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EXECUTIVE SUMMARY

The effective use of the energy resources of Sinai is a key element in
determining the success of development cover the next several decades. When
compared with normael civil activities in more moderate environments, the harsh
environment of Sinai will extract a heavy energy penalty in achieving development
objectives. The successful blending of short-term energy requirements with
energy-efficient, long-term goals snd objectives will require the skill and dedice-
tion of energy experts in all aspects of Sinai development.

£

Sinai now exports energy in the form of petrcleum, and projections indicate
that this production will be sustained over the next 10 to 15 years. Naturel gas
associated with oil production is presently being flared, but steps are being taken
by the Egyptian Generel Petroleum Company (EGPC) to collect and use this
resource. The energy value of the flared gas is equivelent to 3 million barrels of
oil per year, or 250 megawatts of electirical power if burned in an efficient power

plant.

Prover reserves of coal at the Magharae mine exceed 35 millicn metric tons.
Used in conjunction with natural gas in a combined-eycle plant, the coal reserves
could provide 308 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,

Annuel golar radiation levels in Sinei are among the highest in the world,; and
certain regions--particularly elong the Gulf of Suez and neer the Red Sea--have
consistenitly high wind veloecities. These areas are therefore well suited for the
implementstion of renewable energy technologies; and many applications of solar
end wind systems have been demonstrated in Egypt.

Under the first phase of a three-part program administered by the Canal
Electricity Distribution Company (CEDCOQ), electrieity is now being provided to gll
mejor 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 interval will generate 300 to 600 megawatts using coal
from Maghare, with connection through the Hamdi Tunnel to the nationel electric
grid.



.

Sinei is virtvally virgin territory with respect to energy conservation since
both the p@pumtmﬁ and the per capita consumption of energy are low. If properly

1

managed, Sinal cen be developed in an efficient and orderly manner to attain

maximum benefit from the expended energy resources.

Several factors essentiel to an effective energy program for Sinai are

cutlinzd belows

@ Use of flared ~-Immediate steps should be taken to collect and use
the gas essociated with oil production. If used efficiently to produce

electricity, this gas could genevate in excess of 250 megawsatts of

elecivizal power, Alter vely, the gas could be used ss & feedstock

for fertilizer production or pawcwhemica}, industries.

© Use of Meghara coal~-The Egyptian Geological Survey end the Ministry
of Electricity and Energy have been evelusting propesels from
international corporations for reactivation of the Maghera coal mine.
Extrection at a rate of 600,300 tons/yr could generate in excess of 200
megawatts of electricel power. A high-efficiency, combined-cycle
power plant of 450 to 500 megawatts could be located along the
northern Gulf of Suez region to use coel from Maghare for
supplementary firing of waste heat recovery boilers, while ges and oil

could be used to power the gas turbines.

¢ Use of excess capacity of ges-turbine plants at oil company facilities on
the Gulf of Suez~-The single-cycle, gas-turbine plents of Petrobel and
those soon to be operational at Suez Oil Company (SUCOQ) facilities will

be operating at less than rated load, at & heat rate on the order of 400
grams of oil per kilowatt-hour (16,000 Btu/kWh)} or higher. The plants
would operete up to 20 percent more efficiently at full reted load, and

the excess power could be sold to CEDCO at a smell incremental cost.

- The addition of waste 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

2] Conservation—Experience has shown that an aggressive conservetion
effort can result in significant savings. Although there is no apparent

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



made to at lesst identify energy alternstives and determine the total
th

life-eycle costs for the various options.

® Alternative energy--Equipment has been developed and many pmﬁticéi
demonstrations have been conducted in Egypt of solar, wind, and
bicmass devices to convert these reneweble forms of energy for useful
purpeses. An elternstive energy plen should be developed to define a
specific program for selecting end applying practical, cost-effective,

reneweble energy systems in Sinal.

@ Institutional changes--Control and mensgement of energy and water
resources to support the successful development of Sinal will require
the cooperation and integrated support of nunicrous ministries and

diverse orgenizations. A ministerial body is needed to develop policy

guidelines and to coordinate the activities of the many individusl
orgenizations so that energy and weater cen be used most efficiently

throughout Sinai.

The national goals of providing besic goods and services te &ll and of aiding
and encouraging the repid development of Singi will tend to ercourege waste and
energy inefficicney. Artificially low prices must be accompanied by regulations
and confrels to prevent the development of high energy consumption patterns. A
netional program focusing on the rationalizetion of energy consumption and the

efficiency of its application is clearly needed.



ERERGY R URCES ASSESSBMERT
- AND EVALUATION OF ENERCGY REQUIREME THTS

1.0 INTRODUCTION

This peper is submitted in eccordance with Task 8.3, Energy Resources
Assessment, and Tesk 8.4, Eveluation of Energy Requirements; of the Sinai
Development Study, Phase I. The information pz‘egenteﬁ herein will alsc serve as
input to Tasks 11 and 12, Preliminary Development Strategy and Investment Study

and Semi-Detailed Physical Plans, respectively.

From danuary through July 1881, the Solar Enginesering Group, under &
subeontract to Dames & Moare, conducted an assessment of the energy resources
in Sinai as & beses for planning {uture energy requirements. Since firm projections
of population and econormic growth had not been established at the time of this
writing end since the type and amount of industrial development had not been

specified, the energy requirements were estimeated on a pw cepita bagis. Thus, the

estimates can easily be edjusted to matceh the changing projections for Singi.

An attempt was glso made to determine the sectorsl distribution of energy-—
that is, the distribution by use categories such ¢s egriculiural, fishing, transportu-
tion, electrical generztion, industrial, residential, and commerecial. Where data
were aveilable, per unit energy estimates were provided to facilitate future
calculation of sectoral energy needs for varicus sectoral growth rates.

1.1 BACKGROUND

The energy resources of Egypt were extensively studied during 1878 by a joint
Egyption-U.S. team (U.S. Department of Energy, April 1978). The objectives of the
study werc to identify and charecterize energy resources, present and projected
energy requirements, and alternative scenarios thet might be implemented to
maximize the benefit to Egyptl from the epplication of its energy resources. A
more limited study wes elsoc made of various reneweable energy options from the
standpeint of Egypt's energy needs and its social and economic development
(MITRE Corporation, July 1980).

With the return of Sinei to Egyptian control, there has been a recognition of
the nced to provide essential goods and services to the Sinai com mumnities and to

establish a program for growth and development of the region. "‘;za responsibility

1-1



for providing essentigl electrical power to the Sinai and ‘Cansl Governorates weas
assigned to the Canal Electricity Distribution Company (CEDCO), an operating unit

of the Ministry of Electricity and Energy. A plan for the electrical projects
required for the development of Sinai and the canal region was relecsed in August
1980, and en updated plan was prepared in August 1981 (CEDCO, August 1981).
The first intervel of the 6-year phase is well underway, with completion expected
in mid-1%82. The principal feature of the second intervel, to be completed in 4
years, is the construction of combustion gas-turbine power plants to use the natural
gas that is available along the Gulf of Buez. The third intervel includes connection
of north and south Sinai to the main electrical {;md end construction of a thermal

power plant, probably using coel from the Maghare mine.

Since electricsl power in Sinal is generated by diesel-electric or combusti
gas-turbine generators, all commercial energy in Sinal is ultimeately derived from
petroleum-based products. A primary purpose of this energy study is to recom-
mend growth elternatives to eachieve the required energy at minimum cost,

commesnsurate with other development objectives for Sinal

1.2 EHERGY RESGUIL
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1.2.1 Petroleum

Sinai is endewed with energy resources far exceeding its enticipated energy
needs and will thus be able to export energy to Bgypt for at least the next seversl-
decades. Petrcleum is the only energy resource being exploited at this time,
though plans are in place for capture and use of the natural gas associated with oil
production.  Some explorgtory work hos been undertsken to determine the
availebility of natural gas not associated with oil, and there are indications that
some Sinai gos fields may have commercisl velue. Present oil production is limited
to onshere and marine fields in the Gulf of Suez, but leases have been sold in the

Gulf of Agabeh, and exploratory drilling is taking place in the vicinity of El Arish.

At a crude e¢il production rate of 114,000 barrels per day (1980), the
producticn-to~consumixtion ratic is estimated (o be 225. Thus, the current demand
for petroleum products in Sinal is much less than 1 percent of the production in the

region.



1.2.2 Naturs! Gas

A significent energy resource which is presently being wasted is the roughly
1.4 million g"o:in’;g/é&y of gas associated with petroleum production. This flared
gas, with an energy content equivelent to 3 million barrels of oil per year, is 17
times the present energy demand for Sinai. The Egyptian General Petroleum
Company (EGPC) is planning to capture this energy within the near term for
commercial purposes. Its use for generation of electrical power in & highly
efficient combined-cycle power plant could have e leverage of two or more in
displacing oil consumed in less efficient thermel power plants in Egypt. In this

epplication, the displacement of up to 6 million barrels of oil per year could have a

&

pesitive impact on export income of $150 to $200 million per year,

Additicnally, this naturel ges could be used for electrical generation and

desalination in support of activities at Abu Zenima once the ferromenganese
facility is operational.”®
1.2.3 Cosl

The cogl resources et the Maghers mine in north central Sinai are believed to
be economically extractable, With 35.6 million metric tons of proven and probable

reserves, the Maghera coel is being considered for use in a thermsl power plant and

* Immediately prior to the 1867 wear, a ferromeanganese facility weas con-
structed at Abu Zenime, spproximately 53 kilometers above the Belayim field. An
electric furnace was planned for use in a duplex smelting of the ferromangenese
ore-~with & total processing cepacity of 25,000 tons of ferromanganese per year.
Eiectricity was to be genersted onsite by three Brown Boveri Type TA 8007 gas-
turbine generaters (see Project Summaery, Abu Zenima Electrical Generation and
Desalingtion Faecilities). Desalination facilities powered by waste heat boilers were

designed to furnish 245,000 rn3/3zz~ of desalinated water, though the enticipated

requirement was only 191,000 m3/y1”.

