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EGYPT

INVESTMENT REVIEW

POWER SUBSECTOR ISSUES

I. INTRODUCTION AND SUMMARY

Introduction

1.01. This paper has the main objective of analysing power subsector issues
for the FY34 Investment Review. As well as describing the pover investment
program it is also intended to provide background data on the subsector, e.g.
electricity consumption, tariffs. The paper draws froo the Pover Subsector
Study (Report 4165-EGT) prepared in 1982 and raises few issues chat vere not
raised in that report. Socme issues, such as invesctment planning and pricing,
where more information is now available, are rreated in greacer depth. The
main themes of the report are summarized below.

Investzent Progzran

1.02, Chapter II first examines the projecred demand for electricity and
concluces that EZA's forecasts are reasonable for the current plan period
1862/87. Afcer 1936/87 there is a strong possibility chat the growth in

demand for electricity will slow down and that the introduction of demand
management policiles would lead to an even slowver growth in demand.

1.03. The generation investment program for the 1982/83 - 1985/§7 plan
appears sound and should lead to an izprovemenr in rhe quality of eieczrizicy
supply. However, the lower growth ia demand ected by the =mission could
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lead to savings from postponing the Xuraizac oil/;1s fired powaer sczcion
beyond 1991/92, a major slowing down of the race of implementing the Sidi
Kreir coal fired station and a minor slowing of the Sinai coal pouver starcion.

In the mission's view it is unrealistic to expect the first nuclear power
station to be cozpleted in 1991/92. A more feasible date would be 1993/94,

1.04. At present EZA does not have a least cost development program,

oject lead time constraints, the program up to 1991/92
ined. TFor the longer term it is necessary for a least
ared that would estsblish priorities and balance amang
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wound down and the funds directed to demand management.
Demand Manazemenc
1.05. Chapter III uses recent information on electricity tariffs and coscs

available from a consultants study to illustrace the well known serious



1633P -2~

distortions of electricity prices in Egypt. The average tariff level is in
the order of only 12% of economic cost, with fuel valued at international
prices. Distortions of fuel prices amount to 84% of the difference between
electricity prices and leng run marginal cost (LEMC) but existing tariffs
wvould need to double to achieve parity with LRMC calculated using local fuel
prices. The paper sets out suggestions for elements which would be included

in a package of electricity pricing reforms.

1.06. Load management, which is normally complementary to efficient
pricing, has an additicnal role in Egypt since tariffs are unlikely to reach
the levels of LRMC before 10 years. During tha period of price adjustment,
the implementation at the recowmendations of the current load management
studies would enable some of the savings from efficient pricing to be achieved
before tariffs have reached the level of LRMC. Similarly, energy conservation
measures implemented using non-price incentives could lead to some savings
before prices have adjusted.

1.07. Major savings in power subsector investment could te made through
industrial restructuring. Two notable examples are the Kima fertilizer piant
and Nag Hawadi aluminium smelter. While these industries are financially
viable at subsidized energy prices, they are nct economically viable at
international energy prices. Closure or restructuring of these industries
would lead to a saving =f over 600 MW, equivalent to two new 300 MW power
generating uaits.

Inscicutions and Manpowar

1.08. Chapter IV examines the problems in co-ordination among energy sector
institutions. These may be reduced vhen the Supreme Council to Energy and its
technical suppor:z group, the Organization for Enerzy Planning, mature into
viable institutions. Within the power subsector, the paper resvieus the issues
of co-orcdination among the various organizations which are complicated by che
multiplicity .of zg2ncies and the inadequate exchange of inforwmation.

1.09. Shortage. of skilled technical manpower are a major power subsector
issue. These are due primarily to civil service salary scales which are
inadequate ccopared to the private sector or work abroad. Because.of the
projected increase in requirements tc technical staff to operate plant under
construction, there is an urgent need to strengthen the implemencation of cthe
power subsector training program preparad with assistance from consulctants and
make conditions of service, including salaries, sufficiently attractive to
retain the newly trained staff.

non-zechnical staff covered
aduaces and discharged
ubsectcor

1.10. By contrasc, there is a
by Government obligacions to expl
servicemen. This surplus reduces ch

,.
v M

-
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ncy and =mcrale of
institutions and zh e
statf and the upgr

1.11. Chapcer V examines the relations becween the power subsector and its
fuel suppliers. A wajor issue is the quantity of gas available for power
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generation. Gas reserves are presently estimated to be 6 to 9 trillion £e3
with an upper bound of about 30 trillion ft3. The economic cost of gas, and
hence the degree to which it will be needed for power generation in the
1990's, depends on the size of the reserves. More gas exploration is needed
to reduce the uncertaincy about reserves so as to determine whether natural
gas will be a major fuel for pover generation in the 1990's, or whether Zas
consumption would decline. The long lead times for power stations indicate
the need for urgent action on gzas explcration.

1.12. The consumption of oil for power generation is projected to decline
drastically in the 1980's as natural gas becomes the main fuel for power
generation. This would lead to a national surplus of fuel c¢il and would
indicate that cracking this oil to lighter products should be consideread.

1.13. There is a need to systematiczlly evaluate options involving fuel
supplies for power generstion. Such options include the development of the
small Sinai coal reserves, the use of existing port facilities for importing
coal and the exploication of the small remaining hydro resources on the MNile.

Financial Regquirements

1.14, Chapter VI establishes that investment in electricity supply during
the 1982/83 - 1986/87 plan would amount to LE 3.8 billion at current prices.
This is sbout LE 1.3 billion greater than the LE 2.47 billion allocacted for
electricity supplv in the 5-year plan. This discrepancy is caused mainiy by
under-provision for expenditure on projects completed aZrer the plan and fer
actual expendicure on cocdusction turdines caused by delays in completing sceam
plant. Furthermzore, expenditure on transmission and distribution seems Low
{26%) comparad to generacion (72 ),

1.15. T
investment program was o be financed. Cash flow has been insufficient co
weet debt service in 19380/81, 1981/87 and 1982/83 and there appears to be a
shorcfall in new loans required to fimance projects of at least 51 billicn.
Some of the uncerctainty over future financing could be resolved bv a firs
decision by the Governcent to commit itself to a program to increase energ
prices. There is an urgent need for a realistic financing plan to be prepared
and for acticns to be taken, e.g. impiementation of demand management
policies, to achieve a balance between 1investment and available finance, as
well as between capacity and eleccricity demand.

he mission was unable fo obtain a clear pilcture of how this
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1I. POWER SUBSECTOR INVESTMENT PROGEAM

A. Past and Projected Electricity Consumption

Historical Trends in Electricity Consumption and Supply

2.01. Total electrical enmergy produced by ZZA increased rapidly during the
period 1960-1965 at an annual rate of 19.5%. During this period the Aswan
hydroelectric power station was cocmissioned. An electrochemical fertilizer
factory at Kima in upper Egypt was completed arcund the same time and which
accounted for the major part of the increased consumption. In 1965, the
various government, municipal and private orzanizaticns were combined into che
precursor of IZA and the Government initiated a major expansion of the
electric power infrascructure,

Table 2.1

Past Consumotion of Electricity

Energy Maxinuo

Enerzv Sold to Final Consumers (CWh) Generated Demand
Year Industry Kima & Aluminum Azricultura OQthers Tocal (GWh) ()
1974 3,789 1,422 654 2,622 6,895 8,519 1,433
1975 4, 304 1,713 677 2,826 8,307 9,300 1,733
1976 5,247 2,572 671 3,143 9,661 11,546 1,902
1977 7,180 3,317 698 3,611 11,489 13,517  2,23-
1978 7,553 3,446 697 4,473 12,723 15,013 2,564
1979 7,995 3,366 706 4,696 13,193 16,353 2,319
15€0/81 9,186 3,993 7177 5,628 15,5°1 19,3866 3,173
1981/82 9,593 3,993 836 6,737 17,166 21,896 3,654
1982/83 .e 3,934 .e .e .e .o 3,981
Annual Growth Race (X p.a.)
1974~
1981/82 13.2 14.8 2.7 14.6 12.9 13.4 13.5

Source: EEA
Note: .. means not available.

vhich was exemplified by the commissioning of the Aswan High Dam between 1567 and
1970. During the period 1965-70, electricity production increased at 8.J% p.a.,
but the rate declined somewnhat, to 5.4%Z p.a. during the period 1970-1974,
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2.02. Between 1974 and 1981/82 electrical energy generated increased at
13.4% p.a., considerably faster than in the previous decade. Total
electricity sold to final consuwers increased at a slower rate of 12.9% p.a.,
since losses and power station use increased from 19% to 22X. Electricity
sold to industry, which accountea for 56X of electricity sold in 1981/82,
increased at 13.2% p.a., irrigacion and land reclamacion pumping at 2.7% p.a.
and other consumers (residencial, commercial and government) at 14.6% p.a.
(Table 2.1). The rapid increase in electricity consumption in 1974 to 1981/82
was due mainly to four factors:

() The high rates of economic growth during the period. Between
1974-1981/82 real GDP increased at an average rate of 8.9% p.a.
This hizh rate of econowic growth was a result of remittances from
Egyptians working 1n the Arab oil exporting countries, revenues from

the re-opened Suez Canal, the expansion of Egyptian o0il production
and increasing levels of foreign assistance;

(b) the low and falling level of electricity tariffs, which are among the
lovwest in the world and declined in real terms by 31Z% between 1970
and 1982/83 (Table 3.1);

(c) expansion of electricity distribution networks throughout the
country, so that by end 1983 virtually all towns with more than 1,000
inhabitancs had public eleccricity supply; and

(d) the completion of 3 potlines at the Nag Hamadi aluminum smelter in
1975, wich a Zurther potline commissioned in 1980, which in 1981/82
accounted for 2,381 GWh, or nearly 14% of all eleccricity sold to
final consumers.

act / increased
erween 1974 and 1921/82, alchough the rate of iner
1978. This 1s not oniy due to the aluminum smelte

-

—~o
27/

, Since the intensicy of ocher industries increased by
iod (Table 2.1). These large increases in intensity are,
at least in part, a consequence of the low prices of electricity, which
contribute to electricity intensive investment, and which neither encourage

Pt .

the purchase of efficient appliances nor discourage waste.

o 0
3 .
n

1/ Electricicty intensity is dafined as electricity consumption divided by
Gross Domestic Product and is expressed here as kWh per LE of GDP.
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Table 2.2

Relation Between Electricity Consumption and GDP
(kWh per LE of GDP, 1975 prices)

Less Intensive

Year All Industry Industry All Consumers
1974 4,59 2.87 1.49
1975 5.46 3.51 1.64
1976 6.17 3.45 1.76
1977 7.10 3.82 1.89
1978 7.07 3.85 1.94
1979 6.94 4,02 1.33
1980/81 7.03 3.97 1.91
1981/82 6.73 3.93 1.95
Increase

1974-1981/82 47% 37% 31%
GDP Elascicity 1.62 1.48 1.35

Source: Mission estimaces.

/1 Total industrial consumption excluding Kima fertilizer and Nag Hamadi
aluminum smelrer.

Projected Zlectricitv Consumotion

2.03. As the preceding paragraph has indicated, the growth in electricicy
consumption is particularly sensitive to the race of economic growch. Since
the level of =2lectrificacion is already high in Egyp¢, the connection of new
consumers to the nectwork will be less of a source of growch than in the past.
However, three areas of Govermenc policy could affect future consumption: (a)
restructuring of electricity intensive industries; (b) electricicy price
increases that revised tariffs towards the level of long run marginal =z
(LRMC); znd (c) che i

demand to syscem off

O 0
(]

-
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2.05. Because of the severe limitations to pastc d
consumption due co ccnsumer reclassificacion, projec
electricity were wmadz for only four gseccors: (a) la

s5a £
induscry, cowmprising
the Kima fertilizer factory and the Hag Hamadi aluminum smeltar; (b) other
induscry; (c) agriculture, consisting aimost entirely of water pumpling; and
(d) other consumers, comprising residences, commercial, Government

o]
0
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institucrions, public utilities and streetlighting. Consistent data for a more
detailed breakdown for more than a few years did not exist. Time series of

the nuwmber of consumers, either in total or by sector are not readily

available or do not exist, so that the impact of population growth, household
formation and housing change on electricity consumption could not be
identified. These severe data restrictions limit the potential accuracy of
electricity demand projections. The Government recognizes this problem and
UNDP is preparing a technical assistance project to establish a power

subsector data base which would enable the forecascing methodology to be
improved. Projections of electiicity consumption for the three sectors other -
than the larze industries were made using elasticities with respect to
appropriate macrceconcmic aggregates, e.;. industr ! GDP. The consumption of
Kirma and the aluminum swelter were projected by EZ:i.

2.05. The Reference Case assumes a continuation of present policies such

that the elasticities remain constant over the forecast period. Industry,
other than Kima and i1luminum, was forecast in relation to industrial GDP, with
an elasticity of 1.48, estimated froo 1974-1981/82 data. Agricultural
consumption was forecast in relacion to agricultural GDP, with an elasticicy
of 0.89. Consuxmption pxpﬂndl ure was used to explain the electricicty ]
consumption of the remaining consumers, since the purchase of elec:rici:y
consuming appliances would be related to private consumption expenditure, as
would the output of shcps and ouch commercial activity, vhereas the
consumpticn of slectricicy by central and local Government offi
instituticns and services could be expecred to bte linked co public con5umption
expenditure. Obviously, this appreach is far from ideal, b poor data
precluded 3 mere rigorous approach to foreca { induscrial
GDP, agricuirural GDP and consurption expend 1683 3ank
economic regorcs.

2.06 Zconomic growth projections cn which cthe reference case eleczricity
consumption forecast is based are shown in Table 2.3. Obviously, che

Table 2.3

Economic Growth Proiections

(~ p.a.)
Total Induscrial Agricultural

Year GDP GDP GDP Consumation
1982/33 6.9 8.5 2.5 5.5
1983/84 6.0 8.4 2.4 6.0
1984/85 6.6 7.8 2.6 6.2
1985/8% 6.4 7.7 2.7 6.0
1986/87 6.9 7.5 2.8 5.5
1°8;/8 -1891/92 4.9 8.2 2.5 5.9

92/93-19956/¢7 3.7 4.7 2.5 3.6
1997/°c—* 01/92 4,0 5.0 2.5 3.2
2002/03-2011/12 4.6 5.8 2.5 3.2

Sources: World Bank, "“Current Economic Situations and Growth Projects”
(Reporc 44998-2CT) and '"Issues of Trade Strar zy and lanvestment
Planning" (Report 4136-EGT).
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forecasting errors of GDP projections increase as one looks further into the
fucure. Consequently, electricity demand forecasts based on such GDP
projections will also be subject to error. However, the key electricity
demand forecasts are for the years when new capacity is required that requires
investment decisions today. Forecascts for these years influence the timing
and size of the investment. Errors in long range forecasts affect the
operating assumptions about such investment and consequently would generally
have a smaller impact on the decision. The reference case scenario is shown
in Table 2.4. Electricity sold is projected to increase at 9.3% p.a. during
the period 1981/82 - 1986/87, slow down to 7.2% p.a. during the peribd 1986/37
- 1991/92 and chen grown at 5.8% p.a. for the remainder of the century.
Maxipum demand 13 projected to increzs2 at a slighctly fascter rate of 10.4%
p.a. during the period 1981/82-19856/87 since new ccnsumers would lead to a
decline in system load factor vhich is presently strongly influenced by the
large incduscrial ccnsumer. 1In the longer term, the effect of thesa large
consumers would be proportionally less and was assumed thac measures would be
initiated to reduce losses. Maximum demand would therefore increase at slower
rates than consumption, 6.4% p.a. during 1986/37 - 1991/92 and 5.1% p.a.
during the period 1991/S2 to 2001/02. Six sensitivity studies based on
alternative policy assumptions were examined and these are discussed below.

