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Abstract—This paper will explore the influence of energy sector
in Arab Republic of Egypt which has shared its responsibilities of
many environmental challenges as the second largest economy in the
Middle East (after Iran). Air and water pollution, desertification,
inadequate disposal of solid waste and damage to coral reefs are
serious problems that influence environmental management in Egypt.
The intensive reliance of high population density and strong
industrial growth are wearing Egypt's resources, and the rapidly-
growing population has forced Egypt to breakdown agricultural land
to residential and relevant use of commercial ingestion. The depletion
effects of natural resources impose the government to apply
innovation techniques in emission control and focus on
sustainability. The cogeneration will be presented to control thermal
losses and increase efficiency of energy power system.

Keywords—Cogeneration, energy indicators, power plant,
electricity, environmental loads, environmental impact assessment.

1. INTRODUCTION

NERGY in Egypt is nearly economic indicator to measure

or evaluate consumption rate as tripled over the past two
decades, from 0.7 quadrillion Btu (British thermal unit)
(Quads) in 1980 to 2.04 Quads in 2000. Industrial demands
tapped more than half of the nation energy (53.6%) in 1997
while one quarter each went to the transportation (24.7%) and
residential use (22.1%) [1]. A historical summery of Egypt’s
total primary energy production (TPEP) and consumption
(TPEC) is shown in Table I [2].

TABLEI
EGYPT’S TPEP AND TPEC, 1990-2000 (IN QUADS) [2]

1990 1991 1992 1993 1994 1995
TPEP 2.36 24 2.44 2.55 2.59 2.67
TPEC 1.44 1.43 1.43 1.51 1.55 1.58
1995 1996 1997 1998 1999 2000
TPEP 2.67 2.73 2.61 2.58 2.69 2.66
TPEC 1.58 1.73 1.80 1.87 1.91 2.04

II. MAIN ENERGY SOURCES IN EGYPT

Egypt exports fuel oil and naphtha, but imports kerosene
and diesel. So, thermal power plant mainly depends on gas
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turbine rather than diesel generators. The production and
consumption are mentioned in Table II [3].

Crude Qil Prices: The average price of domestic crude oil
at the wellhead was $23.37 per barrel in November 2002, 43%
above the level of November 2001. The refiner acquisition
cost of imported crude oil in November 2002 was $23.68 per
barrel [3]

Natural gas is destined to become more and more important
to energy future in Egypt. There are vast reserves of natural
gas with a potential for more discoveries, especially in the
western desert, the Nile delta and under the Mediterranean
Sea. Proven reserves stand at 42.5 trillion cubic feet (tcf) with
probable reserves estimated at 120 tcf, based on seismic
offshore data [3].

TABLE II
PETROLEUM PRODUCTION AND CONSUMPTION IN EGYPT 1990-2000 (IN
THOUSAND B/D) [3]

1990 1991 1992 1993 1994 1995

Production (total)* 914 920 927 946 955 981
Production (crude Oil only) 873 874 881 890 896 920
Consumption 465 456 444 450 448 458
1995 1996 1997 1998 1999 2000

Production (total)* 981 988 928 910 928 851
Production (crude Oil only) 920 922 856 834 852 748
Consumption 458 501 531 555 550 540

* includes crude oil, natural gas plant liquids, and refinery processing gas

TABLE III
DRY NATURAL GAS PRODUCTION AND CONSUMPTION IN EGYPT, 1990-2000 (IN
TCF) [3]

1990 1991 1992 1993 1994 1995

Production 0.29 0.32 0.35 0.4 0.42 0.44

Consumption  0.286 0.321 0.349  0.399 0.423 0.439
1995 1996 1997 1998 1999 2000

Production 0.44 0.47 0.48 0.49 0.52 0.65

Consumption 0.439 0.473 0.477 0.485 0.518 0.646

Note: “dry” gas means gas with condensates removed.