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

million stdftg/d&y of natursl 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 Zenime, es originally designed. The projected supply will remain at more than
5 times the demand for such an industrial use until the year 1985.

1-3



plso for blending with European coal to produce coke for use in Egyptian steel
mills. If coal is used in conjunction with flared ges or oil in & combined-cycle
power plant, each barrel-of-oil equivalent could displace two or more barrels of
petroleum consumed in less efficient thermal power plants elsewhere in Egypt.
- The leversge in displacing petroleum consumption is directly related t¢ the heat
rates, or inversely proportional to the thermal efficiencies of the respective power
plants. At a plant efficiency of 40 percent, the Maghara cosal could produce 450

meguwatts of electrical power for about 30 years. The equivalent clectrical power

from an oil-fired plant with a 20 percent thermal efficiency would require over §
million barrels of cil per year, or ebout 275 million barrels over the life of the

Magheara mine.

1.2.4 Alternative Energy

In addition to the proven recoverable deposits of nonrenewable energy in the
form of crude (}i‘.}g gas, and coal, Sinei is genercusly endowed with a relative
abundence of solar energy resources. Peask soler insolation rates of 1,000 W/ m? on
& horizental surface are readily achieved, and Sinai's favorasble location and the
lack of any significant cloud cover tend to support the spplication of comrez‘ﬁ;ic‘;na]‘,3
ready-to-install, solar-powered facilities. Solar-powered domestic hot water
heaters were uvsed extensively in end around El Arish during the Israeli occupation,
and a fac’zory exists in El Arish with the capebility of producing weater heaters in

coniformance with the Israeli design.

Solar-powered weter distillation and desalination systems have been demoii-
strated at the National Research Center's Solar Test Laboratory in Cairo. Similar
units should be instelled in demonstretion solar facilities in Sinsi. Solar photo-

voltaic panels have been used to support a variety of low-power applications which

£ 4.
i
i

preclude the use of conventionsl electricel resources. Examples are remote site

communication end data ecquisition systems and refrigeration end cooling for
medical supplies at remote clinics. Solar cookers and solsr-powered water pumps
have been demonstrated, and it iz possible that variations of existing designs might
be appliceble in some locations. Some experimental or epplication engineering will
undoubtedly be required to establish the applicability of many of the solar-powered

devives.

Solar-powecred salt ponds have proven to be operable in the Dead Sea ares and
in a few other sites. It is possible that a solar salt pond system could be



economically opereted in the Lake Bardawil area. Stored solar thermasl energy in
the salt pond could be used day or night to distill water, generate electricity, or

provide mechenical power for pumping, air conditioning, or ice making.

Wind resources have been studied at verious sites in Lgypt. Numercus small
wind machines have been set up to the west of Alexandria, and there are
indications that larger ‘machines might be appropriate for production of electrical
power along the Red Sea coast. Although detailed wind data are not availeble at

most locations in Sinei, some informeation exists for El Arish, El Tor, and Abu
Rudeis.

For Sinai, the most promising applications of the mechunical energy cutput of
e wind machine are weater pumping end generation of eleectricity, Wind electiric
gencrators are aveilable in sizes 1°zmgincs from less than 100 wetts to more than
1 megaweatt. The smaller systems would be useful for remote sites for from the
electric grid. The larger mechines have not been extensively tested, snd the
reliability of different designs has not beern well demeng‘wamde However, the use
of wind energy for electrical generation has considerable potential to become &
significant source of energy in an ares such eg south Sinai.



2.0 CONCLUSIONS AMD RECOMMENDATIONS

The presentation of conclusions and recommendations on the future direction
of energy metters in Sinai is indeed a significant responsibility in light of the
almost complete lack of solid data with which to work. Although conclusions can
be drawn at this time, it is quite probable that the aveilsbility of additional dats
could lead to other conclusions. These recommendations are, therefore, a first
approximation of what might develop as & solid, well-defined energy program for
Sinsil. Sections 2.1 through 2.6 present these preliminery conclusions end recom-

mendations.

2.1 PETROLEUM RESCURCES

Petroleum production is one of the don ?nsmt factors in Egyptien economic
growth, accounting for more than 15 percent of the gross domestie product (GDP)
in 1979, There are indications that g significant portion of new pmducim will
come from Sinai fields, since 64 percent of the 1 billion berrels added to the proven
recovereble reserves of Egypt in 1980 were from the marine Belayim field and the
Location 185 field off the coest of Sinai. New discoveries to the south of the
Belayim f{ield during 1881 could increase the proven recoverable reserves by a
factor of twoe or three. An obvicus conclusion is that petroleum production is the
dominent industry in Sinai and & mejor contributor to the gross regional product
(GRP) of Sinal.

RECOMMENDATION 1: Purchase excess electrical power from Sinal oil

operations.

A strong effort should be made to cooperate with the ‘%m&l petr’c‘nu“.
companies to provide infrestructure that will help reduce their operating costs and
provide & sound base for industrial devel@ment in the immediate aree of oil
company operations. As an initizl step, arrangements should be meade to purchace
exCess pow@r from Petrobel and Suez Oil Company (SUCG), et the same price that
power is purchased from the Egyptian Electrical Authority (EEA). This would
provide about LE 83,000 per megawatt-year to the oil companies, without any
significant increased expense and with no increase in investment since their power
plantg have both standby and spinning reserve capacity. The savings in ges oil used
in the diesel-electric plants by substitution would be ebout 30,0600 barrels/MWyr,
with & world market value of ebout $900,000 per yeer; oil company operations in



Sinai sheuld be able to provide 20 o 40 megawatts without adding capacity to their

power plants.

Natursl ges associated with oil production operations in the eastern Gull of
1980 (56 million staft®/day).

ps)

Suez grea amounted to about 1.4 million m?’/é&y i
avel of production will be mainteined through

I
1965, dmpp to one~half by 1990, and to one-third the above value by 1995,

Production from newly discoverad fields could add to the present reserves; as could
exploratory drilling in north Sinai and in offshore areas in the Mediterrenean Sea.

The energy content of the natural gas sssociated with oil production in the

10

easternn Gulf of Suez area is gpproximately & x 107 Btu/day. Converted to

e

57

electricity with efficient, combined-cycle, gas/steam turbine generators, this
energy would produce 240 megawstts of power-~with an snnual velue of LE &

million {bassd on 1.6 plasters per kilowatt-hour).
RECOMMENDATION 2: Build an d¢lectrical power generating plant in Sinai to use
p o oF p
flared gas from the Belayim field.

The energy content of the | in Sinsl s equivalent to moere than

1 percent of the total ¢il production in &Il of Egypt; flering of the gas is equivalent
to wasting over 7,000 barrels of oil per dey or 3 million barrcls per year. Unless g

LT

more atiractive alternative can be found for uvze of the ges, construction should bie
started immediately on the first phase of & 500~megawatt, combined-¢ycle power
plant. The first phase should include precurement of up to 180 megawatts of dusl
fuel (liguid gas) gas turbines, with provision for later additions of waste heat
recovery beilers and steom~turbine generators. The first phase should also include
the construction of & 220-kilovolt {ransmission line to Suez City and 220-lciiovelt

power c¢:iiles through the Ahmed Hamdi Turnnel. Since it is planned that Sinal will

3%
i

eventually be connected to the national power grid; end since the flored ges is

equivaﬁezz’i to 3 million barrels of oil wasted per year, the national economy will

benofl adule as recommended herein. The
direct benefit to the region will be an adequmc, electrical power system to support

an aggressive industrial development program in the Abu Rudeis ares.



2.3 COAL

There are 35.¢ million metric tons of proven recoverable reserves of coal at

Meghara. Although consideration is beinyg piven to blending Meghsra coal with
European coal to provide coke for steelimeking, it is possible that greater benefit
can be achieved by using it in en efficient; combined-cycle power plant to offset or
replace electric power now being generated in less efficient oil-burning thermel
plants. Although natural gas or oil should be used to power the combustion gas
turbines, ecal can cesily be used in the fully fired waste heat recovery boilers to
drive the steam-turbine genersfor portion of the plant. A combined-cycle plant
operating at 40 percent efficiency will replace 1.6 units of oil burned in & thermal
plent with 25 percent efficiency and 2 units of oil burned in a thermel plant with 20

percent efficienc

Since mining was considered to be worthwhile prior to 1967, end since the
Isreelis considered coel removel to be only marginally economic under temporary
(occupation) conditions, it is reasonable to believe that the incressed vslue of
energy todsy should make the operation of the Meghsra mine ;aamn"xi@aﬂ.y
attractive. The combination of Maghare cosl with the naturel gas currently being
flared from the Beleyim field could provide a vieble energy source for producing

400 to 500 megawatts of electrical power in & combined-cycle power plant.

RECGMMENDATION 3: Mine coal at Meghara for use with noiural gas from the

Beéayim fleld to generate eleciricity,

Unless blending Maghara coel with Eurcopean coal is found to be more
attractive thaen its use in en efficient, combined-eycle power plant, it is recom-
mended that the mine be ectivated end a second phase be initizted to expand the
power plant proposed in Recemmendation 2. The expansion plans chould include
the eddition of waste heat recovery boilers to capture the energy in the tu

exhzust and steam-turbine-powered electric generstors te produce 360

megawatts of additional electricel power. The coal can provide supplen
firing in the weste heat boilers to consume the high oxygen content thet remainz in

the turbine exhaust gases. ~

2.4 CONSERVATION

Therc is a commitment con the part of the Government of Egypt to provide
energy resources to the people at reasonable prices, frequently far below the world

market levels for energy in other countries. The low costs of energy to the user
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tend to remove any incentive to save, since the pay-back peried for investments in
conservation will be long. Furthermore, though government sgencies are charged
with meaking energy avsilable, thaere are no agencies charged with seeing that
energy is used efficiently. The poor meintenance on most of the nation's buses and
trucks can be directly tied to the low cost of liquid fuels. The repid expansion of
the use of electricity iz a direct result of ite availability at low prices. Electric
power generation is the least economicsl of all the available energy alternatives in
Sinsi.

o

It is easy to conclude, even on the basis of Hmited ob f&imm that there is

& treme . waste of energy in meny forme. The diverse responcibilities for

verious aspects of energy supply end distribution preclude the pessibility of

-

coordinated sction for enc rvation,

RECOMMENDATION 4: Develop ai energy conservation program.