Tzble 2.4

Fefarenca Case Demand Scenario
(Gwh)
Elecctricicy Sold Grecss Maximunm
Year Induscrv Agriculrture . Others Total Generation Demand (MW)
S m—e e ACTUE]l = e e e
1980/81 9,186° 777 5,628 15,59i 19,866 3,179
1981/82 9,593 836 6,737 17,166 21,896 3,694
- -- ---= Projected -—--—=-mm—cmeeo- - -
19382/83 10,679 852 7,341 18,872 26,0461 3,981
1983/84 12,229 870 8,062 21,161 26,7896 4,564
198%/85 13,1256 889 8,884 22,899 28,985 5,091
1985/856 14,112 910 4,760 246,782 30,978 5,525
1986/87 15,185 930 10, 644 26,759 33,449 6,061
1951/92 21,106 1,033 15,824 37,963 46,296 8,258
1996/97 27,767 1,143 21,120 50,036 60,284 10, 587
2001/02 37,827 1,277 27,335 66,439 78,164 13,519
2011l/12 81,053 1,580 45,841 128,474 149, 388 25,453

Source: Mission Estcimates.
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2.07 Case A assumes that the Kima fertilizer plant would be converted to
natural gas during the period 1986/87 to 1991/92. Alternatively, the Kima
plant could be considered to have been closed down and a new fertilizer plant
established at the gas field. In either case, some requirement for
electricity would remain. We assume it to be 10%Z of the present consumption.
The consequence of phasing out the electrolytic process at Kima would be to
reduce the maximum demand for electricity by about 197 MW so that the maximum
demand for electricity would grow by 5.9% p.a. during the 5-year period
1986/87 - 1991/92 instead of 6.4% p.a. as in the Reference Case (Table 2.3).

2.08. Case B also assumes that the Kiza demand would be reduced by 907 but,
in addition, assumes that production would cease at the Nag Hamadi aluminum
smelter. Egypt no longef has surplus hydro energy. Electricity will be
generated at the mar gln in 0il ot gas-fired plancts for the foreseeable

future. l/ The economic viability of aluminum smelting is therefore
unecononic, especially considering the locztional disadvantage of the plant in
tercs of local transport costs for imported aluminum and aluminum ingot
produced, as well as the depressed state of the world market for aluminum.
Ceasing production at the aluminum smelter would lover the maximum demand £
electricity by about 411 MW, which together with the 197 MW saved at Kima
wvould lead to an overall reduction of 608 MW or 7.4%7 of the 1991/92 Reference

Case demand.

2 09. Ca:e C and Casa D examine the sensitivity to electrcity prices

a factor of & in real terms over a 10-year geriod. Electricity
t are on average abour 12% of LRMC calculaced at international
3 ing this distortion would appear to involve real
sbout B times. Howaver, the four-fold increase assumes that
investzent a4 peracing savings arising from lower demand 2nergy conservation
eleccricicy management and lower cest fuels sucn as coal and possible
aaun:ant natural zis would eventually loger LZMC, Estadlishing the

1 . .

5
ie
pri rising
n
L

appropriaze price elascicioy response of

price increzse is particularly Hi,toric ziectriciiy consumptlon
trends in fgypt are a consequ al prices falling from an already low
level and wouid not provide a 51 ;ide to the response o larze price
increases. Morecver, some oOf ol assumptions e.g. closure of Kima and
Nag Hamadi could De incar;re:ed as a

esponse to higher elactricicy prices.
rom develcped countries do not provide

-
-~

&
-

Econcmetric studies avallable mainly
evidence of the response of demand to very large real price increases. Ve
have therafore calculated eleccricity demand assuming price elascicicies of
-0.1 (Case C) and -0.3 (Case D) wnich are at the mid to lower ran;e of typlcal
elec'rlc*C/ prlca elasticitles estimated elsewhere. The full effect of the
price increases is assumed €0 have taken place by 1996/97, since Gove nment

1/ 1In 1983 and 198% coembustion turbines vere being operated on base load and

i
I
2
u‘

sone combustio ‘1#5 vera burning dxdg-llacn oil and naphcha. Even
though natural gas amcunted to about 20% of ZZA's fuel consumpticn, the
economic cost of gas 1s equivalent to thermal paricy with fuel oil, ac
least until about 1990.

2/ See "Issues of Trade Stragegy and Investmenc Planning" for a discussion of
the economics of aluminum smelting in Egypt.

a
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Table 2.5

Electricity Demand Scenarios

Energy Sold (GWh)

Reference case

A. Kima - 90X lower
B. Kima ~ 90%, eluminum closed
C. Tariff increases, e = -0.1
D. Tariff increases, e = -0.3
E. Combined effect

Kima - 90Z price e = 0.1

Enercv Generated (GWh)

System losses (2)
Reference case

Kima - 90%

. Kima = 90%, aluminum closed
. Tariff increases, e = =0.1
Tariff increzses, e = =0.3
E. Combined effsct A+C

gQw >

Maximum Demand (MW)

Reference case

A. Rimpa - 90%
B. Kima ~ 90, aluminum closed
C. Tariff increases, e = -0.1
D. Tariff increases, e = -0.3
E. Combined effect A+C
F. Coubined A+C and load
management
EZA forecast

Source* Mission escimatsas.

1981/82 1986/87 1991/92 1996/97 2001/02
17,166 26,759 37,963 50,036 66,439
17,166 26,759 36,523 48,596 64,999
17,166 26,759 33,523 45,596 61,999
17,166 25,689 34,167 43,558 57,839
17,166 25,421 31,509 33,011 43,6833
17,166 26,6389 32,871 42,305 56,585

21.6 20 18 17 15
21,896 33,449 46,296 60,284 78,164
21,896 33,449 44,540  SB,549 76,469
21,896  33,449. 40,882 54,935 72,940
21,896 32,111 41,687 52,480 68,046
21,896 31,776 33,426 39,772 51,558
21,896 33,351 40,087 50,970 66,571

3,696 6,061 8,258 10,537 13,519
3,694 6,061 8,061 10,390 13,322
3,694 6,061 7,650 9,979 12,911
3,694 5,818 7,432 9,217 11,769
3,696 5,730 6,85 6,985 8,919
3,694 5,818 7,235 9,020 11,572
3,694 5,818 6,373 8,569 10,993
3,696 6,418 9,933 14,055 19,712
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21}

comzitneat to a 10-vear program of emergy price reform would soon ercourage
expectations of the adjusted prices which would influence the purchases of

electricity consuming equipment. With a low price elasticity of ~0.1

(Case C), demanc ir 1979/97 wouléd be 13% below the Reference Case. During the

period 1981/82 to 1996/97, naxinum demand would grow at an average annusl rate

of b.3%, compared ro 7.5% irn the Reference Case. The accunulated saving over
the period would be about 1,370 M., eguivalient to the capacity of a large

power rtation. With the n1yu9* elasticity o -0.3 (Case D), demand in 1526/97

uould be 34% below the Heference case anc the average rate of growth in

wand up to then would be 4.3% p.a. The acrrmulated saving would be

A

ae
abou: 3,600 ¥Mw, or about three large power stations., A rouph est Jmate of the

[
- >

investzent saved at 1923 prices would :zmount to USHL.2 billior in Case D,

2.10. Case I considers the combined effect of reduciny the consunptior of
the Nimz ferzilizer nlant by S0% and & fourfold real tzvif? increase with the
lower =0.1 price elasticity. This would result in ¢ meximum dewand of

6,%73 M4 in 1991/92, about 17X below the & 256 MJ of the Reference Cese.
Maximum demand would increase st an sverape rate of 4.5% p.a. during the
preiod 1986/87 to 199:/97, compared tc 5.7% p.a. in the Re!erence Case.

11, Case ¥ co
Kima load anc tariff ircreases with the lower -0,
of load managvwent options is presentlv being srudi
informazion on ti.e po;en;‘ul reduction in demand wil

nsiders load manspement, alenp wi ‘uction in the
i €

v. Anzlysis

c
bv censultants and
be contsined In their
o

report. Kowever, 1! 15 assumed here that load management would enable °% of
the pezk demand to be transierred to off-peak times, with no cnange in the
total Gwh peneratecd or sold. 1ln this case 1991/82 maximum demand would be
about 360 MW less than in Case £, or 1385 MW belov the Reference Case. Loa

men: meazsures are assumed to be Implemented first between 1088/89 and

manc Ce
1991/92. The resul:iing growth in maximum demand during this periocd would fall
to 3.4% p.a., compared to 4.5% p.a. in Case E ond 6.4% p.a. in the Reference
Case.

Conclusicen

2.12, The Reference Case shows that even under the assumption of unchanged
policies for electricity pricing, inmdustrial restructuring ard load
management, the slower rates of economic growth projecrzed by the Bank after
1986/87 uould lead to a slowdown in the present rate of growth of electricity
demand. EEA has projected past trends in electricity demand to centinue and
this, in or view, would overestimatg demand (Table 2.5).

2.13. If the Government were to implement policies to restrain the growth
of electricity demand, the sensitivity studies above would indicate that the
reduction in maximum dewand could be considerable, e.g., 17% or 1385 MW below
the Reference Case by 1991/92 for Case F. The effect of combined demand
management polizies, taken with the Bank's economic grewth projections would
lead to demand in 1991/92 of about 6373 MW (Case F), or about 30% less than
the EEA trend proiection of 9,933 Mw.
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Past and Projected Electricity Supply

Past Trends in the Supply of Electricity 1/

2.14, Generating capacity rvemained substantially in excess of maximum

demand throughout the 1970s, but the margin of reserve capacity declined
markedly. !/ As shown in Table 2.6, installed capacity was more than three
times the maximum dewand ic 1970 but in 1983 the gross reserve margin had

fallen to 36%.

afrer allowing for the derating of plant due to age,

condition, hydrology and operatinz conditicns, the net capazity in 1933 wvas
roughly equal to demand, with little spare capacity available to cover
maintenance outages and breakdewns. Because of the huge surplus capacity at
the beginning of the period, no new capacity was added until 1976. All plant
cormissioned after 1976 was thermal, with the result that the share of hydro
plant fell from 65Z in 1970 to 43% in 1983.

turbines, because of:

Tabl‘e 2.5

Electricity Suoplvy, 1970-1980

Estimate
1970 2 1975 2 1980 4 1981 Z 1982 )4 1933
Inszalled Gerurzting
Czac:izy (M)
Hydropower 2,445 65 2,445 65 2,445 52 2,445 30 2,445 43 2,445
Thermal 1,330 35 1,330 35 2,281 &8 2.'49 0 2,485 21,299
Teesl 3,775 10 3,775 10 4,6 10 4,914 10 5,10 100 3,485
Mzdmam Demsd 1,100 1,733 3,239 3,533 3,900 4,2
Rzzarve Margin (X 2463 113 45 3 kel 3%
Gererztion (Gwn)
Hyd-o 4,690 68 6,70 6% 9,01 53 10,215 49 10,484 45 .
Therzal 25 32 3, 3l 8628 47 10,532 51 12,869 35 e
Totsl 6,915 100 9,79 100 18,429 10 20,747 100 23,353 100 .
Saurce: EEA
2.15. Most of the addictional thermal capacicy insctalled after 1975 was gas

(a) cheir short lead time compared with sceam planc; (b)

the need to install addicional capacity as quickly as possible to meet the
rapid growth of demand; and (c) their lotw capital cost to a utilicy that was

1/ Putlic supply data throughout the section relace to the interconnectad EEA

system. Informatioa on public supply at isolated centers was not fully
available, but it is small in comparison.

I LR

I&
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chronically short of finance. As a result, there was a marked.change in the
mix of thermal plant, as shown in Table 2.7.

Table 2.7

Thermal Plant Mix, 1975-1y3J

1975 1980 1933
Steam Genmerating Plant 1,302 98 1,674 74 2,346 < 66
Coubustion Turbines 28 2 587 26 1,207 34
Total 1,330 100 2,261 100 3,553 100
Source: EEA
2.16, The greatly increased contribution of thermal generation to total

electricity supply has been accompanied by a corresponding increase in oil and
gas consumption, which increased almost &4 times between 1975 and 1981/82
(1,034 to 4,005 thousand toe). There were two significant changes in the fuel
mix, with increasing consumption of gas oil and natural zas, as a result of
the growing availability of natural zas for electricity generation and the
growth of ccmbustion turbine capacity (Table 2.8). In 1951/82, consumption of
residual fuel oil, natural gas and gas oil for electricity generation
represented respectively about 33X, 187 znd 16% of total Zgyptian production

of these fuels.
Table 2.8

Fuel Consumpticn for Electricity Generztion
19/71=-1%20

1971 1975 1980 1981/82

T000 zoe 4 '000 toe ] "000 toe % '000 toe %

Residual Fuel 01l 742 93 1,023 99 1,991 68 2,398 60
Naptha 55 7 11 L 61l 2 67 2
Gas 01l - - - - 215 7 616 15
Natural Gas - - - - 675 23 913 23
Coke Oven Gas _- _- - - - - 11 -
Total 797 100 1,034 100 2,942 100 4,005 100

Source: ELA
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2.17. Certain industries, notably the sugar, cement, fertilizer, paper and
textile industries, generate electricity from captive generating plant for
their own use. Complete data are not available but data for about 20

industrial plants show a declining trend of output, from this source, from 640

GWh in 1970, or 9% of EZA output, to 513 GWh ia 1980, or 3% of EEA output .

2.18 In 1982 and 1983 cthare was a severe supply shorcfall in the
interconnected system which necessitated load shedding. This may seem
surprising in view of the relatively high gross reserve margin (367 in 1983)
of installed capacity over maximum demand. However, the installed capacity
figure is somewhat misleading; this is because it includes the twelve 175 MW
sets at the High Dam, whereas two of thase are alwavs our of service 1/, and
it also includes the raced output of 345 MW at the Aswan Dam whereas this can
generate vnly 200 MW because of the reduction in head caused by the tailrace
of the Hign Dam. Moreover, a relatively high proportion of plant tends to be
de-rated or out of service at any time, eicher for scheduled maintenance or
because of breakdowns, and thare are delays in restoring it to service because
of shortages of essential spare parts. 2/ This tends to create a vicious
circle, shortage of capacity in relation to d2mand leading to deferral of
essential maintenance, which resclts in turn in plant failures.