Egypt has been increasing domestic gas demand by
converting its power plants to run on gas. Thermal power
plants account for about 65% of Egypt’s total gas
consumption. Large industrial consumers have also been
switching to gas including large industrial projects (e.g.
petrochemical, fertilizers and steel) in Suez, Alexandria and
south of Aswan. Some 20,000 vehicles in Cairo have been
modified to run on CNG as of a pilot program. This
encourages the government in construction 17 CNG service
stations for supporting the project. Egypt is trying to improve
the availability of natural gas for residential customers by
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allocating service areas to several private companies,
beginning in 1998. British Gas head a group that includes
Orascom (an Egyptian construction firm), and Edison
International SpA will invest $220 million in a distribution

network facility to serve Upper Egypt up to Assyout, that area
with no existing gas service. The network may be expanded as
far south as Aswan [S5]. Natural gas consumption in Egypt by
sector is shown in Table IV [6], [7]

Refiner Prices to End Users: Mator Gasoline, Diesel Fuel, and Jet Fuel, Manthly
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Fig. 1 Refiner prices in cent per gallon [3]
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Fig. 2 Natural gas prices (dollars per thousand cubic feet) [4]

TABLE IV
NATURAL GAS CONSUMPTION IN EGYPT BY SECTOR [8]

Sector Percent of Total
Industrial 59.7
Non-Energy Petrochemical 34.5
Residential 1.6
Transportation 1.4
Other 2.8
Total 100

Natural Gas Prices: The average wellhead prices of natural
gas for October 2002 were estimated as $3.35 per thousand
cubic feet, 40% higher than the October 2001 price [9]. The
average price of natural gas delivered to electric utility plants

was $3.75 per thousand cubic feet in September 2002 (latest
date for which data are available), 19% higher than September
2001 price [9]. The average price of natural gas used by
residential consumers in October 2002 was $4.46 per thousand
cubic feet, 3% higher than the October 2001 price. The
average price of natural gas used by commercial consumers in
October 2002 was $6.74 per thousand cubic feet, 5% higher
than the October 2001 price. The average price of natural gas
used by industrial consumers in October 2002 was $4.11 per
thousand cubic feet, 26% above the October 2001 price [9].
Nuclear power in Egypt does not generate commercial
amount of electricity from nuclear power source but it does
have one 2 MWe nuclear reactor the ET-RR-1 research
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reactor, for scientific research and making radioactive isotopes
[10], [L1].

Coal in Egypt has begun mining in 1995 at El Maghara in
the Sinai Peninsula but in the present time Egypt imports a
large number of coal to cover the shortage in production
natural gas [12].

Hydroelectric power is an important source of energy in
Egypt and represent one quarter of total energy production and
it is mainly in Aswan [13].

Other renewable energies in Egypt rarely dominate
commercial sector but government is looking to expand its
renewable energy capacity. Renewable energy generation from
solar and wind power are increased by 10% in 1997 to 176
trillion Btu. One example of Egypt’s increased commitment to
the development of solar power is the Noor Al Salam (“light of
peace”), plant to be built near the red sea, which will generate
electricity via solar power during the day and natural gas at
night. The United States, Israel and Egypt have worked
together to develop the design of the plant and the world
environmental agency will contribute $65 million [14].

TABLE V
COAL PRODUCTION AND CONSUMPTION IN EGYPT, 1990-2000 (IN MILLIONS
OF SHORT TONS) [14]
1990 1991 1992 1993 1994 1995
Production 0.00 0.00 0.00 0.00 0.00 0.00

Anthracite n/a n/a n/a n/a n/a n/a
Bituminous n/a n/a n/a n/a n/a n/a
lignite n/a n/a n/a n/a n/a n/a

consumption 1.60 1.29 1.25 1.63 1.72 1.18
1995 1996 1997 1998 1999 2000
Production 0.00 0.11 0.39 0.41 0.43 0.44

Anthracite n/a n/a n/a N/a n/a n/a
Bituminous n/a 0.11 0.39 0.41 0.43 0.44
lignite n/a n/a n/a N/a n/a n/a

consumption 1.18 1.75 1.92 2.12 2.15 2.16
Note: “n/a” not applicable

III. ENERGY GENERATION AND CONSUMPTION

Egypt’s demand for electricity increased dramatically during
the decade of the 1990s. to meet that demand, generation from
both hydroelectric (16% - mostly from Aswan High Dam) and
thermal electric power sources (84% - generated by gas
turbine) also increased. An historical summery of electricity
generation and consumption is shown in Table VI [15].

