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Egypt
Mohammad E|-Sayed Selim

This chapter reviews the evolution of Egypt’s nuclear program, the major
factors that influenced the successive series of nuclear decisions, and the
public debate in Egypt over the far-reaching nuclear program that the late
President Anwar El-Sadat attempted to implement. Egypt's program is im-
portant, not only because Egypt was the [irst Arab country to enter the
nuclear age, but also because it is an ambitious nuclear program, which in-
cludes the installation of eight nuclear reactors, undertaken at a time when
many other countries are reducing their commitment to nuclear power.

The Origins of the Nuclear Energy Option

The first stirrings of the nuclear movement in Egypt began as a response to
the 1953 U.S. Atoms for Peace initiatives. Members of the Egyptian
Revolutionary Command Council (RCC) showed immediate interest in
nuclear energy and, after the passage of the Atomic Energy Act in 1954
(which empowered the U.S. Atomic Energy Commission to cooperate with
other countries on the peaceful uses of nuclear energy), negotiations were
started immediately between Egypt and the United States. The negotiations
resulted in the installation of a radioisotope laboratory in the National
Research Center in June 1956 and an arrangement for U.S. nuclear spe-
cialists to train Egyptian personnel.' During this same period, the Egyptian
Atomic Energy Commission was formed in 1955 under the chairmanship of
an RCC member, Colonel Kamal El-Din Hussein.

In September 1956, the U.S. ambassador to Egypt (Byroade) presented
a collection of references and academic reports on nuclear energy to Col-
onel Hussein. In his warm presentation speech, Ambassador Byroade told
his Egyptian audience that the United States wanted to share nuclear knowl-
edge with other countries in order to improve the countries’ quality of life.*
However, these preliminary steps beyond U.S.-Egyptian nuclear coopera-
tion ceased because the two countries disagreed on other issues (such as
Egyptian-Czech arms trade, Egypt's recognition of the People's Republic of
China, and the controversy over building the Nile-spanning High Dam).

Concurrently, Egypt approached the Soviet Unon for a nuclear reactor
and uranium, and the Soviet Union quickly agreed, in principle, to provide
them. In January 1956, a delegation was dispatched to Moscow to negotiate
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the terms of the nuclear deal. This mission resulted in the signing of an agree-
ment under which the Soviet Union agreed to build, at a token cost to Egypt,
an experimental 4 megawatt (MW) reactor and a nuclear physics laboratory.’
Hence, Egypt became the first Arab country to enter the nuclear age.

The Soviets took charge of training a generation of Egyptian nuclear
scientists and, in 1958, twelve graduate students were sent to study nuclear
physics in the Soviet Union and be trained in the operation of the Sovif:!
nuclear reactors.” In 1961, a research reactor was installed and activated in
Anshas on a 4,000 feddan area (approximately 9,000 acres) especially allo-
cated for the nuclear program. The Soviet reactor, which is still in operation
today, is an experimental Van de Graf type 4 megawatt reactor with a multi-
pl'rcr-nl'} million volt pressure power and a thermal capacity nl' 2,000 kilo-
watts.* Although the reactor’s basic function is to produce radioisotopes for
various scientific research projects and medical purposes, it has no known
capacity to produce plutonium.*

Several structural features evident at the birth of Egypt’s nuclear pro-
eram have continued to influence strongly its evolution. The prime factor
was. of course. the fact that Egypt’s program was undertaken in response to
the mitiatives of foreign governments and external factors rather than as
part of an overall economic development plan. The U.S. Atoms I"c-r P‘e‘ace
proposals immediately drew the attention of the RCC “*Free Offa-::er-s to
the importance of nuclear technology, which they deemed highly desirable
and which they began to adopt, despite the almost complete lack of Egvp-
nan nuclear scientific manpower and facilities. Furthermore, there was no
public debate whatsoever over the decision to enter into the nuclear age.

I'hus, motivated basically by the United States, all major decisions were made
by the Free Otficers at the highest governmental levels.

 Fromits beginning, the Egyptian nuclear program was deeply enmeshed
i the Cold War, which predominated the politics of the Middle East in the
1950s. The collapse of the U.S.-Egyptian negotiations was due mainly tq the
imcompatibility of the two countries' politico-strategic views at that time.
By the same token, the Soviet decision to supply Egypt with a nuclear reac-
tor was part of a concerted Soviet effort to gain a foothold in the Middle
East. It 1s doubtful that Egypt would have been able to initiate a nuclear
program had it not been for the U.S.-Soviet rivalry in the 1950s.

As avorollary of the external influences, the Egyptian nuclear program
did not start as an indigenous program. When Egvpt embarked on the pro-
eram. it lacked the scientific base needed to develop nuclear technology and
run a nuclear program. Consequently, Egvpt imported nuclear technology on
a purely turn-kev basis. Furthermore, the Egyptian nuclear program was
characterized by dependency on a single foreign power (the Soviet Union) as

of nuclear technology and uranium. However, from the program'’s
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dependency by diversifying sources of nuclear technology. A first step in
this direction was to turn the Egyptian Atomic Energy Commission into a
state corporation under the chairmanship of President Nasser himself. The
new corporation was empowered to lay down the basic guidelines of Egypt's
nuclear policy and to promote its actualization.” A second step was to create
a cadre of Egyptian nuclear physicists, and hence the Facult y of Science at
Cairo University started a nuclear-physics program in 1953, which was ex-
panded later to include graduate studies. The third step was to seek in-
digenous sources of uranium. A comprehensive aerial and geological sur-
veying program was launched to locate uranium and, in 1959, it was reported
that deposits had been found in the northern coast, near Rosetta and
Demietta.® Finally, a diversification of foreign nuclear technology sources
proceeded concurrently with the Soviet-Egyptian program. In December
1959, an agreement was signed with Norway for the building of a radio-
isotope center in Egypt,? and, in April 1961, an agreement was signed with
Yugoslavia for its assistance in the search for nuclear materials in Egypt.
(Through the Yugoslav-Egyptian program, Egypt was able to produce
locally a beta x-ray measuring device for the analysis of radioactive mate-
rials.') Help was forthcoming also from international organizations in the
late 1950s; the International Atomic Energy Agency (IAEA) helped to build
a cobalt unit of the new nuclear plant in Anshas."