An effective energy conser vatmn program must be developed for Sinsi. To
e effective, the program must be able te command tention a operation
be eff ’e, progran th ‘:ﬁa to ¢ < the attention and cooperati

of ell the many governmental agencies and semigoveramentel organizetions,
4 detsiled study is recommended to develop a comprehensive energy conser-

~vation progrem for Sinai. The program should incorporate all aspects of energy

resources, energy produection, end energy use so that meximum benefit can be
obtained from cepital end resources expended for energy. The conservation

program chould consider:

@ The use of centralized production of electric power at efficient plants

versus distributed use of diesel~electric generators.

e The use of solar domestic hot weater heaters versus gas— or electrie-

powered hotl water systems

2 Desalination, dizsti}.i&im@ pumping, or shiphoard fransport of potable
water and water for ggriculture and other purposes.
) The use of all types of renewable energy as alternstives (o nonrenew-

eble energy resources.

2.5 ALTERNATIVE ENERGY

The Sinel Peninsula appears te be an ideel location for the application of

various forms of renewable energy as an alternative to the consumption of oil, gas,



and other scarce or expensive energy sSources.
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have been chown to be p%aiica: in Sinai; and e existis'zg Arizh could

eventually n systems per day (m,ﬁ&‘{ﬁ systems per year), at a total
velue of more then LE 2 million per year. Solar water distillation systems,

demenstrated st the National Research Center in Cairo, are practical for the

production of smeali~to-medium amounts of potable water from brackish or sgline

water sources. Wind power appears to be adeguate for pumping water or

o

Bioges can be produced {rom

.4,.

ieity et certain remote locati

generating elect

ot
[
o~

e

animal dung, night soil, and egricultursl waste to pmvidz& for @fﬁ(}’;{lﬁg’ arnd gas

Iith.’a:zir;go And solar salt ponds heve been demonstrated 1o be

ating multimegawatt levels of electrical

Bardawil area could prove to be en economical site for &

power plant operating on solur energy via a solar selt pond.
RECOMMENDATION 5: Develop a plan for an clternative energy program in Sinal.

The objective of this plan should be threefold--to ensure the repid deploy-
ment of proven alternative energy systems that are economically viable; to initiate
the implementation of ep gio,ria’ae techniology for essential remote site epplico~
tions; and to ectablish & research and development program to test the feagibility
of larzge multimegawatll power systems, suco as solar salt ponds, solar power

towers, and large wind-powered machines.

The elternetive erergy program should provide for an early field date
collection task to esteblish wind and solar energyv profiles throughout Sinai. It
should develop detalled definitions of elternative energy demonstration end train-
ing sites in the vicinity of Bl Arish, El Tor, end New Mit Abu El Kom. The program

should include an implementation plan for rapid deployment of proven alternative

enciyy systems that are economically competitive with conventional energy

systems end remote site applications. The determination of sources of capital

funding should be eddressed by the 1mplamaxt&‘mm, pien, since a meajor portion of
the savings will secrue to the Government under highly subsidized energy systems.

Finelly, the glternative energy program plen should define enf’fineermg m&lvsiﬁ andg

-
3

econemic evaeluntion tasks te study the technicel and economical feasibility of

lerge-scale, multimegawatt, solar- end wind-powered systems in eppreopriste
B S 9 2 pprep!

regions of Sinail. For those multimegaviatt systems thet appear to be technically

and economicelly promising, the program plan should set up e task for experimental
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verification of {easibility for establishing design definition of & pilot demonstration
plant.

2.6 INSTITUTIONAL REQUIREMENT

Control and manegement of all aspects of energy and water are crucial to the
successful development of Sinai. The harsh envirenment, remotencss, and margingl
economics of many of the potential projects in Sinai will tend to increase energy
needs. Conservation, cooperation, and innovative applications of energy options
will be key elements of & successful development program. The control and
manggement of energy and weter in Singl will require one operating official to

S

meintein cooperation and in.i:as«:gmé;ian emong the meny ministries and other

organizational units {functioning in Sin

RECOMMENDATION 6: Establish an energy

e

and water management body within
the Supreme Council for Energy.

A higher ministerigl body should be created to provide policy guidelines and

to coordinete the sctivities of the sgencies in charge of production, distribution,

and consumption of energy and water resources in Sinal
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3.0 CURRENT ENERGY DEMAND IN SINAI

3.1 PETROLEUM PRODUCTS

Data on the consumption of petroleum produets 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 ecommercial buildings in urban
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.

Gas oil is used for transportation (in trucks, buses, and boats), as well as for
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 with 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 10° 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.



TABLE 3-1

Annugl Consumption of Petroleum Products in Sinai

(in tons)
Product ' Usage
LPG (butagas) Cooking/lighting
Motor fuel (benzene) Automobiles
Kerosene Cooking/lighting

Gas oil (sular)

Luboils/greases
TOTAL

Transportation

Transportation (excluding
automobile/electricity)

1979

184
2,390
739
6,152

154
9,616

1980

582
4,072
1,454

18,408

323
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 El Shatt

Super benzene -
Regular benzene -
Kerosene -
Gas oil (sular) 448

Fuel oil (mazout) -

antara

90
16
116
719

El Tor

2,190
233
636

12,722

SOURCE: Egyptian General Petroleum Company, August 1981.

El Arish

1,387
167
1,449
8,501
26



Electricity is sold by EEA to major industries, governmental authorities, end
electrical distribution companies for distribution and resale to individual con-
sumers, The Canal Electricity Distribution Compeany (CEDCO) is responsible for
providing electricity in the Governoretes of Port Said, Ismailia, Suez, Sharkls, Red
Sea, North Sinai, and South Sinai. In 1979, CEDCO sold 556.2 million kilowatt-
hours, with & value of LE 6.8 million. Currently, no electricity is transmitted from
the national grid to either of the Sinai Governorates, but four 11-kilovolt, three-
phase submarine cables have been placed under the Suez Canal 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 faecilities.

Since the return of control of Sinai to Egypt, CEDCO has been primarily
concerned with establishing small generating stations in most population centers,
which are used mainly for pﬁblic buildings and municipal operations. Efforts were
made to restore an adequate electrical supply to El Arish after the connection %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 El 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 El Arish, including the
new El Masaid power station, now under construction, and the 22-kilovolt transmis-
sion line from Israel that was disconnected (on May 25, 1979) after installation of
two 3,200-kilowatt combustion gas-tui-bine 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 Sinai 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 plaﬁt. Although

details were not available on generating facilities in ‘all of the south Sinai towns,
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TABLE 3-3

Electrical Generating System-~North Sinai

: Rated Capacity Actual Capacity

Location (kilowatts) (kilowatts)
El Arish ' 2 x 3,200 5,000
3 x 460 900
500 400
25 20
SUBTOTAL (El Arish) 8,305 6,320
El Hasana 50 : 30
Nakhl 50 -30

Bir El Abd Region

Bir El Abd 145 110
El Hezba 58 35
91 91
Negila _ 58 40
Rabaa 90 72
Qatia , 33 33
New Romana 2x 120 240
Old Romana 90 70
Baluza 91 91
58 45
Other sites A 58 : 90
91 91
64 50
SUBTOTAL (Bir E1 Abd region) 1,167 1,058
TOTAL 9,572 7,438
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Abu Rudeis has two generators and El Tor has six. The El Tor generating
equipment consists of four 75-kilowatt and two 515-kilowatt generators.

Electric power for oil production is the responsibility of the individual oil
companies, each of which operates its own plant.

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

1981, it was 3,100 kilowatts (E1 Reweny, July 1981). A survey of communities in
north and south Sinai provided estimated consumption figures as follows:

e Average daily consumption in north Sinai, 40,800 kilowatt-hours
(35,000 kWh/day in El Arish alone).

® Average daily consumption in south Sinai, 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 heéting-—represents a
significant portion of energy consumption in Egypt (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 Sinai, some general observations are possible. Most noncommercial
energy is in the form of biomass (e.g., vegetation, agricultural residues), and most
of the remainder 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 Sinai, 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 are between 2 and
4 I/mz/day, depending on the season. Average annual yields are 1,000 to
1,100 1/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 foundation, glass cover, and insulation accounted for ebout 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 years, distilled water costs were calculated to
be LE 3.64 per cubic meter (Helwan, 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, cheaper
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 construetion costs. In areas of Sinai far from any sources of freshwater,
solar stills could be used to provide potable water to smsll communities.

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
greatiy 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
statisties 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)%

. Quantity Produced Demand
Product (thousand tons) (10%% Btu) (thousand tons) 1012 Btu)
Benzene 4.07 0.178 4.15 18.2
Kerosene 1.45 0.061 1.45 6.1
Sular 18.41 0.779 18.42 78.0
Butagas 0.58 0.026 0.58 2.6
TOTAL 24,51 1.044 24.60 104.9
Production _ 365 x6.46 x10't _
Consumption 104.9 % 1010

11 Btu.

aDaily crude production = 114,000 barrels or 6.46 x 10

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 ms/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 10%bbl/yr x 42 x 135,000 Btu/gal
104.9 x 1010

12

17.58 x 10™“ Btu/yr.

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

17.58 x 102

= 16.8.
1.049 x 1012

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

energy content of the flared gas is over 16 times greater than the oil consumption

rate.
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During the occupation years, a "stripping" refinery was built south of Abu
Rudeis to extract fuel oil for use in tanks, returning the other distillates to the
residual crude. Recent studies have shown that the plant can be returned to
serviee with minimal expense in comparisen to its worth. With some upgrading, the
facility can be made to produce a fange of fuels suitable for consumption in Sinal
This would add to the petroleum operations, providing an added industrisl base in

the area,

3.4.2 Electrical Energy

The electrical demand in Sinai is not eesy to define. Much of the electrical
power is being installed for the first time, and there is no historical base on which
to make projections. In some locaticns, 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 CEDCO 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 eleetrical 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 and process it from a source to a peint 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
water sources are to be evaluated under a separate water resources study. Lnergy

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

report.
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4.0 CONVENTIONAL ENERGY RESQOURCES

4.1 PETROLEUM

Petroleum p'roductian has become cone of the most dominant factors in the
economic growth of Egypt, accounting for more than 15 percent of GDP in 1979.
Total crude output increased from ebout 21 million metric tons in 1877 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

berrel in 1978 to $30 per barrel in 1980.

