing wells should be undertaken immediately.
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TABLE 6-2a

Projected Annual Residential
Energy Consumption

(per i n_".cu~i

Urban
Rural

Urban
Rural

1975

5'10
360

o
170

1985

1,360
5~10

220
200

2000

3,1?O
8GO

240
230

Urban 290 (2<;[\) 280 ("FcC) 270 (215)_, -0) \) I..IZ,.}

Rural 290 (230) 400 (320) 3g0 (290)

TABLE

Current and Projected Annual Usage
(percent of total households in :Egypt)

Urb8Jl
Rural

UrbHfl
Rural

Kerosene

Urban
Rural

1975

77
18

35
2

65
82

1985

90
30

55
8

43
70

2000

100
50

75
20

15
50

,----,-------
SOURCE: V.SQ Department of Energy, Aprillg79~
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O!,,~usage during

Discoveries of

a

nO!1eom

The

use or

by butagas

V:lill cause rural

a.reas as it is

in EgyptL:ln

kerosene for lighting in rural areas and the

noncom

is used for lighting

is cl,rpectcd to

The increased use

use

and

kerosenE~ to electrification of areas will

tend to the end the century.

The in Tables G~2a and for as a

are on economic rates of increased saturation ener'g)7

per

since they are primarily

with reasonably predictableofuse of a smallbased on

soueces in

household

would

fates. main factors that rnight

the availability of pipeline gas for residential use (primarily in

and more about by higher pdces

equipment.

The nurnber of different ener'gy forms in. is to

predict., In light of the plsJ1s nO\\f being implemented by GEDCO, most urban

households in Sinai will probably be electrified by 198 Rates of rural

tion are mueY! hatder to anticipate.

The current electrical systerrl not permit a reasonable estimate of the

number of rural houses using electricity~ and since the electrical distribution

'system is changing very rapidly, this information "Vvould probably not be particularly

useful. In the absence of other information, the values in Table 6-,2b are probably

useful guideHnes for predicting rural electric'ity consumption~ The degree

of butagas a.nd kerosene in Sinai households can probably be reasonably estimated

by using the figu.res for Egypt as a whole. The main factors that would influ.ence

these values are more rapid rural electrification than projected, and the avail­

ability of pipeline gas..

6.2 .. 2 Commct'ci.~;.~ En~~i CO~~.~!.£!pJ:ior~

No data were obtained for cornmercioJ use of energy, but some estimates can

be provided on the basis of figures for Egyptian commercial consumption.. The
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nu'al areas. Thebe

(U.S~

consumption in the commerci.al sector be

report also sug'gests thatas

Ri'ovided

Joint EgyptiU.8.

April 1979) recom

the com use of to of residential

6.2.3 m

are no SinaL

on the Nile Hilton in Cairo

(El rV1asry~ 1981).

For percen 1:., the annual

635 cubi.c meters per room./, annual

is

per

room, and is 2,400, Hters rOOlTI0 In addition to 4:00

room~ Hilton serves between 3~500 and 5, DOG meals per.' day, or

roughly 9 to 12 meals

estima of

room pel· day. These figures should serve as rough

requirements for a five·~star hotel in Sinai) and are

consistent with the total electrical capacity requirements estimat(~d by the

Ministry' of Tourism of 10 ~dlovJatts per room for a. five-star hotel, and 5 kiloWD.tts

per roorn a three- or fout'--star faciJity6

Most of the' energy required community systems is for water or

wastewater treatment and munici.pal lighting~ The 111ain energy requirements for

water treatment are for pumping~ and these requirements will be simi.lar to those

for irriga.tion systems (Section 6~2.7)~ Munieipal lighting requirements vary

considerably according to the number of lights im;talled1 efficieney, length of

roadwaysy ete. One estimate:: of eleetdcal requircrnents for municipal ligliting can

be on experience in the Canal Governorates, where the l"cquirement is 50

percent of total domestic US(~ (El Reweny, July 1981). This is a ver:v high ratio, but

in view of the fact that municipallight.ing is on(~ of the first major eleetricallo8.cls

on new systems, this estirna te is probably accurate for the next 2 or 3 years.