2.19. The high level of system losses is also a factor in the inabilicy of
the interconnectad system to meet all requirements. These are astimated at
abour 22% of gross gzeneration. Losses in the distribution companies' networks
represent rnearly 137 of their bulk purchases frcm EZA. Only part of these
represent technical losses, since part is due to theft of electricity,
tencatively estimatad by consultancs at adbout 43% of total distribution losses.
2.20 A oroninent feature of the eiectrification program in recent vears
has been the rapid extension of suppiles co rural areas. 3y end 1931 nearly
all of the approximacaly 5,000 villages with sopulacions over 1,000 had b2en
connested to the zudblic electricity supply under the zural alecerificzacion
program. About SO0L of the zural sopulacion and almost all the urdan
population nhad access to electricicy supply.

Power Svstem Plznning

2.21, Generation planning is carried out by EEA's planning department,
although it has been assiscted by consultants, usually financed by bilateral
aid, in projecc feasibility sctudies. EEA uses the WAS? computer program
supplied by the [nternational Atcmic Energy Agzency (IAEA) for generacion

.

1/ One unit is always cown for maint2nance and, since there ara CwWo units per
penstock, this means in =ffect Chat €wo units are dowm at any time. EEZA
1s carrying cuc a program to replace turbine runners.

2/ Some de-ratinz »f combuscion tur>ines is inevitable because of the
difference ‘n ambient temperature in EZgypt from the I50 Standard on wnich
racad capacicy 1s dased.
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planﬁing. EEA's planning department has difficulty in running this program
since it has been run at a commercial computer bureau on a machine not ideal
for the program at high cost and at considerable inconvenience to EEA's

staff. Despite having well qualified and trained staff in the planning
degartmenc, practical computing difficulties have meant that they have been
able to examine only a few alternatives. Moreover, key assumptions, such as
the scale and timing of the nuclear program and the role of the Qattara
Depression project appear to have been taken as policy decisions without being
subject to recent economic analysis. Some of the economic analysis that has
been carried out by consultants has not analysed alternatives in relation to
the long term development of the system. For example, several recent studies
have "justified" projects by comparing tn2m to the cost/kWh of an oil fired
power station wnen ZEA's policy is to start no rmore new oil fired steam
stations. The lack of a least cost generation program is a major obstacle to
the economic evaluation of individual projects. The consultant's study of the
Qattara Depression project 1/ recognized this and made a strong recommendation
for 8 least cost program to be prepared to serve as the basis for a thorough
evaluation of the project.

Medium Term Ceneration Develooment 1983-1991

2.22. Generation projects for the medium term are generally under
construction, committed, or in an advanced state of preparation. In 19582/83
there was a critical shortage of generating capacirty with effective capacity
about equal to demand and no spare to allow for breakdown or sufficient
maiatenance. In 1933/8% the position will be improved only slighcly, despite
the comsissioning of 320 MW of steam plant, and 267 MW of combustion
‘25 capacity should be in an acceptadle bSalance with demand,
in should be 24%. In chat vear an excra 900 MW of
schedulaed to be commissioned, including the
(300 W) and Acaga (Suez) (130 W), chird

turbines. By 1334/
when the res
natural gzas/

firsc unics 3 : ma

uait at Abu Sulzan Cismaiiva) (130 MwW); znd fourch and fifch anics at ASu Qir

(2 x 150 Mw). Ia adiition, .00 MW of new combuscion turbdine plant is planned

to be complated at Damanhour znd Wadl Houf. Mo further combustion turdine

capacity is planned. Jerween L984/853 and 198h/37 complenion of projects under
l 7

construction will add a furcher 1,320 Yw of sceam capacily and the completion
of the Aswan II project will add a furcher 220 MW of hydro capacity. Over the
period 1982/83 ro 1986/87 about 200 MW of old steam plant is scheduled for
retirement, but this is almosc offset by the additional 1353 MW gained from
rehabilitating the hydroelectric machines at the Aswan I and Aswan High Dam
scations (Table 2.09).

(%)

.23, For the period after 1986 a number of options exist which are in

varying stages of preparation:
(a) a total of two additional 300 MW natural gas/oil fired units at che
Damannour and AssiuC steam stations. 3id documents for these unics

are raady for issuing to potential suppliers, but finance has not

been sacured;

1/ Joinc Venture Qattara, "Study Qattara Depression. Draft Feasibility
Report' (October 1580).
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(b) a 4 x 300 MW coal fired steam station on the Gulf of Suez coast of
the Sinai peninsula. This station would burn primarily imported
coal, but would also use local Sinai coal and could also have 4:al
firing for natural gas. A consultants project feasibility study has

been prepared and the Government is attempting to arrange finance for
the project;

(¢) a 900 MW PWR nuclear station planned for El Daaba 165 km west of
Alexandria on the Mediterranean coast. The Government received bids
from patential suppliers in November 1983; -

(d) a natural gas/oil fired power station at Kuraimat, south of Cairo
having either 300 MW or 600 MW units and a capacity of 1200 MW.

Imported coal has been suggested as a fuel for this station, but ics
location 300 km from Alexandria and 230 km from Suez would mot appear

ideal;

(e) a station on the Mediterranean coast at Sidi Kreir, west of
Alexandria, that would burn imported coal and have an ultimate
capacity of 3,000 MW with either 300 MW or 600 MW units; and

(f) conversion of single cycle combustion turbines to combined cycle
operation. Existing combustion turbines ac Talkha, Mahmoudia and
possibly Damanhour have been identified for conversion, but no
detailed studies have been carried out. About 200 MW of axiscing
combustion turbine plant at each site would be converted to supply
steam to a ICO0 MW steam unit.

2.24, EEA pro a maximunm damand of about 9933 MW in 1991/92. The A
24 on this f{oracust is shown in Table 2.09. Our demand
Scenario A shows a 1 I maximum demand of 3061 MW. This diffarence of 1872
MW or nearly 19% would =2nable some projects to be delayed (Table 2.10). The
Kuraizmat aatural zas/oil fired sceam stacicn could be the firsc prnject for
delay for the-following reasons: (a) imported ccal and nucisar options are
believed to be more economic tham oil by =EA, and this is supporzad by
experience elsewhere; (b) catural zas has an economic cost aquivalent to the
price of fuel, at leas:z at present; and (c) the first unics at a new station
usually cost more than duplicatz units at an existing stacica, so thac
extending the Damanhour, and Assiut stations would have higher priority among
the oil/gas opcions.

2.2 A x2y issu2 1s when a nuclear power station could begin operation.
Assuming a quick 2valuacion of tids, timely decision by the Government and
sufficient finance being available, construction is unlikely to begin until
1985. IAEA give the mean ceascruction time {defined as che time Sefore the

first pour of concrecs and the csnnaczion of “ne rsactor to the grid) for
nucla2ar pownr stacions as 100 months, islchouzh some countries have an averige
complerion time as low as 5] moncths and some as hign as 130 geachs. On one
hand the racord of ZZA 1in projec: implementacicn has graaczly improved 2.2,
Shoudran Il ¥heima, buc on cthe other, MEZ has no experience of building

s. 0On balance, it would appear prudent to assume an
average construcci.oa tf of at least 100 ~onchs. Based on construccion
starting in Deczamber ! , the expected commissioning date for the first
nuclear pover station would be March 1993. WNuclear can therefore be
disregarded as an option for the medium term 1984-19%2.

ol
nuclear power scatian
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Table 2.09

EEA Cemerotiem [wvelownn: Proeexn 1922/23 - 19201/92

J952/B3  1533/B,  19°L/85 lGES/Uz 1954/77  1387/83 1S5E/89  1253/9%0  1993/91  1971,/92
Fadmo Derard (M) 4,036 4, % §,18 L, 7iE 6,L1E 7,458 7,670 B, 360 9,113 8,722
Energy Cererated (Coh) 24,041 26,786 - - - - - - 415 50
Available Gross Caoacity (M4)
Exiszing steam 1,510 1,49 1,490 1,37 1,214 1,236 1,151 1,19 1,1£3 1,115
A Sulzan - 30 430 &0 &0 &0 60 600 0 [75¢]
Ao Qi - 0 &0 &0 (£6%) [fes] &0 &00 [£¢9] 672
Kafr E} Dawar - 2 22 30 &3 [324] Lo [A5e] [A4¢] [241]
Ataca - - 120 X0 €0 €00 &0 620 [70.9] 60
Sz Il el - - 0 600 00 900 0 S0 o0 ]
Daxnaur - - - - - 00 /2 30 e a0 XG0
Assiut - - - - - - 11 30 ]
Sinai - - - - - - - 600 _/E e i) 1,20
Totaimmt - - - - - - - &0 /2 130 120
Cidy Kreir - - - - - - - - &0 _/z &0
Total Steaw LS00 2,210 3,210 3,652 4,435 4,676 4,531 610 7,303 7,555
Existirg cobustiom sursine 810 810 810 E10 810 619/_3 610 £10 61¢ 610
El Soau! - 67 67 £ 57 67 67 67 57 7
Mavaaxis - 0 pAsl 0 0 o X0 X0 X0 X
LTrTnaur - - 100 1 1C 100 100 100 100 100
oo Hast _- - 100 100 oy 0 m _we ey i
Toral Comustion Turbire 819 1,077 1,277 1,177 1,277 1,677 1,07 4,077 1,077 1,677
. »
Caxbined oyrle - - - ~ - X0/ X0 0 m X0
Nu jear - - - - - - - - - 90
Existing hydro 1,724 1,764 1,89 1,559 1,59 1,90 1,99  1,%0 1,90 1,90
Asaan 11 - - - 110 2 20 Pl 20 22 g}
Tecal Fydro 1,724 1,764 1,809 1,99 2,139 2,10 2,170 2,190 2,120 2,170
TUTAL CAPLCTTY 4,0 5,151 6,296 6,593 7,652 8,223  B,478 5,678 10,850 12,302
Reserve argin (X) 0.2 12.1 22.6 19.4 2.5 16.8 10.5 15.8 19.1 23.8

Saurce: XA, Mission estimaces,

11 Cmazities shown ot middle (Decevier) of fiscal year.
/2 Projects for vhicii bids hnve not bern received.

ol

February 1550
(16237)

43 Decrease in comustion turbine cmacity is Gue to catversicn of units to cobired cycle,
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Cereracion Drvelmrene 1982783 - 1991/92
(Punmrg >ceiarcio A)

Saurce: Missicn escirmze, ZEA,

/1 Coacities shun st mindle (Cecomier) of fiscal yeIc,

It

February 1554
(1613?)

Frojeses for which bids have nat teem reczived.
Decresse in contdstion curbie copacicy is due to coversion of units to cadired cycle.

1982/68]  1933/84  173%/8S  1989/B4  1°SA/37 1397/82 1$8/57 159/ 1990/9, 1991/32
Mxximro Danard 4,036 4,54 5,091 5,525 6,041 6,67 6,859 7,256 7,865 8,co1
Enirgy Generated (Gih) 25,061 26,72 18,6 0,918 13,9 35,695 18,093 40,651 41,65 uL,50
Availible Grees Coazicy ((4)
Exdsting steam 1,510 1,X0 1,50 1,230 1,310 1,190 1,145 1,135 1,115 1L1s
Aby Sultan - 30 430 450 0N €03 &0 &0 &0 0
Abu Qir - 0 &0 v (€o 00 &0 &0 &0 LU
‘Kafr El Caar - 220 20 Jx ) (55} [274] ) ) 40
Atica - - 150 0 €00 600 &0 &0 600 &0
Shoubdean E1 Mieima - - 30 6 500 90 50 % 500 0
Damanhour - - - - - B oy) X0 X0 X0 o
Assiue - - - - - - /2 xm 0
Sirai - - - - - - - T0 9 1,200
Kuraime - - - - - - - - - -
Sidi Kreir - - - - - - - - - wm /2
Total Stes L3lo 201 3,20 3,60 440 4,630 4,885 5185 5,755 6,355
Exdsrirg camastion turbine 810 810 810 810 810 810 610 N7 610 610 610
£l Savauf - 67 &7 &7 67 67 67 67 67 &7
Yatrouaia - X0 0 X0 o) b 0 -1/3 - -
Camarharr - - 100 100 100 120 10 (03] o M) 100
Sadi doud - - 1t0 10 10 10 100 10 10 16
Tocal Carbuscion Turdine 810 1,077 1,277 1,277 1,277 1,277 1,077 877 arn 877
Cabine cycle - - - - - - X0/1 &0/2 & 620
Nuelear - - - - - - - - - -
Existirg hydro Ld L L,es e LW L,90 LSS0 190 1,00 1,90
Asum 11 - - - 110 pns I 120 0 20 ] E3]
Total Hydro L, 724 1,764 1,89 L9 2,133 2,100 3,10 2,10 3,10 2,170
TOLAL CPACTTY 4,064 5,161 6,306 6,309 7,85 8,077 8,432 8,632 9,502 10,032
Reserre Margin () 0.2 13.1 3.9 %.5 9.6 5.3 =9 1.1 3.3 “al
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2.26 By the end of 1984 cowmbustion turbines will account for an excessive
202 of installed capacity. Given the availability of natural gas at a price
equivalent to fuel oil, there is probably a good case for convercing some of
the modern combustion turbines to combined cycle wherever this is technically
feasible. In projecting capacity for the medium term, we have assumed thac
the Talkha and Mahmoudia conversion projects would be completed.in 1988 and
1989. It should not be necessary for EEA to commission any more combustion
turbines during the period up to 1991 unless demand increases faster than
expected or new plant is delayed. However, in these circumstances, we would
argue strongly that it would be more economic for other measures to be
adopted, such as the temporary or permanent suspension of aluminium
production. By 1991, simple cycle gas turbines would amount to only 8.7% of
EEA's capacity.

Projected Fuel Consumption

2.27, A marked shift is likely in the pattern of fuel consumption for
electricity generation during the 1980's. New power stactions will be
predominately gas fired and most existing stations will be converted from fuel
oil, or gas oil in the case of combustion turbines, to run on natural Zas.
Consequently, natural gas would increase its share of toctal fuel use from 26%
in 1982/83 to about 89X in 1986/87. At the end of the decade the Sinai coal
fired power station will resulc in coal accouncting for about 237 of fuel
consugption in 1991/92 and the share of natural gas declining to 77%.
Providing supplies become available on time, gas consumption is likely to
increase by about 3.5 times between 1982/83 to 1986/87, but the advenc of coal
and the improved thermal efficiency of new power stations wculd result in zas
consumption increasing by about 35X between 1986/87 and 1991/92. Fuel oil
consumption is lixely to declice in absolute terms as existing stationms are
converted to natural zas, oil firad stations .:re retired and more efficienct
base load plant diceplaces ola o1! fired stations down the merit otder.
Consumption of oll products could Zall from 34A5 chousand Zos in 1282/83 co
only 4C0 thousand toe in 1991/92 (Tadble 2.11).These projections of fuel
consumption are subject £9 a wide margin of error due tc the lack of a i
investzenc p;ogram and the lack of reliable projectcions of gzenerating unic
dispatch hased on the wmost likely load forecast. More reliable estimatas
should be prepared as part of ZEA's investment and operational planning.

Sensitivitv to Demand Forecazct

2.28 Scenacio F (Table 2.12) was used to indicate how the generation
investzent pregram =iz n: change under alternative demand management policies.
This scenario avsumes that the Governmenc wouid begin a program to eliminate
disctortions to energy pri:as, ccumence a load wanagement program and
restructure or c.ose the Ximwa plant.