Despite these efforts to develop internal expertise and external diversity,
the purchase of the Soviet-made reactor was based on considerations of
availability rather than suitability. The decision was not preceded by any
feasibility studies because the Soviet technology was the only technology
available to the Free Officers.

The Evolution of the Nuclear Program under Nasser

Beyond the installation of the Anshas reactor, the nuclear program did not
show any signs of substantial progress in the 1950s, although nuclear
research and manpower development continued at a modest pace. In the
early 1960s, however, Egyptian decision makers began to realize the crucial
role atomic energy could play in solving growing economic and security
problems. Unlike some of its neighbors, Egypt had failed to uncover large
new sources of oil, and this prompted Egyptian decision makers to think of
atomic energy as an alternative energy source. There was concern also that
Israel was developing a nuclear capability in order to deter Arab aggression.
As a result, some influential Egyptians contemplated the development of
their own nuclear capability.2

The confluence of these factors prompted Egypt’s leaders to pursue an
aggressive course of nuclear development. As a result of the Egyptian deci-




138 Nuclear Power in Developing Countries

sion makers' renewed interest in atomic energy, the Egy;:!tian Atomic
Energy Corporation (EAEC) was instructed to expiore.avaliable epergy
;1I|crr;£1|i\'es in light of carefully planned feasibil_i!_v SIHG‘IES. On Ap_nl. 30,
1963, Egypt's minister of scientific research, in his capacity as the minister
responsible for the EAEC, signed an agreement with a_Brmsh consulting
group Lo assess the economics and siting of a pmept!al nu-:?icar power
Exlam." Meanwhile, a commission, headed by the mmrster»hl‘mself. was
formed in order to study the available alternatives.'* The comrnrss:on_fccused
on two major factors influencing the anticipated nuclear expansion: the
availability of thorium and of foreign exchange. A concerted ei-'for[ was
staged to produce thorium locally, and it is now feasible for !Sg)’pttan f.(:len-
tists to produce thorium from local monazite on a commercaalv sFaIe.'-

It is not clear whether the Soviets were approached to subsidize the new
program. What is certain is that the Soviets, because offheir already _hf:ilvy
iilw.:\lm{ml in Egypt (both in the High Dam project and in assorted military
hardware), did not show any interest in the program. Consc:]uemly.. Nasser
decided 1o rely on Western finance and technology almost exclus.wcly. a
choice that has continued to shape the Egyptian nuclear program since the
mid-1960s,

Accordingly, in late 1965, a major decision was made to purchase a
Western commercial-scale nuclear power plant at Borg El-Arab, west of
Alexandria. The basic purpose of the projected 150 megawatt plant was to
desalinate 2,000 cubic meters of sea water (from the Mediterranean) a day,
which then could be used in land reclamation. :

Because the decision had been made to rely on Western credits, [}r-ﬂ)"
Western companies were invited to submit bids for the new plant. Bids
ranging from 550 to $70 million were received from U.S: and West German
mn;p;;nies. However, because of the deteriorating relations b:?twccn Egy_pl
and the West at this time, Western banks did not grant the sizable credits
Egypt needed to build the reactor.'® Once again, foreign support and te?h—
nology were crucial to the nuclear program, but, as a result of larger politi-
cal i:ﬂ-uc& the program had to be shelved. :

The stalemate was not only a result of the lack of foreign exchange, it
was also a consequence of the turn-key approach that conlinu_cd to char.ac-
terize the Egyptian nuclear program. Egypt was not successful in developing
a viable indigenous nuclear scientific establishment that could .::Ievclop and
administer the program. As a result, it relied on foreign expertise and _[ech—
nology, but such assistance was subject to the vicissitudes of imerr!almnai
[1t1iit;L:\. Egypt requested nuclear assistance from West Germany, which sfnl
nuclear physicists to work in Egypt. However, after the severance of West
German-Egyptian diplomatic relations and the withdrawal of West German
scientists in 1965, the Egyptian nuclear program was hindered severely. {\5 a
result, Egvpt turned to the People’s Republic of China (PRC}.. especially
after the PRC detonated an atomic bomb."” Although Sino-Egyptian contacts
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did not result in any substantial progress initially, after the Arab-Israeli
War in 1967, Egypt placed renewed emphasis on its contacts with China.
Egypt’s purpose was to obtain atomic technology, and the major reason for
this shift was the belief that Israel might develop an atomic bomb and use it
against the Arabs if they did not accept Israel’s demands. This prompied
Nasser to write to Chou En-Lai, reminding him of his promise (made to
Nasser after the explosion of the first Chinese nuclear bomb in 1964) that
China would share its nuclear knowledge with Afro-Asian countries. Nasser
also sent a delegation from the Atomic Energy Corporation to China to ask
for help in making a breakthrough in nuclear techniques. Chou, however,
advised the Egyptians to be self-reliant: ““If the Egyptians want to step into
the atomic field, they would have to do it themselves. **®
Despite the marked lack of progress in the construction of Egyptian
nuclear facilities, the Nasser era did bring progress in terms of planning
and goal setting, including the planning of an integrated nuclear Cnergy pro-
gram until the year 2000. Experts of the Atomic Energy Corporation esti-
mated that demand for electricity would increase rapidly, exceeding 100
billion kilowatt hours by the year 2000, They also estimated that thermal
units, whether oil-fired or nuclear, are the only two economically feasible
alternative sources of energy. Commercially exploitable geothermal
resources are virtually nonexistent in Egypt, and the prospects for expanded
coal, natural gas, or even hydroelectric power production are very limited,!®
By contrast, one comparative analysis of the economics of 600 MW
plants estimated that, over a twelve-year period of operation, the cumulative
savings in the operating costs of a nuclear plant over those of an oil-fired
plant would equal the difference between the nuclear plant’s and the oil-fired
plant’s costs after approximalely four-and-a-half years of operation. Further-
more, the cumulative savings would equal the total capital cost of the nuclear
plant after ten years of operation.® These findings indicate that nuclear
plants should play an important role in meeting further load growth, prob-
ably starting with unit sizes of 600 MW and ultimately reaching unit sizes of
1,000 MW. Table 8-1 shows the role of nuclear power in Egypt from 1977 un-
til the year 2000 as projected by an Egyptian scientist. As the table indicates,
the scientist envisaged that Egypt would have eight nuclear power plants with
a total capacity of 5,400 megawatts operating by the year 2000.
However, due to the shortage of foreign exchange and the lack of a
solid scientific infrastructure 1o administer the new venture, the envisioned
program has not yet gotten underway,?!

