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1.0 OVERVIEW 

A two-month i n v e s t i g a t i o n  was made of t he  h y d r o e l e c t r i c  resources  
of Egypt. ' Inf ormation was ob ta ined  from publ ished r e p o r t s  a v a i l a b l e  i n  
both t h e  United S t a t e s  and i n  Egypt ( s ee  s e c t i o n  9.0 ) and from d i r e c t  
i n t e rv i ews  wi th  Egyptian o f f i c i a l s  i n  Cairo ( s ee  s e c t i o n  10.0 ) . The 
i n v e s t i g a t i o n  assessed  t h e  p o t e n t i a l  f o r  h y d r o e l e c t r i c  power development 
i n  Egypt and was t he  b a s i s  f o r  remarks concerning t h e  s e l e c t i o n  and 
timing f o r  c o n s t r u c t i o n  of p r e f e r e n t i a l  s i t e s .  This  r e p o r t  summarizes 
those  i n v e s t i g a t i o n s  and p r e s e n t s  obse rva t ions  based on v a r i o u s  o p t i o n s  
of p o s s i b l e  development of h y d r o e l e c t r i c  power gene ra t i on .  

Although Egypt is  g e n e r a l l y  be l ieved  t o  have l i t t l e  p o t e n t i a l  f o r  
f u r t h e r  h y d r o e l e c t r i c  development, t h e r e  a r e  numerous si tes which a r e  
p r a c t i c a l  and f e a s i b l e  f o r  cons t ruc t ion .  The only  e x i s t i n g  >ydroelec- 
t r i c  power p l a n t s  a r e  on t h e  upper N i l e  River a t  the  High Dam (2100 MWe) 
and t h e  Aswan Dam (345 W e ) .  There a r e  e i g h t  sites on the  N i l e  River 
where it is  p r a c t i c a l  t o  add h y d r o e l e c t r i c  gene ra t i on  and, of t he se  
e i g h t ,  f o u r  sites, t o t a l i n g  about 350 MWe, a r e  f e a s i b l e  f o r  immediate 
c o n s t r u c t i o n  ( s e e  f i g u r e  1 ) .  There a r e  a l s o  pumped-storage sites on the  
N i l e  River  which a r e  no t  p r a c t i c a l  t o  dcvclop a t  t h c  p rc scn t  t i m e .  
There is a  l a r g e  p o t e n t i a l  f o r  pumped-storage gene ra t i on  on the  Red 
Sea: about  20,000 MWe i n  t he  Suez a r e a  has been inves t i ga t ed  and found 
f e a s i b l e  f o r  development. There is  a l s o  t he  Qa t t a r a  Depression i n  t he  
Western Desert which can be  u t i l i z e d  f o r  convent iona l ,  a s  w e l l  a s  
pumped-storage h y d r o e l e c t r i c  gene ra t i on ,  by  b r ing ing  water from t h e  
Mediterranean Sea t o  t he  dep re s s ion  by means of an open cana l  o r  by 
t unne l s .  P re l imina ry  s t u d i e s  have shown t h a t  up t o  2400 MWe of genera- 
t i o n  could be  developed a t  t h e  depress ion .  

Each of t he  p o t e n t i a l  h y d r o e l e c t r i c  power g e n e r a t i o n  sites was 
i n v e s t i g a t e d  t o  'see which were f e a s i b l e  and p r a c t i c a l  f o r  development by  
t h e  year  2000. Each s i te  was s tud i ed  f o r :  (a )  c o s t  of power developed; 
(b) impact on environmental ,  s o c i a l ,  economic, and i n s t i t u t i o n a l  fac- 
t o r s ;  (c )  need f o r  t h e  type of power a v a i l a b l e  from t h e  s i te ;  (d) p o l i c y  
imp l i ca t i ons  of developing t h e  s i te  such a s  achievement of n a t i o n a l  
o b j e c t i v e s  and government p o l i c y  cons ide ra t i ons  ; (e )  t ransmiss ion  
a d d i t i o n s  r equ i r ed  and e f f e c t s  on system r e l i a b i l i t y ;  and ( f )  s p e c i a l  
problems of c o n s t r u c t i o n  involved. Af t e r  cons ider ing  t h e  above f a c t o r s ,  
a  l i s t  of o p t i o n s  was developed f o r  cons t ruc t ion  of h y d r o e l e c t r i c  

- power gene ra t i on  t o  meet t h e  e l e c t r i c  load growth of Egypt when o the r  
forms of  energy supply  would be i n t e g r a t e d  i n t o  a  comprehensive supply 
p a t t e r n .  

The op t ions  der ived  range from zero development t o  maximum develop- 
ment of  a l l  t h e  f e a s i b l e  h y d r o e l e c t r i c  gene ra t i on  p o t e n t i a l  i n  the  
country.  Since n e i t h e r  of these  two extremes appear p r a c t i c a l ,  op t ions  
between them, d e t a i l i n g  i n d i v i d u a l  development of sites from 1985 t o  
2000, were chosen. Reasons a r e  g iven  f o r  t he  s e l e c t i o n  of some opt ions  
and t h e  r e j e c t i o n  of o t h e r s .  
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It is c l e a r l y  i l l u s t r a t e d  t h a t  Egypt should develop i ts  hydroelec- 
t r i c  resources  a s  qu ick ly  a s  p r a c t i c a l  f o r  two b a s i c  reasons.  Hydro- 
e l e c t r i c  power gene ra t i on  is the optimum method of supplying peaking 
power t o  blend wi th  o t h e r  power s u p p l i e s  t o  m e e t  t o t a l  power demand 
requirements .  It is a l s o  t h e  most .economic sou rce  of power supply, 
because it does n o t  consume expensive f u e l s  which could otherwise be 
exported;  t he re f  o r e  it- enhances. ..the country's gene ra l  economic p i c t u r e ,  
A p rog re s s ive  p l an  f o r  e a r l y  h y d r o e l e c t r i c  development i n  Egypt should 
be i n i t i a t e d  immediately. 

2.0 SELECTION OF OPTIONS 

The c r i t e r i a  f o r  s e l e c t i n g -  op t ions  were b a s i c a l l y  a  ma t t e r  of 
whether t h e  op t ion  was f e a s i b l e  and p r a c t i c a l  f o r  cons t ruc t ion .  An 
op t ion  is f e a s i b l e  i f  t h e  t o t a l  c a p i t a l  c o s t  of development and t h e  u n i t  
c o s t  per  k i l o w a t t  and.-lor ki lowatt-hour  (kwh) is compet i t ive  wi th  o t h e r  
forms of energy genera t ion .  An op t ion  is cons idered  p r a c t i c a l  i f  t he  
development would f u r n i s h  t he  type of power which would s u c c e s s f u l l y  
i n t e g r a t e  wi th  o t h e r  power s u p p l i e s  duri.ng a c e r t a i n  time frame, i f  i t  
m e t  government o b j e c t i v e s  and did not  c o n f l i c t  wi th  e s t a b l i s h e d  govern- 
ment p o l i c i e s ,  i f  the  development would no t  s e r i o u s l y  harm t h e  environ- 
ment, and i f  t h e r e  .were no insurmountable cons t ruc t ion  d i f f  i c u l t i e ' s  
involved.  

Based on the  above c r i t e r i a ,  t h e  fol lowing op t ions  w e r e  e i t h e r  
r e j e c t e d  o r  r e t a ined  f o r  f u r t h e r  cons ide ra t i on ,  a s  noted:  - 

1. No new h y d r o e l e c t r i c  power development. This  op t ion  was 
r e j e c t e d .  Some sites have v e r y  f avo rab l e  f e a s i b i l i t y  a s  
wel l  a s  o t h e r  b e n e f i t s .  

2. Add'ition of more g e n e r a t o r s  a t .  t he  High Dam f o r  peaking 
power. This  : op t ion  was r e j e c t e d .   hi's,,. op t ion .  is not  
p r a c t i c a l  due t o  t h e  d i f f i c u l t y  of c o n s t r u c t i n g  a  still- 
ing bas in  below t h e  dam, t h e  need t o  main ta in  a  requi red  
downstream water f low and t h e  excess ive  c o s t  of t ransmis-  
s i o n  t h a t  would be involved. 

3. Addit ion of a  second power p l a n t  a t  Aswan Dam. This  
op t ion  was r e t a ined .  'The power p l a n t  can be developed a t  
a  low c o s t  and would no t  c o n f l i c t  wi th  t he  o the r  c r i t e r i a  
r e s t r i c t i o n s .  

4 .  Addit ion of iower p l a n t s  a t  t he  t h r e e  & i s t i n g  bar rages  
(Esna, Nag Hamadi  and Ass iu t ) .  This  o i t i o n  was ,re- 
t a ined .  These sites involve  low c o s t  i d  have a  favor- 
a b l e  impact when other.  c r i t e r i a '  a r e  considered.  . 
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5. Cons t ruc t ion  of new ba r r ages  and power p l a n t s  a t  f ou r  
s i t e s  on the  N i l e  River  ( S i l s i l a ,  Q i f t ,  Sohag and Deir- 
ou t ) .  This  op t ion  was r e j e c t e d .  The f a c i l i t i e s  could 
not  be  cons t ruc ted  f o r  power development a lone  and t h e r e  
is n o t  s u f f i c i e n t  j u s t i f i c a t i o n  t o  cons t ruc t  t h e  ba r r ages  
f o r  i r r i g a t i o n  o r  t o  prevent  channel  degradat ion.  

6 .  Development of pumped-storage s.ites along t h e  N i l e  
River .  This  op t ion  was r e j e c t e d .  Exis t ing  laws and 
p o l i c i e s  on N i l e  water  use  p r o h i b i t  ope ra t i on ;  a l s o ,  
t h e r e  are more f avo rab l e  pumped-storage sites on the Red 
Sea. 

7. Development of t h r e e  pumped-storage sites nea r  Suez on 
the  Red Sea. This  op t ion  was r e t a ined .  Favorable  f e a s i -  
b i l i t y  and t h e  need f o r  peaking power a f t e r  1990 augment 
t he  v a l u e  of development of t he se  sites. 

8. Development of  fou r  a d d i t i o n a l  pumped-storage sites near  
Suez. This  op t  i on  was r e j e c t e d .  Addi t iona l  peaking 
power would no t  be  requi red  u n t i l  a f t e r  t he  yea r  2000 
and more f avo rab l e  sites would b e  developed f i r s t .  

9. Development of t h e  Qa t t a r a  Depression power complex. 
This op t ion  was n e i t h e r  r e t a i n e d  n o r e r e j e c t e d  but  used 
a s  a p o s s i b l e  a l t e r n a t i v e  t o  some of the  Suez pumped- 
s t o r a g e  sites and some base load  f o s s i l  f u e l  thermal  
p l a n t s  because its development must overcome fou r  major 
impediments: extremely l a r g e  c a p i t a l  investment ,  
problems of nuc l ea r  b l a s t i n g  f o r  cons t ruc t ion  of t he  
open c a n a l ,  q u a l i f i e d  outcome of t h e  t h r ee  year  f e a s i -  
b i l i t y  s tudy  t o  be completed i n  1979, and unfavorable  , 

environmental e f f e c t s .  Only t h e  open cana l  was consi-  
dered,  s i n c e  t he  Q a t t a r a  Depression tunne l  a l t e r n a t i v e  
appears  too , c o s t l y  t o  be f e a s i b l e .  