Export earnings from petrcleum amounted to approximately $2.8 billion in
1980. An increasse 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 exports aecount 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
centrel 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 field, 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 Remadan 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 area, with
more than 90 percent of the national cutput 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 preduction.

For example, in 1980, 1 billion barrels of petroleum were added to the proved
recoverable reserves in Egypt as & 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
merine Belayim field, and 180 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 compeanies are currently involved in petroleum production in Sinai. The
mejor producer is Petrobel; with wells near Abu Rudeis, Belayim, and Wadi Feiran.
Current production from these wells amounts to 114,000 barrels a day, and the
reserves gre 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 dey, with estimated reserves of 3
million barrels, neer 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 Oil (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) end 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 30-megawatt electrical generation station, and a proposed



cement plant. Excess gas will be transmitted te Cairo by existing pipeline
facilities.

The use of gas from these fields is important to Sinai energy planning. If the
western Suez preoject is not successful, it may be desirable to designate gas
production in certain fields for use in Sinai gas capture projects. Specifically, gas
from Amal, Location 382, and Loecaticn 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 4-1. It is estimated that 50
million ft?’/day were availeble in 1980 but not ceptured. Production is expected to
rise to 54 million f‘tg/day by 1985 and then decrease to 29 million ft?’/day by 1990.

TABLE 4-1

Natural Gas Availability in the
Eastern Gulf of Suez Area

(1980 - 2000)2

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

8 These 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 is 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 levels.

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 probeble net metric tonnage is
estimated to be 35.6 million (Powell Duffryn, May 1966). Of this, epproximately 2
million metric tons are in an upper seam that possibly could be extracted
economically at a rate of 600,000 tons/yr (Ben Gurion University, August 1976).
The overburden ratio is approximately 29 1n3/rn3 of coal.

During the occupation years, Israel considered extraction at two mtes 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 keal/kg (12,990 Btu/lb) and a relatively high, though washable, sulfur
content.

There are two other known coal deposits in Sinai, one of which contains 66
million metric tons and is located at Wadi Thora. Although extraction is not now
considered economiecal, it may prove to be such if gasification or liquefaction is
feasible. Coal also occurs in lenticular beds at Ayun Musa, 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 1s not
possible at present (U.S. Department of Energy, Vol. 2, Annex 1, April 1979).
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TABLE 4-2

Charecteristics of Coal from the Maghara Mine

As DPY?
Received Dry Ash Free

Proximate Analysis (%)

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 | 70.66 74,33 81.98

Hydrogen 5.67 5.96 6.58

Nitrogen 1.04 1.08 1.21

Combustible sulfur 2.97 3.12 0.65

Oxygen (by difference) 8.26 8.69 9.58
Kilocalories per Kilogram

Gross 7,215 7,610 8,476

Net 6,890 7,292 . 8,082

SOURCE: Powell Duffryn, May 1966.



The Egyptian Geologiceal Survey has moved forward with plans for reactive-
tion of the Maghara coal mine, and a request for propossls 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 fingl determination 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 yesr and the overall efficiency of the
power plant. Figure 4-1 shows the mine life at various rates of extraction and the
average 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 genérating
plants operating at efficiencies of 25 to 40 percent. The heat rate (Btu's per
pound) for various operating efficiencies was determined by dividing 3,413 Btu/kWh
by the efficienecy. Appropriate heat rates for a range of efficiencies are as
follows:

© 0.9 x 10° J/kWh (13,652 Btu/kWh) at 25 percent efficiency.
e 1.1x108 J/kWh (11,377 Btu/kWh) at 30 percent efficiency.
| e 1.3 x 10° J/kWh ( 8,751 Btu/kWh) at 35 percent efficiency.
[ 1.4 x 10° 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 _ tons/yr x 2.9 x 1010

J/ton x efficieney
output 8,760 hr/yr x 3.6 x 10Y J/Mwn
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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 2,080
700 2,928 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

CEDCO hes 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 1985 and 1990 for the ferromanganese facility at

Abu Zenimag, 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 Sinai, exclusive of oil company load requirements, is
projected to be 60 megawatts in 1990, with the primary demand from housing and
land reclamation. The oil compeny load requirements are expecied to exceed gll

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 Reguirement
by Load Category

Tourism and hotels (letter frem
Deputy Minister of Tourism)

Ministry of Health A

Military end otlier national security
Ministry of Industry (Maghara project)
Training centers

Private sector projects

Ministry of Irrigation (poultry,
canning, livestock at El Arish)

Town of Bir El Abd
Industrial schools at El Arish

Minisfry of Supply (corn grinding
- and bakery at E1 Arish)

Ice production units at El Arish

Other ice production units and
governmental food shops

Ministry of Development-~-Housing
Ministry of Development--Land reclamation

TOTAL

8 Assumed values, o estimaie provided.

4-9

Through the Year

19872 1985 1990
3,000 30,000 42,000
150 300 400
1,500 1,900 1,9002
400 2,000 2,000%
200 400 406%
1,500 2,000 6,000
1,500 1,500 3,000
300 500 800
200 300 3002
400 600 6002
500 1,000 2,000
300 300 300
1,500 2,500 20,000
2,000 4,400 30,000
13,450 47,700 109,700




TABLE 4-5

Anticipated Loads for Scuth Sinal
(in kilowatts)

Projected Power Requirement Throuzh the Year
by Loed Category 1882 1985 1990

Tourism and hotels {letter from

Deputy Minister of Tourism) 1,000 2,000 2,000
Ministry of Health 100 150 150
Training centers (Ministry of Industry) 100 200 200%
Privete sector projects 860 1,250 4,500
Ministry of Higher Educetion 200 20062 200%
Ministry of Supply (corn grinding 9
and bakery) 200 300 306
Ice meaking end governmental food shops 300 606 2,500
Ministry of Development-~Housing 1,500 2,500 20,000

Ministry of Development-~Land reclamation 2,000 35,600 30,000

TOTAL 6,200 12,800 59,850
Power requirements for Sinai : a
ferromanganese facility -— 20,000 20,000

8Assumed values, no estimate provided.
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important, will last 2 years-~until mid-1982. During this period, the main objective
is the installation of generating stations and the low- end medium-voltage
transmission end distribution system. This electrical network will be installed in
coastal areas to meet the needs of tourism, industry, end land reclamation.
Figure 4-3 shows the capacities of generating units and their proposed locations in
Sinai.

4.4.1 First-Interval Network Planning

Information made aveailable by CEDCO in January 1981 indicates that nine
major projects are planned in north Sinai for the period from November 1860 to
December 1981 (Table 4-6). These include instaliation of generating stations and
associated distribution networks at Romane, Bir El Abd, El Arish, and El Maliz.
The peak load at El Arish on May 25, 1876, wes 800 kilowatts, and on May 25, 1981,
it was 3,100 kilowatts, CEDCO has estimated that the power demand for El Arish
and the surrounding area will increase to 16 megawatts over the next 3 years.
Total cost is expected to be LE 17.5 million.

Table 47 shows & more limited expansion program for south Sinai, where
meajor population centers have already been furnished with electrical generation
and distribution networks. The total cost for the first intervel is estimated to be
LE 13.8 million. Additionally, essential power requirements for those portions of
the Canal Governorates that lie geographically in the Sinai Peninsula 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 (E1 Reweny, 1981):

@ Two 500- and two 200~kilowatt units by October 1981.

[ Two 500~ and two 900-kilowatt units by November 1981.
e Two 500~ and two 900-kilowatt units by December 1981.
e Two 500- and two 800-kilowatt units by May 1982.

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

been determined.
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TABLE 4-6

Essential Distribution Network Requirements—-
North Sinei (Cetober 1880-June 1982)

Project Cost (1,000 LE)

Installation of a generating station (two 900-kilowatt 850
diesels) at Romana Village, including step-up transformer
and 11-kilovolt distribution network

Instelistion of 11-kilovolt transmission line from east 9a4
to south of Romana (42 kilometers), including pole trans-
formers and cabinets

Instellation of electric generating station (three 900~ 1,950
kilowatt diesels, two 150-kilowatt diesels) at Bir El Abd,
with step-up transformers and distribution network.