The Egyptian Nuclear Program

After Sadat’s accession to power in 1970, Egyptian authorities began to re-
approach private U.S. companies concerning the sale and finance of nuclear

| _
R R




Lo 140 Nuclear Power in Developing Countries Egypt 141

reactors. However, because of the negative context of U.S.-Egyptian rela-
tions at the time, the United States never considered the matter seriously.

Experts at the EAEC concentrated their efforts on refining their estimates
of Egypt's needs for nuclear energy. They estimated that, by the year 2000,
Egypt would have to generate 6,600 MW of electricity (almost 40 percent of
Egypt’s total electricity needs) through nuclear power.? By early 1974, they
had decided that a 600 MW block would be required by the year 1984 and
that such a block should be built in Sidi-Kreir, west of Alexandria.?'

The Egyptian decision coincided with the U.S.-Egyptian rapprochement
that took place in the aftermath of the October 1973 Yom Kippur War. The
United States wanted 1o symbolize the new relationship by promising
' nuclear aid to Egypt, so, on June 14, 1974, President Nixon announced
' from Cairo that the United States would negotiate an agreement for co-
operation to provide Egypt with nuclear reactors and fuel. In an attempt to
maintain a balanced posture, three days later, the United States announced
a similar agreement with Israel. Despite the initial euphoria that accom-
panied the U.S. announcement, U.S.-Egyptian negotiations floundered
_ because of Israeli objections to the stringent U.S.-imposed inspection pro-
5 cedures, which were required for all Egyptian and Israeli reactors and which
were intended to prevent the development of nuclear explosives. Although
I Egypt was willing to abide by such inspection procedures—provided the
| Israelis would—the Israelis expressed little interest in going ahead with the
f proposed deal. By declining the U.S. offer, the Israelis simultaneously |
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avoided the inspection of their nuclear installations and disrupted the
U.S.-Egyptian deal. Because the U.S. offer to Egypt was conditional,
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depending on Israeli acceptance of a similar deal, and because the proposed
! U.5.-Egyptian deal encountered overwhelming opposition in Congress, the
| U.S.-Egyptian negotiations were terminated. The only substantive and im-
mediate result of Nixon's expansive promise was a June 26, 1974, fucl-
enrichment agreement under which the United States promised to provide
Egypt with eight shipments of uranium-235 valued at $39 million .2
Meanwhile, Egypt resorted to Cold War politics to expedite the U.S.-
Egyptian deal. In November 1974, Foreign Minister Fahmi announced that
{ he had asked the Soviet Union to provide Egypt with a nuclear reactor and
' that the Soviets had agreed to supply Egypt with a 460 MW reactor. This
agreement was to be signed during the forthcoming Brezhenev visit to
Cairo, scheduled for January 1975,

The United States seemed to get the message, and they dropped their ori-
ginal far-reaching proposal for inspecting all reactors in favor of inspecting
only U.S.-supplied reactors. After renewed negotiations, in November
1975, Egypt and the United States signed a joint statement detailing the con-
ditions under which Egypt would buy nuclear reactors from the United
States. The statement provided that:
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None of the assistance provided will be employed l'-::n'_anjlr :1'|_i|ilar;\'r pur-
poses, including the manufacture of any nuclear explosive device.

The materials and facilities to be supplied as well as 1"'? _pruduced
plutonium will be subjected to international safeguards, administered by
the IAEA, designed to assure their continued uses for peaceful purposes.

Facilities utilizing relevant nuclear technology obtained from the United
States will be under effective safeguards.

Egypt guaraniees to apply effective physical security measures to the
facilities and nuclear material covered by the agreement.

The statement also included an unprecedented condition that obliged
Egypt to reprocess, fabricate, and store the plutonium produced by the U.S.
reactors or derived from the U.S. fuel supplied for their facilities outside of
Egypt.

The statement was supposed to be the forerunner of an agreement by
which Egvpt would purchase two reactors, with a total electrical capacity of
1,200 MW, at an estimated cost of $1.2 billion. In August 1976, the Egyp-
tian and U.S. governments initialed an agreement on areas of nuclear
cooperation. The final agreement was supposed to be signed in 1978.
However, in that same year, the United States passed the nonproliferation
act, which required any country that purchased U.S. reactors to accept U.S.
inspection of all its nuclear activities. Egypt rejected this condition and, as a
result, the final agreement was delayed.