10. Development of a l l  p o s s i b l e  h y d r o e l e c t r i c  power genera- 
t i on .  This  op t ion  was r e j e c t e d .  There would no t  be  a 
need f o r  t h i s  amount of peaking h y d r o e l e c t r i c  power by 
the  y e a r  2000. 

F igure  2 shows the  l o c a t i o n  of t h e  h y d r o e l e c t r i c  s i tes d iscussed  
above. A l l  t h e  sites a r e  remote from t h e  e x i s t i n g  popula t ion  concen- 
t r a t i o n  of the  N i l e  River  d e l t a  i n  Northern Egypt. F igure  3 shows more 
d e t a i l s  of  t he  Q a t t a r a  Depression. 
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The b a s i c  f u n c t i o n s  of a  power system a r e  t o  a s s i s t  t he  popula t ion  i n  
main ta in ing  l i f e  and t o  ease some of t h e  n a t u r a l  d i f f i c u l t i e s  of ex i s t ence .  
Assuming t h e  eventua l  adopt ion  of a  balanced n a t i o n a l  ene rgy .po l i cy ,  t h e  use 
of e l e c t r i c a l  energy must i nc rease .  The use of economical h y d r o e l e c t r i c  
power i n  conjunc t ion  w$th base load  f o s s i l  f u e l  thermal  and/or  nuc lear  power 
w i l l  p rov ide  a  power supply  system t h a t  o p e r a t e s  a t  maximum economy. 
Therefore ,  t h e  continued development of h y d r o e l e c t r i c  power i n  Egypt is a  
n e c e s s i t y  f o r  t he  s t a b l e  growth of t he  economy of  t h e  country.  

, 

3.0 RESOURCE ASSESSMENT 

~ ~ d r o e l e c t r i c  power resources  a r e  l i m i t e d  t o  t h r e e  broad a r e a s  i n  
Egypt. There a r e  t he  convent iona l  and pumped-storage sites on the  N i l e  
R iver ,  t h e  pumped-storage sites on the  Red Sea, and t h e  Q a t t a r a  Depression 
u t i l i z i n g  t h e  water  from t h e  Mediterranean Sea--- 

On t he  N i l e  River  two power sites have been developed near  Aswan: t h e  
Aswan Dam and t h e  High Dam. The Aswan Dam powerhouse has  a  nameplate 
c a p a c i t y  of 345 MWe, b u t ,  because of t h ~  lower head caused by t h e  t a i l r a c e  of 
t h e  High Dam, now g e n e r a t e s  o n l y  220 MWe. The High Dam powerhouse has  a  
nameplate c a p a c i t y  of 2100 MWe, b u t ,  because two u n i t s  a r e  on a  s i n g l e  
penstock and one u n i t  is always down f o r  maintenance, on ly  1750 MWe can be  
geeera ted .  Long-range gene ra t i on  a t  t h e  High Dam may b e  a s  high a s  7  o r  8 x 
10 'kWh annua l ly  i f  water  conserva t ion  i n  the  Sudan occurs  and t h e  e x t r a  
water is n o t  used in-country bu t  is s e n t  t o  Egypt. However, i f  on ly  t h e  
t r e a t y  amount of water  is  o b t a  ned by Egypt, t hen  annual gene ra t i on  a t  t he  4 High Dam would be  about 5 x 10 kWh. Other N i l e  r i v e r  power p l a n t s  would 
s i m i l a r l y  i n c r e a s e  energy product ion  approximately 60 pe rcen t  i f  t he  in- 
c reased  water was u t i l i z e d .  

There a r e  fou r  sites on the  N i l e  t h a t  a r e  p r e s e n t l y  f e a s i b l e  f o r  
hydropower development: a  second power house a t  Aswan Dam of 160 MWe 
capac i ty ,  and t h r e e  power houses a t  t he  e x i s t i n g  ba r r ages  a t  Esna of 
89.4 MWe, a t  Nag Hammadi of  52.5 MWe and a t  Assiut  of 48 MW. There a r e  
f o u r  f u t u r e  ba r r age  sites where power could be  developed but which must 
be  j u s t i f i e d  f o r  o the r  than power uses  i n  o rde r  f o r  power development t o  
be f e a s i b l e  and not  c o n f l i c t  wi th  government p o l i c i e s .  The b a s i s  f o r  
o t h e r  j u s t i f i c a t i o n s  could be  e i t h e r  need f o r  i r r i g a t i o n  o r  need t o  
d e t e r  channel degrada t ion  but  n e i t h e r  appear necessary  i n  the  immediate 
f u t u r e .  These fou r  sites would b e ' a t  S i l s i l a ,  Q i f t ,  Sohag, and Deirout .  
They wouhd provide a  combined output  of approximately 160 MWe and 
1.3 x 10 kWh annual ly .  The f i r s t  ba r r age  ma9,need t o  be a t  Sohag 
t o  p r o t e c t  t h e  e x i s t i n g  ba r r age  a t  Nag Hammadi a g a i n s t  f u t u r e  channel 
degrada t ion ,  bu t  i t  is p r e s e n t l y  imposs ib le  t o  determine when such 
degrada t ion  would occur .  There a r e  a l so ' some pumped-storage sites on 
the  upper N i l e  River t h a t ,  a l though of marginal  f e a s i 6 i l i t y ,  could be 
developed i f  t h e  p re sen t  law, t h a t  water  must b e  r e tu rned  t o  t h e  N i l e  
River t he  same day i t  i s  withdrawn, was changed. With t h e  o the r  pumped 
s t o r a g e  sites a v a i l a b l e  in Egypt, which a r e  more f e a s i b l e ,  i t  does n o t  
appear p r a c t i c a l  t o  pursue t h e  development of pumped s t o r a g e  on the  N i l e  
River .  



The op t ion  of adding peaking u n i t s  a t  t he  High Dam was d iscarded  because 
it would be  imprac t i ca l  t o  e n l a r g e  the s t i l l i n g  bas in  below t h e  High Dam and 
because the  cons t ruc t ion  and age of t h e  e x i s t i n g  Aswan Dam p r o h i b i t  a water  
l e v e l  v a r i a t i o n  of more than t h r e e  meters (m). During day l igh t  hours ,  when 
t h e  ambient temperature is the  h o t t e s t ,  a v a r i a t i o n  of p lus  o r  minus one and 
one-half m i s  allowed. P re sen t ly ,  due to  a rcheologica l  excavat ion,  p l u s  o r  
minus o n l y  one m is. permit ted.  

The a d d i t i o n a l  genera t ion  a t  Aswan Dam would be housed i n  a s epa ra t e  
power house near  t he  c e n t e r  of the  dam, r a t h e r  than i n  t he  e x i s t i n g  power 
house which is on the r i g h t  of  t h e  dam. New penstocks would be needed, and 
f o u r  new gene ra to r s  of  40 MWe each a r e  planned. This  would add 580,000,000 
kWh annual ly .  A t  t he  e x i s t i n g  bar rages  new power houses would be b u i l t  a t  
one end of the dam where bulb-type tu rb ines  would be i n s t a l l e d .  It was 
noted t h a t  the bulb-type t u r b i n e s  have about 25 percent  l e s s  weight ,  an  
e f f i c i e n c y  of about 90 pe rcen t ,  and cos t  about h a l f  of what the 'Kaplan type 
t u r b i n e s  do. A t  Esna t h e r e  would be s i x  u n i t s  of 14.9 MWe each,  genera t ing  
551,400,000 kWh; a t  Nag Hammadi t h e r e  would be f i v e  u n i t s  of  10.5 MWe each, 
gene ra t ing  292,000,000 kWh; and a t  Assiut  t he re  would be four  u n i t s  of 12.0 
MWe each,  genera t ing  264,000,000 kWh annual ly.  

On t h e  Red Sea t h e r e  a r e  numerous pumped-storage s i t e s  along t h e  
western c l i f f s ,  which a r e  200 t o  600 m high.  The seven most promising 
s i t e s  a r e  a s h o r t  d i s t a n c e  south of t he  Ci ty  of Suez. There a r e  t h r e e  
s i t e s  a t  Galala  e l  Bahariya which is about 40 m south of t h e  Ci ty  of 
Suez, and t h e r e  a r e  fou r  sites a t  Ataga, about 20 m south  of t he  Ci ty  of 
Suez. A l l  seven sites would r e q u i r e  excavat ion of '  an upper holding 
bas in .  D r i l l i n g  is  p r e s e n t l y  be ing  done' t o  determine the  cha rac t e r  is- . 
t i c s  of t h e  s o i l  a t  t he  bas in  s i t e s .  The th ree  most f e a s i b l e  and , 
p r a c t i c a l  s i t e s  a r e  two a t  Gala la  e l  Bahariya of 1000 MWe and 1900 MWe, 
and t h e  one a t  Ataga of 1400 MWe. Although f e a s i b i l i t y  s t u d i e s  have 
shown t h a t  a l l  t h e  sites can  be developed a t  c o s t s  ranging from 100 t o  
130 LE per  k i l o w a t t ,  t h e s e  s t u d i e s  must b e  updated once c h a r a c t e r i s t i c s  
of t h e  s o i l  i n  t he  holding bas in  a r eas  a r e  determined. S ize  of ind iv i -  
dua l  u n i t s  would be in the  300 MWe range and would be s i n g l e  u n i t  
pump/generator design.  E f f i c i ency  of t h e  pump/generation would be in 
t h e  71 t o  75 pe rcen t  range and a v a i l a b i l i t y  would be h igh ,  around 85 , 

percent .  It is expected t h a t  t h e  u n i t s  would be operated about 1300 
hours  a year  and would be a v a i l a b l e  f o r  r e se rves  when not  i n  the  
pumping cyc le .  