Under this scenario the following savings could be achieved
(Table 2.12):


http:completed.in
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Table 2.11

Projected Fuel Consumed in Power Generation

Actual Projectad
1982/83 1986/87 1991/92
Original Units
Fuel Oil (c'000) 2,948 560 420
Gas 0il (t'000) 620 1 1
Napcha (t£'000) 69 - -
Macural Gas (M3 million) 1,365 4,730 6,360
Coal (t'000) - - 2,680
Energy Ecuivalent (toe '000)
Fuel 0il 2,775 530 400
Gas 0il 620 1 )
Naptha 70 - 1
Natural Gas 1,213 4,200 5,650
Coal - - 1,710
Total 4,678 4,730 7,360

Source: EEA, Mission estimates

Notes: Conversion factors 1 toe = 10.2 million kcal, fuel oil 9,600 kcal/kg,
Gas oil 10,200 kcal/kg, Napcha 10,300 kcal/kg, natural gas -
9,067.kcall/kg
Coal 6,500 kcal/kg

(a) one 300 MW additional scteam unit at Damanhour (1987) would not be
required during the period;

(b) 300 MW additional steam capacity at Assiut (1988) would noc be
required;

(c) combired cycla plant coanversion could be delayed by one year;

(d) Sinai ccal could be delayed from 1989 to 1990, with a slower race of
complecing the station;

v

(e) Sidi Kreir coal could be delayed beyond 1991; and

(£) despite delaying these plants, the reliability of supply would be
slighely higher.
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Table 2.12

Gererecion Develeowere 1952/83 - 1991/62
Loy Losd rorezasc

(Dnand Scenacio F)

1932/33  1933/8%  193%/85 1795/85  19%£/87  1957/E8  19SE/E)  1S99/90  150/91 1931/92

Maxim.m Derand 4,006 4,564 4,99 5,386 5,818 5,884 6,093 6,25 6,65 6,873
Encrgy Gereraced (Ch) %01 26,5018 28,06 20,08 32,11l 33,90 35,07 28,59  I,K7 39,932

Aveilsble Gross Crazity (MY)

Existirg sceau 1,510 1,500 1,500 1,0 1,210 1,19 1,145 1,145 1,118 L1s
Abu Saltan - 30 40 4% &0 &0 &0 &0 €0 &0
A Qir - xn &0 600 €00 €0 €00 &0 40 &0
Kafr El Dawar - o) 220 30 (2] L) &0 un 2] (%)
Ataqa - - 150 X0 €Q &0 60 &0 620 &0
Shaubrah El Kheiza - - 300 600 %0 9@ %0 %0 90 %0
Damarnour - - - - - - - - - -
Assiue - - - - - - - - - -
Sirai - - - - - - - - 0/ 60
Kuraimac - - - - - - - - - -
Sidi Kreir - - - - - - - - -

Total Stesn 1,510 1,30 2,720 3,630 4,450 4,130 4,285 4,22 4,555 4,855
Existing cabisticn tuwhire 810 610 810 810 610 819 8lo 610 /3 69 510
El Sxyouf - 6 67 67 87 67 67 &7 67 57
Hirodia - 200 X0 o) <0 0 X0 >0 /3 -
Damarhour - - 100 1 10 100 oo} 0 o~ 10
Gy Houf - - 100 170 100 100 lod 1 s 109

Tocal Carbuscion furbire 810 1,077 1,277 1,277 1,277 1,277 1,277 Lo77 877 877
Cambined cycle - - - - - - - - m/2 &0 v
Nuclear - - - - - - - - - -
Existirg hydro 1,724 1,764 1,809 1,859 1,5m 1,90 1,950 1,9 1,630 1,99
Aswan [I - - - 110 20 0 220 pons] )] yan]

Total Hydro 1, 7% 1,764 1,89 1,999 2,19 2,10 2,170 2,10 2,10 2,170
TOTAL CAPACTTY 4,04 3,161 6,306 6,879 7,856 1,1m 1,72 7,132 8,7 8,52
Reserve Margin (X) 0.2 .l 7.4 28.2 35.0 j2.8 6.8 4 24,2 1.7

Saurce: Mission estiraces, EA.

| Crmacities shoun ac mizdle (Tocmmmer) of fiscal year,
Projects for wnich o133 rave not heen reccived.
Decrrase in emmustion curture expacity 18 dwe Lo conversiow of wits €9 camined cycle.

~{~
~

-~

February 198%
(16359)
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2,29 Potential savings would be even greater 1f further indusctrial

restructuring were implemented e.g. closing the aluminium smelter, or if
demand were more sensitive to tariff changes than the -0.1 elasticity assumed.

C. Long Term Generation Invecstment Issues

Overview

2.30. EEA's long term investment program envisages eight nuclear power
stations (4x%00 MW and 4x1,200 MW) being commissioned in the 1990's, along
with 4,200 MW of cecal and gas fired capacity. In addition the Qattara
Depression hydrosolar project is expected to be commissioned in stages between
1995 and 1999. (Table 2.13). However, this program is based on a demand
forecast that has a 2001/02 maxizum demand of 19,710 MW, compared zo 13,520 MW
in our Reference Case and 10,990 MW in Scenario F (Table 2.5). Although the
period 1992-2002 seexs a long way in the future, the lonz lead times of large
power stations mean that preparatory work and decisicas on some projecszs will
need to be taken during the current plan period and subszantial expendirture
will be incurred during the nexc plan
(1987/88-1992/93). Five main issues need to be considered in preparing a
revised long term program that is based on a more realistic demand forecast:
(a) the zole of nuclesr power; (b) cthe use of natural zas for power
generaticn; {c) Zfucture hydro development; (d) planning under uncerzainty; and
(e} the Qattara Depression hydro solar project

Table 2.13

FEA Lonz Term Genevation Procram
(Mw)

New Capacicv Addizions

Kuraimat Sinai Sidi Kreir Huclear Qatcara
Year 0il/Gas Coal Coal HYdro Retirements
1990 600 - 600 - - - - 28
1991 - 600 - 900 - - 48
1992 - - 600 200 - -
1993 - - - 900 - -
1994 - - - 200 - -
1995 - - 600 - 300 -120
1996 - - - 1200 300 =225
1997 - - 600 - 300 -171
1998 - - 600 1200 jeo -168
1999 - - - 1200 300 - 75
2000 - - - 1200 - -483
Tocal 500 600 3000 8400 1500 1298

Source: EEA
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Role of Nuclear Power

2.31. Even if EEA's demand forecast is correct, the eight nuclear power
station program is unlikely to be implemented within the planned 10 years.

The financial requirements are likely to be enormous, amounting to at least
$10 billion act 1983 prices, before allowing for physical and price
contingencies, engineering and interest during construction. These could
increase the amount to be financed to $25 billinn. MEZ is having considerable
difficulty financing the first nuclear power station, as well as conventional
stations. [If the nuclear program were to procede as planned MZE would need to
repeat these financing operations each year. Praospective lenders would be
hesitant to commit such large amounts when EEA's self financing ratio is so
low (para. 6.05). If finance could be arranged there would remain cthe problem
of manning the sctations with adequarely trained and experiznced staff. Egypt
has a pool of nuclear scientists and conventional plaﬁt englneers who could be
drawn upon to man the first two or so stations if sufficlent incentives were
offered. The 38 vears required to build a nuclear power station, in principle,
gives sufficient time for the supplier to train op=rators. However,
considering che difficulzies EEA has in training and retaining staff for
conventional power stations and the limited pool of nuclear engineers and
technicians, it seems unlikely that staff of adequate calibre could be found
to man an 8 nuclear power station program in the 1990's,

2.32. A more fundzmental issue concerns the economic viability of nuclear
power compared to other optisns. Scudies carried out elsewhere have shown
that nuclear powar 1s generally preferable to oil fired power scations. So
long as natural gas in Egypr has an economic cost equal or close to parity
wich fuel oil, nuclear would be preferred to zas fired powcer stations alsn.
Howevar, the relacive e

concmics of nuclear versus importad coal are much less
clear cut and cthere is pr
e

obadly a case for both in a balanced power svstam.

Muclesr has disadvanzages of large lumcy unics that require grezter reserve Co
. ~1
—- a

guard against plant oucages. Nuclear is also less flexibie in implemenczczion,
since each reactor is one un:it of say 300 Mw, unlike conventional planc wnere
.

c £
there @ay be 3x200 Miv units, scwe of which could be delayed 1 demand were
overestimaced. Once the Dids for cthe first nuclear station are received, icC
is recommended that the sconomics of the project be re-appraised before a
final decision to procede 1s taken.

Usa of Natural

2.33. As mentioned above, natural gzas is unlikely to be competicive with
coal or nuclear for new investment 1f its economic cost Is equal to or greater
than the tharmal equivalent price of fuel oil. Possiblie exceptions to this
are the use of natural zas in combined cycle and industrial CHP plant, both of
wiich have high therzal afficiencies to offsec the hight cost of fuel.

2.34. If ;resen: 2scimaces of gas reserves 9f 6 to 9 zrillian 5:3 wera
incraased subscancially (resarvas as high as 30 crillicn £z? have baen
quoted, alchsugh insufiicient explorazion das been dane to prove cthis) txe
economic cosC 9f natural zas mignt fall to tne LRMC of produczicn and

) 4]

atur
transmission plus a deplecion allowance, possibly about 407 of the price of
equivalant fuel oil. This would maxe natural gas cheaper than coal and
possibly also nuciear power. Gas would then be the favored fual for new power
stations. However, the economic cost of gas would rise scteeply in real cerms
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towards fuel oil parity as the gas became depleted, so that new plant might
consist of a mixture of combined cycle and dual gas/coal fired planc.

2.35. EEA is apparently planning for new thermal power stations to be able
to burn both coal and fuel oil. However, it would be technically feasible to
make these stations capable of burning gas also and in view of the uncercainty
about gas reserves aad the economic costs of gas this would seem a prudent
gstractegy. In order to have natural gas/coal burning capability without loss
of station capability it would be necessary to design the boiler to burn the
two fuels. It would be unwise for EEA to build natural zas/oil power
stations, which are 10-15% cheaper than coal plants, without concrete -
assurances that gas supplies would be available and a reasonable prospect that
gas prices would remain substantially below the price of fuel oil and be
competitive with coal. It probably would not be in the nacional interest for
EEA to build a gas fired power station which had to run on oil because of
insufficient gas supplies. Because of the potentially large savings from
delaying the nuclear program if large reserves of cheap gas are proven, it is
suggested that EGPC intensify its exploration to prove suspected gas reserves.

Future Hvdro Devel~pr.ent

2.36. With the exception of the Qattara project (para. 2.37) almost all of
Egypt's hydro potential has been developed. However, a number of small
schemes exist at existing Nile barrages: Esna (100 MW); Hag Hammadi (53 W),
and Assiut (L8 MW). As with the Aswan IT project, adding small hvdroelectric
power statloans to existing barrage produces cheap eleczricicy. The capical
cost/&W of such schemes 1s rougnly comparable to a thermal power station, but
there ar2 no fuel costs. Altheugh the output of these hyd-o projects is
swall, they offer nigh econemic recurns and should be implemented vhere this
is technically feasibl'e. Some pumped storage options exist near the Red Sea,
e.g. Ain Sukhra, but would only be economic if cheap pumping energy were
available. This would appear to require a large nuclear program, which we
consider unljkely cto be implemenced,

Uncercaincy
gance-teinty

2.37. Long term generation development in Egypt is subject to more chan the
usual amount of uncertainty. The main areas of uncercainty are: (a) future
slectricity depand; (b) fuel supplies and costs; and (c) power staction laad
times. Demand 1s not only uncerctain because of the usual uncertaincy adout
economic groweth, but also beczuse it 1s not clear what demand za
policies will be adopcad by che Governzeatr and what the responsa
a

consumers
to these policy changes woculd be, e.z. che influence of tariif changes 2n
demand. he Goverament zould partiy reduce this source of uncercaincy by
and management. Uncertainty about fuel supplies

taking early decisions, on dem
and prices primarily apolies atura
implemencing praze a; 1

rtaing

zis (para. 2.322). Delays in

: T

available to mee:
1

suificienc planc 1is

“crd ia construccting plant i1s wmuch
g finance are common so ChaC construccion
often begins lace.

2.38, MEZ's long term planning will need to investigate ways of dealing
wich uncertainty such as not relying too much on long lead time plant, e.g.
nuclear; ensuring that fuels can be switched easily if necessary; and avoiding
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changing to larger unit sizes too quickly. In project implementation MEE
should ensure contractual arrangements are sufficiently flexible to postpone,
cancel or advance units where it appears that this could be necessary and that
all steps are taken to speed up the implementation of projects, particularly
in arranging finance.

Qattara Hvdro-Solar Project

2.39. This project consists of a canal or tunnel from the Mediterranean Sea
to a hydroelectric pover station by the Qattara Depression. Output from the
station would decline as the Depression becomes filled until equilibrium is
reached between inflov and evaporation. Some variants of the project have a
pumpecd storage a netive. The project has been the subject of an exhaustive
pre-feasibilicy which concluded that & canal excavated by nuclear
charges wvas ti cosi golution. This option would have 600 MW tun of

re

h
river hydro an 5,800 Mv of punped stcrag
consultante es
1979 prices, ¢
and an additio
rate of return

k capacity. Tne
that the pro 7 tillion at February
ezrs n and the construcsisn of the first stages
ezrs to ccoplete the project. The internzl economic
1 ¢ be onir 10% when benefits

[al

ularec by the consultants
wvere valued - ings from the bes: alternative conventional power
program. 1/ The st alternarive using conventional exczavarion techniques (320
MW hydro, &,800 MW purped storage) was estimated bv the consultants to cost
USS8.4 billion on the same cost basis and would take 10 vears to construct.
The consultants did not calculate an internal economic rate of rerurn, since
the alternative was clearly not preferred to the nuclear excavation and pumped
storage options. QP4 has commissioned another study which is investigating
the convenrionsl excavation of a shorter route. This study is expected to be
ccopleted in 1984,

2.40. It is clear that the Qattara Depression project has not sc far been
proven an economic and technically viable optien for producing elecrricity,
although the current study way disprove this. The project is inherently tisky
given its apparently low rate of return, lonz lead time and the technical
uncertainties innerent in a novel project with a high civil works content.

The potential power output is swmall in relation to the cost of the project.
The first phase cf preferred scheme had 1,800 Mw installed capacity procducing
3,964 GWh net initially. When the third phase is completecd, 13 vears after
the completion of the first phase, the station would change to pumped storage
operation and would would be a net c¢onsume. of 1,400 GWh/a. Because of the
change in role from hydro to pumped storage operation, the Qattara project
would require the development of conventional generation with lov energy costs
to provide the pumping energy, i.e. a large nuclear program that would result
in nuclear capacity exceeding the system demand (excluding pumping) at night.
Utless the new study can show high rates of return to justify the risks
involved and demonstrate that the project belongs in the least cost investment
program, it is recommended that the Government wind down the Qattara studies
and devote the resources to demand management and conventional electricity

supply.