Meanwhile, by mid-1975, President Sadat had begun to pay special at-
tention to the nuclear program, and a decision was made to try to accelerate
its implementation. The prime motive for this heightened interest was
Israeli’s hints that it might use a nuclear bomb in future confrontations with
the Arab countries. As a result, a Higher Council for Atomic Energy was
founded under the chairmanship of President Sadat in 1975. The president
instructed all organizations working in the field of nuclear energy to ex-
pedite the preliminary procedures for the implementation of the program.?’

T'he timing of Sadat’s decision indicates that Egyptian decision makers saw
the potential of somehow producing weapons from the nuclear power pro-
gram and realized that this would act as a deterrent to Israel.?®
" The desire to move forward with the newly invigorated nuclear plan,
which was stvmied by the deadlocked U.S.-Egyptian negotiations, moti-
vated Egyptian decision makers to seek alternative suppliers. Egypt ap-
proached France,™ and the Federal Republic of Germany, and Franv:.‘a-
Egvptian negotiations resulted in the initialing of an agreement, according
to which Egypt would purchase a 1,000 MW reactor.’® However, France
was reluctant to finalize the deal, mainly because Egypt had not ratified the
nuclear nonproliferation treaty (NPT).
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Although Egypt had signed the treaty, it delayed ratification until Israel
signed it. Both France and the United States demanded Egypt’s ratification
as a condition for consummating any construction deal. Nevertheless, the
Egyptians refrained from complying with their request, fearing that
ratification would rule out the option of developing the nuclear bomb,
which they believed Israel already possessed. For almost five years, Egyp-
tian decision makers pondered this dilemma, finally concluding that, by not
ratifying the NPT, Egypt not only would jeopardize the badly needed
nuclear power program, but would also miss the opportunity to obtain the
nuclear technology and materials that could enable it, in the long run, to
redress the balance of power with Israel.” So, in the end, the Egyptians
decided to ratify the NPT. The ratification procedures were unusually
speedy.” Furthermore, once the decision to ratify had been made, Egypt
quickly reached a compromise with the United States according to which
Egypt accepted IAEA inspection of all its nuclear installations in place of
U.S. inspection.

Immediately after the ratification of the NPT, in February 1981, Egypt
and France signed a protocol according to which Egypt will purchase two
nuclear reactors with a capacity of 1,000 MW each. The first plant will be
built in 1989 at Daba’a, on the northern coast, and it will be followed by
another plant in 1990, which will be built at Za'fraana, 139 kilometers west
of Alexandria. In July 1981, Egypt and the United States signed an agree-
ment according to which Egypt will purchase two nuclear reactors. Finally,
according to an agreement initialed in September 1981, the Federal
Republic of Germany will sell Egypt two nuclear reactors. The three
agreements stipulated that the Western seller will supply the fuel necessary
to operate the reactors and also will provide technical expertise and train-
ing. It is expected that Britain will be supplying two more nuclear reactors,
also.

It is estimated that the Egyptian nuclear program will cost between $12
and $15 billion, including the installation and operating costs.” The major
source of financing will be the profits from the national oil industry. The
Egyptian cabinet has already decided to allocate annually $500 million of
the profits of the oil industry to finance the program, and the Ministry of
Oil has already deposited the 1981 installment with the Central Bank of
Egypt, which will administer the financing of the program.* The Central
Bank of Egypt will issue Alternative Energy Bonds, which will be sold (o the
general public in foreign-currency denominations, and these bonds will
equal the total value of foreign exchange deposited by the oil industry.
Foreign loans at generous rates will provide an important additional source
of revenue. For example, Sweden has already agreed to provide Egypt with
a long-term loan to finance the nuclear program to be repaid over fifty years
at an interest rate of less than one percent.’
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The Egyptian nuclear program, as it evolved during the Sadat era, was
characterized by certain major features that distinguish it from its
predecessor. Unlike the initial nuclear venture, which received Soviet
assistance, the program relies almost exclusively on Western technology.
However, this pro-Western technological orientation did in fact begin
emerging during the Nasser era. So, since its inception, the modern program
was conceived as essentially a Western-supported and -guided operation.
Despite overdependence on Western technology in general, the program is
highly diversified in terms of the particular sources. No single Western
country supplies more than two of the eight reactors in the program. Fur-
thermore, Egvpt is deliberately attempting to widen the scope of interna-
tional cooperation in other areas of nuclear technology to include other
countries such as India, Sweden, and Canada. For example, Egypt is
cooperating with Canada in testing the economics of extracting uranium
from Egypuian phosphate. Unlike the initial venture, which relied on the
available Soviet technology (not always the most modern), the present pro-
gram utilizes advanced Western technology. Throughout negotiations with
Western suppliers, the Egyptian planners insisted on purchasing the most
sophisticated technology available.® It is not vet clear whether Egyptian
planners have traded sophistication for appropriateness.

Despite these differences, the current program shares common charac-
teristics with the initial Soviet-Egyptian venture. It is being handled on a
purely turn-key basis; the Western suppliers, will provide, as did the Soviets
betore them, all relevant technological devices and systems, including those
tor security and waste management.” Furthermore, the program is being
sponsored, financed, and controlled entirely by the Egyptian government.
Despite the issuance of public bonds to finance a portion of the costs, and
despite President Sadat's economic open-door policy (infitah, which is
based on the encouragement of private and foreign investment), only
governmental institutions and corporations are involved in the planning,
financing. and management of the program.

Nuclear Energy Decision Making

The Egyvptian nuclear program, as outlined in the preceding section, so far
has consisted mainly of a series of decisions that define the major thrust of
the program. Although some are strategic decisions related to the use of
nuclear energy as a source of energy and to the reliance on Western
technology, others are tactical, because they deal mainly with issues such as
the gquantity and quality of reactors, sources of uranium supply, and the
ratification of international treaties related to nuclear energy. Yet, despite
their seeming latitude, these decisions were made within specific structures
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and through certain processes that have evolved over the last twenty years
and that operate to influence the nature and direction of the decisions.