The Qattara 'Depression is loca t ed  i n  the  western d e s e r t  of Egypt about 
200 km from Cairo and about 55 km from t h e  Mediterranean Sea. The s u r f a c e  
a r e a  of t h e  depress ion  a t  sea l e v e l  f s ' a b o u t  12,500 square  km and a t  i ts  
lowest po in t  t h e  depress ion  is  about 134 m below s e a .  l e v e l .  The a r e a  
between t h e  depress ion  and the  Mediterranean Sea ' reaches a he ight  of about 
200 m and e i t h e r  an open cana l  o r  tunnels  a r e  needed t o  br ing  t h e  sea  water 



to the depress ion .  The tunnel  op t ion ,  which c o n s i s t s  of two tunnels  
each of 14.5 m i n  d iameter ,  i s  q u i t e  =pensive,  e s p e c i a l l y  when compared 
t o  t h e  open cana l  op t ion ,  s i n c e  cana l  cons t ruc t ion  is  envisioned using 
c l ean  nuc lear  explosions.  There a r e  t h r e e  phases considered i n  the 

- Qat t a ra  development. Phase I, l a s t i n g  f o r  ten y e a r s ,  would be a  h igh  
p l a n t  c a p a c i t y  convent ional  h y d r o e l e c t r i c  power p l a n t  r a t e d  a t  670 MWe 
(315, MWe f o r  t he  tunnel  op t ion ) .  It would t ake  a t  l e a s t  t he  t en  yea r s  
t o  f i l l  t h e  depress ion  t o  a  l e v e l  of 60 m below s e a  l e v e l  wi th  the  open 
cana l  op t ion ,  whereas t he . tunne1  opt ion  would n e v e r . f i l 1  t h e  depress ion  
t o  t h i s  l e v e l  because of t he  enormous evapora t ion  t h a t  would occur.  
Phase I1 would have a  t o t a l  genera t ion  i n s t a l l a t i o n  of 1200 MWe f o r  
e i t h e r  op t ion  by u t i l i z i n g  a  pumped-storage concept.  For t h i s  phase, a 
sepa ra t e  holding bas in  would be used f o r  the* tunnel  op t ion ,  o r  the  cana l  
i t s e l f  would be used f o r  an upper bas in  f o r  the  cana l  opt ion.  Phase 111 
would have a  t o t a l  genera t ion  i n s t a l l a t i o n  of 2400 MWe by using pumped 
s t o r a g e  from an upper r e s e r v o i r  l oca t ed  a d j a c e n t l y  n o r t h  of t h e  depres- 
s i o n  c a l l e d  the  Deir Kourayin r e s e r v o i r  s i t e .  Development of t he  
Qat ta ra  Depression would be a  v e r y  l a r g e  undertaking c a l l i n g  f o r  
many new i n d u s t r i e s ,  a  l a r g e  s e a p o r t ,  and an extremely l a r g e  c a p i t a l  
investment .. There a r e  a l s o  impediments t o  t he  development of the  
Qatar ra  Depression, such a s  environmental problems f o r  both 0 p t i o . n ~  and 
i n t e r n a t i o n a l  p o l i c i e s  of nuc lea r  b l a s t i n g  f o r  the cana l  opt ion.  The 

- Egyptian government has a  c o n t r a c t  wi th  a  group of .  German, American, and 
Egyptian consu l t i ng  f i rms  t o  prepare  a  d e t a i l e d  f e a s i b i l i t y  r e p o r t  on 

.. the  Qa t t a r a  p r o j e c t .  The r e p o r t  is expected t o  -be completed i n  1979. 

Table 1' l i s ts  the  hydroe lec t r i c  genera t ion  c h a r a c t e r i s t i c s  of  the  
e x i s t i n g  and the  more f e a s i b l e  power developments d iscussed  above. 
There a r e  a d d i t i o n a l  pumped-storage s i t e s  along the  no r the rn  and e a s t e r n  
borders  of Egypt t h a t  were not  i nves t iga t ed  because the re  is  more 
peaking power a v a i l a b l e  a t  the s i t e s  mentioned t h a n .  the  Egyptian load 
and load p a t t e r n  w i l l  r equ i r e  beyond the  year  2000. These s i t e s  may b e  

;.; - . i n v e s t i g a t e d  a t  a  much l a t e r  d a t e .  

4.0 TECHNICAL AND IMPLEMENTATION PRACTICABILITY OF OPTIONS 

The " fue l"  f o r  hydroe lec t r i c  p l a n t s  i s  water ,  s o  the a v a i l a b i l i t y  
of water  a t  a l l  s i t e s  considered mus t ,be  assured.  The Ni l e  River ,  by 
t r e a t y ,  is  a l l o c a t e d  55 b i l l i o n  cubic m of water annual ly;  t h i s  amount 
has been exceeded each y e a r ,  a s  shown i n  t a b l e  2. In  the  f u t u r e  t h e r e  
w i l l  b= a s  much o r  more inf low t o  the  Ni l e  system a t  the southern  border  
of Egypt, a s  changes i n  t he  Sudan a r e  made t o  reduce waste ,  s o  the  
h y d r o e l e c t r i c  p l a n t s  a r e  assured of t h e  55 b i l l i o n  m3 of waterflow. 
Water f o r  t he  proposed p l a n t s  on the  Red Sea and t h e  Mediterranean Sea 
is always a v a i l a b l e .  Hydroe lec t r ic  genera t ion  on the  N i l e  River must 
fo l low the  p a t t e r n  of water use f o r  i r r i g a t i o n .  It is unfor tuna te  t h a t  
maximum i r r i g a t i o n . r e q u i r e m e n t s  do not  fo l low t h e  p a t t e r n  of maximum 



TABLE 1 

HYDROELECTRIC GENERATION CHARACTERISTICS 

Pumped-Storage ! 

Energy Per  10 H r .  Cycle-GIJH 
Maximum Generat ion N e t  6 

MW per  Year 
9 E f f i c i ency  Energy Energy Pumping I 

KWhr x 10 X Used Stored Energy 

High Dam (Ex i s t i ng )  2100 5.01 

Esna 89.4 .55 

Nag Hammadi 52.5 .29 

Ass iu t  48 .26 

Suez # 1 (El  Bahariya) 1000 

Suez /I 2 (El  Bahariya) 1900 

Suez # 3 (Ataqa) ,1400 

Q a t t a r a  (Open cana l )  . 
Phase I (10 y r s  .) 670 5.69 

Phase I1 (5  y r s  .) 

Phase I11 1 1  

1 
Combined Conventional 
and pumped-storage 



TABLE 2 
3 

DISCHARGES AT NILE POWER PLANTS 1976 

- .. 
4 A 

HIGH DAM ASWAN DAM 

MONTH TOTAL THRU POWER THRU THRU POWER THRU 
\ 

DISCHARGE STATION GATES STATION GATES 

JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGU ST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 

TOTAL 54,720 45,205 9,515 43,730 10,990 
I 



gene ra t i on  requirements .  I n  t h e  p a s t ,  much water  had t o  be bypassed 
around t h e  power t u r b i n e s  because of t he  i r r i g a t i o n  r e l e a s e  require-  
ments. For i n s t a n c e ,  i n  1976, between 18 t o  20 pe rcen t  of t he  water  was 
bypassed and not  used f o r  gene ra t i on .  (See t a b l e  2 ) .  The d i f f e r e n c e  
between the  annual i n f low a c r o s s  t he  Sudan Border a s  evidenced i n  f i g u r e  
4 ,  and t h e  annual  r e l e a s e  f o r  1976 a t  the  dams ( see  t a b l e  2 )  is due to  
evapora t ion ,  seepage:' and water r e t a ined  f o r  s t o r a g e  above t h e  High 
Dam. I r r i g a t i o n  t e l l s  power t h e  amount of water  t o  be r e l ea sed  on a  
d a i l y  b a s i s ,  and power must meet the  d a i l y  r e l e a s e  l e v e l  while  having 
t h e  op t ion  of changing r e l e a s e s  hourly.  I n  t h e  f u t u r e ,  when s u f f i c i e n t  
load  growth occu r s  and adequate  t ransmiss ion  capac i ty  is  a v a i l a b l e ,  i t  
is expected t h a t  t h e r e  w i l l  be l i t t l e  o r  no water  bypassing t h e  tur-  
b ines .  The i r r i g a t i o n  requirements w i l l  s t i l l  t a k e  precedence over 
power gene ra t i on ,  but  a t  t h a t  t ime h y d r o e l e c t r i c  power gene ra t i on  can 
f i t  i n t o  t he  whole power system load  curve and w i l l  no t  be  r e s t r i c t e d  a s  
a t  p r e sen t .  

Transmission system r e l i a b i l i t y  has  been a  problem i n  the  p a s t  f o r  t h e  
Egyptian u n i f i e d  g r i d .  The problem r e s u l t e d  from l a c k  of a  looped high- 
v o l t a g e  system, s h o r t a g e  of spa re  p a r t s ,  inadequate  maintenance, r a d i a l  
f e e d e r s  t o  l oads ,  and i n s u f f i c i e n t  gene ra t i on .  I n  1975, a u t h o r i t y  was 
g ran t ed  t o  ob t a in  an adequate supply  of spa re  p a r t s  and t o  g ive  a  p r i o r i t y  
t o  p reven t ive  a s  w e l l  a s  r equ i r ed  r e p a i r .  There has  a l s o  been a  concerted 
e f f o r t  t o  cons t ruc t  m u l t i p l e  d e l i v e r i e s  using two t o  f o u r  f eede r s  f o r  a  
s i n g l e  load  from s e p a r a t e  busses  and s u b s t a t i o n s ,  which has  g r e a t l y  improved 
t h e  r e l i a b i l i t y  of del / ivery t o  loads .  A c o n t r a c t  has been l e t ,  i n  1978, t o  
provide  a  completely automated d i spa t ch  system with improved c a r r i e r  c u r r e n t  
communication and t o  add a n  ex t ens ive  microwave communication system. 
P re sen t  c o n s t r u c t i o n  and f u t u r e  p l ans  w i l l  r e s u l t  i n  a  looped h igh  v o l t a g e  
g r i d ,  which, t oge the r  w i th  t he  i n c r e a s e  of t h e  upper N i l e  l oads ,  w i l l  
g r e a t l y  enhance t h e  h igh  v o l t a g e  un i f ied ,  g r i d .  The p r e s e n t l y  planned 
o r d e r l y  schedule ,  i f  fol lowed,  f o r  b r ing ing  new gene ra t i on  on l i n e  not  
on ly  a s s u r e s  a n  adequate supply  of power but  a l s o  a s s u r e s  adequate  r e se rves  
which a r e  s a d l y  d e f i c i e n t  a t  t h e  p re sen t  t i m e .  The r ecen t  changes and 
planned a d d i t i o n s ,  i f  c a r r i e d  t h r o u g h , ' w i l l  a s s u r e  Egypt of a  modern, 
r e l i a b l e  power system supply. 

Addi t iona l  h igh  v o l t a g e  t ransmiss ion  l i n e s  must be  added f o r  fou r  of 
t h e  e i g h t  new h y d r o e l e c t r i c  power p l a n t s  recommended i n  t h i s  r e p o r t .  
Addi t ions  w i l l  depend on i n t e g r a t i o n  wi th  t h e  n a t i o n a l  g r i d  needed f o r  
d e l i v e r i n g  power from o t h e r  types  of power s u p p l i e s  and on r e l i a b i l i t y  
requirements .  Therefore ,  t h e  l i n e s  mentioned below a r e  p o s s i b l e  a d d i t i o n s ,  
which were der ived  t o  o b t a i n  an est imated t o t a l  cos t  f o r  a  h y d r o e l e c t r i c  
development. De ta i l ed  computer s t u d i e s  must b e  run t o  determine a c t u a l  
t ransmiss ion  a d d i t i o n s  once t h e  l o c a t i o n  of o t h e r  power s u p p l i e s  and load 
d e l i v e r i e s  a r e  known. 