Thermal power plants can burn various fuels. These power
facilities use natural gas, heavy oil and coal as fuel sources in
nearly close prices as shown in Fig. 3 [15].

TABLE VI
ELECTRICITY GENERATION AND CONSUMPTION IN EGYPT, 1990-2000
(IN BILLION (kw/hr)) [15]

1990 1991 1992 1993 1994 1995

Net Generation 414 42,6 435 478 50.1 521
Hydroelectric 9.9 8.5 8.5 104 106 10.7
Nuclear n/a n/a n/a n/a n/a n/a

Geo/solar/wind/biomass  n/a n/a n/a n/a n/a n/a
Conventional thermal 315 340 350 374 394 414
Net Consumption 385 39.6 405 444 46.6 484

Import 0.00 0.00 0.00 0.00 0.00 0.00
Export 0.00 0.00 0.00 0.00 0.00 0.00
1995 1996 1997 1998 1999 2000

Net Generation 52.1 51.8 548 592 647 69.6
Hydroelectric 10.7 114 119 121 151 159
Nuclear n/a n/a n/a n/a n/a n/a

Geo/solar/wind/biomass  n/a n/a n/a n/a n/a n/a
Conventional thermal 414 403 43.0 47.1 495 537
Net Consumption 48.4 481 51.0 551 60.2 64.7
Import 0.00 0.00 0.00 0.00 0.00 0.00
Export 0.00 0.00 0.00 0.00 0.00 0.00

Note: “n/a” not applicable

Costs, 197 3-2001
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Fig. 3 Cost of Fossil-Fuel Receipts at Steam-electric Utility Plant
(Dollars per Million Btu) [15]

IV. AIR POLLUTION

Air pollution is a serious problem in Egypt cities and
industrial areas. Concentrations of sulphur dioxide are four
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times, smoke and lead levels are three times, and nitrogen
oxides are two times worse than world health organization
(WHO) guidelines [16]. The sandy storms increase the level of
particulate matters and concentrate total suspended particulate
matter from 5-10 times than the minimum acceptable standards
from WHO. In some areas of the city, lead levels can climb to
more than 20 times the maximum WHO exposure levels.
Between 10,000 and 25,000 deaths a year in Cairo can be
attributed to air pollution [16]

A. Greenhouse Gas Emissions

Egypt’s carbon emissions increased 170% from 11.7 million
metric tons in 1980 to 31.6 million tons in 1998, mostly due to
increased energy consumption. Emission levels have risen
21% since 1990. As the baseline for Kyoto Protocol of the
United Nations Framework Convention on Climate Change, as
a non-Annex | country under the Convention, Egypt is not
required to cut its carbon emissions. Although Egypt has not
yet ratified the Protocol, it is a signatory, and Egypt stands to
benefit from the Protocol's implementation.

Egypt's carbon emissions per capita are significantly lower
than most developed countries. At a rate of 0.5 metric tons of
carbon emitted per person in 1998, Egypt's emissions were
substantially below the U.S. value of 5.5 metric tons of carbon
per capita. Petroleum accounts for 72% of carbon emissions in
Egypt, natural gas 25%, and the coal is responsible for 3%.
The increasing reliance on natural gas should work to lower
carbon emissions. An historical summary of carbon dioxide
emission in Egypt is shown in Table VII [17].

TABLE VII
FOSSIL FUEL-RELATED CARBON DIOXIDE EMISSION IN EGYPT, 1990-2000
(IN MILLIONS OF METRIC TONS OF CARBON [17]

(a) 1990 1991 1992 1993 1994 1995

CO; from coal 1.02 081 072 087 083 0.54
CO; from natural gas 490  6.01 639 6.66 698 7.19
CO; from petroleum 19.61 19.18 1859 18.75 193 19.09

Total COz fromall 550 599 2569 2628 27.10 26.82
fossil fuel

(b) 1995 1996 1997 1998 1999 2000

CO; from coal 054 095 102 111 112 113

CO; from natural gas 7.19 7.68 771 777 827 10.17
CO; from petroleum 19.09 20.75 21.89 22.86 22.28 21.88