1/ This is equivaient to stating that the project had a place in the "least
cost" development program, but that it could be substituted by the next
best project without having much effact on the net present value of the -

investment program, calculated at 10% discount rate.
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D. Generation Investment Priorities

2.41. EEA lacks a least cost generation development program that is based
on economic analysis of alternatives (para. 2.21). Such a programme 1s a
pre-requisite for establishing priority among the generation alternatives
described above. The Government faces a number of major investment decisions
in electricity supply. These immediate investment decisions are shown in
Table 2,10 and listed below:

(a) extensions to Damanhour and Assiut zas/oll steam stations would
"probably be required if dem.nd management policies (substanrial
increases to real tariffs, restructuring/closing Kima Fertilizer
plant and implementing load management) are not implemented. We
would recommend the demand managemenc option. If the Government does
mot start a program of demand management in 1984, an early decision
to proceed with these stations would be required;

(b) The Sinai coal fired station is the best prepared coal option. A
coal fired power station with the capability to burn gas also would
appear to be part of a least cost program for the medium term, given
that a nuclear station could probably not be completed before 1993
and the uncertainty about natural gas supplies and coscs. However,
EEA should investigate the technical and economic aspects of dual
gas/coal firing during the design studies for the project since
conversion to dual coal/gas firing afcer the scacion is Suilt will
result in loss of scation output during conversion and the converted
station would have reduced capabilicy. Complecion of design studies
and preparaction and issuing of bid documents for the Sinai coal
staction should therefore proce2d with urgency since a program for
comuissioning in 1989 will be tighc; and

(c) conversion of combustion turbines at Talkha and Darmenncur is one of
the “few short lead time options remalning and technical and economic
feasibility studies should be completed without delay.

2,42, A numper of other investzent decisions will nead to be taken shorcly
for cthe period 1991/92 and beyond. There are major uncertainciss abouc demand
and natural gas supplies and economic costs for this period (para. 2.25) and
the risks of alternative strategies need to be evaluatad. It is strongly
recommencad that IIA carTy out economic studies to evaluace a leisc cost
program. Becavse of the long lead times involved, pricricty should be given ta
evaluacin he Zollowing projects during che least cost program studies:

V8
fal

(a) che station, using cost data contained in the bids
c

(b) The Sidi Xreir coal firad power station, parcicularly the timing of
its development;

(¢) the role of natural gas in future power generation given alternative
gas reserve/eccnomic cost scenarios and focussing on the Kuraimact

project compared to combined cycle alternatives; and

(d) development of remaining Mile hydro options.
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II1. DEMAND MANAGEMENT

A. Tariff Policy

Historical Overview

3.01 Tariffs remained unchanged from 1975 uncil 1982 when changes were
introduced for residential, small commercial, and government buildings.

Table 3.1

Trend of Averare Tlezciriziry Frices

General Price Indices

Average FTlectricity Price (1970=100)

Real Price of
Electricicy

Year (mills/kWh) /2 (1970=100) Consumer Wholesale

(1970 riils/kih)

1970 5.96 100 100
1972 6.70 112 - 105
1975 8.94 150 134
1978 8.40 141 184
1980 10.80 181 . 244
1980/81 10.52 177 258
1981/82 11.14 187 288
1982/83 12.30 206 332

Sources: EEA, IMF (IFS), nission estimates.

Deflated by Wholesale Price Index.
Exchiange raves and currency equivalents.
LE 1.00 1,000 milliemes (mills)

LE 1.00 = US $1.00

US mils 1.0 = mills 1.0

~
—

~
~

100
101
133
180
241
252
270
300

5.9
6.63
6.72
4,67
4,48
4.17
4,12
4,10

In April 1982 tariffs for residences, and compercial and for agricultural

pumping wvere increased by between 5% to 20X depending
consumption. Tariffs for the lowest priced blocks of
unchanged. These increases were followed in November

on the leveal of
consumption remained
1982 by an increase of

about 60X for the Kima fertilizer plant and about 503 for the Nag Hamacdi
aluminum smelter. 1In April 1983 residential and commercial tariifs were again
increased by between 5% to 207 for the higher consumption blecks, and

agricultural tariffs bvy S%. lLater, the tariffs of the

few VHV

and EHV

consumers and public sector estabishments which had not increased since 1975,
were raised by 15% in July 1983. The average price of electricity 1is
distorted by the different growth rates for the large Vt'V consumers with low
Bearing in mind this
limitation of average prices ac an indicator of tarii: levels, the consequence

tariffs and the MV and LV tariifs with higher tariffs.
g
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of these changes was for the real level of electricity tariffs to fall batween
1975 and 1980/81 and remain roughly constant in real terms thereafter (Table
3.1). On January 1, 1684, all tariffs were raised, with the exception of the
lowest priced blocks for residential and commercial consumers. Increases were
in the order of 207 apart from intermediate blocks of the residential and
commercial tarifis. The overall increase in the average price of electricity
is expected to be about 14.6%. This represents the largest increase in
electricity prices for about 10 years.

Tariff Levels

3.02 Tariff levels for each category of consumer can be compared to the

a
econozic cest of supply in order to appraise their effectiveness as a means of

st
resource zlilocaticn and to consider the exten:t to which cross-subsidization
eX15Ls amoni consumer groups. The economic cost of supply is usually raxen to
be the long-run marzinal cost (LRMC) of sepply. This has tve e.aments -- the
cost of expanding system capacily [O meel & sustzined incremenl. “n demand and
the energy (mzinly fuel) cost of providing an extra kWn at different times of
the dav and year. EE4 has recently completed a major tariff study, executed

der bank Loanc 1423-EGT and

in conjunction with consultants supported un
1733-2GT. This scudy investizated the LEMZ and proposed a new set of tariffs
for EZA and the Distribution Companies. LEMCs were calculated for fuel priced
at the heavily subsidized local prices, as well as at international prices
which represen: the economic cost of fuel to the national economv. The
results of the consultants study have been upcated to 1983 prices and to an
exchange rate of LE 1.00 = USE1.00, which gives a better indication of the
Pool rate of LE

[N 4 BT

opportunity cost of foreign exchange than the Central Zank

1.00 = USE1.42, which applies to goods and services igported by the

electricity supply industry. Table 3.2 shous that there is a significant time
ari b

of day and seasonal vari z
variation in capacizy costs is accounted for by the differinz probabilities of
supply shortage, which in turn are closely linked to the daily and seasonal

fluctuation in demand. Energy costs vary by time of cav and season because of

ation in beth capacity and energy costs. The

the differenr*plants (steam or combustion turbine) operating at the margzin,

caused by seascnal variations in demand and maintenance), and the different

Prices for gas oil used in some combustion rturbines and fuel oil/natural gas

used in steam plants. These estimates of LPMC should be interpreted carelully
F

since they would change over time as the structure of system capacity changes
and &s relative fuel prices change.

3.03. The analysis of marginal costs at international prices was based on
the assumptions that the economic price of natural gas is equivalent to
thermal parity with fuel oil. The validity of this assumption is sensitive to
the magnitude of gas reserves. The economic price of gas could fall if
greater reserves are discovered (see 0il and Gas Sector Investment Review),

1t is important to note that under the extreme assumption of the economic
price of gas falling from fuel oil parity of about $3.75/mcf, to LRMC plus
depletion allowvance of about $§1.50/mcf, the summer cff-peak energy cost at
international prices would fall from zbout 59 wills/kWh at VEY to about 23
mills/kWh,
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Table 3.2

Long-Run Marzinal Costs of Electricity Supply
(1983 prices)

- -- Period LZ -
Voltage Winter Wincer Summe.r Summer
Level Ll Peak Qff-Peak Peak Qff-Peak

Capacity Element (LE/kW/a) /3

VHV 65.9 25.8 13.2 2.1
HV 81.9 34.3 21.0 6.1
DC 105.6 42.5 31.0 9.6
MV 1259.3 73.6 43.3 23.9
Lv 194 .8 146.2 72.4 56.2

Energy Element Calculated at International Prices (mills/kWh) /4

VHV 95.1 87.0 89.1 58.5
HV 98.0 88.4 91.7 59.5
DC 98.5 88.7 92.2 59.6
MV 107.4 93.7 100.6 63.1
Lv 117.9 102.0 111.4 68.5

Energy Element Calculated at Demestic Prices (mills/kWh) /5

VHV 13.0 8.3 10.8 2.7
HV Lo b B.4 11.2 2.8
DC 13.5 8.5 11.2 2.8
MV 14,7 8.9 12,2 2.9
LV 16.3 9.7 13.5 3.2

Soures: SOFRELEC Tariff Study (Dec. 1982) mission estimates.

/1 Voltage levels: VHV - very high volrage, HV - high voltage,
T DC - distribution cowpanies, MV - medium voltage, and LV - low voltage.
/2?2 Period definitions: Wincer (Septeamber - April), peak 1730-2300 h
- Sutmer (May - August), peak 1830 - 2330 h
Off-peak {5 ocher zizes.

/3 SOFRELEC capacity costs adjusted for inflation to 1983 and for an excahnge
rate of LZ 1.00 = §1.00

Intarnactional Prices are: <fuel oil: LE 180/ton, gas oil: LE 255/ton.
Domestic fuel prices are: fuel oil LE 7.3/ton, gas oil LE 35/ton.

e~
wn} &~
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The marginal cost with the low economic cost of natural gas is still more than
double the cost at domestic energy prices. Similarly, assuming that natural
gas would displace all gas oil in combustion turbines would result in the VHV
winter peak energy cost falling from about 95 mills/kWh to about 24 nills/kWh,
which is still about twice the marginal energy cost calculaced using domestic
fuel prices. One can conclude that the availabilicy of large supplies of
natural gas for power generation would lower the economic cost of electricity
subscantially, particularly at VHV where the economic cost of supply at
international prices is more than 90% fuel. However, even under these
favorable assumptions, the LBMC would be greiter than the LRMC calculated
using domestic prices. To conclude, the discovery of large reserves of
natural gas would reduce the magnitude of increases in real electricicy
tariffs to bring tariffs in line with LRMC, but would not eliminate the need
for substantial increases.

J.04, On average, tariff levels are about 127 of the LRMC calculated at
international fuel prices and about 47% of the LEMC at domestic fuel prices
(Table 3.3). However, the precise relation of. tariffs to LRMC depends on the
investment and operating assumptions assumed by the consultants in calculacting
LRMC and would change as the system evolves towards optimal balances of slanc
type and capscity and demand. Even though there is uncertainty about the
pracise level of LRMC, it is clear thaz it is several times above che level of
existing tariffs. At demestic fuel prices LV consumers receive the greacasct
subsidy, since fuel accounts for a smaller proportion of their costc of

supply. This pactarn of cross-subsidization is reversed at international fuel
prices. Large industries and zovernment ascalishmencs supplied at VHV and HV
pay only 5-87 of the economic cost of supply. Fuel accounts for most of their
supply costs when priced at {nternacional prices. 3y centrast, LV residsncial
and small shops pay 137 and 1537% respeczive of LRMC when fuel is valued at
international prices. The econcmic cosc o electricicy to Egypt is the case
with Iuel valued at internstional prices, since these Tepresent th

oppercunity cost of fuel. In eccnomiz terms, che pattern of
cross-subsidization is from MV and LV consume: , nousenclds and small
enterprises, to large indusctries such as Kima and Aluminum. There is liccle
logic in this pattarn of cross—subsidizacion since it does little or nothing

s

1o
:

£

to achieve any income distribution objectives and a major part of the subsidy
goes to aluminum, @ost of which is exporzed.

3.05. The greater par: orf the difference between tariff levels and t-a
economic cost of supply is accountad for by the domestic price of fuel being
less chan its economic cosz. Fuel oil, which is the main fuel used in

: been priced at LE 7.5/ton (USS$7.5/ton) since the
nat

electricity generation, hz
th tional price is adour §155/ton ex-refinery. 0F

1960s wnereas

e 17 ic
the ciifarance between zha tatiif of 12.5 mills/kWH and the economic
cost of 109.% mills/kWh, abo 1§ accounced for by discertions to the Zuel
price and 15% by the tae:iifs no: vecleccing ti: long-run marginal coscs ac
demestic prices. {levertheless, on av T332 cariffs weould neea to doubla to

a ava
equal the LRMC at domestic fuel prices.
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Table 3.3

Comparison of Tariff Levels to Lone-Run Marzinal Cost
(mills/kWh, 1983 prices)

Long—Run Marginal Cost
Calculated Using:

Interna- Price as Percent of
Domestic tional Average Incerna~-
Fuel Fuel Price Domestic tional
Consumer Group Weight Price Price Sold Fuel LRMC Fuel LRMC
vy
Kima 0.0708 10.6 83.3 5.3546 51 6
Aluminum
lines 1-4 0.1062 10.7 83.8 4,425 41 5
line 5 0.0266 10.7 83.8 7.000 63 8
Others 0.0133 11.9 85.0 5.833 49 7
ﬂ!
Induscry 0.0463 14.9 89.9 7.434 50 8
Agriculture /1 0.0337 6.5 78.6 7.126 110 9
Governmenc 0.0015 17.1 92.1 6.464 8 . 7
MV
Induscry 0.2215 22.8 102.9 13.974 61 14
Agriculture /1 0.0164 6.9 83.3 15.670 227 19
Public Utilities 0.1233 22.4 103.7 17.63a 75 17
Housing Co.s ° 0.0177 30.8 112.5 10.890 35 8
Comzercial 0.0163 52.9 138.3 26.228 50 19
E!
Residential 0.2337 49,7 139.0 18.060 36 13
Commercial 0.0318 81.9 175.4 26,228 32 15
Induscrial 0.0409 35.6 123.0 13.974 39 11
Consuomption
Weighed Average 1.0000 28.4 109.4 13.5 47 12

Sources: Copnsulcant's study, ZEZA, mission esctimaces,

1 The consultants estimate of LRMC assumed all consumption was off-peak.
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3.06. The Governmwent has introduced special tariffs for joint venture
companies in the Suez Canal Free Trade Zone to avoid subsidizing the price of
electricity to foreign companies. These tariffs have a maximum demand charge
and a formula to adjust the kWh rates which depend on the difference between
the international price and the domestic price of fuel. For industrial
consumers, these tariffs result in average prices about 4 to 9 times the level
of the normal tarif:rs, depending on the voltage of supply. The tariffs for
joint venture cowpanies are about 60% of the LRMC calculated using
International fuel prices compared to 7-14% for the noricxl tariffs. The
tariffs for joint venture cowmpanies represent a substantial step in principle
towards the economic- pricing of electricity.