. 
Fig.  4. N i l e  In f low I n t o  ~ g b t  



No new l i n e s  w i l l  be  needed f o r  t h e  Aswan /I2 power p l a n t  o r  f o r  t h e  
t h r e e  ba r r age  power p l a n t s ,  s i n c e  t h e i r .  c o n s t r u c t i o n  w i l l  be  delayed u n t i l  
l o c a l  load i n  sou the rn  Egypt has  grown t o  t h e  p o i n t  t h a t  t h e r e  w i l l  be  
s u f f i c i e n t  capac i ty  i n  t h e  two e x i s t i n g  500 kV l i n e s  between upper and lower 
Egypt t o  d e l i v e r  t h e  power genera ted .  A t  t h e  p re sen t  t ime t h e  c a p a c i t y  of 
t h e  two 500 kV l i n e s  i s  about  1300 MWe a t  t h e  High Dam and 900 MWe i n t o  
Cairo.  Since t h e r e  is  a  c a p a b i l i t y  of about  1970 MWe a t  p r e sen t  a t  t h e  High 
Dam and Aswan power p l a n t s ,  w i th  on ly  a  l o c a l  a r e a  load  of about  400-500 MWe, 
t h e  t ransmiss ion  l i m i t a t i o n  r e s t r i c t s  t h e  gene ra t i on  t o  between 100 and 300 
MWe below c a p a b i l i t y .  Load i n  t h e  upper N i l e  is expected t o  grow t o  t h e  
e x t e n t  t h a t  t ransmiss ion  w i l l  n o t  l i m i t  g ene ra t i on  a t  t h e  p re sen t  p l a n t s  i n  
t h e  e a r l y  1980's. It would no t  be  f e a s i b l e  o r  p r a c t i c a l  t o  c o n s t r u c t  a  l i n e  
which would on ly  be  needed f o r  a few yea r s .  Therefore ,  t h e  new power 
developments on the .uppe r  N i l e  a t  Aswan and t h e  t h r e e  ba r r ages  should be  
timed t o  come on t h e  l i n e  s t a r t i n g  i n  about 1985 when t ransmiss ion  c a p a c i t y  
i s  a s su red  i n  t h e  e x i s t i n g  l i n e s .  

The f i r s t  pumped-storage development i n  t h e  Suez a r e a  w i l l  r e q u i r e  on ly  
one 50 km 230 kV t r ansmis s ion  l i n e  from Suez t o  Bahariya t o  Ayn Sukhna 
s i n c e  t h e r e  p r e s e n t l y  e x i s t  o r  a r e  under c o n s t r u c t i o n  f o u r  230 kV l i n e s  from 
t h e  a r e a  i n t o  Cairo.  The second pumped-storage development w i l l  r e q u i r e  one 
135 km 500 kV l i n e  from t h e  Suez a r e a  t o  Cai ro  and t h e  t h i r d  development 
w i l l  r e q u i r e  one 140 km 500 kV l i n e  from Ayn Sukhna t o  Cairo.  There a l s o  
may be  more f o s s i l  f u e l  o r  perhaps nuc l ea r  power p l a n t s  i n  t h e  Suez a r e a  
which would reduce t h e  t ransmiss ion  c o s t s  a t t r i b u t a b l e  t o  t h e  pumped-storage 
p r o j e c t s .  

P r e s e n t l y  t h e r e  a r e  no t ransmiss ion  l i n e s  nea r  t h e  Q a t t a r a  Depres- 
s i o n  a r ea .  Wo 500 kV l i n e s ,  one 200 km long t o  Cai ro  and one 175 km 
long t o  Alexandria ,  w i l l  be  requi red .  These two l i n e s  would be  neces- 
s a r y  f o r  r e l i a b i l i t y  f o r  t h e  Phase I development and should be  adequate  
when t h e  o t h e r  two phases a r e  completed, depending on t h e  l o c a l  load  i n  
t h e  Q a t t a r a  a r ea .  Planning on t h e  Q a t t a r a  t o t a l  development has  n o t  
s u f f i c i e n t l y  advanced, a t  p r e s e n t ,  t o  r e f i n e  t h e  t ransmiss ion  requi re -  
ments f u r t h e r .  F igure  5 is  a  map showing t h e  g e n e r a l  l o c a t i o n  of t h e  
t r ansmis s ion  l i n e  a d d i t i o n s  a s s o c i a t e d  wi th  t h e  h y d r o e l e c t r i c  power 
developments. See t a b l e  3 f o r  es t imated  c o s t s  of t h e  t ransmiss ion  l i n e s  
mentioned above. 

C a p i t a l  investment c o s t s  and annual  ope ra t i ng  c o s t s  were es t imated  
f o r  t h e  p r o j e c t s  i n v e s t i g a t e d  ( s e e  t a b l e  4 ) .  Costs  were obta ined  
from Egyptian o f f i c i a l s  where c o s t  d a t a  were a v a i l a b l e ;  some c o s t s  had 
t o  b e  es t imated .  A l l  c o s t s  a r e  i n  Egyptian pounds (LE) and a r e  based on 
1977 cons t ruc t ion .  Annual c o s t s ,  which c o n s i s t  of c o s t  of money, 
o p e r a t i o n ,  maintenance and replacement ,  were assumed t o  be  10 pe rcen t  of 
t h e  c a p i t a l  c o s t s .  It was e s t ima ted  t h a t  25 pe rcen t  of t h e  c a p i t a l  
c o s t s  would have t o  be  spen t  o u t s i d e  Egypt f o r  machinery and s p e c i a l  
m a t e r i a l s  f o r  t h e  Aswan /I2 and t h e  b a r r a g e  power p l a n t s  and 1 0  pe rcen t  
' f o r  t h e  Suez pumped-storage p l a n t s .  For t he  Q a t t a r a  p r o j e c t ,  a  reason- 
a b l e  e s t i m a t e  cannot  be  made u n t i l  t h e  completion of t h e  f e a s i b i l i t y  
s t u d y  i n  1979. 
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Fig.  5 Map of  Transmiss ion L i n e  .Addi t ions  



TABLE 3 

'TRANSMISSION LINE COSTS 

C' t. 

'a. 
5 
r", s c 

TDTAL P:' 
% 

. . . . . .  . . . .  . - TRANSMISSION " , TEEIINAJi ' TOTAL ' ANNUAL . " .  

TRANSMISSION LINE ' VOLTAGE . LENGTH LINE COST (XIST CAPITAL COST COST' . ' 

TERMINALS . .  . KV KM 1000 LE LOO0 LE . 1.000 LE : 1000 LE . 

220 40 9 .: . . . * .  Suez ;- .Bahariya .- ., . 2,400 1-,'000 3 , 400 ' ,340. . . . . . . . . . . . .  Aim '~ukhna . . . . . . . . . . .  

500 . . . ;  . . .  . . * .  .8uez -. Cairo , ... : .  . . . . . :  . . !' . .* . :. : . A. . . . .  . . . . .  . -  ,t2.? s . .  , . . ,. , - 435. . . . . . r4,8so - ' . . .  . . .... t ; '  . . . .  : 3,000.. 17;850 ;., '.1',.785':' .f ..-. 

. . . ........ . -140 ' .  . , * 

, . - .  
. .  . . . . . . . . .  'Aim< Sukhna - Cairo , 500 z . ,: . .15.,400 :-3,000 - 18,400 1,840' 

. . ' , 

~. 500 . . 200 . . ' .  . Qattara - Cairo , . % .22,000 : . 3,000 25,000 2,500 

Qattara - Alexandria 500 175 19,250 3,000 22,250 2 ,.225 



TABLE 4 

GENERATION AND PROJECT COSTS 

Pro j e c t  

Projec t  Trans. Total  
Annual Capi ta l  Capi ta l  Capital  Annual Unit 

Geg. Cost Cost Cost Unit Cost Cost 
Capacity 10 Mill ion Mill ion Mill ion Cost Mil l ion ~E/kWhr 3 

MW kWhr LE LE LE LE /KW LE 

Aswan //2 
Esna 
Nag Hammadi 
Assiut  
Suez Pumped-Storage #l 
Suez Pumped-Storage 12 
Suez Pumped-Storage //3 
Q a t t a r a  (open canal)  

Phase I . .,: . . . . ~ 

(1s t  10 yrs.) 
Phase 11. :.. . .. . . . 

' (next 5 yrs.) 
. . . > . .  Phase. . .IT1 

. , . .  ' ,  . . . . .  . . .  1. - . - .  . ~ r o ~ s . :  to' 3.12 a f t e r  l b t  1.0"~ears.. 
. . .  . . . .  . . T o t a l o f  a l l  t h r e e  phases. , . . .  -. . . - . . . . I . . . . . .  . . .  . . %,, . .  - 3' 

<. . 

Does not  include cos t  of pumping energy. 



A s  can be  seen from , t a b l e  4, t h e  v a l u e s  of LE/kW and t h e  LE/kWh f o r  
a l l  p r o j e c t s  a r e  q u i t e  low when compared with o t h e r  sources  of power 
supply. F o s s i l  f u e l ,  combustion tu rb ines  and even nuclear  power have 
h ighe r  u n i t  c o s t s  than h y d r o e l e c t r i c  power from t h e s e  p r o j e c t s .  When 
o the r  f a c t o r s  such a s  r e l i a b i l i t y ,  l i f e  of the  p r o j e c t s  and absence of 
harmful environmental f a c t o r s  a r e  considered,  t h e  va lue  of and reason 
f o r  e a r l y  cons t ruc t ion  of hydroe lec t r i c  power p l a n t s  a r e  c l e a r l y  demon- 
s t r a t e d .  

The time frame f o r  development of the  hydroe lec t r i c  power p l a n t s  
depends upon two b a s i c  elements - load growth and a v a i l a b i l i t y  of 
c a p i t a l  f o r  cons t ruc t ion .  As f a r  a s  cons t ruc t ion  time is concerned, t h e  
f o u r  N i l e  River developments could each be cons t ruc ted  and i n  opera t ion  
approximately fou r  y e a r s  a f t e r  app ropr i a t ion  of money. The th ree  
pumped-storage sites near  Suez would r e q u i r e  approximately 5 yea r s  each; 
t h e  Qa t t a r a  Phase I, about 10 yea r s .  Load growth is a func t ion  of the  
economy of a  na t ion  and a l s o  of the  degree t o  which the  na t ion  is 
i n d u s t r i a l i z e d .  It is v e r y  d i f f i c u l t  t o  e s t ima te  f u t u r e  power demands, 
and usua l ly  t h e r e  a r e  a s  many e s t i m a t e s  a s  t he re  a r e  people es t imat ing .  
For t h i s  s tudy,  a  demand of 1909 MWe i n  1976 i n c r e a s e s  t o  5045 MWe i n  
1985, and then  t o  17395 MWe by t h e  year  2000. Load f a c t o r  decreases  
from 70 percent  i n  1976 t o  60 percent  by t h e  year  2000, s o  t h a t  t he  
i n c r e a s e  i n  e l e c t r i c a l  energy use is a  smal le r  percentage  than the  
i n c r e a s e  i n  e l e c t r i c a l  power demand. Adequate gene ra t ion  r e se rve  must 
be added t o  t he  load demand t o  determine the  gene ra t ion  c a p a b i l i t y  which 
must b e  planned f o r  dur ing  t h e  year  being considered. Reserves normally 
should be i n  the  20 t o  25 percent  category.  