Installation of 11-kilovolt transmission line, from egst 1,000
to west of Bir El Abd (50 kilometers), including pole
transformers and cabinets

Construction of & new El Arish generating station, 5,000
temporarily with one 7.5~-megawatt and one 5~megawatt
gas turbine with distribution network

Installation of 11-kilovolt transmission line plus 1,500
cables (75 kilometers) and transformers in El Arish

Installation of four smell generating stations at 200
El Maliz, Gifgafa, Nakhl, and Hassana (two 75-kilowatt

and two 150-kilowett units), including switchboard and

step-up transformers

Installation of low-voltage electrie network in various 6,000
villages and towns (750 kilometers), including internal
network and street lighting

TOTAL 17,500

SOURCE: CEDCO, August 1981.
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TABLE 4-7

Essential Distribution Network Requirements--
South Sinai (October 1980-June 1982)

Project

Improvements to present electric generation station
at St. Catherine (two 900-kilowatt and two 150-
kilowatt units), complete with step-up transformer

Development of generation station in Oasis of Feiran
(two 150-kilowatt unite) and switehbesrd

Development of present generating station at Ras Sudr
(three 500-kilowatt units)

Installation of two 900-kilowatt units in Abu Rudeis,
including transformers and switchboard

Installation of four 500-kilowatt units in El Tor,
including transformers and switchboard

Installetion of 11-kilovolt transmission line from
generating stations, for 200-kilometer total length,
including transformers and cabinets

Installation of low-voltage clectric transmission
lines for street lighting and internal network

TOTAL

SOURCE: CEDCO, August 1981.
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1,050

100
900
950

1,200

4,000

5,600

13,800




TABLE 4-8

Essential Distribution Network Requirements--

Cansal Governorates (1981~1982)

Project

60-kilometer reinforced electric cables, 11-kilovolt,
type XLPE, three-phase, 240-squere-~millimeter section

60-kilometer reinforced electric cables, 11-kilovolt,
type XLPE, three-phase, 50-square-millimeter section

40-kilometer reinforced electric cables, 11-kilovolt,
type XLPE, three-phase, 7T0-square-millimeter section

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

250 tons of conductors, variable sections

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

20 distribution boards, medium voltage
160~-kilometer, low-voltage cables, various sections

Cable connection boxes and insulators of low voltage,
various iron parts

Electric switches, medium voltege, indoor and outdoor
types

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

TOTAL
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2,000
1,500

600

1,700
1,560

500
1,000

600




4.4.2 Second- and Third-Interval Network Planning

The second intervel, to be conducted from mid-1982 to mid-1984, will consist
primarily of establishing combustion ges-turbine generating stations using natural
gas, to be connected by a 66-kilovolt grid. The third interval, planned for mid-1984
to mid-1986, will include connection of both north Sinai and south Sinei to the
national grid, construction of the thermal generating stations (using Meghara coal),

and extension of the 66- and 228-kilovolf networks.

The Maghare facility is slated to contain two 300-megawatt generators, and
the estimeted total investment is $80 million loeal currency equivelent and $300
million foreign currency (Strategy of the Ministry of Electricity and Energy for the
Period 1980-~2000, Februery 3, 1981). Facility size end location have not been
established, but locations at mine mouth, at El Arish, and along the cangl ere being
corzidered.  Also, the decision to use Maghara coasl both for coking and for
electricel generation could dictate that only the smeller plant be constructed.

Plans for the second and third intervels will not be finalized until funds
become availeble in the next 5-year plan. However, first-interval sctivities are
underway, and totel investment is expected to be LE 41.6 million ($20 million

equivelent foreign currency).
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5.0 RENEWABLE ENERGY

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 export trade balance since gll petroleum production in excess of
national needs is sold at world market prices, The high capitael cost of providing
conventional electricel power to remote locations with low population densities is
an additional incentive to use elternative energy sources.

The development of various renewable energy resources msay be the key to
long-term economic growth eand stability for the remote regions of Sinai.
Estimated costs for renewable energy technologies are summaerized in Appendix F,

together with costs for conventional forms of energy.

5.1 SOLAR ENERGY

5.1.1 Resource Potential

Due to its favorable location and the Jack of any significant cloud cover
throughout most of the year, Sinai has a relative abundance of solar energy. Pesk
insolation rates are around 1,000 W/m2 on a borizontal surfece. Figures 5-1 and
5~2 illustrate typicel velues for incident solar radiation throughout the day.
Factors that reduce insolation levels include sand and dust sterms 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 numercus locations 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 essentially constant year-round demand for hot water,
thereby meking maximum use of equipment; end domestic hot water heating
systems require only simple construction. Thermosiphon systems are the most
common in warmer climates, and in & location such as Sinai these have 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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L

systems, end & smell metal-working factory in El Arish has the capabili f

ty of
manufacturing solar hot water systems of a similer design.

The economics of solar hot water heating are affected by the amount and
temperature of water used, the type of fuel that would normeally be used for hot
water hesating, and the specific characteristies of the solar system. In general
solar hot water systems cost between LE 120 end 170 per syqu&re meter of collector
surface. The total energy provided annuslly by such a system would vary from 700
to 1,250 kWh/mz of collectors, and most systems have ¢ useful life of at least 10 to

15 years.

5.1.8 Epace Conditioning

Housing for desert climates can be designed so as to be comfortable
throughout the year with minimal energy requirements. Such structures
incorporate high thermel mass te dampen fluetuations in outside ambient tempera~
tures, to provide protection from summer sun, and to provide adequate ventiletion.
In eddition to reducing heating requirements, or alternatively to make dwellings
more comforteble in ¢old weather, buildings can be gited and designed to make use
of solar radiation for passive heating and cen be insulated to reduce heat losses.

Much of the existing construction in Sinai inccrporates several of these
features.  Conecrete block buildings, with interior masonry walls, are often
construeted with overhangs to provide sheding and with an air space below the roof
to reduce the trensfer of heat from the roof into the living space. The continued
use of these and other sppropriate construction techniques is very important in
ensuring that demands for electricity and other forms of energy do not increase
eny more rapidly then necessary.

Residentiel cooling can be enhanced by & number of proven methods that
require simple technologies end little or no energy. Ventilation rates can be
increased with chimneys that use the heat of the sun or the existing winds to
create pressure differences that force air through buildings; this has been a
comron construction technique in the Middle East for thousands of years.

A number of systems have been devised that use the heat of evaporation to
cool air. Some passive ventilation systems have included fountains or damp

surfaces in the air flow path to increase the cooling effect.



A number of commercially available packaged units incorporate a fan that
draws air through & wetted pad, usually made from a fibrous material. These
evaporative cooling systems have drawbacks in certain environments. In areas
where water is scarce, evaporative coolers may not be appropriate since they are
significant water consumers, though saline or brackish water can be used where it
is available. Also, most evaporative coolers require electrical energy to drive the
necessary pumps and fans, Furthermore, during warm weather, evaporative cocling
is of little or no benefit in arees of high relative humidity. In spite of these
disadvantages, evaeporative cooling can often be an economic and energy-efficient

replacement for air conditioning.

5.1.4 Desalinstion

The scarcity of frechwater in many arcas of Sinal may dictate the use of
deselination units to provide potable weter, Desalination using reverse osmosis,
vapor deecmpression, and flash distillation can be sccomplished using solar energy
as & source of power, but since these systems are not dependent on & unique source
of energy (i.e., clectricity, naturel ges, or other fossil fuels ean be used), they are
not discussed herein. Solar stills represent a means of providing freshwater using
simple technology and readily aveileble materigls., A number of designs for solar

stills are shown in Figure 5-3.

In general, the process of deselination in a solar still consists of water in a
shallow container with a dark bottom being heated by the sun, evaporating, and
thereby saturating the surrounding air, which is enclosed in a transparent roof.
Because the glazing in the roof is cooler than the air, freshwater will condense on

the glazing, which is sloped, and run into a collection basin.

Yields from stills at the National Research Center are between 2 and
4 1/m2/d&y, depending on the season. Average annual yields are 1,000 to
1,100 l/mz. The simplest stills constructed at the National Research Center cost
LE 44.5 per square meter in 1979. Approximatély 30 percent of this cost was for
labor, and the foundation, glass cover, and insulation accounted for about 15
percent each. Maintenance costs were estimated at LE 1 per square meter in 1879
currency. Based on these costs and a life of 15 years, distilled water costs were
calculated to be LE 3.64 per cubic meter (Helws, 1981). At 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 water. Since solar
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stills are low-temperature devices, cheeper materials could be used that might
significently lower the capital investment required. Additional research should be
conducted to improve yields from stills and to lower construetion costs. In areas of
Sinei fer from any sources of freshwater, solar stills could be used te provide

potable water to small communities,

5.1.5 Food and Crop Drying

Food and crop drying arc some of the oldest uses of solar energy. However,
some treditional drying methods Love drawbacks, including Joss of nutritional value
due to spoilage or breakage and the long periods of time required for drying. Many
foods are dried commercially using natursl ges or other fossil fuels, but this is not
likely to be particularly eppliceble for most of Sinal sgriculture due to the high

capital and operating costs.

Numerous solar drying systeme have been developed;, usually consisting of
very simple air collectors in conjunction with a drying ehamber, or drying chambers
designed to admit soler redistion end retain hieat. Compered with conventionally
fueled dryers, most solar drying systems have the disadventeges of requiring longer
drying times and operating cycles consistent with periods of sunshine or, alterna-
tively, requiring thermel storage. Although costs ere higher for solar food drying
relative to traditional methods, where fossil fuel-fired dryers are being considered,
or where traditionel drying methods result in severe reductions in the velue of the

product--soler drying is & potentially viable op*zion and should be eveluated.

5.1.6 Solar Photovoltaic Applications

Photovoltaic cells provide a means for direct conversion of solar energy to
direct current electricity. Cell efficiency is on the order of 10 percent, providing
100 W/mz of surfece normal to the direct insolation. For large photovoltaic
installations, tracking systems and concentrating opties can be used to maintain &

high level of solar insolation and thus a higher than nermel cutput per solar cell

Electric storage batteries are normally used to provide electric power 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 sun shines, with & resulting reduction in cost of the
(storage) system. The cost of photovoltaic systems is expected to drop over the
next few years because of meajor cost reduction programs instituted by the
U.S. Department of Energy.
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Due to the high costs of photovoltaic systems at present, epplications for
solar cell-based systems in Sinsi will most likely be in remote locations where
small amounts of electrical energy ere required for refrigeration, communications

systems, water pumping, et

5.1.7 High-Temperature Solar Application

Solar concentrating reflectors, including trough-type (line focus) and pareb-
oloidal (point f@@ug} optical systems;, cen be used to provide i‘zigh“‘cer{zg}emtufe
water or process-stesm. Appications of high-temperature process steam range
from hot water or steam for food processing or other industiries to pressurized
steam for electrical generation. Most air conditioning systems using sclar energy
are based on medium~ or high-temperature cycles, using fluids heated in concen-

trating collectors.

Concentrating systems have soveral disadventages in most applications. The
use of higher temperatures vsually limite cystem efficiencies;, tracking require-
ments add te the initial and operating end meintenance costg, and the periodic
availability of sunshine may dictate the need for storspe systeme for high quelity
energy, which are usually fairly expensive. Furthermore, the dust and sznd in areas
such as Sinai could seriously inerease operating end meaintenance costs and cause

increased capital costs due to the need for special materials and enclosures.