Tariff Structure

3.07. There is a need to change the electricity tariff structure to give
consumers an incentive to use electricity efficiently and to make tariffs
easier for the consumer to understand. With the exception of the new tariffs
for the Suez Free Trade Zone, all tariffs for VHV and HV consumes consists of
a flat kWh charge. As Table 3.2 shows, there are substantial variations in
the costs 9f supply by time of day and season. For large consumers, it is
econcmic to provide metering, so that tariffs can reflect these costs
differentials, in order to give consumers an incentive to shift their
consumption to periods wnere the costs of supply are lowest. EEA has prepared
proposals based on the consultants' study to implement such tariffs, but
awaits the approval of the Government to introduce them. This reform to the

tariff structure 1is an integral part of a program of load management (para
3.20). :

3.08. Tariffs for residencial, commercial, and public sector consumers are
of the increasing block type (Tables 3.4). For residential consumers this
tarif{ structure meets the governments equity objectives since households
obtain a tranche of elactricity at a low price for their essencial needs such
as lighting. An additional advanctage is that it is also possible to raise the
price of marginal consumption so as to convey a limicted message of LRMC of
supply. As Table 3.4 shows recent tariff increases have been larger for the
highest priced blocks, with the lowest priced block remaining unchanged.The
difference beweer the tariff rates for each block of the tarifs is small.
The Covernment could consider implementing its policy of increasing che price
of electricty for large aceas at a greater pace by larger increases e.g.
doubling, the prices for marginal consumption, which would probably have
liccle effect on the cost of electricity to low and widdle-income households
and would be easier o justify politically than similar increases to all
tariff races.
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Table 3.4

Residential, Commercial, and Government Tariffs

(mills/kWh)
. Index

March April April January Jan. 1984
Residential 1930 1982 1983 1984 (March 1980=100)
0-100 kWh/month 16.20 16.20 16.20 16.20 100
101-250 kWh/month 17.00 18.70 20.57 22 .63 133
above 250 kWh/month 18.00 21.60 25.92 31.10 173
Commnercial
0-75 kWh/month 17.00 17.00 17.00 17.00 100
75-100 kWh/month 19.40 20.37 21.39 23.15 =119
101-250 kWh/moath 20.00 22.00 24,20 26.62 133
above 250 kWh/moanth 25.00 30.00 36.00 43.20 173
Government Baildines
0-80 kWh/monch 15.00 15.00 17.25 20.70 138
81-150 kWn/wmonth 20.00 20.00 23.00 27.60 138
above 150 kWh/month 25.00 25.00 28.75 34.50 138

Source: ETA

Table 3.5

Tariffs for Mative Power

(Effective april 1983)

Contracted Demand Greater Than 500 kW

Supplied at medium voltage
Fixed Annual charge:

Energy rates:

First 1,000 kWh per kW of contracted power

Next 500 kWh per kW o
Next 1,000 xWh per W
Next 1,000 xWh per kW
Next 1,200 &xWh per kW
Remainlng consampcion

Contrazced Damand Less Th

f contracted power
of contracred power
of contracced pover
of conctracted pover
2f ccncraczad pover

an 5300 kiv

Supplied at Mv or LV

First 70,000 kWh per
next 100,000 kWh per
Remaining consumption

annua
annum
kWh per annum

Source: EEA

LE 6.800 per kW of

12.225
11.499
10.047
8.595
6.538
5.570

24,620
20.143
19.847

contracted demand

mills/kWh
mills/kWh
@ills/kWh
mills/kWh
mills/kWh
millS/‘r(Wh

mills/kWh
mills/kih
mills/kWh



1633P - 34 -

3.09. MV tariffs for wotive power have a complicated structure that
probably confuses all but the most sophisticated consumer (Table 3.5). 1In
addition, the tariffs do not give these consumers a clear incentive to reduce
their consumption at times when supply 1s expensive. MEE is avare of these
limitations and is seeking Government approval to introduce & simpler tariff
that provices a berter representation of LRMC.

Reform of Electricity Pricing

3.10. Electricity tariffs in Egypt are among the lowest in the world.
Tariff levels lie between only 5% to 197 of the economic cost of supply (Table
3.3). Furthermore, the structure of tariffs for large consumers does not give
any incentive for them to modify their consumption so as ro achieve savings in
the cost of supply. These very severe cistoriicns to electricity Frices have
several undesirable consequences:

(a) the growth in peak demand is stimulated resulting in the need for
massive investment in electricity supply;

(b) self-financing is now zero, yet the electricity supply industry
requires large amount to finance the investment needed to meet the
rapid growth in demand;

(c) rapidly groving electricity productien in turn requires expansion of
the fuel supply induscries, e.g., natural gas pipelines, oil
refineries, port facilities. It also consumes depletsble resources
of oil and gas which reduces the exportable surplus of oil and brings
forward the daote of importation of replacement fuels at international
prices; and

(d) the electricity supply industry requires subsidies from the
Government to continue in operation and to service debt. This
weakens the autonomy of the enterprises and the excessive reliance on
the'Government does not enable the industry's qualified and competent
executives to take the actions they appreciste are needed to provide
efficient and reliable electricity supply.

3.1 The present level and structure of tariffs are largely the result of
historical circumstances that have now changed. For example, Egvpt once had
surplus cheap hydroelectric pover from the Aswan dam. Now electricity is
produced at the margin from cowmbustion turbines using gas oil. Present
tariffs do not meet the objectives of economic efficiency, financial viability
or equity. Consumers are subsidized with litzle regard to the impact of
subsidies on the distribution of income. Moreover, the Government has
deferred taking major steps to reform energy policy because of the risk of
adverse political reaction from the population. Yet large industries in
remote locations are subsidized proportionally more than low income households
living in cities.

3.12 Because of the possibilities ror generating electri~icy by
enterprises and households, electricity tariffs should not be changed without
reference to the prices of petroleum products and natural gas. If eieccricity
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tariffs were to move out of line from the prices of other fuels, an
uneconomic level of private electricity generation would result. 1/

3.13. The government acrepts the principle that electricity tariffs and
energy prices in general should be at their economic cost. The issue is to
davise a strategy for achieving this that enables economic prices to be
reached as quickly as possible, yet is not destroyed through political
reaction during its implementation. Several possibilities exist for
implewenting tariff reform, some of which wight apply only to limited groups
of consurers In our view, a prograrm of electricity pricing reform should
consist of a substantial first step, followed bv a gradual elimination of the
difference between price and LRMC (&t internaticnal fuel prices) over a period
of ten years. Pricing reforms should proceed in parallel with other measures
for demanc ranspement (see Secrions B and C of this chapter). Below are some
suggestions of mezsures the Government could consider as part of a strategy

for electricity pricing reform:

froz in nominal terms, i.e. at
level of subsidies growing

tion to gradually erode it

(a) the wmagnitude of subsidies could be e
their present levels. This would step th
in step with consumption anc enable infla
in real terms. This could be achieved in several wavs:

(i) selling electricity to nev consumers at VBV, HV, and MV only at
prices that were substantially above the present tariffs. The
tariffs for Suez Free Trade Zone joinC venture companies is a
precedent for this;

(ii) having steep increases, e.g., doubling of tariffs for large VHV,
RV, and MV consumers, but enzbling consumers to apply for a
rebate each year of, sav, 807 of their bill in the year befcre
the reform, or their current years consumption valued at the old

rices, whichever is lower. This rebate would be recuced to

n 3

zero over, say, four years; and

(iii) concentrating tariff increases to LV consumers on the higher
. . . . .
priced blocks so that the average price rises when the average
consumption increases;

(b) Pricing consumption at the margin close to economic cost, 50 as to
give incentives for using electricity efficiently, but enabling low
income consumers to affnrd a basic level of service. This could be
achieved by increasing the prices more in the higher priced blocks
of LV tariffs, which has already been done to some extent (para.
3.08), and by rebates to larger consumers as in (a);

1/ If tariffs are not raised sufficiently to ensure the financial viability

of the electricity supply industry, the quality of supply could
deteriorate because of insufficient investmant and some enterprises would

invest in private generators in any case. Obviously, the best solution is
to raise petroleum and gas prices as well as electricity tariifs.
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(c) separating the issue of pricing electricity to households, which is
politically sensitive, from tariffs for enterprises. It would then
be possible to concentrate on rzising producer prices of electricity
relatively quickly, with slower progress cn consumer prizes that took
account of the ability to pay. However, consumer prices too should
eventually reach the level of econowic costs;

(d) waking subsidies explicit whereever possible. For example, tariffs
could be set at much higher level for state enterprises, which
account for 70% of industrial value added. The Government would then
posess information on the viability of the enterprises and could
either subsidize then cirectly, instead of the electricity supply
industry, Or restTucture them; znd

(e) reducing the cecision-making burden on the Government by setting
annual programs in advance for zenthly or quarterly tariff increases

that would then take plece automatically. Regular, freguent tariff

increases that were less than the nominal rate of inflation might
also be more acceptable politically.

B. Load Mznzzement

Basis for Load Manzoement

3.14. Even if tariffs are set equal to LRMC, complementary load management
policies may still be necessary to achieve the maximum savings in the costs of
supplying and using electricity, for rhe following reasons:

(a) consumers may not be aware of the possibilities they have for
reducing their electricity bills;

(b) tariffs can be blunt instruments for achieving load savings at peak,
since peak periods of tariffs are usually sufficiently broad to
prevent the peak shifting. Some consumers might be willing to lower
their ccnsumpticn for shorter periods but would not be able to shed
load for the entire peak period of the tariff. Similarly, from the
utility's viewpoint, it is not necessary for these consumers to shed

load every day; only st times when the system 1s under stress; and

(¢) some consumers may lack incentives to achieve electricity savings.
Typical examples are when enterprise performance is not measured by
profit and where changes in electricity costs are translated into
product price changes through government regulation or monopoly.

3.15. When electricity prices are severely distorted and can not be
corrected quickly, as in the case in Egypt, load management has addivional
advantages. First, it can achieve some of the savings that would be achieved

through proper pricing signals. Second, load mznagement can miniuize some of
the costs of supply rationing that may occur when investment in electricity

supply is constrained by lack of finance. Load management allows peak demand
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to be shed by consumers who suffer little loss, instecad of being spread
indiscriminately through blackouts and restrictions to new conmnections.

Options for Lozd Manarement

3.16, Load mzragement opticns range from the provision of information to
consumers on their opportunities for saving expenditure on electricity to the
control of consumer's loads by the urility. Loads that can be controlled are
usually those with storage, e.g., water pumping and water heating, although
sowe industrial processes can be deferred for short periods without
significant effect on the output of the enterprise, e.g., melting of metals.
Control of the consumer's load may be indirect, such as by the urility
notifying the cconsumer in advance when consumption will be expensive, oOr
direct, as when the utility cen svitch coff consumers' loads, e.g. bv remote
control.

3.17. A furcther option for load sanapement is ceombined hear and power
production (CHP), where an enterprise has its own electricity generator from
winich it extracts process heat. Such arrangements offer high thermal
efficiency which would cffset the economies of scale and fuel flexibility in
public electricity generation, if the project were justifiec eccnowmically.
Surplus power couid be sold to the public system. A more limited option is
for enterprises to operate their standby plant when requested bv the utility
S0 ac to reduce the peak demand or che system.

Status of Load Managewent in Ezvpt

3.18. Power subsector policies in Egypt have, to date, given little recard
to load managemern:. Priority has been given to expanding facilities to meet
the rapidly growing demand without much consideration of whether consumers
wvould be willing ro pay for the expansion. Both the level and the structure
of present rarifis give almost no incentive to reduce reak demand. Indeed,

AV and KBV tear;ffs, which account for about 309 of the electricity sold, have
no dewand or time of use charges at all, although metering costs such tariifs
would be negligible in relation to the other costs of suppiy. The shorrage
of finance for EEA's acbitious investwent program argues for a re-cirection of
policy to achieve savings in pesk demand and energy generated without having
to resort to random load shedding.

3.19 Recently, the goverrment has commissioned a demand management study,
partly financed under Loan 1733-EGT. The consultants have completed the first
phase of their work and their report is being finalized. This report will
serve as the basis for establishing demand management policies.

Unfortunately, there is a shortage of finance to complete the last two phases
of the consultants' work and there is some doubt as tc whether the work would
be completed as originally planned.

3.20. Suctessful load management policies will be difficult to achieve
without reforms to electricicy tariffs and energy pricing. It would be hard
to convince an enterprise to adopt load control if it could not make a saving
in its electricity costs greater than the costs of control equipment and
supervision that would be required. Furthermore, some changes in tariff
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structure will be required since present tariffs give no incentive to reduce

consucption at the time of the system peak and new tarifis would be required

for, say, interruptible supply. 1In theory, managers of state enterprises
could be offered special incentives e.z. bonuses, and credits to adopt load
manageoent technigues. However, to do this successfully would require a high
degree of cooperation awong ministries which might be difficult to achieve,
but would be essential if load management measures were to be implemented
vithout mzjor reforms to electricity tariffs. Load manapement policies also
need to take account of distorrions to prices outside the power sector. In
particular, distortions to petroleus and natural 2as prices could lead to
undesirable responses to load manéyement policies, e.g., an uneconomic level
of private gencration. 1Ideally, load Tanagement is z complement to rational
5 i ; vot, load

vbstitute £ 0
Ty substitute for economic
Ne]

pricing policies, no: a

wanagewent will, of necessity

pricing. Because of the lack o0f incertive
lit

o

cpol

managenent anc the possibility of uneconomic loacd menapement arising
i s

from cistortions in other prices, particularly cil ancé gas, it is recommended
that the government ensures that the consultants' study provides a practical
basis for a program for ioplementing a load managemen: program.

C. Industrial Enerzy Raotionalizaction

Conservation and Rationalization

3.21. Industrial energy rationalization has three aspects: (a) conserving
energy use in existing processes; (b) substituting low value for high value
fuels; and (c) restructuring the capital stock of industrial processes or
industries. Zach of these is essentially an adaptation to the present and
expected econcmie costs of energy. Experience in other countries has shown
_that significant quantities of energy can be conserved through improved
operating procedures which require little investment. Fusther sevinzs often
require relatively small investments, e.g., beat recoverv devices, electric
motors with greacer efficiency, etc. The electric power load management study
(para 3.19) proposes to examine the possibility of interfuel substitutes
involving electricity. Potential candidaces could be CH? and the
substitution of solar energy fo- applicsrions requiring low temperature heat,
€.g., vater heating, where the scope is probably limited. Introducing a
package of energy conservation and rationalization measures, e.g.,

information, technical assistance, access to credits, in parallel with pricing
reforms weuld take advantzge of the psychological impact of increased energy
Prices and wouvld give fires a legi:imate opportunity to avoid them. The
Government shculd prepare a pacxoge of energy conservation and rationalization
measures ready for implementston when s program of enerzy price increases

begins.

Tndustrial Restructuring

3.22, The increases in world energy prices in the 1970's meant that some
industrizl processes have become uneconomic and that countries have 1lsst
cowmparative advantage in industries that were formerly viable. There are two
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highly visible examples of this in Egypt, although there probably other
smaller scale examples as well.

3.23 The Kima fertilizer plan uses an electrolytic process to produce
amzonia. This pro:ess may have been viable when there was surplus
hydroelectric power at Aswan. At current energy prices the process is
economically obsolete. Using the LRMC of US8.3 cents/kWh (Table 3.3) 'the cost
of electricity is $1040 per ton of ammonia, or about 7 times the cost of
ammonia plants elsewhere. Several options exist for restructuring Kima. One
is to close the plant completely and invest in a new natural gas based plant
near Suez, which is located near both the gas fielg and main fertilizer
market. Another is te construct & natural gas pipeline to Kima construct a
ilitate other plant in tne 33 year old
‘oned a consultants' study to investigate
on 1s chrosen, the closure of the
about 200 Mw in maximun demand on

gas basec ammonia plant and rehab
plant. The government has ccoxni
these and other cptions. wWhich
ammonia plant will resulrt i 1

the power svstem, about 2.4% of the cerand in 1951/52. This would result in a

a

¢

one ofi saving in power generation investment of roughly $¢250 million and
recurring fuel and other operating savings of about $70 million p.a. at
internationsl prices. The magnititude of these savings is sp large that the
Government should give priority to restructuring or closing the Kima plant

once the consultants findings are available.