A probable d a i l y  load curve ( see  f i g u r e  6) has  been drawn t o  
demonstrate a s u i t a b l e  blend of base  gene ra t ion  and peaking genera t ion  
f o r  t h e  peak load day i n  January of t he  year  2000. One p o s s i b l e  blend 
of convent iona l  h y d r o e l e c t r i c ,  f o s s i l  f u e l ,  nuc l ea r  and pumped-storage 
genera t ion  was assumed f o r  i l l u s t r a t i v e  purposes.  A s  can be seen,  t h e  
f o s s i l  f u e l ,  nuc lear  and convent ional  h y d r o e l e c t r i c  gene ra t ion  is used 
a s  base  load ,  while  t he  pumped-storage, some h y d r o e l e c t r i c  and some 
f o s s i l  f u e l  genera t ion  is used f o r  peaking purposes. The shaded a r e a  
from approximately midnight t o  800 hours i n  t he  morning is  where base 
load genera t ion  is  pumping water  back i n t o  the  pumped-storage r e s e r v o i r  
f o r  l a t e r  pumped-storage gene ra t ion  during t h e  peak per iod  1600 t o  2300 
hours.  The megawatt numbers given on the  curve a r e  demand numbers. The 
c a p a b i l i t y ,  which would inc lude  r e se rves ,  would be much g r e a t e r .  There 
is a g r e a t  v a r i e t y  of gene ra t ion  b lends  t h a t  can be used,  and such 
t h i n g s  a s  economics, c a p i t a l  investment ,  environmental e f f e c t s ,  f u e l  
c o s t s  and supply,  government p o l i c i e s  and i n t e r n a t i o n a l  cons ide ra t tons  
w i l l  determine t h e  f u t u r e  genera t ion .  Four d i f f e r e n t  blends a r e  shown 
i n  t a b u l a r  form i n  t a b l e  5 g iv ing  t h e  c a p a b i l i t y ,  load demand, load 
energy, and energy supply  f o r  each. The four  b lends  a r e  f o r  a  balanced 
r e source  supply, a  maximum n u c l e a r ,  medium nuc lea r  and a  minimum nuc lea r  
supply,  with the. f i r s t  phase of t he  Qa t t a r a  development shown i n  the  
l a t t e r  two blends.  There a r e  many more b l e n d s . t h a t  could and should be 
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Fig .  6.  Peak Day-Load Curve-January-2 000 



TABLE 5 

POSSIBLE FUTURE GENERATION TRENDS 

YEAR 
I 

1976 1985 2000 
Blend 1 Blend 2 Blend 3 Blend 4 

Balanced Max. Nuc. Avg. Nuc. Min. Nuc. 

C a p a b i l i t y  
Hydro 
Pumped-S 
F o s s i l  S 

( m e )  3 ,789 
1,500 

t o r a g e  0 
team 2,289 

Nuclear 0 
Qattara 0 

Demand a t  P l a n t  (Elwe) 1 ,909  

Energy Need a t  P lant  11.64 
( B i l l i o n  kWhr) 

Load 11.64 
Pumping Energy 0 

Energy Supply 11.64 
( B i l l i o n  kWhr) I 

Hydro 8 . 0  
Qattara 0 
F o s s i l  Steam 3 6 
Nuclear 0 



considered which may i n c l u d e  o t h e r  methods of  gene ra t i ng  e l e c t r i c a l  
energy; however, t h e s e  fou r  were shown f o r  i l l u s t r a t i v e ' p u r p o s e s  and 
show t h e  method used t o  o b t a i n  an i n t e g r a t e d  power supply. The d a i l y  
load curve shown i n  f i g u r e  6 was based on t he  balanced resource  supply 
blend. 

A t  t h e  p re sen t  s t a t e  of e l e c t r i c a l  gene ra t i on  technology, a mix ture  of 
nuc lear  power f o r  base load  and h y d r o e l e c t r i c  gene ra t i on  f o r  peak load 
appears  t o  be  t he  i d e a l  s o l u t i o n  f o r  a country 's  long range power supply. 
Hydroe l ec t r i c  p l a n t s  can be  operated f o r  60 y e a r s  o r  more and have a v e r y  
low o p e r a t i n g  c o s t .  Hydroe lec t r ic  gene ra to r s  have a h igh  load  response and 
a v e r y  h igh  a v a i l a b i l i t y  f a c t o r :  around 85 pe rcen t  f o r  pumped-storage 
u n i t s .  Although t h e  i n i t i a l  cos t  of ga s  t u r b i n e  peaking u n i t s  w i l l  be less 
when compared t o  pumped-storage u n i t s ,  t h e  h igh  c o s t  of g a s  a s  w e l l  a s  t h e  
a v a i l a b i l i t y  of ga s  c l e a r l y  demonstrates  t he  d e s i r a b i l i t y  of using pumped- 
s t o r a g e  u n i t s  - f o r  gene ra t i ng  peaking power. 

5.0 IMPACTS FROM UTILIZATION OF OPTIONS 

From an  environmental s t andpo in t ,  h y d r o e l e c t r i c  gene ra t i on  a d d i t i o n s  a t  
Aswan and t h e  ba r r ages  on t h e  N i l e  w i l l  cause no s e r i o u s  e f f e c t  whatsoever.  
The e x i s t i n g  High Dam caused major environmental changes,  such a s  a reduc- 
t i o n  of f l ood ing ,  r e t e n t i o n  of s i l t .  needed downstream, b u r i a l  of archaeo- 
l o g i c a l  p r i z e s ,  and c r e a t i o n  of a major r e s e r v o i r  with major water l o s s  by  
evapora t ion .  The fou r  proposed power p l a n t s  on t h e  N i l e  would be  i n s t a l l e d  
a t  e x i s t i n g  dams, and would n o t  have a h igh  enough head t o  cause problems 
fr0.m l a c k  of  n i t r o g e n  or  change i n  water  temperature .  No t ransmiss ion  l i n e s  
would be  requi red  f o r  t h e  N i l e  a d d i t i o n s ,  s o  t h e r e  would be no n o t i c e a b l e  
e f f e c t  on . the environment. 

The development of t he  pumped-storage sites on the  Red Sea near  the  
C i t y . o f  Suez would a l s o  cause l i t t l e  i f  any adve r se  e f f e c t  environmentally.  
The t h r e e  proposed sites w i l l  have l a r g e  upper r e s e r v o i r s  which w i l l  i n c r e a s e  
evapora t ion  and thus  humidity i n  t he  a r e a ,  bu t  t h i s  w i l l  be  extremely small 
i n  comparison t o  t h e  evapora t ion  from t h e  Red Sea i t s e l f .  Major transmis- 
s i o n  l i n e s  w i l l  be requi red  and thus  mar t h e  s cen i c  beauty of  t h e  d e s e r t  
landscape,  bu t  it  would no t  be  major damage. 

- 
Development of t h e  Qa t t a r a  Depression would cause major changes t o  t h e  

environment, and whi le  some may be  b e n e f i c i a l ,  o t h e r s  would be q u i t e  harm- 
f u l .  For i n s t ance ,  t h e  cons t ruc t ion  of t h e  open c a n a l  by "clean" nuc l ea r  
b l a s t i n g  would c e r t a i n l y  cause major environmental problems, s i n c e  tech- 
nology h a s  n o t  advanced t o  t h e  s t a g e  where any n u c l e a r  b l a s t  i s  c l e a n .  The 
c l ima te  of t h e  a r e a  would be a f f e c t e d  by increased  humidi ty ,  p r e c i p i t a t i o n  
changes and p o s s i b l y  temperature  changes. The n a t u r e  of t he se  changes is 
s t i l l  l a r g e l y  unknown, and d e t a i l e d  i n v e s t i g a t i o n s  of a l l  should be made 
p r i o r  t o  r eques t i ng  a u t h o r i z a t i o n  f o r  cons t ruc t ion  of t h e . p r o j e c t .  



Const ruc t ion  of any o r  a l l  of t he  h y d r o e l e c t r i c  p r o j e c t s  w i l l  
b e n e f i t  a l l  of Egypt s o c i a l l y  by  providing low c o s t  power. The develop- 
ment of t he  p r o j e c t s  on the  upper N i l e  w i l l  have a  temporary e f f e c t  
on t h e  l o c a l  a r e a  bu t  w i l l  encourage the  development of l o c a l  i ndus t ry .  
The pumped-storage developments on the  Red Sea, by t h e i r  c o n s t r u c t i o n ,  
would i n v i t e  tourism and could form a b a s i s  f o r  f i s h i n g  and manufac- 
t u r i n g  i n d u s t r i e s .  U n t i l  t h e  f e a s i b i l i t y  s tudy  i s  completed on the  
Q a t t a r a  Depression p r o j e c t ,  d e t a i l s  of  i ts s o c i a l  e f f e c t s  a r e  l a r g e l y  
unknown. However, i t  can e a s i l y  be  envis ioned t h a t  t h e  p r o j e c t  w i l l  
have major s o c i a l  e f f e c t s ,  such a s  a d d i t i o n  of l a r g e  new i n d u s t r i e s ,  
development of a  maj o r  s e a p o r t ,  increased  a g r i c u l t u r e  i n  the  Western 
Desert, and a  cons ide rab l e  s h i f t  of popula t ion  from t h e  N i l e  De l t a  
a r ea .  Highways w i l l  have to  be  cons t ruc ted  or  upgraded when the  Suez 
and Qa t t a r a  a r e a s  a r e  developed i n  order  t o  b r ing  cons t ruc t ion  m a t e r i a l ,  
equipment, and' personnel  t o  t h e  sites. Temporary cement ba tch ing  p l a n t s  
w i l l  be  r equ i r ed ,  a l t hough ,  i n  view of l a t e r  a r e a  development, some of 
t h e  p l a n t s  may be  permanent. 

Hydroe lec t r ic  p r o j e c t s  a r e  t y p i c a l l y  c h a r a c t e r i z e d  by h igh  c a p i t a l  
c o s t s  and such would be t he  case  of t h e  Suez and Qa t t a r a  developments. 
However, because t h e  power sites on t h e  upper N i l e  a l r e a d y  have the  dams 
cons t ruc t ed ,  t h e  investment a t  Aswan #2 and t h e  ba r r age  power p l a n t s  w i l l  be 
r e l a t i v e l y  smal l .  Most of  t h e  c a p i t a l  f o r  cons t ruc t ion  would be spent  i n  
Egypt; on ly  t h e  gene ra t i ng  equipment and s p e c i a l  m a t e r i a l s  would be obtained . 
from f o r e i g n  c o u n t r i e s .  It is  es t imated  t h a t  about 25 pe rcen t  of t he  c o s t  
of  Aswan /I2 and t h e  ba r r age  developments and l e s s  than 10 pe rcen t  of the  
Suez pumped-storage and t h e  Q a t t a r a  c o n s t r u c t i o n  c o s t s  would be spent  
o u t s i d e  of Egypt. Under an o r d e r l y  schedule  of c o n s t r u c t i o n ,  t h e  expendi- 
t u r e  of funds could be d i s t r i b u t e d  i n  a  p rog re s s ive  manner from the  e a r l y  
1980's through t h e  year  2000. The less c o s t l y  f a c i l i t i e s  a long t h e  N i l e  
would be cons t ruc t ed  f i r s t ,  fol lowed by t h e  h igher  c o s t  Suez and Qa t t a r a  
p r o j e c t s .  