Concentrating colicator systems may be most appropriate for consideration
in large air conditioning systems, where appropriate design allows the use of lower
temperature fluids and ccefficients of performance greater than one can be
obtained, end the pesk demand us uery corresnonds mughly to the pemod of peak

more efficient, the use of solar "power tower”" for electricsl pm{fmetmn in Sinai

should be evaluated over the long term.
5.1.8 Seclar Ponds

The solar gradient selt pornd is an emerging technology that appears to have
near-term epplication for Sinai, Solar gradient salt ponds cen be a source of solar
thermsal energy of sufficient quality (l.e., tempersture) to be useful for the
geﬁemtim of electrical energy or for a variety of gpplications that use mechsgnical

shaft power.
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The ssit gradient p@m:‘i hes high concentrations of salt near the bottom,

decreasing to low concentrations near the surface. Selts most commonly used are

NeCl and I‘\’;’gCIZS th@ugh there are numercus other possibilities. Solar rediation

enters the pond, and though some iz ebsorbed in the water, the majority is absorbed
on the dark bottom (which may be en artificially blackened liner). As a result of

=

this heat cellection at the bottom, the deeper waters become warm. Pecaus:

(D

¢

the higher concentrations of salt in the lower pond regions, the warmer, deep

waters have o higher density then the cooler waters near the surfece. Pure weter
becomes less dense when heated, and iff there weas no ssgit gradient in the pond,
7 7

there would he a continucus convection of ths warmed water from the botitom of

ot

the pond to the cooler lavers neor the top. The increased density causad by the
salt prevents this natural convection end treps the heat in the bottom of the pond.
Hesat trencfer {o the surface of the pond, which normelly cccurs by convection, is

broken up to enable the lower regions of the pond t» maintsin e high femperature

(1009C nas been messured in sctual ponds).

In practice, the sslt gradient pond has tiree layers, Verticel convection
takes place in the i‘,(}fz layer due to the effects of wind and evaporstion; this layer is
kept as thin es praectically possible. The next layer, which may be 1 meter thick,
contains an increesing concentration of salt with increasing depth end is noncon-

vecting. The bottom laycr Is a high-density convecting layer that provides most of

the thermel storage and {ocilitates heat extraction

Solar gradient salt ponds have operated in Israel, in Canada, and in Ohio and
New Mexico in the United States. The largest unit in operation at present hes been
producing 150 kilowatts of electrical power since 1980, It iz reported that solar
ponde can produce clectrical power at a total cost of $0.12 to $0.13 per kilowatt-

hour, and mueh larger units gre urder study.

One possible epplication of solsr ponds in Singl is to generats electrical
power and manufacture ice for the fishing industry at Leke Bardawil. The high salt
concentration in Lake Bardawil end the existing terrain, which cculd minimize the
cost of excavation, are twe factors that could be significent in the economics of
building and operating the facility., Further study is suggested to determine the
significance of these factors and to establish the practicality of salt gradient pond

technology.
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5.2 WIND
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High wind velocities are common in several areas in Sinai, particularly elong

Sy

the cosst of the Gulf of Suez. Although detailed date are not available feor most
locations in Sinai, some informaticn exists for Bl Arish, El Tor, and Abv Rudeis.
Average wind speeds of 20 km/hr (5.7 m/sec) in Bl Tor and 17 km/hr (6 m/see) in
Abu Tudeis indicate considerable potential for wind energy use, and the seasonal

variations in wind velocity indicated in Figure 5-4 suggest that the pericods of peak
suggé,y may be well matched to periods of pesk demand for wmgafzcrt or other

for El Arish ere § km/hr (2.5 my @5; the

epplicationz.  Average wind cpee
relatively constant velocities year-round and the lack of significant periods of high
wind vekxcw” indicoted in Figures 5~4 end 5-5, suggest that El Arish is not well

suited for mejor development of wind systems.

h3

- wind conversion system requires

i wind vel Q""]LJ

Wind monitoring at various sites in Sinaj

potential for use ¢

and daily variztions in wind valceiitye

An important atiribute of wind energy is that conversion systems produce
mechanical energy directly, which is more veluable then thermel encrgy for most
epplicaticns. Wind energy has been used for many purposes, including milling end
grinding, water pumping, electricel generation, sawmill operations, and heating.
The most promising applications in Sinai are for water pumping end production of

electricity.

Wind pumps in a variety of designs have been used for hundreds of years.
Multiblzded horizontal-exiz windmills, such as those used extensively in the
Americon Midwest in the 1800's and early 1900', provides high torque, which allows
for the use of direct~drive systems for pumping--reducing capitel and maintenance
costs and the complexity of construction. The simplicity of design and the use of
common materials for construction favor loeal pmducticn of wind pumps. A
multibleded pumping system is currently being assembled in Fgypt for & demonstra-
tion unit to be installed and tested by the National Research Center (El Mallah,
1981). The fact that the weter in Sinal is often relatively deep means that the use
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ol wind onergy mey be dove est edvantege by designing simple

wind equipment, or by modifying existing designs specifically for use in certain

regions.

Wind electric ge in operation in sizes ranging from iﬁb watis to
more than 1 megawst tems aere usually signifiganﬁy more expensive
per watt, and would {;—‘fc&m@ in areas far from the electric grid. Larger
wind generators (f’EG kilowatis end greater) have not been exiensively tested, and

- the relizhility of dilferent designs has not been well determined. However, the use

of wind energy for electrical generation hss considerable poten

surce of energy in an erea such asg south Sinal, and research and

- to determing potentisl sites end to initiate the

-

design and installation of prototype units.
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Agricultural bygzr@:im’m end agnimal westes generelly contain sig
emounts of energy, and these ond other forms of biomass ere the primeary fuels in

ombustion of biomea

many paris o

process that often leeds to depletion of raw materisls

other uses,
Ethanol and methane (bic &4, production from biomess are two processes thot

produce @ fuel with re ai‘we«}y high energy content and gliow the raw materials to

be reused for fertilizer, soil conditioners, or animal feeds. Ethanol production is &
compler process that vsually requires relatively high-velue biomeass es a feedstock.

Bioges, on the other hend, can be produced from most animal westes using simple
oY 2
equipment that can often be locelly eonstructed.
Bicgas generation using a veriety of animal westes gs feedstocks has been
successfully demonstrated in Indie, Ching, end other parts of the world. The

National Research Center has recently essisted i the construction of two

demonstration biopas generators in the town of Manawsat, scuth of Cairo (m;;@ez,~
Deyem, 1981). These digesters were based on Indian end Chinese designs, modified
to accommodate high water tebles common in the Nile Valley. Schematic drawings

of these two types of digesters are shown in Figure 5-6.
The mest impoertant requirements of biogas generation are the availebility of
gt least 60 kilograms of humen and animal wastes per day (excluding camel dung),

s well as an equal volume of watcr. The integration of a digester with animal and
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a existing agricultura
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owners in Sinal. and the predeminance of
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smeall animals {g_g,@ais; and shsf@’;-} meke the collection of sufficient

eult., Furthermore, the tradis

hocamel monure. However, where ¢

with other enimals, or in commere Iwal‘% operations, biogas production in (;uﬁ"i@

7

The major reason for using bioges e improvement in

1 \\hMC’u?

igester

rient gque

at least once & weel results in cleaner housing

1imeals, and reduces

pect populations in and eround residences. The rmajas economic incentive fop

biogas generators id re

r associsted with moving soil

. N P <

on animel shelters and fields, The value of the gas 1l S ui’?.(wx

angd menures batwe

to these laber savings,

Several problems ere essocigted with tne management and operstion of

<

¢

digesters. Failure to feed and agitaie the digester at reguler intervels mey halt

it are required to

the digestive process. Some minor meinienance and
engive proper performance.

Cocling equipment must be modified to accommodate gas with lower ene

content, and ovens using bivgas aere morc expensive then traditionsl ovens.
~size dipesters are technically feasibis, ellccation of the gas

and spent slurry is troublesome, and ensuring proper maintenance is difficult in the

ebsence of cleer personsl incentives.

Appendis G contains detailed fechnicel information concerning the Indian end

Chinesz bioges digester desi ssed on experience in the Nile Velley, totel

construction costs in 1981 for the medified Indien design were LE 850 for g 10-

S ro2 - 4
ot of the same size.

cubsiz-meter digester, and LE 356 for & medified Chinese diges
The modifications to the residence and animsl shed to facilitate the collection of
nately LE 200, A 10-~cubic-meter

ud

wastes and the use of the gas cost approxi

n
digester can be expected to yield around 2 cubic meters of gas per day, with an



energy content of 5,600 keal/m 3 (630 Btu/ft

2‘

J, end will provide for all the cooking

end lghting energy requirements for a family.

In households in Sinal where several large animels are kept and livestock
shelter is provided, biogas generation is a simple process that cen be used to
improve sanitotion and reduce disease and parasites, and provide for all houschold
energy needs. In commercial livestock and poultry facilities, larger traditionel
digesters or other digester designs can be used to provide fuel for hot water
hesting, electricsl generation, or other smeall-scele uszes, while et the same time
destroying most of the pathopens in enimal wastes before they are spread on the

fields.

Saé GLGTEME B Z‘&,&“’LL

3 £

There has been limited systematic eveluation of possible sources of geo-

4

thermal energy in Egypt. Of the known hot springs, two are lccszted in Sinsi--at
Hammeit Fereun and Hammam Seidna Musa. As shown below (Rarz;_y 1868), the
measured temperature of the Hammarm Faraun spring is ebout 75 C“ itg volumstric

flow rete exceeds that of all other Egyptian sources:

3
& Ain Hammem Faraun: 7500, 880 m"/day
o] Aln Hemmam Soidne Muset .?540(,‘1y flow rate unknowrn.