3.24 The second large industry where substantial savings could be made in
the powver subsector is the Nag Hamadl aluminum smelter. The original swelrer
was completed around 1976 and was intended to utilize surplus hydroelectric
power from the Aswan High Dam. A fifth potline was ccmpleted in 1983.
Although aluminum smelting in IZgypt may have been economic when the plant was
envisaged, this is clearly no longer the case. The rapid growth in
electricity consumption and shortages in capacity in the 1970s have resulted
in all hydro enmergy being used. Marginal generation a:t presen: 1is Irom
combustion turbines burning gas oil or naphtha. If the smelter were to cease
operation todzy, the electricity saved would be that penerasted in compustion
turbines, since the output of hydro stations would remain unchanged. The
smelter is also energy inefficlent, consuming about 15 !&h of electricity per
ton of product cempared to 12-14 Mwh/ton for modern smelters. Taking the LRMC
of USE.3B cents/kWh as the best estimate of the toral cost of electricity
supply (Table 3.3), the electricity cost per ton of aluzinum would amount to
about £1,260/ton ceompared to a world price of aluminum about $1,100/ton. The
economic cost of electricity used to produce aluminum is greater than the
value of the product. In addition to its disadvantage in terms of electricity
cost, the smelter also suffers frow locational disadvantages. Alumina has to
be shipped from Australia and then transported to Upper Zgypt. Aluminum
ingots produced at the smelter have to be transported to the coast for
shipping to expert markets. Moreover, the comparison abcve assumes that
Egyptian aluminum can be sold at the world spot price. It is not unusual for
aluminum producers to have long-term contracts with prices fixed below the
current level of spot prices. It is unlikely that the fifth potline would
have been built or that the remaining four potlines would continue in service
if energy were priced at its economic cost. The Nag Hamadi smelter , although
an efficiently run enterprise which is financially viable because of the low
electricity tariff, is an example of the economic waste which current energy
prices encourage.
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3.25 Closing the swelter and restructuring or closing the Kima plant would
lower system waximum demand about 608 MW, equivalent to the output of two 300
MW generating units. The reduction in maxiwur demand would be equivalent to
the increase in waximum demand over about 16 monchs during the first hilf of
the 1990's. Reducing the demand of these plants would thus have a substanrial
impact on the pover investment program. Two possible adverse consequen-es
exist. The first is the effect on ewployment in vpper Egypt. The savings
from closing down the electricity intensive processes are sc larpe thar it
would probably be possible to compensate the workers gencrously for their loss
of earnings. Since neither industry is viable in the long run, the long term
eoployment prospects for the workers are not good. Moreover, the drain of
resources caused by the two industries reduces investment in economically
viable indust
of employment
consuzziion in Lpp
Worth in order to
demand in lower Igypt. The neecd for this and an exawination cf the costs
should be carried out as part of studies to investigate the future of the two

industries.

Ty in Upper Egvpt or elscwnere and thus lowers the overail level
s

. ¢conc adverse impact is that the decline in power
e E¥PL mignt require cxira transmission facilities to the
be able to transmit powver from Aswan to meet the growth in



1V, INSTITUTICHS ARD MANPOWER

A. Enerey Sector Institution

Sector Institution

4.01 The two main winistries in the energy sector are the Ministry of
Energy and Electricity (MZE), and the Ministry of Petroleum (MOP) and which
are responsible respectively for electricity supply, petroleum production and
distribution. In addition the Ministry of Irrigation (MOl) has a subsidiary
role though its responsibility for the wanagement of water resources used for
hydroelectric gerneraticn. In the future the Ministry of Industry would be
responsible for coal prucuction and vould te involved in enerpy conservation,
if such projects proveed, I and MCP supervise enternrises invoived in energy
producticn, investment and distribution, such as ZEA and EGPC.

Co-ordination eof the Power Subcector with Other Subsectors

4,02 The main external reltionships are with the MOP with regard to fuel
supplies for thermal power staticns, and with MOI on new hvdropower projects
and the operation of existing hydro stations. There is considerable room for
improvement in coordination between the power subsector and other subsectors.
The 1979 Joint Zgypt/US Energy Assessment 1/ ccrmented that MOP and MEE
operated from different viewpoints, -and their objectives sometimes appeared to
be &t cross—purposes. There have been problems in coordination between
agencies under these ministries, e.g. between EGPC and IEA with regard to the
gas pipelines required to supply power stations. Problems have also arisen
about the respective roles and responsibilities of MOl and tne Qattara Projets
Authority (QPA) in relation to the Aswan Il hydropower project.

4.03 Furthermore, planning in the subsectors is not adequately
co-ordinated &ith national economic development planning. For example, the
enterprises do not receive inforwation or guloance on the economic backzround
for demand forecasting. Different discount rates are used in project
appraisal by various institutions, although recently there has been some moves
towards establishing common criteria, e.g. waluing fuels at international
prices in feasibility studies.

4,04 It is too soon to judge whether the creation of the Supreme Council
of Energy (SCE), an ad hoc comitee composed of the Ministers of the major
energy producing, consuming and planning sectors, will have an impact on
improving the problems of interministerial coordination. The new Organization
of Energy Planning (OEP), a permanent secretariat to the SCE, should, at the
working level, improve coordination. OEP is being strengthened by a §12.7
willion technical assistance program financed substantially by USAID. This

1/ "Joint Egyft/United States Reports on the Egypt/United States Cooperative
Energy Assesswent,”" US Department of Energy, April 1979.
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will establish OEP's role in policy, planning and analysis; engineering
support, especially for energy conservation; and information services. OLP's
fields of activizy initially are likely to be in energy demand, especially
conservation, demand analysis and pricing.

4,05 OEP is the best hope for lmproving co-ordination among the energy
subsectors and between the energy sector and other sectors and institutions,

However, OEP is in its infancy and there is & long history of
inter-ministerial rivalry and mistrust. The economsic consequences of

unco-ordinated investoment and pricing decisions are sufficiently grect for
Government to ensure the QOEP develops into a viable and independent
institurion.

B. Power Subsector Institutions

Orzanization of the Power Subsector

4.06 The public sector predominates in the power subsector, accounting for
over 935 of total installed generating capacity., Autopeneration has plaved
and will continue to play only a marginal role in the subsector. MEE retains
jurisdiction over all the agencies in the subsector, with responsibility for
general policy and co-orcdination, including co-ordination of the plans of the
various agencies and submission of a consolidated plan for the subsector to
the Ministry of Planning. EZ 1s assisted in the regulation of the subsector
and co-ordination of its plans with those of other Government departments by
the High Council for the Electricity Sector, which includes the Ministers of
Agriculture and Irrigation, Industry and Petroleum, under the chairmanship of
the Minister of Electricity and Znergy. However, it is not clear to what
extent the High Council plavs a major role in policy fomwmulation and
co-ordination in the subsector and how this body relates to the Supreme
Council of Znergy. Figure 4.1 shows the relacionships of the various agencies

in the subsector.

4,07 Despite the allocation of some of its functions to other agencies,
the EEA remains the dcminant agency in the subsector, responsible for the
operation and expansion of the interconnected power system to meet the
electricity needs of the country. Although it shares the responsibility for
the construction of power stations with the Qattara Hydropower and Renewable
Resources Project: Authority (QPa) (hydropower) and the Nuclear Power Plants
Authority (NPPA), these agencies have had to hand the stations over to EEA for

operation on completion.
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4.08 The Rural Electrification Authority's (REA) main function is the
planning and execution of the rural electrification program but it is also
responsible for upgrading the existing distribution networks up to and
including 66 %V (except in Cairo and Alexaniria, for which the respective
municipalities under the broad guidance of TZA have been responsible). 1Its
title is somewhat of a misnomer, since its activities are not confined to the
electrification of villages and rural areas, but also embrace a large number
of towns.

4.09 QPA retains the responsibility for. the Qattara Depression project but
its mandate has been extended to cover the development of all the countrv's
geothermal and biowass, The responsibility for nuclear energy is divided
betwcen NFPA and the Atomic Energy Authorizy (AEA). KPPA wac crested
specifically to plan and construct nuclear power stations. AL/ 1s respons ble
for scientific research on the application of nuclear energy for peaceful
purposes, particularly electricity generation and the _-.e of radiation sources
and isotopes.

4,10 Co-ordination w thin the subsector has been made more difficult bv
the proliferation of separate agencies in the last decade. 1In 1971 there was
only a single agency 1/ the Egyptian General Power Corporation (EGPC),
responsible for all aspects of public electricity supply. How there are
twelve, 1ncluding the seven distribution cowpanies, and it is not clear that
there has been any commensurate gain in efficienzy, except in the area of
distribution. The teodency hzs been to create a new agency whenever a new
activity has ewerped, or increased in ioportance, such as the nuclear power
program (NPPA), or even for a single large project (QPA). Apart from
complicating coordination within the subsector, this continuous creation of
new sgencies agpravates the problem of staffing the existing apencies, in view
of the scarcity of competent and experienced maragement talent in the public
sector. The alternative of absorbing the new activity within an exlsting
agency appears to be given insuificient weight in the decision process. The
Nuclear Pover.Plants Authority and Atomic Lnergy Authority, for exzmple, could
consgitute Tespectively the construction and research groups of a single
atomlc energy organization. Co-erdination within the Ministry is relatively
weak and does not seem to be accorded avy priority. This causes problems
related to investment planning, staffing and operations.

4.11 The establishment of the distriburion companies as individual
enterprises appears to have been beneficial. Revenues from electricity sales
are being collected more rapidly, theft of electricity 1s being reduced (at
least in some areas) and the quality of service is improving, although much
remains to be done. 1n November 1983 an authority for distribution was
created vithin MEE. All of t'e seven distribution companies now report to
this suthority which is headed by a chairwan and will have a small
secretariate. Previously, the Cairo and Alexandria distribution compsanies

reported to EZA and the other distribution companies to REA. The mission

1/ Excluding the Atomic Energy Authority, a small researcl. organization at
the time. :
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understands that REA will now be responsible only for project planning and
execution and its Chairman will continue to report to the Minister. This new
orzani:ation is wore logical since all distribution functiorn are linked
together and the Ministry has a better chance of devolving dav to day matters
and policy preparation to chairmen responsible for generation and transmission
(EEA) and distribution (the new authority). Fowever, there is further scope
for streamlining the Ministry, such as forwing a holding company for the
construction and wmanufacturing enterprises, that would :stablish an arms
length relationship between the enterprises and the Ministry, and combining
the nuclear eagencies.

4,12, A major institutional shortcoming in the subsector is the lack of any
effective provision for the regular collection and collation of data covering
all aspects of the subsectors acrivities, technical, financial, commercial and
econcmic, and their publication in & comprehensive, consistent and useable
form. There it a mass of data within the subsector, but it is scactered about
amongst various &genciles and cepariments, making information retrieval & slow
and laborious process. A central statistical unit is needed to pull all this
informaticn together as a basis for plinning vithin the subsector and the
analysis of subsector problems. The statistical departmen:z should ailsc be
given the mandate for the cc-ordination, at least in ratters of guidance on
the planning, of the various subsectoral zpencies. UNDP is considering
financing a technical assistance project that would create such a database and
this deserves and will require the full support and co-operation of all the
pover subsector imstitutioms. Since EFA provides most ci the technical
support to MZEX 1t 1s logical to locate the statistical unit within EEA.
However, once it is established consideration could be given to transferring
1t to the Ministry. 1In order to improve, energy sector planning it will be
necessary to assure the free flow of information between the MEEZ power
subsector database and the SCE database for the energy sector being
established in OEP.

C. Power Subsector Manpower Policies

4.13 The power subsector ewploys more than 56,000 staff, although the
exact number is unknown. Of these, EEA employs about 23,200, the distribution
coopanies about 25,000 and remaining agencies more than 8,000. REA employs
6,000 of these and NPPA 1,050.

Public sector agencies have been required to employ graduating
students and discharged servicemen. About 387 of EEA's employees are skilled
or semi-skilled, a high proportion compared to other national power
utilities. A review of EEA's current manpower structure indicated that in
almost all manpower categories except engineers the actual number of emplovees
exceeded the budgeted level of employees. This results in overcrowding and
also has a deleterious impact on staif morale. EZEA has by its own estimate
toughly twice as mwany emplovees as it really needs. Assessing institutional
efficiency in terms of emplovees per consumer connected or per Gwh generated
suggests that, at least in terms of a cross country compariscn, there is room
for ioprovement.
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4.4, The financial attractions of the oil exporting countries and the vide
salary differentials between the private and public sectors have covered a
major problem in recruiting and retaining qualified and experienced staff.
There has been a large and continuing drain of staff frem the subsector,
especially engireers and technicians. This is not wholly discouraged by the
agencies, since employees in the sector with more than five years service nay
be given leave of absence to work abroad for up to five years, and many have
taken advantage of this. Althouph such staff may gain uscful experience
abroad, the drain of stsf{ to foreign countries and the private sector reduce
the effectiveness of the secter's tralning programs to meet its manpower
needs. Moreover, uncompetitive civil service salaries make it increasingly
difficult to recrult and retain qualified engineers. The salary structure
should be reviewed with a view tc making power subsector salaries at least
equal to those in EGPC, a broadly zompar.ble revenue ezrning avency in the
h S

3
energy sector which 15 able to pav salarie

4,15 The investment required to meet the growing demand for electricity
on and malntenance,
n

will require en increase in professional staff for oparati
inanced in part undev

Yy e

especially in generation and transoission. Consultants <3
the Bank's Credit 1453-EGT have estimated current and prolected shortfalls of
engineers and technicians to £ZA (Table 4.1). The shortage of technical staff
is projected to double over the five year period 1982 to 1987. It is
luportant to note that this projected shortage does not include the shortages
in manpower for REA and the distribution companies.

Table 4.1

Current Shertfall and Additionzl Requirements of
Operationzl and Maintenance Stzff, ECA 1982-1087
1082 1987
Enrcineers’
Power Stations 185 555
Transmission 295 610
Total 480 1,165
Technicians/Semi~Skilled
Power Stations 1,105 2,500
Transmission 1,080 2,785
Total 2,095 5,285

Source: British Council, "EEA Manpower and Training Plan 1984 to 1987.
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4,16. . Resolving the manpower problems in the subsector will be a long and
complicated task. Simple expedients such as massive retrenchment or matching
salaries to the private sector, either dowestically or abroad, however
desirable, are likely to be politically unacceptable. However, a major effort
must be made in implementing an effective and realistic manpower planning and
staffing policy. An excellent start has been made by the consultants who
prepared the manpower and training de' elopment mastecrpian. EEA should now
follow up on the implementation of the recommendations contained 1n the
report, especially on the development of a comprehensive training program, the
redeployment of surplus non-technical staff to other labor intensive
activities such as safaty and security, the distribution of 2lectricity and
the improvement of the environment, the development of a systematic
recruitment campaign, and the initiation of a career development and promotion
olicy. In addition, a freeze on recruitment of all lower level staff should
ge implemented and all reasonable avenues for reducing the staff to a more
appropriace level should be explored. This could include early retirement,
redeploywment, transfers, retraining, etc.
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V. INTER-LINKAGES WITH OTHER SECTOPS

Natural Gfﬂ

5.01. The main natural gas issue in power subsector planning concerns the

magnitude of the supplies available and their economic cost (para. 2.31-2.33).