The p re sen t  Egyptian 5-year p lan  (1978-1982) does n o t  provide s p e c i f i c -  
a l l y  f o r  t he  i n i t i a t i o n  of any h y d r o e l e c t r i c  p r o j e c t .  I n  o rde r  t o  meet a  
proposed 1985 completion d a t e  f o r  t he  Aswan !I2 power p l a n t ,  a  smal l  amount 
of money would have t o  be  a v a i l a b l e  i n  1981 and 1982 t o  i n i t i a t e  construc-  
t i o n .  It seems reasonable  t o  assume t h a t  e i t h e r  t h e  5-year p l an  is  f l e x i b l e  
enough t o  a l l ow  5 t o  10 m i l l i o n  LE t o  be s h i f t e d  from o t h e r  proposed expend- 
i t u r e s ,  o r  t h a t  t h e r e  would b e  t h a t  much c a p i t a l  a v a i l a b l e  from t h e  amount, 
a l l o c a t e d  t o  t h e  Min i s t ry  of E l e c t r i c i t y  t o  i n i t i a t e  cons t ruc t ion .  The 
o t h e r  power developments could be  scheduled i n  l a t e r  5-year p lans .  

Since t o t a l  c a p i t a l  c o s t s  of t h e  four  N i l e  River  developments a r e  about 
105 m i l l i o n  LE, and s i n c e  the  four  p r o j e c t s  w i l l  be f inanced s e p a r a t e l y ,  t h e  
smal l  , i nd iv idua l  c o s t s  should no t  h inder  p ro j  ec  t implementation. The 
f o r e i g n  components of t h e  c o s t s ,  approximately 25 p e r c e n t ,  probably would be 
f inanced  from f o r e i g n  i n s t i t u t i o n s ,  while  the  remaining c o s t s  would be 



f inanced i n t e r n a l l y ,  f o r  such small  p r o j e c t s .  For t h e  l a r g e r  pumped-storage 
p r o j e c t s  near  Suez, t h e  f o r e i g n  components of t he  c o s t s  would be  nea re r  10 
pe rcen t  of t he  t o t a l  and, aga in ,  would probably be  f inanced  by f o r e i g n  
i n s t i t u t i o n s .  The f o r e i g n  exchange requirements  of a l l  t h e  N i l e  and Suez 
p r o j e c t s  t h e r e f o r e  appear r e l a t i v e l y  sma l l  and should no t  adverse ly  a f f e c t  
t h e  Egyptian government's f o r e i g n  exchange. Over t i m e ,  t h e  f o r e i g n  exchange 
repayments depend upon adequate remuneration of t h e  product ive  a p p l i c a t i o n  
of t he  lower- c o s t  power and energy obta ined  from the  p r o j e c t s .  

Cons t ruc t ion  of h y d r o e l e c t r i c  p r o j e c t s  i n  gene ra l  r e q u i r e s  much un- 
s k i l l e d  and semi-sk i l led  l abo r .  Large numbers of men and equipment w i l l  be 
needed over t he  r e l a t i v e l y  long per iod of t i m e  from 1981 through the  year  
2000, when a l l  t h e  p r o j e c t s  involved a r e  considered.  I f  many of  t h e  same 
workers were employed on a l l  t h e  p r o j e c t s ,  a  t r a i n e d ,  s k i l l e d  work f o r c e  
would be developed f o r  o the r  types  of c o n s t r u c t i o n .  It is es t imated  t h a t  
from 500 t o  1000 people  would be working d i r e c t l y  on the  p r o j e c t s ,  i n  
a d d i t i o n  t o  numerous o t h e r s  i n d i r e c t l y  involved.  For most of t he  workers,  
t h i s  c o n s t r u c t i o n  would be  only a  temporary l o c a t i o n ,  bu t  o t h e r s  w i l l  
con t inue  t o  work i n  o r  r e t u r n  t o  t he  a r e a .  

The number of people involved i n  ope ra t i ons  w i l l  depend d i r e c t l y  upon 
government p o l i c i e s .  For i n s t ance ,  t h e  t h r e e  ba r r age  power p l a n t s  and th'e 
Suez pumped-storage p l a n t s  could be  operated remotely,  .but it is expected 
t h a t  those  p l a n t s  w i l l  be  manned by 50 t o  150 people  a t  each p l a n t .  The 
High Dam has  approximately 500 people  of whom o n l y  200 work d i r e c t l y  i n  
ope ra t i on  and maintenance; o t h e r s  work f o r  s e c u r i t y ,  a s  d r i v e r s ,  i n  house- 
keeping, and i n  a d m i n i s t r a t i v e  t a sks .  This  demonstrates  how h y d r o e l e c t r i c  
p l a n t s  c r e a t e  jobs .  There w i l l  a l s o  be both c o n s t r u c t i o n  and maintenance 
people  involved i n  t he  t ransmiss ion  l i n e s  a s s o c i a t e d  wi th  the  Suez pumped- 
s t o r a g e  and t h e  Q a t t a r a  p r o j e c t s .  Although most of t h e  cons t ruc t ion  people  
w i l l  be  housed i n  temporary f a c i l i t i e s ,  t h e  ope ra t i on  and maintenance people 
would r e q u i r e  permanent housing and would be a nucleus f o r  development of 
l o c a l  communities. Wages f o r  cons t ruc t ion ,  ope ra t i on ,  and maintenance of 
t he  p r o j e c t  w i l l  be  h igher  than those pa id  f o r  a g r i c u l t u r e  o r  i n  o the r  l o c a l  
l abo r  marke ts ,  and a  l a r g e  amount of t h i s  income is l i k e l y  t o  s t a y  i n  t he  
l o c a l i t y .  

6.0 POLICY IMPLICATIONS OF OPTIONS 

The development of h y d r o e l e c t r i c  p r o j e c t s  appears  t o  be compatible wi th  
t h e  Egyptian government's e x i s t i n g  p o l i c i e s  and long-range o b j e c t i v e s .  The , 

major ob j  ec  t i v e  and p o l i c y  g o a l s  a p p l i c a b l e  t o  h y d r o e l e c t r i c  development, 
with comments on t h e  r o l e  h y d r o e l e c t r i c  power would p lay  f o r  each,  a r e  
l i s t e d  below: 

1. Improvement of l i f e  and reduc t ion  of hardsh ip  
through the  use of low c o s t  energy sources .  The low 
u n i t  c o s t  of h y d r o e l e c t r i c  power and energy would / 

c o n t r i b u t e  . d i r e c t l y  t o  t h e s e  g o a l s .  



2.  Conservation of Egyptian resources  used i n t e r n a l l y ,  
t o  improve export  c a p a b i l i t y .  Hydroe lec t r ic  energy 
genera t ion  would r ep l ace  o i l - f i r e d  thermal  p l a n t s ,  
r e l e a s i n g  t h e  o i l  f o r  expor t .  

3. Gainfu l  employment of a  l a r g e  l abo r  f o r c e  of un- 
s k i l l e d  and semisk i l l ed  workers w i th in  Egypt. 
Orderly c o n s t r u c t i o n  of t he  h y d r o e l e c t r i c  p r o j e c t s  
recommended i n  t h i s  r e p o r t  would g ive  long-term 
employment t o  a  s u b s t a n t i a l  number of workers bo th  
d i r e c t l y  and i n d i r e c t l y ,  through the  many new 
i n d u s t r i e s  t h a t  would u t i l i z e  t he  low c o s t  power and 
energy. 

4. D i spe r sa l  or s t a b i l i z a t i o n  of the  popula t ion  i n  the  
N i l e  De l t a  a r ea .  The proposed h y d r o e l e c t r i c  de- 
velopments a r e  a l l  remote from e x i s t i n g  c e n t e r s  of 
popula t ion .  Cons t ruc t ion  of the  p ro j  e c t s ,  a s  w e l l  
a s  t h e  new i n d u s t r i e s  t h a t  would be  formed, would 
f u r t h e r  t h i s  o b j e c t i v e .  Perhaps t he  Q a t t a r a  de- 
velopment should be pushed f o r .  cons t ruc t ion  because 
of t h e  l a r g e  b e n e f i t  i t  o f f e r s  i n  t h i s  a r ea .  

5. The c r e a t i o n  of new i n d u s t r i e s  and t h e  a d d i t i o n  t o  
e x i s t i n g  commercial resources .  Major i n d u s t r i a l  
development, i nc reased  f i s h i n g  and food process ing ,  
promotion of tourism,  and increased  a g r i c u l t u r e  
expansion would a l l  be aided by t h e  c o n s t r u c t i o n  of 
t he  h y d r o e l e c t r i c  p r o j e c t s  and t h e i r  product ion of 
low c o s t  power. Again, t h e  Q a t t a r a  develop- 
ment would have a  major e f f e c t  i n  these. a r ea s  i n  
a d d i t i o n  t o  suppor t ing  the  l a r g e  s eapo r t  t h a t  is 
envis ioned a t  El Daba, c r e a t i o n  of which would 
r e l i e v e  t he  congest ion a t  Alexandria .  

6 .  The development of an adequate low c o s t  energy 
supply f o r  t h e  f u t u r e  needs of  Egypt. A s  d i scussed  
p rev ious ly ,  h y d r o e l e c t r i c  power is  n o t  on ly  lower i n  
c o s t ,  bu t  a l s o  i t s  i n h e r e n t  n a t u r e  of gene ra t i on  
b lends  i d e a l l y  i n t o  t h e  p ro j ec t ed  load curve and 
requirements  of the  na t ion  .. 

The .only d e t e r r e n t  t o  h y d r o e l e c t r i c  power development appears  t o  be 
t h e  r e l a t i v e l y  h igh  i n i t i a l  investment r e q u i r e d ,  a l though i n  the  case  of 
t h e  f o u r  N i l e  River power p l a n t s  t h i s  c r i t e r i a  would no t  seem t o  apply. 
When t h e s e  p r o j e c t s  a r e  viewed over a  long-term time pe r iod ,  when the  
low u n i t  power and energy c o s t  a r e  cons idered ,  and t h e  b e n e f i t s  t o  t he  
count ry  from meeting government o b j e c t i v e s  a r e  eva lua ted ,  t h e  high 
investment  problem i s  g r e a t l y  diminished.  I n  t h e  case  of t he  Qa t t a r a  
development, t h e  d i s p e r s i o n  of popula t ion ,  t h e  c r e a t i o n  of many new 
i n d u s t r i e s  and jobs ,  and t h e  development of a  major s e a p o r t  a t  El Daba 
would seem t o  o f f s e t  most of t h e  nega t ive  e f f e c t s  of cons t ruc t ion .  



7.00 KEY INITIATING ACTIONS . . . i 

I n v e s t i g a t i o n s  and planning of hydroe lec t r i c  power s i te  development 
is the  r e s p o n s i b i l i t y  of the  Qa t t a r a  Depression Author i ty  which is 
r e spons ib l e  f o r  a l l  f a c e t s  of hydroe lec t r i c  resource development. The 
Author i ty  f i r s t  makes a  reconnaissance s tudy  of a l l  p o s s i b l e  hydro- 
e l e c t r i c  s i t e s  and makes a  s tudy.  of the  economic and p r a c t i c a l  consider- 
a t i o n s  of development. The more favorable, s i t e s  a r e  i nves t iga t ed  i n  
g r e a t e r  d e t a i l ,  and a  f e a s i b i l i t y  s tudy  is  then performed. Once the  
Author i ty  completes a  f e a s i b i l i t y s t u d y  which warrants  cons t ruc t ion ,  t h e  
Author i ty  sends  t h e  s tudy  t o  t he  Minis t ry  of E l e c t r i c i t y  and Energy with 
s u i t a b l e  recommendations f o r  cons t ruc t ion .  