The analysis of the decision-making structures and processes in the area
of nuclear energy in Egypt since 1955 reveals three major characteristics: the
decision-making process is highly politicized and centralized: there has been
an institutionalization of the decision-making process; and there has been,
in organizational terms, a trend toward structural differentiation and func-
tional specificity. These major characteristics and their occasional excep-
tions illuminate the nuclear decision process,

The Higher Council for Nuclear Energy (HCNE) is the highest decision-
making body in the area of nuclear energy in Egypt. The council was
established in 1975, and consists of the president, the vice-president, the
prime minister, the foreign minister, the minister of defense, the minister ol
clectricity, and the head of the General Intelligence Agency. The COMposi-
tion of the council indicates that it is essentially a political decision-making
organ. Apart from the minister of electricity, virtually all members of the
council are politicians and have no technical experience in the area of
nuclear energy.

The HCNE receives technical advice and recommendations from the
Higher Council for Energy (HCE) and the three specialized nuclear cor-
porations. The Higher Council for Energy was established in December
1979 as a purely technical organization. Its role is to establish guidelines for
the energy policy and to present technical advice pertaining to nuclear
energy to the HCNE. The council consists of the ministers of petroleum,
electricity, planning, finance, industry, housing, irrigation, and transporia-
tion and communication. The HCNE also receives technical advice from the
Egyptian Atomic Energy Corporation (EAEC) and other state corporations
whose activities are related 10 nuclear energy, such as the Nuclear Materials
Corporation. However, this advice is usually presented directly by the
ministers of electricity and industry in their role as council members.

The politicization of the nuclear energy decision is not restricted to the
core decision-making organ. It also extends to embrace the technical
echelons of the decision-making system. The case of the EAEC illustrates
this point. Since its inception, there has been a noticeable emphasis on plac-
ing it under political control. When it was established, President Nasser
himself chaired the corporation. In December 1963, the chairmanship was
handed to Salah Hedayet, a veteran officer who had become a minister of
scientific research. Five months later, however, political control of the
EAEC was tightened when it was placed under the supervision of Deputy
Premier Kamal El-Din Rifaat, a veteran Free Officer and one of Nasser’s
close confidants. Subsequently, Field Marshal Amer, the commander of the
Armed Forces, was given responsibility to supervise the EAEC. The prac-
tice of political control was discontinued in the early seventies when
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Professor El-Gebeilay was appointed as a chairman of the Board of Gover-
nors of the EAEC in August 1970. Since then, the EAEC has been under the
chairmanship of professional nuclear scientists.

The minister of electricity represents the operational link between the
Higher Council for Energy and the Higher Council for Nuclear I?nergy
because he i1s the only common denominator between the two councils. As
minister, in cooperation with a selected group of nuclear scientists headed
by his nuclear counselor Professor Effat, the former head of the EAEC, he
makes major operational decisions about contracts with prospective ven-
dors. The minister also acts as ex-officio political supervisor of the EAEC.

Al the technical level of the nuclear energy decision-making system,
there also has been a trend toward structural differentiation and functional
specificity. Up until 1975, the EAEC performed all nuclear functions, in-
cluding research, search for nuclear materials, and operating the Anshas
reactor. Then the functions were separated and entrusted to independent
corporations. In March 1976, the Electricity Generating Nuclear Power
Plants Corporation was established. This new corporation was placed under
the supervision of the minister of electricity and subsequently was renamed
the Nuclear Plants Corporation (NPC). The major function of the corpora-
tion is to supervise the establishment of the nuclear power plants envisaged
by the Egypuian nuclear program and to manage the plants once they have
been en;ibfiuhcd.“ In 1977, the Department of Geology and Nuclear
Materials of the EAEC was turned into a separate corporation and named
the Nuclear Materials Corporation (NMC). The NMC was entrusted with
geological surveying in search for nuclear materials and the chemical proc-
;“ing‘of the raw materials.

'fhc decision-making process in the area of nuclear energy is essentially
a pohitical process that occurs in an environment characterized by secrecy
and lack of public participation. Major decisions are made by the presujen?,
in consultation with the Higher Council for Nuclear Energy. For example, it
was President Sadat who decided to embark on the nuclear program in

1975, and it was his decision that changed the plan to build the first nuclear
power reactor in Sidi-Kreir. Operational decisions are usually made by the
minister of electricity in his capacity as the supervisor of the nuclear pro-
gram. The Parliament plays no discernible role in these processes. For ex-
:m]r-lc. the only role the People’s Council played in the nuclear energy
decision-making process was to endorse the nuclear program a[rez.id}'
adopted by the HCNE and to appeal to the president to accelerate the im-
plementation of the program. This occurred in 1980, almost five years after
the strategic decision to embark upon the program was made.