based on current consumption and projections for Egypt as a whole,
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Table 6-'3

in

The reeorn

fuetor's, including road

length of trips,

of

intercity

most

If are as part of the industriaJ

an

Abu

morE; than

Of the

In gcneral~

at Abu Z enima will

The gypsum opera,tions north

industry is the U~;E:r of

of the petroleum produets eonsumed

have that can

industr i8J.

electricai demand of 12 to 14 ill

Zenima win 5

, The Oil Company of Abu Rudeis will have an: installed of

48 megawatts by 1983, 72 in later It is assumed

Petrobel operation in Abu Rudeis an equal or electrical pls.nt

In the of both petroleum operations, the fuel for electricfAJ generation EHld the

generating equipment are provided by the oil compilir.ies to ensure reliability of tbe

power source~ The energy needs petroleum companies have geneeally not been

considered in other discussioI1E: of demands SinaL As viable industrial

operations are identified? the corresponding electricity Rnd petroleum can

readily be established considered in tion the energy needs and resources

for all of

The aV';Jilability of freshwater is an important factor in virtually all potential

development activities in Sinai. Water can be obtained by pumping from aquifers,

transporting from remote sources~ or distilling m' desalina.ting brackish or salty

water. All of these activities require the use of energy~ (The energy requirements

for water desaHnation methods will be discussed in the wa.ter report.) Pumping is
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produced in shouldenergy, conventionalresponsible us(~

to n1eet this through year 2000.

Industry win of

total energy demand in Sinai, and probably most of

sectors be in the form of elE~ctricity. TOl-H'ism

for

a signifieant

portion of the electrical

'used Hl.'ily for transporta

demand.. Petrolcttm products VJill eontinue to

Conservation and alternative energies can vievled primarily as a means of

reduc:ing the for fossil fuels, rather than as a means of augmenting the

supply of energYe In this context, conservation and altern.atb/c energies are

important in in that they can contribute to increased exports of energy from

Sinai and as 8. wholeo Also, the rapid development of renewable energy
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General

Establish pricing schemes for water that encourage the conserva­

tion of this resource and promote the use of lower cost wa.ter.

Set pricing policies for electrical energy, to include off-peak

rates, power factor penalties, and incentives for local and private

power production and cogeneration.

P.fovide incentives to local governments to improve energy use

and reduce the waste of power and water in government facilities.
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APPENDIX E

CRUDE OIL PRODUCTION n~ EGYPT
(1978-1919)
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TABLE E-2

Average Daily Produc!tion of Crude Oil*

Planned Actual
Planned (1979) Actual (1979) (1978) (1978)

(thousand (thousand (thousand
barrels) (%) barrels) (%) barrels) (%)

General Company 25 5 24 5 25 5

GAPeO 356 73 381 73 361 75

ROROCO 7 1 9 5 5 1

Shaab Ali 2

PETROBEL 90 18 95 18 80 17
tr.j
I WEPCO 10 2 9 2 11 2ChI

Suez Oil 5 1 1

TOTAL PRODUCTION 493 100 521 100 482 100-
Organization's share

from crude oil 376 75 419 80 362 75

*The production rates are not regular because of the observation period.
The oil fields were taken back on November 25, 1979. The l:lverage daily
production from November 25 to December 31, 1979 = 31,000 barrels.



TABLE E-3

Total Production from Condensate Oil and Gases

Planned Actual
Planned (1979) Actual (1979) (1978) (1978)

(thousand (thousand (thousand
tons) (%) tons) (%) tons} (96) ,

Condensate Oil

GAPCO 122 12 111 10 123 16

PETROBEL 34 3 24 2 20 3

WEPCO 19 2 27 3

trj
SUBTOTAL 175 17 162 15 143 19I

~

Gases

GAPCO 438 42 476 45 441 59

PETROBEL 230 22 166 15 142 19

WEPCO 169 16 221 21

SUBTOTAL 837 80 863 583 751 78

Percentage of
liquid gases 36 3 41 25 3

TOTAL (condensate
oil and gases) 1,012 100 1,025 100 894 100

-



TABLE: E-4

Quantities of Refined Oil

Planned Actual
Planned (1979) Actual (1979) (1978) (1978)