The, Minis t r y  'bf E l e c t r i c i t y  And Energy. e v a l u a t e s  t he  hydroe lec t r i c  
p r o j e c t  a s  p a r t  of an  in t eg ra t ed  system of power supply,  comparing c o s t s  
of investment ,  ' u n i t  power c o s t s ,  type  of power and o ther  such f a c t o r s  
with , o t h e r  forms of power genera t ion .  I f  t he  hydroe lec t r i c  power 
p r o j e c t ' m e e t s  t he  above i n t e g r a t i o n .  requirements,  t h e  Minis t ry  recom- 
i e n d s  a u t h o r i z a t i o n  and cons t ruc t ion  to  the ~ i n a n c e  Ministry.  The 
Finance Minis t ry  then  incorporateis t h e  p r o j e c t  i n t o  the  Egyptian budget 
which is then s e n t  t o  t he  Egyptian Congress f o r  approval .  Once the  
p r o j e c t  is approved, a fo re ign  consu l t an t  is  u s u a l l y  s e l e c t e d  t o  oversee 
the  :complete cons t ruc t  ion  phase of t he  p ro j  ec  t , and l o c a l  Egyptian 
c o n t r a c t o r s  a r e  s e l e c t e d  t o  do t h e  a c t u a l  cons t ruc t ion .  

In  t he  cage of t he  Aswan #2 power house and t h e  th ree  e x i s t i n g  
ba r r age  developments, i t  appears  t h a t  the  e x i s t i n g  f e a s i b i l i t y  s t u d i e s  
would be adequate  with the  p o s s i b l e '  ex'ception of some of the cos t  
e s t i m a t e s ,  which should be. updated before  a u t h o r i z a t i o n  f o r  cons t ruc t ion  
is pursued. The pump-storage s i t e s  near  Suez a r e  p r e s e n t l y  being 
i n v e s t i g a t e d  t o  ob ta in  more d e t a i l e d  information on s o i l  condi t ions  i n  
t he  upper r e s e r v o i r  a r eas .  Upon completion of t h i s  d r i l l i n g  ope ra t ion ,  
t h e  p re sen t  f e a s i b i l i t y  s t u d i e s  should be reviewed and updated before  
submi t t a l  f o r  au thckiza t ion .  The 'Qa t t a r a  Depression development ' 

is dependent upon the  outcome .of t he  f e a s i b i l i t y  s t u d y  p r e s e n t l y  being 
conducted and t o  be  completed i n  1979.. After  review of t h i s  f e a s i b i l i t y  
s tudy ,  app ropr i a t e  a c t i o n  should be taken. . 

. .Before seeking a u t h o r i z a t i o n s  of . e i t h e r  the  Suez pumped-storage o r  
the  Qa t t a r a  depress ion  p r o j e c t s ,  d e t a i l e d  computer s t u d i e s  w i l l  need t o  
be  run  t o  determine the  t ransmiss ion  requirements f o r  t he  developments. 
Transmission s t u d i e s  a r e  c o n s t a n t l y ,  being run and r e v i s i o n s  a r e  made a s  
new l o a d s  develop,  o t h e r  .power genera t ion .  s u p p l i e s  a r e  au thor ized ,  o r  
r e l i a b i l i t y  s t anda rds  d i c t a t e ,  c e r t a i n  changes. Therefore,  t h e  most 
up-to-date s tudy  should be used a t  the  time a u t h o r i z a t i o n  is recommended. 



Since t h e  technology i s  f i r m l y  e s t a b l i s h e d  f o r  t he  cons t ruc t ion  and 
o p e r a t i o n  of h y d r o e l e c t r i c  p r o j e c t s ,  t h e r e  is  no need f o r  r e sea rch ,  
demonstrat ion,  o r  working models f o r  t he  N i l e  River or  t he  Suez pro- 
j ec  ts . Depending upon the  outcome of the  Qat t a r a  Depression f e a s i b i l i t y  
s tudy ,  i t  appears  t h a t  nuc lear  b l a s t i n g  of t he  open cana l  is  the  on ly  
sphere  i n  which new technology may be  needed or e x i s t i n g  technology must 
be reviewed. Research w i l l  probably be  necessary  f o r  t he  Qa t t a r a  
Depression p r o j e c t  a l s o ,  on secondary b e n e f i t s ,  and t o  o b t a i n  more 
information of such t h i n g s  a s  the  i n d u s t r i e s  t h a t  can be e s t a b l i s h e d  
along t h e  dep re s s ion ,  t h e  e f f e c t  of evapora t ion  on a g r i c u l t u r e  develop- ' 

ment, and the e f f e c t  of s a l t  water  encr'oachment on the  groundwater 
p u r i t y .  

Scheduling and p r i o r i t y  cons ide ra t i on  must be  recommended and 
reviewed by t h e  proper  Egyptian government o f f i c i a l s  . An o r d e r l y  
schedule  of t h e  cons t ruc t ion  of a l l  types  of power gene ra t i ng  f a c i l i t i e s  
must m e e t  t h e  load  growth of t h e  count ry  i n  t he  most economic manner. 
Lead time on h y d r o e l e c t r i c  p r o j  e c t s  ' is  s i m i l a r  t o  or  perhaps s l i g h t l y  
longer  than o the r  power supply  op t ions  except  p o s s i b l y  nuc l ea r  power. 
The h igher  i n i t i a l  c a p i t a l  investment f o r  h y d r o e l e c t r i c  power p l a n t s  
must b e  weighed a g a i n s t  t h e  long-term sav ings  of annual  and u n i t  
c o s t s  and o t h e r  f a c t o r s  consid'ered, such a s  r e l i a b i l i t y ,  t h e  environ- 
ment, and t h e  ba lance  of t r a d e  v i a  t he  s a l e  of f u e l s  t h a t  would other-  
w i s e  be  consumed. 

Egypt must t ake  a  hard look a t  i ts long-term goa l s  and determine a s  
soon a s  p r a c t i c a l  which d i r e c t i o n  to  go, where f u t u r e  poweresupply 
a l t e r n a t i v e s  a r e  concerned. Choice of t h i s  optimum d i r e c t i o n  must 
cons ider  c o n s t r a i n t s  such a s  i n i t i a l  h igh  c a p i t a l  investments ,  which may 
o v e r r u l e  a  cho ice  which could prove economical i n  t he  long run. Regard- 
less of  the  c o n s t r a i n t s  involved,  t he  development of h y d r o e l e c t r i c  
r e sou rces  must b e  done sooner or  l a t e r  because of t h e  i nhe ren t  advant- 
ages  of  such p r o j e c t s .  

8.0 OBSERVATIONS 

The e a r l i e s t  p r a c t i c a l  development and cons t ruc t ion  of hydro- 
e l e c t r i c  power r e sou rces  c o n s i s t e n t  wi th  load  requirement and c a p i t a l  
investment r e s t r a i n t s  is i n  the b e s t  i n t e r e s t  of  t he  Egyptian govern- 
ment, i t s  people ,  and t h e  country's economy. Cons t ruc t ion  of t he  
h y d r o e l e c t r i c  developments should be i n i t i a t e d  i n  an agg re s s ive  and 
o r d e r l y  ~nanner . 

The low c o s t  of h y d r o e l e c t r i c  energy and peaking power a s  compared 
t o  a l t e r n a t e  forms of supply makes such development e s s e n t i a l  t o  t he  
f u t u r e  economy of Egypt. The l a c k  of  environmental  r e s t r a i n t s ,  t h e  
i nhe ren t  r e l i a b i l i t y  of h y d r o e l e c t r i c  u n i t s ,  t h e  remoteness .from e x i s t -  
i ng  popula t ion  concen t r a t i ons ,  t h e  sav ings  o f  v a l u a b l e  f u e l  t h a t  can be  
expor ted ,  and t h e  c a p a c i t y  t o  use a  h igh  percentage  of Egyptian re- 
sou rces  and people  du r ing  cons t ruc t ion  and ope ra t i on  a l l  c o n t r i b u t e  t o  
t h e  j u s t i f i c a t i o n  of speedy c o n s t r u c t i o n  of h y d r o e l e c t r i c  power p l a n t s .  



Based on p ro j ec t ed  load growth and expected load f a c t o r  requi re -  
ments,  c o n s t r u c t i o n  of h y d r o e l e c t r i c  power p l a n t s  fol lowing an aggres- 
s i v e  schedule  should meet t he  o p e r a t i o n a l  d a t e s  g iven  below: 

Capacity Cumulative Opera t iona l  
Power F a c i l i t y  MWe ' MWe Date 

Esna (Barrage) 

Nag Hammadi (Barrage) 52 30 1 1987 

Assiut  (Barrage) 48 34 9 1987 

Suez Pumped-Storage 81 1000 1349 1990 

Suez Pumped-Storage i/2 1900 3249 1995 

Suez Pumped-Storage #3 1400 4649 2000 

Development of t he  Qa t t a r a  Depression is unce r t a in  a t  t he  p re sen t  
t i m e  pending t h e  outcome of t he  f e a s i b i l i t y  s tudy.  However, i f  t he  , 

pro j  ec  t is f e a s i b l e ,  c o n s t r u c t i o n  d i f f i c u l t i e s  a r e  overcome, and funding 
can be  arranged i n  time f o r  the  l a r g e  c a p i t a l  investment requi red  t o  
a t t a i n  ope ra t i on  of t he  f i r s t  phase by t h e  year  2000, then some of t h e  
f o s s i l - f u e l  f i r e d  or  nuc lear  gene ra t i on  could be delayed or  rep laced .  
I f  Phases I1 and/or  111 a r e  completed by t h e  year  2000, then  some of the  
pumped-storage peaking u n i t s  could be  delayed.  

When and i f  t he  fou r  a d d i t i o n a l  bar rages  on the  N i l e  must be  
cons t ruc t ed  f o r  i r r i g a t i o n  o r  t o  prevent  channel degrada t ion ,  t hen  power 
f a c i l i t i e s  should be added a t  t he  time of c o n s t r u c t i o n .  
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MUCLEAR-EGY PT-1 

1 0 INTRODUCTION 

This  annex is  prepared t o  provide  s p e c i a l i s t  i npu t  t o  t h e  Egypt/ 
U.S. Cooperat ive Energy assessment regard ing  t h e  p rospec t ive  use of 
nuc l ea r  energy t o  m e e t  Egypt's energy needs.  The f u n c t i o n  of t h e  
nuc l ea r  energy s p e c i a l i s t  of t h e  U.S. team, working with Egyptian 
c o u n t e r p a r t s ,  was t o  provide  in format ion  and d a t a  i npu t  t o  t h e  

' 

i n t e g r a t e d  a n a l y s i s  of energy supply  op t ions  regarding:  

o  c u r r e n t  p l a n s  of Egypt f o r  t h e  u t i l i z a t i o n  of nuc l ea r  
power systems;  

o  major f a c t o r s  t h a t  w i l l  e n t e r  i n t o  t h e  p r a c t i c a l i t y  of 
Egypt's a b i l i t y  t o  c a r r y  through those  p l ans ;  

o  p o t e n t i a l  e f f e c t s  of t h e  planned use  of nuc l ea r  energy by  
Egypt ;* and 

o s t e p s  which would need t o  b e  taken by Egypt t o  i n i t i a t e  
and implement an e f f e c t i v e  program f o r  t h e  a p p l i c a t i o n  of 
nuc l ea r  energy i n  Egypt. 