In \G;:Ir‘: rare cases, public opinion was crucial in the decision-making
process. This was the case with Sidi-Kreir. A decision was made in t9?§,
on purely technical grounds, to build the first nuclear power plant in
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Sidi-Kreir. The then minister of electricity, Mustafa Sabry, seemed to be
quite convinced that Sidi-Kreir was the proper location and refuted publicly
allegations that the projected power plant would jeopardize the ecological
life of Alexandria.« However, in June 1979, the local council of the prov-
ince of Alexandria approved a motion rejecting the establishment of the
nuclear power plant in Sidi-Kreir. The council argued that the plant would
cripple the tourist industry in Alexandria. Furthermore, it argued, Alexan-
dria could generate the power needed for the province through alternative
sources, especially the Abu-Kir natural-gas project. The governor of Alex-
andria conveyed the resolution to President Sadat, who then suspended all
plans to build the plant.*

The three state corporations operating in the nuclear field do not seem
to play a discernible role in the decision-making process, excepl through
their presentation of technical advice and recommendations. In some
crucial cases, even the technical role of the EAEC has been short-circuited.
The decision to store the Austrian nuclear waste in Egypt is a prime exam-
ple. In 1978, a protocol was initiated with Austria to dispose of the Austrian
nuclear wastes in Egypt’s Eastern Desert. The terms of the protocol gave
Austria full control of the nuclear waste, including the right to withdraw it.
Although this protocol turned out to be one of the worst gaffes in the
history of nuclear-energy decision making in Egypt, the relevant point is
that the EAEC was never consulted during the process that lead to the sign-
ing of the protocol.

The Nuclear Power Debate in Egypt

Having outlined the basic features of the Egyptian nuclear program, let us
now look at the public debate that the program triggered in Egypt in
1979-1981.

Until very recently, nuclear power was never a subject of public discus-
sion, much less debate, in Egypt.* This was mainly because, in the public’s
mind, nuclear power was never envisaged as a source of energy, but rather
was restricted to exotic medical and research purposes. Even in 1975, when
the basic features of the nuclear program were announced and outlined to
the Egyptian people, there was no public debate. It is quite possible that
Egyptian scientists and opinion leaders did not take the plan seriously in the
beginning and so did not devote much attention to it. However, when Egypl
started to seek the permission of Western governments to purchase nuclear
reactors in 1979, critics of the nuclear program promptly began to organize
themselves and to articulate publicly their opinions.

Before turning to the content of the debate, two basic features
characterizing the Egyptian debate on the merits of nuclear energy should
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be noted. First, the debate was initiated after the program was already
decided upon and the implementation phase was in progress. Because of
this, the debate did not entail meaningful participation in the decision-
making process, but basically manifested the concerns of the critics, who
felt they were being asked to legitimate a fait accompli. Thus, the critics
called for a reversal of the program and the opening of a true public debate
on nuclear energy before any final decisions were made.** Second, even the
critics” debate did not reflect genuine public concern about the nuclear pro-
gram, because the general Egyptian public remains almost totally apathetic
about the program. As it has turned out, critics of the program are mainly
university professors and politicians who belong to opposing political par-
ties, especially the Socialist Labor Party. The advocates of the nuclear pro-
gram are mainly governmental functionaries from the three corporations
that supervise the nuclear program and the governmental politicians who
make the decisions to embark upon the program. Hence, Egypt’s nuclear
debate is essenually elitist in character.

The content of the nuclear power debate has revolved around the same
major issues as have the debates in the Western industrial countries,
;1I1I.mugh Egyvpt's need for nuclear energy and the economics of increased
reliance on it have been the most important issues so far.

The Economics of Nuclear Power in Egypt

As their two major arguments for nuclear power, proponents of the nuclear
program cite the lack of alternative fuel sources and the economic com-
petitiveness of nuclear-generated power as compared with oil and coal-fired
power plants. They hold that the elasticity of demand for energy in Egypt is
almost 1.7, which means that the demand for energy will increase tenfold by
the vear 2000* and that nonnuclear sources cannot cover the expected in-
crease. Although Egypt will need 105 billion kilowatt hours of electricity by
the wear 2000, only 16 billion kilowatt hours can be generated from
hydraulic sources. Thus, in the year 2000, it would take Egypt's entire pro-
duction of oil simply 10 generate the remaining 89 billion kilowatt hours,
but obviously this would be an imprudent policy. Furthermore Egypt would
require 260 percent of its annual natural-gas production to generate the
amount of electricity needed 1o fill this gap. Solar energy cannot be con-
sidered seriously because it could provide only 5 percent of Egypt's electricity
needs by the vear 2000.% The Egyptian advocates argue also that nuclear
power is the only viable alternative to a future of energy imports or short-
ages, either one of which would be disastrous economically. Furthermore,
x:l‘f;tricl[_\ generated from nuclear power is cheaper than that generated
trom coal or oil.** They estimated that the cost of producing one kilowatt
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hour of electricity from oil-fired, coal-fired, and nuclear power plants is
33.7, 26.1, and 15.2 millimes, respectively” (one millime equals $0.00149).

The critics question Egypt’s need for nuclear energy in the first place,
arguing that Egypt has not yet exhausted other sources of energy, especially
hydroelectric power. They also challenge the economic arguments, insisting
that the costs of nuclear-generated electricity are equivalent to if not more
than the costs of coal-generated electricity. One critic, Professor Ashrafl
Bayoumi, a nuclear engineer, maintained that Americans who use electricity
generated from nuclear energy pay more than do Americans who use elec-
tricity generated from other sources.

A second line of argument is that the establishment of nuclear power
has specific features that make it inappropriate for developing countries
such as Egypt. Egypt lacks the basic infrastructure that is essential for the
establishment of a nuclear program, such as adequate transportation, elec-
trical, water, sewage, and telephone systems. The critics maintain that the
cost of building such systems should be added to those of the nuclear reac-
tor construction and operation.*

On a more fundamental level, it is insufficient to simply posit an elec-
tricity growth rate and project a gap that needs to be filled. Much more fun-
damental questions need to be addressed and the purposes of the electricity
must be examined; it is not convincing to argue that Egypt needs electricity
as the justification for a nuclear program. The crucial question relates to the
uses of such electricity within the framework of an economic development
plan that takes into account the basic needs of a developing country. For in-
stance, Professor Bayoumi argued that, if electricity is needed to run a soft-
drink plant or similar activities, then the society certainly does not need a
nuclear plant and its attendant risks. Ultimately, this is a question of values
and is not easily subjected to economic analysis.