Electr1c1C) generation accounts for about 45% of total gas consumption and the

mission projecrs this to increase to wore than 50% by the end of the

decade. l/ The economic cist of gas is not independent of projected demand

since par: of the eccnomic cost, the "depletion allowance'" or value of gas in

the ground depends on demand angd sub‘tl:u:lon possibilitiec. The planning of
s close colleboration between

gas urilil
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co-operation between EGPC and EEA. The present methc f
consumption by a commicttee lacks technical suppero.  More
are for maximum consumption and do not show the year ov v
consumption caused by new plant with higher thermal effic y
cost, e.g. coal, affecting the overal! operation of the svstem.

5.02, For longer term planning of power generating capacity EGPC needs to
have better estimates of gas reserves if more gas consucing plant is to be
considered an option. EPGC needs to know projected conscm ption of natural gas
by EEA and EZA needs to know what guantities will ve available and at what
cost. Effective analysis cof these issues, which is at the core of future cas
utilization policy in Egype, requires not only technical co-operation at the
working level betueen EGPC and EZA, but overall pelicy guidance to ensure that
rational gas depletion policies are adopted. Thic latter policy guidance
could be provided by the Supreme Council for Energy.

5.03. By ies nature electricity demand has daily, weekly and seasonal
variations. As ntural gas becomes the major fuel in power generation the
consumptlon of gas by EE4 would tend to exhibit similar, but smaller,
variations. 2/ EGPC woulc thus be faced with investments in producrion and
transmission that would not be fully urilized. This mav not be a rezl
problem. The electricity supply industry has always had to adapt to changing
demand. Econcnic pricing of gas could give ZLEA the correct signals as to when
it would be more economjic from the national viewpolnt to substitute other
fuels for gas. Gas tariffs which had time of use or maximum demand charges
could assist in this. In addition an amount of gas could be supplied on
interruptible agreements. The EEA dispatch center would be notified a day or
s0 in advance how much gas under such agreements would be available and would

1/ Egypt Public Sector Investment Program Review. The 0Oil and Gas Sector
(Page ). -

Z/ Since hyd hydro plant in Egypt meets most of the variation in demand during
the day, varlatxons in gas demand during the day would probably be small.
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schedule plant to consume this amount. Gas supplied under interruptible
contracts would be priced at short run marginal cost, i.e. excluding any fixed
capacity costs such as gas transmission. These arrangemen:s would have other
advantages to EGPC, such as allowing gas to be diverred to power oeneration
when other zas consumers temporarily reduce their gas COﬂsumptlon, e.3. during
maintenance and giving flexibility to adjust demand to technical fluctuations
in supply.

5.04, Other »erstional issues are likely to arise when EEA commissions
plant with a - vost less than for natural gas, e.g. Aswan II, Sinal coal
and nuclear. Tt plant will lead to gas fired plant moving down the merit

order and generating less. Unless gas becomes cheaper than fuel oil, the
consumption of gas for powver generation couid slowly decline in the 1990's,
although seme increase in consumption is likely up to 13991/92 (Table 2.11).
EGPC there:cre needs much improved ectimates of gas ccnsumption so as to
optimize 1nvesiments in gas production and transmission for the power
generaslon . '

0il Refining

5.05. Power generation currently accounts for abour 60% of the national
consumption of fuel oil and abont 10X of the consumption of gas oil. The
consumption of fuel oil by power stations will decline drastically during the
1980's, since all new oil fired steap stations will be also capable of burning
natural gas (Table 2.1!). Tovards the end of the decade, EZA plans that new
stations will burn coal or be nuclear. These new stations will be used for
base load generation and will caly burn fu2l cil when gas i1t unavaillable.
Horeover, the steam stations for vhich no plans exist for converszion, e.cg.
Cairo North, Caire South, Karmouz and Assuit, will be reaching the end of
thelr economic lives in the late 1960's. The fuel oil consumv:ion of these
stations will decrease as they are displaced down the merit order and wiil

cease in the early 1990'c. Taking these factors intc account, fuel o1l
consuisption 1n 1951/92 could be only 420 thousand tons, compared to 2,948

thousand tons in 1982/83.

5.06. Since the consumption of middle distillates and light products used
in transport will continue tc increase, the decline in fuel oil consumption in
power generation would lead to a marked shift in the relative dewanc for
petroleuvr products. With the existing and planned refinery configuration,
this would lead to a growing surplus of fuel oil that would need to be
exported. Becavse of the surplus of fuel oil in the region, the net return to
Egypt after deducting ‘transport costs would probably be about $150-155/tcn,
compared to Mediterranean ex-refinery prices of about §160-170/ton. A
potential solution to the fuel oii surplus would be to crack the fuel cil to
produce lighter products and the Government should investigate this option.

Coal

\

5.07. Coal reserves are located in the Sinai Peninsula at Maghara, Avun

Musa and Wadi "hora, as well as in the Western Deserc. Only the Maghara
deposits, of which 35.6 million tons is recoverable, is considered to be
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econonic for mining at present. 1/ The Maghara deposit is 150 km northeast of
Igmailia and 70 km southwest of E1 Arish. A mine at Safa was being opened at
the time of the 1967 war.” Present plans are to re-open this mine to produce
500,000 t/a. 0f this 300,000 t/a wouid be washed and 200,000 t/a wnuld be
transported to the coke ovens at Helwan, south of Cairo, where 1t would be
blended with imported coking coal. The remaining 100,000 t/a of middlings
from the washery, plus 200,000 t/a of unvashed coal would be transported by
troad to the proposed Sinai power station, a distance of about 270 km. This
local coal would be s swmall proportion of the coal consumed in the paver
station. About 1.2 nmillion t/a would be imported from Asian coal producers,
e.g. Australia.

5.08. Coal exploitation is the responsibility of the Ministry of Industry.
The Ministry commiesioned a consultants study of the development and
utilization cf Maghara coal. %o the mission's knowledge, only a summary of
the report was made available tec EZA. Even though Maghara coal is ¢f high
quality (EHV 7,215 kcal/kg, ash €.5%, moisture 4.9%, sulphur 3.0%) the remote
location of the deposits and small scale of mining operations suggest that the

econorics of exploiting the deposits need to be proven. The consultants
estimated that coal would cost LE 25.5/t at the mine-mouth and LE 38/t at the
Sinai power station, vhich would make Maghara ccal compezitive with imporcs,
although the basis of these figures was not available te the wission.

Even though 2 pover station burning imported coal weeld probably be jus-ified
on its own, there are 2 number of alternatives for veing Sinai coal for power
generation that have apparently been investigated by the Ministry of
Industry's consultants. These include a mine-mouth power station and a power
station at Al Arish on the Mecditerranean coas:, but tc the missions knowledze,
they were not evaluated in ccnjunciion with EEA. There is & need to improve
co-operation between the Ministry of Industry and EXA to ensure that coal
reserves are developed in the most economic manner and that the location of
any power station burning local coal has been based on rigorous eccnomic
analysis.

Water Resougces

5.09. Water resources are the responsibilicy of the Ministry of Irrigation
(MO1). Water releases from the High Dam are intended primarily to meet
agricultural requirements. The dominance of irrigation requirements over
povwer is not unusual elsewhere anc reflects a water management policy to
maxinize the benefits from the seasonal storzge of water. Most of the
hydroelectric resources of the Hile have been exploited, although a few
remaining opportunities for adding power turbines to existing or
re-constructed barrages rewain (para. 2.34). Development of the remaining
hydro sites requires a high degree of co-operation between MZE anc MOI, which
has not always been achieved in the past. The flow of informarion between the
two Ministries has been much less than perfect. Disputes have arisen over the
allocation of joint costs, e.g. for the Esna project where the explcitation of
the hydroelectric potential would necessitate bringing forward the
re-constrlction of the barrage. The Supreme Council to Energy is a possible
institution for improving co-ordination between MEE &nd MOIL.

1/ U.S. Department of Energy "Joint Egypt United States Energy Assessment
(April 1979).
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VIi. POWER SUBSECTOR INVESTMENT AND FIMNANCE

Investment Requirements

6.01. Based on the missions revisions to the power generation investment
program (Tahle 2.10), the wission estimates that power subsector investment
during the 8th 5~year Plan 1982/83-1986/87 will awmount to LE 3,756 million, at
current prices. This is LE 1,286 million greater than the LE 2,470 shown in
the Plan documents (Table 6.1). Reasons for this are:

(a) insufficient allowance in the Plan for expenditure during the firsc
stages of construction on projects scheduled Zor completion beyond

the Plan horizon, e.g. Sinai Coal, Sidi Kreir and the first nuclear
power stacions;

(b) increased investment in gas turbines because of delays to steam
stations; and

(¢) increased costs for some projects, e.g. Aswan II hydro.
The mission' estimate of the addicional investment represents 52 of the Plan
amount. Without this investment, or a majoc shift in Government policies
regarding demand management, there would be a high risk of substantial
deterioration in the quality of electricity supply towards tha and of tha
decade. Attachment l shows a detailed breakdown of the investment program by
major project and year.
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Table 6.1

Power Subsector Investment
Fifth 5-Year ¥lan 1982/£3 - 108€6/87
(LE million, current prices)

. Mission
MEE Proposal Official Revision
for 5-Year Plan 3~Year Plan to Plan
EELA
Generation
- On-going projects 755 924 984
- New projects 2,537 216 1,300
- Rehabilitation 293 100 100
3,585 1,240 2,384
Transmission 607 425 380
Training B 5 20
Total EEA 4,200 1,670 2,784
Distribution Companies 416 192 192
Rural Electrification Authority 633 400 400
Qattara Project Authority 1,140 130 158
Nuclear Power Plants Authority 2,886 33 177
Atomic Energy Authority 26 18 18
Construction and Manufacturing
Enterprises 24 24 24
Other 3 3 3
Total Power Subsector 9,328 2,470 3,756

Sources: Electric Power Subsectur Study (Report 4165-EGT), Ministry of
Planning, "The Detailed Frame of the Fifth Five Year Plan for
Economic and Social Development” (Dccember 1982) MEE, EEA, REA, QPA,
Mission estimates.

6.02. Even though the mission's estimate of Plan expenditure 1s
subscantially above the amount shown in the Plan documents, both amounts are
cuch less than the LE 9,328 million originally proposed bv the subsector for
the Plan 1/ (Table 6.1). Major cuts were made in the amounts allocated for

1/ See "Electric Power Subsector Study" (Report 4165-EGT) Annex 6.
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nuclear pover stations, conventional power stations and the Qattara project.

The general direction of there cuts vas, in our opinion, correct but the
magnitudes were too great for conventionil generations and, to a lesser

extent, nuclear generation.

Balance of Investment Prorpram

6.03 Generatilon accounts for 72% of the revised investment program,
transmission 10% and distribution 16% (Table 6.2). Even after allowing for
the highly concentrated population in £zypt and the high level of

electrification, the proportion allocated to generation appears high. Given
the need to reduce

Table 6.2

Distribution of Investment 1982/83 - 1%88/87
(LE million, current prices)

Proposed Offical Revised

Plan Plan Plan
(LE x 10° ) (%) (LE x 10%) (3 (LE » 10°) (%)
Generation 7,611 82 1,403 57 2,729 72
Transzission 607 6 425 17 380 10
Distribution 1,049 11 592 24 592 16
Other 61 1 50 2 65 2
Total 9,328 100 2,470 100 3,756 100

Source: Table 6.1

losses from their present level of about 22%, it is suggested that MEE
investigates whether the balance between generation and transmission/
distribution investment is appropriate, with a view to increasing the amounts
allocated to transmission and distribution during the Sixth 5-Year Plan.

Tinance

6.04 The Plan documents show that the total investment would be financed
as follows: local currency LE 914 million (37%), foreign credit facilities LE
1,257 million (51%) and other foreign currency LE 299 million (12%). The
mission was unable to obtain either a more detailed financing plan for the
investment plan or information on how much foreign finance had been secured.
However, it seems likely that a foreign currency financing gap of at least

LE 1 billion remains.
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6.05 Because of the low level of electricity tariffs, EEA and the
distribution cowpanies has been unable to generate sufficient cash to meet its
debt service in 1980/81, 1981/82 and 1982/83, even after local loans of LE 529
million were converted to equity. At existing fuel prices and with present
tariffs cash flow would roughly balance debt service in 1983/84 and 1984, and
there vould bLe no internal cash generation in these years. The revenue
earning institutions in the subsector are therefore unable to make any
contribution to financing investment. This will not improve significantly
unless tariffs are increased. Moreover, increases in tariffs would be needed

Lo pass on any increases in fuel costs.

Ontions for Financiny Investment

6.06 There apprars to be a substantial (at least LE 1 billion) gap
inance and investment needs of the power subsector. Since
f this gap 1s unknown. it is strongly recommended that

between availlable
the precise mapnitude o
MEE prepare reolling financing plane for the sudbsector covering the next 5
years. Unless the financial gap is resolved an imbalance will result between
electricity supply and the demand of consumers. The Government has four

£

options for addressing the finzucial issue: ,

(a) establisnh the financing of a reasonable pertion of expancion
requirements from net internal cash generation as an objective of
subsector investment financing. The level of self-financing should
increase from year to year until reaching a level of at least
25%-30% in due course. After establishing yearly objectives for
self-financing, tariffs should be adjusted and expenses and losses
controlled so as to assure such financing in cach vear; |

~

(b) aquire more funds frowm bilateral, multilaterial and commercial
sources. This has been the policy to date. However, sufficient
funds hiave not been committed. Without changes to sector policies,
i.e. energy prices, additional funds are extrewely unlikeiy from
several sources. EIxisting deonors are unlikely to have the resources
to supplement the sources where lending 15 in abevance or to bridge

the overall financial gap;

(c) ration demand. If sufficient finance can not be mobilized the
investment program will slip. Shortages of electricity will result
leading to outages, restrictions to new connections, etc. While in
theory rationing can be carried out to minimize the costs of
outages, in practice it tends to be random, and if severe, leads to

economic disruption; and

~er

(d) demand wmansgewent, the implementation of tariff increases, energy
conservation, industrial restructuring and load management
(Chapter 11I). Such policies would reduce the need for investment
substantially (Chapter II) and in addition would improve the self
financing of the sector and attract additicnal official and
cormercial funds,

6.07 While the Government's cfforts to secure additional foreign funds
are to be encouraged, it is unlikely that sufficient finance could be obt-ined
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unlecs a new donor could be found who was willing to commit more than 3
billion dollars for disbursement during the next 3 to L years. 1f raticning
is ruled out the Government has no option other than to implement demand
management policies. We recomvend that such policies be implemented without

delay.

February 10, 1984
(1633p)
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