These volumetric flow data were collected in 19561,

Sinzi may prove to be well suited for the development of geothermal
resources. Due to the congiderable petroleum exploration and production sctivities
in Sinai and in the Gulf of Suez, o large amount of datz has been collected

concerning the geological charscteristics of the erea. The General Petroleum

Corporation iz currently preparing to assess the geothermel potential in Egypt,
including Sinai. The first step in this eveluation will be the revision of well loge
from petroleum operations to mep the most probabie arese for geothermal

exploitation and to asssess the energy potential and quality of these areas.

Due to the high ccsts of developing geothermel resources, the time required
to evaluate regional potential, and the low number of applications for geothermal
energy in the immediate future, from the perspective of Sinai development,
geothermal resources may represent e significant energy source that could become

gveilable toward the year 2000. To expedite the development of this resource; the
study of existing drilling logs and existing wells should be underteken immediately.
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The predietion for Sinal iz severcly complicated by the

scarcity of dats and the rapid rates consumption in recent

yeors.  Additions 25,79 the available inf

o ot vy
L COnSLT usae

use in publ

ereial operatl

low or non o power enc

-

current generating facilities and the lack

create & hizh rate of fuel consumption per

euzg:aff:teé to decrease ao T
end 6-3 chow slow growth an
energy eoensumption in &

Sootaw

The use of petroleum products for activities othic

is aleo affecied by some temporary conditions. The traff

the foad and construction materiale,

7

in lght of the relatively smell number of fuel stations in

gnd some of the water for

arily froim the western side of the canal. In ony event,

es weater from local sources end pw@mc from currently occupied territories
become gveailable, und s tourism ectivities Inwrease, fuel consumption patierns

will change significantly.

In light of thiz situation, projections for future ene:

-~ .

on two gnproaches, Fipst

t, informetion on energy consumplion end pro

i

future demend for Egypt as & whole are consi elation fo per co

»

The resuiting figures are evaluated end adj

o

sted in accordance with

and planned infrestruc um in Sinal. Second, energy reguirements in Sinai are based

oy

ifferent sectors, Power

on projections of e%urrmieo reqguirements fov

requirements for mejor industrial projects, irrigetion and land reclamation
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CAPITA PROJECTIO

:rpy consumption will grow as & function of population end cmo;}ﬁmzf*

he rate of energy use increase per cepita can be corrclated to economic
pressed in terms of GDP or GRP, by mesans of an Index of elast If‘*j}

Ihis index (IG), as used herein, is defined by the relationship:

1 a starting year

Ay e b
CLrnenty

petrclaum p
1.3, In
1.6,

we was epproximately

: varies from 1.2

the svailal ‘i:.‘\g of some funds for

development of energy resources suggest that, in the nesr terim (un 98¢}, energy

growth rates will be considerelly gregter than GRET gz’cwazt;"u At idmpt to stimulate

economic growth by providing low-cost energy in high indices of

o &

elacticity.  Figure €2 i3 & projecticn of electricity and petm’ff‘um product

: 3

consumption growth based on an indes ¢lectricity decreasing from

1.6 to 1.1 in the years 1980 to 2000, end for a petrolevn index from 1.4 to 1.1

.

£

during the same yesrs. Figure €-3 essumes an index of clasticity declining {from

1.4 to 1.0 for electricity, end from 1.3 to 1.0 for petroleum products.

The present consumption of electric city used in these projections—78§ kilo-
grams of petroleum cquivelent per capits per year-—weag estimated on the bagis of
the petroleum consumption figures in Section 3.1, the current installed generating
capecity ae deseribed in Section 3.2, results of surveys conducted by Dames &
Moore, and o population estimate of 130,000 for 1981, The conversion efficiency

of the existing gencrating stations was assumed {¢ be 500 kilogrems of pefroleum

equivalent per kilowatt-hour. Inergy consumption for the existing and projected
setroleum faeilities in Sinal hias not been included in these

requirements for these operations greatly overshadow other projected ener
through 1880,
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TABLE 6-2a

Current and Projected Annual Residentia
Emmg} Co sulnwugﬂ
(per hot sc‘m”,a}

1975 1985

Electrizity (kilowatt-hours)

Urban 570 1,360

Rural ’ 360 a3l
Butagas (kilograms)

Urban 188 220

fural ive 200
{erceene (lters (Mograms))

Urban 250 (2

30) 280 (225)
Rural 290 (230) 4060 (320}

o

TABLE 6~%h

Curren:t and Projected Annual Energy Usage
(pereent of totel households in Exvpt)

1975 1985

Urbean 77 114

Rurel 18 30
Buteges

Urbai 35 55

Rural 2 8

Eerosene
Urban 65 43
Rural 82 70

SOURCE: U.S. Department of Energy, April 1979,
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consumption in Binal will increase considerebly as ges replaces kerosene and
noncommercial fuels for cooking in urban households. Discoveries of natural gas in

nortn Singi could also have a significant impact on buteges usage during the 1890%.

Kercsene is used for lighting and cooking in meny Egyptian households. The
use of kerosene is expected to decline in urben arees as it is replaced by butagas
and electricity. The increased use of kerosene for lighting in rural areas and the
replacement of noncommercial fuels for cooking will eause rural residentisl use of
kercsene to increase. However, the centinued electrification of rural areas will

tend to reduce Kerosene usa

jas)

ga for lighting by the end of the century.

The figures in Taebles 6-%a and 6-20 are for Egypt as a whole, and projections
are based on cconomic growth {rends and rates of increased seturation of enerpy
f

sources in Egyptien households. The figures for annual energy consumption per

L

household ere, in general, egually eppliceble to Sinai, since they are primaerily
based on the use of a small number of eprliances with reasonebly predictable
eunergy consumition rates. The main factors that might influence these figures
would be the aveilability of pipeline gas for residential use (primarily in El Arish),
end more ecfficient electrical use brought ebout by higher prices and better

equipment.,

The number of households using different energy forms in Sinei is difficult to
predict. In light of the plens now bheing implemented by CEDCO, mest urban,
households in Sinai will probably be electrified by 1985. Rates of rurel electrifica-

ticn are much harder to anticipate,

The current electrical system does not permit & reasonable estimeate of the
number of rural houses using electricity, and since the electrical distribution
system iz changing very rapidly, this information would probsbly not be particulerly

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

i}

useful guidelines for predicting rurel electricity consumption. The degree of usage
of butegas and kerosene in Sinai households can prebably be ressonsbly estimated
by using the figures for Egypt as a whole. The main factors that would influence
these values egre more rapid rural electrification than projected, and the avail-

ability of pipeline gas.

6.2.2 Commercial Energy Consumption

No dats were obtained for commercial use of energy, but some estimates can

be provided on the besis of figures for Egyptien commercial consumption. The

6-10
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primary energy requirement in the commercial sector is for lighting. This need is
provided primarily by electricity, though kercsene may be used in rural areds. The
Jeint Egypt/U.S. Cooperative Energy Assessment (U.S. De@artmen’t of Energy,
April 1879) recommends that electricel consumption in the commercial sector be
considered as two~thirds of residential consumption. This report zlso suggests that
the commercial use of kerosene will amount to less than 10 percent of residential

use.

6.2.3 Tourism

4

Currently there are no first-class tourist hotels in Singl. Estimates of energy
requirements are based on consumption dete for the Nile Hilton in Cairo
(Hartmenn, 1981} and figurcs provided by the Ministry of Tourism (El Masry, 1981).
For the Nile Hilton, with an average cucupaney of 95 percent, the ennual electrical
consumption is epproximeately 33,000 kilowstt~hours per room, snnual gas ussge is
635 cubic meters per room, annual fuel oil (sular) consumption is 3,000 liters per
room, and ennusl water usege is 2,400,000 liters per room. In sddition to its 400
guest rooms, the Nile Hilton serves between 3,500 and 5,000 mesls per day, or
roughly 9 to 12 meals per room per day. These figures should serve as rough
estimates of expected energy requirements for a five-star hotel in Singl, and ere
consistent with the totel electrical cepacity requirements estimated by the

Ministry of Tourism of 10 kilowatts per room for a five~star hotel, and § kilowatt

per room for a three- or feur-star facility.

6.2.4 Community Energy Svstems

Most of the energy required for community systems is for water or
weastewater {reatment and municipal lighting. The main energy requirements for
water treatment are {or pumping, and these requirements will be similar to those
for irrigetion systems (Section 6.2.7).  Municipel lighting requirements vary

onsiderably according to the number of lights installed, efficiency, length of
roadways, ete. One estimate of electrica! requirements for municipal lighting can
be based on experience in the Canal Governorates, where the requirement is 50
percent of totel domestic use (El Reweny, July 1881). This is a very high ratio, but
in view of the fact that municipal lighting is one of the first major electrical losds
on new systems, tms estimnate is probably accurate for the next 2 or 3 years,

Bowes based on current consumption and projections for Egypt as a whole,
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muricipal lighting should ultimately represent between 1 and 2 percent of the total

electrical requirement, or less than 10 percent of the residential demand. -

6.2.5 Transportation

Energy requirements for transportation are affected by a lsrge number of
factors, including road quelity, vehicle and fuel types, weights and types of cargos,
average length of trips, end average number of passengers. Teble 6~3 provides
estimates of fuel reguirements for & number of {rensportation systems in urben and
intercity travel. The recommendetions given in the table are regsonsgble bages; in

most instances, for projecting transportation energy requirements for Sinal.
i d pod i Lw‘ i

6.2.6 Industry

If petroleum operetions ere considered as pert of the industriel sector
industry is the largest single user of energy in Sinai~~sccounting for more then half
of the petroleum products consumed at present. In general, industrial prejects
have enecrgy requirements that cen be eccurately identified. QOf the propossd
industriel projects for Sinsej, the ferromengenecse plant et Abu Zenime will have en
electrical demeand of 12 to 14 megewsztts. The gypsum operstions north of Abu

Zenima will require 5§ megawatts.