Total CO; from all

. 26.82 29.38 30.62 31.74 31.67 33.18
fossil fuel

B. Power Plant Air Pollutant Emissions Factors

Emission factors are used for a variety of purposes at the
energy commission; electric system simulation modeling
(modeling; mass-of-emission per unit-energy output-input or
time), power plant licensing (siting; units of mass-of-emission
per unit time) and other related applications. Mainly, emission
levels for most emission types depend upon the type of fuel
that is being consumed. Burning coal will release more CO;
and SO, into the atmosphere than will burning natural gas for
example, NOx and VOC; are much depended on combustion
sources and technology type or equipment used than other
emission types. Modeling work involves forecasting and back

casting to evaluate the effects on emissions (primarily NOx and
SOy) of various strategies or trends in electricity demand and
its supply by generation industry [18].

TABLE VIII
THE EMISSION FACTOR FOR NATURAL GAS [18]

Emission Factor

Emission
Type lbs per Ibs. per Ibs. per
million Btu 1000 cf? Therm
CO; 117.080 119.423 11.708
NOx 0.150 0.153 0.015
N0 0.00216 0.00220 0.00022
S02 0.00060 0.00061 0.00006
PM10 0.00186 0.00190 0.000186
vocC 0.00539 0.00550 0.000539
co 0.0240 0.0245 0.0024
Hg O/negligible ~ 0/negligible 0/negligible

V. ENERGY AND CARBON INTENSITY

Egypt's energy-intensive oil extraction has resulted in a high
level of energy intensity compared to Western Europe, yet
squarely in the middle of the oil-producing Middle East
region. Egypt's 1998 energy intensity was 31,000 Btu/$1990,
which is significantly higher than countries such as Germany
(7,300 Btu/$1990) and France (7,400 Btu/$1990), but right on
par for the region: Egypt's energy intensity level is slightly
higher than Iran's (26,900 Btuw/$990) and Libya's (22,600
Btu/$1990), but below Saudi Arabia's (35,100 Btu/$1990). In
comparison, U.S. energy intensity in 1998 was 13,400
Btu/$1990 [19].

Egypt's energy intensity should fall as the country
implements more energy efficiency and conservation
programs. Since 1998, the U.S. Agency for International
Development's "Energy Conservation and Environment
Program," (ECEP) has provided technical assistance and $19
million plus worth of equipment to over 150 industrial and
commercial facilities toward improving energy efficiency in
Egypt. The project has overseen the completion of over 30
demonstrations of different energy efficient technologies in
industries, resulting in annual energy cost reductions for
participating companies of around $14 million. ECEP, which
now is in its final phase focusing on sustainability, also
estimates that it avoided emissions of thousands of tons of
greenhouse gases, including 6,000 tons of carbon monoxide (a
48% reduction), 3,000 tons of nitrogen (a 22% reduction),
17,000 tons of sulfur dioxide (a 28% reduction), and 700,000
tons of carbon dioxide (a 7% reduction) [20].

The reduction in carbon emissions growth, combined with a
shift of Egypt's energy mix to more natural gas, should help
reduce the country's carbon intensity in coming years. In 1998,
Egypt's carbon intensity level was 0.53 metric tons of
carbon/thousand U$1990. Although this level compares
favorably with other countries in the region--Saudi Arabia's
carbon intensity was also 0.53, while Iran's was 0.47, and
Libya's was 0.44--it is still several times higher than European
averages: France's 1998 energy intensity was 0.08, while
Germany's was 0.12. As Egypt begins to use more natural gas
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and hydropower, its carbon intensity should fall, perhaps
coming closer to the level of the United States (0.21 metric
tons of carbon/thousand $1990) or Turkey (0.23) [20].

VI. CONCLUSION

Egypt’s energy power system is concern to estimate factors
relevant to quantification impact of fuel combustion. The
applied US EPA method of emission factors predict emission
loads on environment for assessment energy efficiency to
extend control programs in Egypt’s power plants.
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