Radiation Exposure and Health Issues

A major component of the debate over nuclear power has been the safety of
operating nuclear plants and, in particular, the impact of radiation on
public health. Critics argue that an average-size nuclear reactor contains a
great deal of radioactive materials when in operation, and in and of
themselves these present a clear and present danger. Also, varying levels of
radioactivity would be present in the nuclear fuel cycle and during fuel proc-
essing, and these pose an imminent danger, 100.** Of particular concern to
the critics is the effect of the proposed nuclear plants on the nearby city of
Alexandria—a concern that escalated after the Three Mile Island accident.*

Proponents of nuclear power, while agreeing that the release of a large
quantity of radioactivity could have catastrophic effects on humans, disagree
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on the minimum amount of exposure likely to cause damage. They maintain
that nuclear reactors are designed to prevent the leakage of radiation in ex-
cess of acceptable levels. Professor Hammouda, the head of the EAEC,
asserts that the radiation from nuclear power plants is considerably less
than that natural radiation to which humans are inevitably exposed.®'
Moreover, nuclear power plants are by far the least damaging type of
power-generating plants in terms of environmental pollution.$?

Radioactive Waste Disposal

The issue of nuclear waste management was triggered by the disclosure,
mentioned earlier, of the Austrian-Egyptian protocol calling for the
disposal of Austrian nuclear waste in Egypt. Two Egyptian academics
published a book in which they disclosed and then excoriated the text of the
protocol, stating that it amounted to sheer delusion and that the radioactiv-
ity of the nuclear waste would constrain the future settlement of the Eastern
Desert indefinitely. It also would destroy the ecological harmony of Egypt
and would engender cancer in future generations. They conducted an opin-
ton survey of Egyptian specialists in nuclear energy and found that all of
them opposed the storage of the Austrian waste in Egypt.

The Austrian-Egyptian protocol sparked another debate, this concern-
ing the disposal of the waste from the Egyptian nuclear program. Although
critics restated their views, proponents argued that disposal of high-level
waste, when viewed in perspective, would not pose a danger substantially
different from that which man already experiences.* Furthermore, Minister
Abaza argued that low-level radioactive waste, resulting from the routine
maintenance operations, is not hazardous and dangerous. However, high-
level wastes, which consist basically of fission by-products—concrete struc-
tures, machines, cleaning rags, and protective clothing—could be safely
disposed of in steel canisters stored in concrete trenches at the nuclear plant
site. The spent fuel itself would be reexported to the supplying countries
because this is one of the conditions they have set for selling uranium to

Egvpr.™

The Site of the Reactor Issue

As soon as it was learned that a nuclear reactor would be built in the north
coast west of Alexandria, a public controversy flared up over the reactor’s
impact on economic development and tourism in the northern coast,
especially in the city of Alexandria. Surprisingly, some cabinet ministers
joined the critics. The minister of housing argued that building a nuclear
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reactor in Sidi-Kreir, which is located 36 miles west of Alexandria, would
pollute the Alexandrian water supply because the Mediterranean water
moves from west to east. He added that the plant would paralyze the pro-
gram for building new housing specifically and would end prospects of the
economic development of the northern coast in general. General Ezz El-Din
Atefl suggested that the new plant would endanger Alexandria, especially
because of the absence of an evacuation plan in the case of a nuclear
emergency.%

In April 1981, the critics asked the State Council to impose a court in-
Jjunction against the establishment of the plant in Sidi-Kreir. The case was
submitted by Abdel-Halim Ramadan, an Alexandrian attorney who was
joined by the Alexandria Human Rights Association.

The advocates of building the new reactor on the northern coast and
especially in Sidi-Kreir were led this time by the then minister of electricity,
Mustafa Kamal Sabry. Mr. Sabry argued that the northern coast is prob-
ably the only area suitable for building nuclear reactors. He stated that the
site must satisfy two criteria: it should not be in an earthquake-prone zone
and it must be close to an abundant water supply because the plant needs
30,000-40,000 cubic meter of water per hour for its cooling sysiem. A Red
Sea site was rejected because it is in an earthquake zone, (as French experts
had assured the minister).”” On a later occasion, Minister Sabry asserted
that the Sidi-Kreir plant would have a positive effect on the Alexandria en-
vironment. According to him, the plant would produce a slight increase in
the temperature of the Mediterranean waters adjacent to the plant, which
would benefit the fishery industry in this area.

The Alexandria Local Council, unconvinced by plant proponents, took
the issue to President Sadat, who subsequently ordered a reversal of the
decision to build the nuclear plant in Sidi-Kreir. The plants will now be buili
farther to the west of Alexandria, in Daba’a and Za'fraana.

The Dependency Issue

Critics of the nuclear program have argued that the nuclear program would
exacerbate Egypt’s political and technological dependence on the West.
They also have said that the purchase of eight nuclear reactors on a turn-key
basis will result in foreign supervision of the operation of the reactors. Fur-
thermore, Egypt’s confirmed reserves of uranium cannot supply more than
10 percent of the required uranium until the year 2000 and, therefore, the
country will have to rely on imported uranium. The result of the importa-
tion of technology and fuel will be an increased technological and political
dependency on the supplying countries and all the attendant consequences
of such a dependency.** The critics have pleaded for sell-reliance in nuclear
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technology to reduce overdependency on foreign sources.*® Whatever -[]'IEII
private beliefs, the advocates have simply ignored the criticism, remaining
publicly silent on the issue.