"The Suex Cil Company north of Abu Rudeis will have en instelled capacity of
48 megawatts by 1983, end 72 megawatts in later vesrs. It iz assumed that the
Petrobel operation in Abu Rudeis has an equal or larger electricel plent capacity.
In the case of both petroleum operations, the fuel for electrics! generation and the
generating equipment are provided by the oil companies to ensure reliebility of the
power source. The energy needs of petroleum compenies have generally not been
considered in other discussions of projeeted demands for Singl. As viable industrial
operationz are identified, the corresponding electricity and petroleum needs can
readily be established and considered in relation to the energy needs and resources

for el of Sinal.

6.2.7 Irrication/Agriculture

The availability of freshwater is an important factor in virtually all potential
development sctivities in Sinai. Water can be obteined by pumping from aguifers,
transporting from remote sources, or distilling or deselinoting brackish or salty
water. All of these activities require the use of energy. (The energy requirements

for water desalination methods will be discussed in the water report.) Pumping is
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TABLE -3

Transpertation Energy Requiremente~-Recommendad Values

liters/16€ km gigajoules/100 km

Automobiles

RO

Urban 7.7 ' 6.26
Intercity : 6.8 6.23

4.8 0.16

;"H“ 2

gigajoules/100 ton-lom

oz G.11

Urben 4.3 .14
3

Trueks {dicsel}

Urban 2.5 0.11
Intercity 2.3 (.08

Railroas

6.9 0.03

liters/180 seat-km gigajoules/100 seat-lom

4

Passenger
Urben 1.4 G.06
Intercity 1.0 0.0%

BU C‘h

Urban 1.2 0.05
Intercity 0.8 .03

SOURCE: U.S. Department of Energy, April 1976.

o
H
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the primary energy requirement in water transportation activities. Diesel and

electric pumps have approximetely the same fuel efficiencies, taking into

consideration the heat rate of elesirical generation. Figure 6-4 shows pumping

power reguirements for a number of water flow rates ,expi‘essed in terms of
s {1

primeary power and fuel needs and based on g total system effiziency of 15 percent.

The actual efficiency of g given pumping epplication will depend on the type and

<
-

o
-]
3

condition of equipment being used, the electrical distribution system, end other
factors.

Energy requirements for g specific im on project cen be readily deter-

igation system, planned schedule for

&

g
4]
@
B
-
3
-3

mined on the basiz of well depth, typ
watering, erea to be irrigated, and pesk end average watering requirements.

prepared as estimates of ennual energy needs and pump

Figures 6~3 and 6-6 were

horsepower ratings besed on asszzz‘x'xptiaﬁsr for irrigaticn systems that might be
epplicatle in Sinai. e generel essumptions were that o single pumping station

could handle six seperate plots of land (six duty cycles per day) and that daily

irrigation requirements during peak periods were f{ive times the aversge daily
requirement for the entire year. In addition, the pressure di”nrfﬂnu between the
pum};} gnd field wes assured te be & meters o§ water (7 lb/ in. ) for surface (flood)
irrigation; 28 meters {40 1b/m.3 Y and 18 meters (26 Ib/in. ) % for medivm~- and lov ~
pressure sprinklers, respectively; end 17 meters (25 Ihnu,?’} for drip irrigetion.

Annual water requ zrm rents were considered to be 4,500 /iead&n yr for surfece
R
(¥

irrigation, 3,200 m /’fﬁdﬂ&l’i/y'{” for gprinklers, and 1,200 mY/fe for drip

7“‘\‘3
[
Ch
o
ey
=
=
&
3

irrigation.

For lerge land reclamgtion projects, the energy requirements should
ultimetely be caleulzted on the basizs of the speeific characteristics of the region
and the land reclamation program. The velues in Figures 6-5 and 6-6 can be used
to estimate energy needs when the circumstaences roughly correspond to the

assumptions.
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7.0 SUPPLY-DEMAND RECONCILIATION

o .

At presen %;,, mest commereial encsgy in Singi--with the exception of tha

P

required by pet m-producing operations--is transported across the Suez Canal
in the form of various petrolenm Q;*G{i:_zc*‘zs;, primarily diessl oil (sular) end benzene,

A significent portion of this fuel, perhaps 90 percent, is allocated for the

production of e}.eewmﬁy Since many areas are only now beginning to be

electrified, the main demand for electricel energy cutside of El Arish iz currently

y

for public buildings and lighting. The petroleum products not used for eleetrical

i

generation are used mainly for transportation, fishing, cooking, and irrigation.

Noncommereial fuels are used extensively for cooking.

Crude cil end natursl gas production in Sinail far exceeds locel energy nes

%

The only portion of this resource that is used at present iz that which Is required to

prmjio’ﬁ energy and water for petroleum operations. The use of asscclate a&tu:m
gas that is currently being [lsred and the reconstruction and upgrading of the

exigi:ing skimming plant in Wadl Feiran to provide refined petroleum products will

engble Sinal to meet most or &ll of its engv needs with local rescurces. The use

of Meghara coal for thermal electric generation will ensure thet Bingi becomes an
exporter of beth ricel energy and petroleum. Ongoing exploration for oil and
naturel gas will pf—»a?:ta%ziy lead to incresasss in the guantity of energy exports from

Sinai.

Damend for all forms of energy is eupected to grow rapidly; essuming
responsible use of energy, conventional energies produced in Singd should continue

to meet this demand through the yesr 2000,

Industry end sgriculture will represent increesingly lorger percentages of
total energ;’y demand in Binai, end probably most of the energy required for these
sectors will be in the form of electricity. Tourism meay slsc represent a significant

portion of the electrical energy demand. Pefroleum products will eontinue to be

rily for transportetion, irrigation, cooking, end fishing.

used pri &

Conservation and alternative energies can be viewed primarily as a means of
reducing the demand for fossil fuels, rather than es & means of augmenting the
supply of energy. In this context, conservation end ealternative energies are
important in Sinal in that they can contribute to increased exports of energy from

Sinal end Egvpt as a whole. 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 water,

Set pricing policies for electrical energy, to include off-peak
rates, power factor penalties, and incentives for local and private

power production and cogeneration.

Provide incentives to local governments to improve energy use

- and reduce the waste of power and water in government facilities.



APPENDIX B

- CRUDE OIL PRODUCTION IN EGYPT

- (1978-1979)
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TABLE E-1

Crude 0il Production

Planned (1979) Actual (1979) 1978

(thousand (thousand (thousand  (thousand (thousand (thousand

tons) tons) (%) tons) tons) (%) tons) tons) (%)

General Company 1,359 1,479 5 1,294 1,408 5 1,353 1,471 5
GAPCO 18,194 21,162 73 19,008 22,090 73 17,983 20,931 . 75
ROROCO 362 397 1 453 497 2 233 256 1
Shaab Ali - — - 118 136 -- — O —
PETROBEL 4,700 5,231 18 4,948 5,504 18 18 4,194 17
WEPCO 493 588 2 460 549 2 2 520 2
Suez Oil Company 247 286 1 28 32 -= -= -= --
TOTAL PRODUCTION 25,355 29,143 100 26,306 30,216 100 19,589 27,372 i00

Organization's share
from crude oil 18,987 21,763 75 21,220 24,343 81 18,241 20,980 75
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TABLE E-2

Average Daily Production 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
GAPCO 356 73 381 73 361 75
ROROCO 7 1 9 5 5 1
Shaab Ali - - 2 - - --
PETROBEL 90 18 95 18 80 17
WEPCO 10 2 2 11 2
Suez Oil 5 -- -- -
TOTAL PRODUCTION ﬁ 100 ___5_)__2_i 100 i__S___g_ 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 average daily

production from November 25 to December 31, 1979 = 31,000 barrels.
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TABLE E-3

Total Production from Condensate Oil and Gases

Planned Actusl
Planned (1979) Actual (1979) (1878) (1878)
(thousand {thousand (thousand
tons) (%) tons) (%) tons) : (%) .
Condensate Qil
GAPCO 122 12 111 10 123 16
PETROBEL 34 3 ' 24 2 20 3
WEPCO 19 2 27 3 - -
SUBTOTAL 175 17 162 15 143 19
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 _’Z_5}_ 78
Percentage of
liquid gases 36 3 41 25 - 3
TOTAL (condensate
oil and gases) 1,012 100 1,025 100 _8_9_@ 160
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TABLE E-4

Quantities of Refined Oil

~ Planned Actual
Planned (1979) Actual (1979) (1978) (1978)
(thousand  (thousand (thousand
tons) (%) 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
Suez Company
Mosfarad Refinery 3,700 31 3,846 31 3,747 31
Tanta Refinery 750 601 798
El Suez Refinery 900 712 858
SUBTOTAL 5,350 45 5,159 42 5,403 45
El Nasr Company
El Ammeria 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).
natural gas are estimated to be 5 to 8.5 piasters per kilowatt-hour, based on

Costs for electricity production using

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:

Capital costs:

F-1

25 to 70 piasters/peak watt
(LE 1,000 to 2,500/kWh_/day)

25 to 70 piasters/peak watt
(LE 40 to 100/kWhg/day)

LE 3 to 4 piasters/peak watt
(LE 450 to 600/kWhe/day)

10 to 11 piasters/kWh e
LE 3.5/m3 of water

LE 2,000 to 10,000/rated kW



APPERDEX G

BIOGAS DIGESTERS

The following information is based on discussions with Dr. Abed Abdel Dayem

of the National Research Center, Dokki, in June 1981.

General parameters

Retention time:

Yield of gas:

Fuel value:

Solids content of slurry:

40 days
0.15 to 0.25 1113/m3 of digester volume/day
5,600 keal/m® (620 Btu/ft®)

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 20° and 30°C (usually 2° to 3°C 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 (COZ)’ and contains other gas in
smeall 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:

Agitation:

Maintenance:

Construction:

Cost:

Constant pressure, variable volume

Rotation of floating top, which has mixing vanes
on the inside

Minimal, usually not required for long periods
Brick and sheet metal; relatively simple

Approximately LE 550 for a 10-cubic-meter
digester



Chinese Design

Type:
Agitation:
Maintenance:
Contruction:

Cost:

Variable pressure, constant volume
Occurs when slurry is introduced
Required periodic inspection
Brick; requires some skilled labor

Approximeately LE 350 for a 10-cubic-meter
digester