(thousand (thousand (thousand
tons) (96) tons) (%) tons) (%)

Domestic crude oil 12,000 100 12,259 100 11,938 100

Imported crude oil

TOTAL 12,000 100 12,259 100 11,938 100

Distribution of Crude
tA1
I Suez CompanyCJ'1

Mosfarad Refinery 3,100 31 3,846 31 3,747 31

Tanta Refinery 750 6 601 5 798 7

El Suez Refinery 900 8 712 6 858 7

SUBTOTAL 5,350 45 5,159 42 5,403 45

El Nasr Company

El Am meria Refinery 2,700 22 2,535 21 2,128 18

El Suez Refinery 950 8 1,402 11 2,190 11

El Eskandaria Refinery 3,000 25 3,163 26 3,188 26

SUBTOTAL 6,650 55 7,100 58 7,506 55-

TOTAL 12,000 100 12,259 100 12,909 100



APPENDIX F

ESTIMATED ENERGY COSTS

Petroleum Products

Crude oil (world market price):

Natural gas: approximately

Electricity

Capital costs:

Gas turbine:

Thermal generator:

Waste heat recovery:

U.S. $32 per barrel

U.S. $0.10 to $0.14 per cubic meter

U.S. $600 per kilowatt

U.S. $1,000 to $1,500 per kilowatt

U.S. $400 per kilowatt

Total Production Costs: The current cost to the Canal Electricity Distribu­

tion Company is 9 millemes/kWh when purchased from the national grid. Actual

generation and transmission costs in Egypt are approximately 4 piasters per

kilowatt-hour (LE 0.04 per kilowatt-hour). Costs for electricity production using

natural gas are estimated to be 5 to 8.5 piasters per kilowatt-hour, based on

current world prices; and thermal electric costs using oil are approximately 8.5 to

10 piasters per kilowatt-hour.

Renewable energy technologies

Photovoltaic cells:

Capital costs:

Flat plate collectors:

Capital costs:

Solar ponds:

Capital costs:

Production costs:

Solar stills:

Wind power:

~apital costs:

F-l

25 to 70 piasters/peak watt

(LE 1,000 to 2,500/kWhe/day)

25 to 7°piasters/peak watt

(LE 40 to 100/kWhe/day)

LE 3 to 4 piasters/peak watt

(LE 450 to 600/kWhe/day)

10 to 11 piasters/kWhe

LE 3.5/m3 of water

LE 2,000 to lO,OOO/rated kW



APPENDD~ G

BIOGAS DIGESTERS

The following information is based on discussions with Dr. Abed Abdel Dayem

of the National Research Center, Dokk4 in June 1981.

General parameters

Retention time:

Yield of gas:

Fuel value:

Solids content of slurry:

40 days

0.15 to 0.25 m3/m 3 of digester volume/day

5t 600 kcal/m 3 (620 Btu/ft3)

8%

A large animal (cow, donkey) will produce approximately 12 kilograms of

manure a night, with 16 to 20 percent dry solids. A 1:1 mixture of water and waste

is required to reduce the solids content to 8 percent. Digestion occurs at

temperatures between 200 and SOOC (usually 20 to SoC above ground temperature,

due to the action of mesophilic organisms). The gas produced is 50 to 60 percent

methane (Ch4), 40 to 50 percent carbon dioxide (C02), and contains other gas in

small quantities (most notably hydrogen sulfide, which gives the gas a distinctive

odor). Both the Indian and Chinese designs are continuous processes in which spent

slurry is forced out of the digester as fresh slurry is introduced.

Specific characteristics

• Indian design

Type: Constant pressure, variable volume

Agitation: Rotation of floating top, which has mixing vanes

on the inside

Maintenance: Minimal, usually not required for long periods

Construction: Brick and sheet metal; relatively simple

Cost: Approximately LE 550 for a 10-cubic-meter

digester
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Chinese Design

Type:

Agitation:

Maintenance:

Contruction:

Cost:

Variable pressure, constant volume

Occurs when slurry is introduced

Required periodic inspection

Brick; requires some skilled labor

Approximately LE 350 for a lO-cubic-meter

digester
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