Reactor Safery

The reactor safety issue was highlighted dramatically by the Israeli raid on
Iraq’s nuclear reactor. The Egyptian opposition reminded the government
that the eight nuclear reactors included in the nuclear program may face the
same fate.* To this argument, the minister of electricity replied that Egyp-
tian reactors, unlike the Iragi reactor, will be protected by a concrete shield
that can resist bombing.*®' * ‘
Despite the various issues and arguments, apart from the Sidi-Kreir
decision, the objections of the critics of the Egyptian nuclear program have
not brought about any discernible change in the basic_ orientation of the
program or, for that matter, even in the program'’s details. Hov:'evFr, as-lh.e
program proceeds further, and various facilities begin functmmpg. it is
likely the criticisms will gain more credibility and the opponents will attain

greater visibility.

Conclusion: The Prospects of the
Egyvptian Nuclear Program

As the Egyptian nuclear program evolved, it became elaborate and am-
bitious. However, before it reaches fruition, the program faces some major
obstacles that will inevitably influence its eventual implementation and
functioning. The three factors most problematical are human, organiza-
tional, and natural-resource constraints and limitations.

Egvpr's Scientific Capability

Egypt does not have the necessary scientific and technical expertise _m em-
bark on an elaborate nuclear program.® Although it has been estimated
that Egypt has almost 1,000 nuclear physicists who hold doctoral and
master's degrees in nuclear sciences,* the Egyptian nuclear scientific com-
munity is neither well-integrated nor supported enough to meet the
challenge of the envisaged nuclear program. Suffice it to say that the entire
1977 rc-warch budget of the Atomic Energy Corporation was 3._3 million
Egvptian pounds (less than 35 million), and only 4.6 percent of this budget
was allocated for basic nuclear research. Of this amount, only $800,000 was
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available in foreign currency.® The lack of research capabilities forced
many nuclear scientists to abandon nuclear research and accept teaching
positions in Egyptian or other Arab universities. An expert at the Atomic
Energy Corporation assessed the research capabilities of the EAEC as
follows:

Egypt’s scientific base, which has been evolving over the last twenty years,
has not been successful in developing and integrating the required
specializations. It does not have the capability to implement a self-reliant
national program for nuclear energy. Further, the present scientific base
has not been fully utilized yet. As a result of the recession of the scientific
activities of the Egyptian corporations operating in the nuclear field, grow-
ing numbers of experts have emigrated to national universities and Arab
countries. %

Although the minister of elect ricity has appealed to Egyptian immigrant
nuclear scientists to return to Egypt and take part in the Egyptian nuclear
program, as yet few have responded to his appeal.

The Institutional Instability
of Nuclear Organizations

The three state corporations operating in the nuclear field are plagued by
bureaucratic uncertainty. This is quite evident in the continuous restructur-
ing of these corporations and periodic changes in their relative ad-
ministrative ranks. For example, over the last fi fteen years, the EAEC was
placed under the supervision of the Ministry of Higher Education, the
Ministry of Scientific Research, the Academy of Scientific Research and
Technology and the Ministry of Electricity. These changes are not purely
administrative, because they entail varying the perspectives and views of the
role and orientation of the organization, and sometimes changes are to the
detriment of either the program’s progress or the role and effectiveness of
the nuclear scientists themselves. The NMC has suffered from crippling in-
traorganizational conflicts also; at one point, the minister of industry, who
supervises the NMC, threatened to dissolve the NMC’s Board of Governors
and assume the functions of the board himself. Such bureaucratic uncer-
tainties have demoralized many of the nuclear scientists and geologists
working in these organizations and consequently have influenced the scien-
tific efficiency of the Egyptian nuclear program.

The Availability of Uranium

Although it is estimated that the Egyptian nuclear program will require
10,000 tons of uranium between now and the year 2000, according to
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Professor El-Shazly, the head of the NMC, Egypt has huge reserves of
uranium oxide and will eventually become self-sufficient. The NMC, he
asserts, is in the process of extracting 5,000 tons of uranium oxide.®
However, according to other NMC experts, the corporation has not been
successful in developing a well-integrated program for turning Egypt into a
self-reliant uranium producer.The NMC, they contend, has never come up
with a valid estimation of Egyptian reserves of uranium oxide, neither has it
put together a coherent plan for developing the present mines or producing
uranium oxide or thorium oxide on a commercial scale., Furthermore, the
organization conflicts mentioned earlier have seriously affected the cor-
poration’s organizational efficiency.®” Without dwelling on the NMC’s
problems, two indicators of its disarray are that its Board of Directors has
never met and that it has never conducted an aerial exploration of Egypt. At
best, the experts of the NMC add, Egypt could produce only 10 percent of
its uranium needs.*™

Because of the uncertainty about domestic uranium production, the
planners of the Egyptian nuclear program have decided to rely almost en-
tirelv. on imported uranium. They are confident that world supply of
uranium exceeds demand and that uranium prices will be moderate. Addi-
tional assurances of uranium-supply security are contained in the
agreements with France and the United States, which include clauses stating
that the supplier will provide the fuel needed for the nuclear reactors.

Although it is always risky to venture predictions about the future,
making predictions regarding Egvpt's program is even riskier because of the
disappearance of President Sadat from the political scene. President Sadat
was committed personally to the implementation of the nuclear program,
and he exerted a profound influence over it. However, it is not clear
whether his successor, President Hosni Mubarak, is equally committed,
because he has never spoken publicly about the program, and, given the
structural constraints, one may expect the new president to reassess the
scope. timing, and magnitude of the program. On the other hand, as yet
there has been no backing away from the commitment reiterated to the
Egvptian parliament on September 22, 1981, by First Deputy Prime
Minister Dr. Fuad Muhyi Al-Din. In a lengthy policy statement, he declared
that Egyvpt would have eight reactors generating 8,000 MW by the year 2000
and that these reactors would supply 40 percent of Egypt’s electrical needs.
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