An important  element i n  c o n s i d e r a t i o n  of t h e  use of nuc l ea r  energy 
i n  Egypt is  t h e  p o t e n t i a l  a v a i l a b i l i t y  of domestic nuc lear  f u e l s  
r e sou rces  (uranium o r  thorium o r e s )  f o r  nuc lear  power p l a n t s  which 
Egypt might b u i l d  and ope ra t e .  The a v a i l a b i l i t y  of t h e s e  f u e l  o r e s  i n  
Egypt was addressed a s  p a r t  of t h e  f u e l s . r e s o u r c e  assessments  conduct- 
ed by t h e  U.S. Geological  Survey members of t h e  U.S. Team. (See Annex 
1-Energy Resources of Egypt).  Use i s  made i n  t h i s  annex of informa- 
t i o n  repor ted  i n  t h e  Uranium and Thorium s e c t i o n  of Annex l. 

The remainder of t h i s  annex is  s t r u c t u r e d  a long  t h e  fo l lowing  
l i n e s  : I 

Sec t ion  2 (Overview and Summary) summarizes some of t h e  major 
in format ion  i n ,  o r  obse rva t ions  presen ted  i n  t h e  remainder of t h i s  
annex t h a t  can be  drawn from t h e  information c o l l e c t e d  by t h e  Nuclear 
Energy S p e c i a l i s t .  

Sec t ion  3 (Egyptian P lans  f o r  ~ u c l e a r  Energy) summarizes t h e  
c u r r e n t  p l ans  of Egypt regard ing  t h e  p rospec t ive  use i n  Egypt of 
nuc l ea r  power systems and sets f o r t h  some of t h e  b a s i s  f o r  those  
p lans .  

Sec t ion  .4 (Egypt's Resources t o  Implement a  Nuclear Energy Pro- 
gram) reviews b r i e f l y  t h e  b a s i c  r e sou rce  c a p a b i l i t y  of Egypt t o  s i te ,  
c o n s t r u c t ,  o p e r a t e ,  and f u e l  nuc lear  power systems. 

Sec t ion  5 ( P o t e n t i a l  E f f e c t s  of t h e  Expanded Use of Nuclear 
Energy) i d e n t i f i e s  some of t h e  p o t e n t i a l  impacts  t h a t  would d e r i v e  from 
an ex t ens ive  us.e of nuc l ea r  power systems i n  Egypt. 



Sec t ion  6 (Next Steps)  b r i e f l y  d e f i n e s  some of t h e  near-term 
s t e p s  which Egypt should cons ider  i n i t i a t i n g  t o  l a y  t h e  ground work 
f o r  e f f e c t i v e  e x e r c i s e  of t h e  nuc lear  op t ion .  

2.0 OVERVIEW AND SUMMARY 

2.1 Overview 

Nuclear power p l a n t s  appear  t o  be  a  lower c o s t  source  of baseload 
e l e c t r i c i t y  t o  m e e t  Egypt's i nc reas ing  e l e c t r i c i t y  demands t t ~ a n  are 
o i l - f i r e d  power p l a n t s .  The s u c c e s s f u l  c o n s t r u c t i o n  and ope ra t i on  of 
nuc l ea r  power p l a n t s  r e q u i r e s  a  dedica ted  commituent by Egyptian author- 
i t i e s  t o  t h e  fo l lowing  four  p r a c t i c a b i l i t y  i s s u e s  : 

1. Execution of i n t e r n a t i o n a l  agreements and c o n t r a c t s  r e q u i s i t e  
t o  e s t a b l i s h i n g  a  framework f o r  ob t a in ing  nuc lear  power 
systems ; 

2. Obtaining t h e  funds t o  ' f inance t h e  f u l l  scope of t h e   tian' an' 
nuc l ea r  energy program; 

3. Developnient of a  q u a l i f i e d  cad re  of s e n i o r  and middle manage- 
ment personnel  t o  p lan  and c a r r y  o u t  t h e  e x t e n s i v e  e f f o r t  
involved i n  t h e  purchase,  s i t i n g ,  c o n s t r u c t i o n  and s a f e  opera- 
t i o n  of m u l t i p l e  nuc l ea r  power p l a n t s ;  

4. Es t ab l i sh ing  f u n c t i o n a l  q u a l i t y  assurance  programs a s  i n t e g r a l  
p a r t s  of a l l  elements of t h e  Egyptian nuc l ea r  energy program. 

2.2 Summary of Annex 

The fol lowing p o i n t s  summarize t h e  conten t  of t h i s  Nuclear Energy 
Annex: 

Egypt is  faced wi th  an  i nc reas ing  demand f o r  e l e c t r i c  energy. A 
major p o r t i o n  of t h e  h y d r o e l e c t r i c  gene ra t i on  p o t e n t i a l  of Egypt has  
been exp lo i t ed .  Therefore ,  f u t u r e  i n c r e a s e s  i n  e l e c t r i c  gene ra t i on  
c a p a c i t y  w i l l  have t o  come from o t h e r  gene ra t i on  systems. Cont inual  
h igh  dependence upon o i l - fue l ed  e l e c t r i c i t y  gene ra t i on  would s i g n i f i -  
c a n t l y  reduce Egypt's c a p a b i l i t y  t o  expor t  o i l .  This ,  i n  t u r n ,  
a f f e c t s  Egypt's i n t e r n a t i o n a l  t r a d e  ba lance  which i s  important  t o  i t s  
a b i l i t y  t o  f i nance  major energy supply  c a p a b i l i t y  expansions us ing  
imported systems,  equipment and manpower. 

Egypt's e l e c t r i c  sys  t e m  p lanners  have concluded t h a t  nuc l ea r  
power p l a n t s  a r e  t h e  lowest c o s t  source  of f u t u r e  baseload e l e c t r i c i t y  
gene ra t i on ,  p a r t i c u l a r l y  when o i l  i s  valued a t  world o i l  p r i c e  l e v e l s .  
So la r  power gene ra t i on  has  p o t e n t i a l ,  which i s  viewed f avo rab ly  by 'Egypt 
recogniz ing  t h a t  f u l l  t e s t  of s o l a r  technology and r e l a t e d  power 
o p e r a t i o n  c o s t s  i s  y e t  t o  be  accomplished. 



On t h i s  b a s i s ,  Egyptian p r o j e c t i o n s  f o r  t h e  nuc lear  gene ra t i on  
c a p a c i t y  t o  be  o p e r a t i o n a l  by t h e  year 2000 vary  £rom 6000 MWe t o  
12,600 MWe. No f i rm  long-term p lan  f o r  nuc l ea r  capac i ty  a d d i t i o n s  
e x i s t s  a t  t h i s  time. 

Egypt's c u r r e n t  a t t e n t i o n  i s  focused upon completing arrangements 
necessary  t o  acqu i r e  and i n i t i a t e  c o n s t r u c t i o n  of a  f i r s t  nuc lear  
power gene ra t i on  p l a n t  a t  S i d i  Krier. Key a c t i v i t i e s  inc lude :  (1) 
t h e  n e g o t i a t i o n  of a b i l a t e r a l  agreement between t h e  Governments of 
Egypt and the  U.S. which would provide  a  framework f o r  nuc lear  
coopera t ion  inc luding  e s t a b l i s h i n g  those  cond i t i ons  necessary  f o r  U.S. 
i n d u s t r i a l  and engineer ing  co rpo ra t i ons  t o  provide nuc lear  power 
systems t o  Egypt; ( 2 )  a r ranging  f o r  f i nanc ing  of t h e  f i r s t  p l a n t ,  (3 )  
f i n a l i z i n g  l e g i s l a t i v e  and i n s t i t u t i o n a l  ma t t e r s  r equ i r ed  t o  suppor t  a  
nuc l ea r  energy program, and (4 )  t h e  f i n a l i z a t i o n  of c o n t r a c t u a l  a r -  
rangements between Egypt and the  Westinghouse Corporat ion of t h e  U.S. 
t o  provide t he  nuc lear  power p l an t .  l he se  l a t t e r  c o n t r a c t u a l  a r -  
rangements a r e  near  completion, pending n e g o t i a t i o n  and r a t i f i c a t i o n  of 
b i l a t e r a l  agreements between t h e  Governments of Egypt and the  U. S. 
Egypt has  expressed i t s  wi l l i ngnes s  t o  accept  nuc lear  f u e l  sa feguards  
a s  a  part of t h i s  b i l a t e r , a l  ' agreement. 

It appears  t h a t  an o p t i m i s t i c  e a r l i e s t  d a t e  f o r  i n i t i a l  ope ra t i on  
of  a  nuc lear  power p l a n t  a t  S i d i  Krier is  1986. This d a t e  was assumed 
f o r  t h e  a n a l y s i s  conducted i n  t h i s  assessment.  Delays i n  t h e  schedul- 
ed ope ra t i on  of t h e  S i d i  Krier p l a n t  have r e s u l t e d  i n  a l t e r n a t i v e  
gene ra t i on  c a p a c i t y  of s h o r t e r  l e ad  t i m e  ( o i l - f i r e d  gene ra t i on  capa- 
c i t y )  being planned f o r  ope ra t i on  by t h e  1984 t o  1985 t i m e  per iod  t o  
m e e t  p ro j ec t ed  e l e c t r i c i t y  demand i n  Egypt i n  t h a t  per iod .  

Proven r e s e r v e s  of economically recoverab le  uraniutu- and thorium- 
bear ing  o r e s  a r e  s eve re ly  l i m i t e d .  Prel iminary geo log ica l  i n d i c a t i o n s  
f o r  l o c a t i n g  p o t e n t i a l  uranium resources  appear f avo rab l e ,  based on 
l i m i t e d  a v a i l a b l e  information.  However, cons ide rab l e  e f f o r t  must be  
expended on on-s i te  exp lo ra t i on  t o  develop r e l i a b l e  e s t i m a t e s  of proven 
r e se rves .  Egypt h a s  i n i t i a t e d  d i s cus s ions  with p r i v a t e  concerns t o  
exp lo re  t h e i r  p a r t i c i p a t i o n  i n  t h e  proving and p o s s i b l e  development of 
uranium resources .  Thorium was n o t  considered i n  d e t a i l  due t o  t h e  
judged l i m i t e d  promise of economic recovery from known resources .  

S i t i n g  of nuc lear  p l a n t s  should no t  be  an e a r l y  l i m i t  on nuc lear  
p l a n t  a p p l i c a t i o n s .  Plans c a l l  f o r  s i t i n g  of nuc l ea r  p l a n t s  on t h e  
Mediterranean and Red Sea c o a s t s . a n d  use of s e a  water cool ing.  
Seismic a c t i v i t y  would n o t  appear t o  prec lude  such s i t i n g .  Weather, 
s i t e  a v a i l a b i l i t y  and popula t ion  proximity f a c t o r s  appear non-limiting. 

Considerat ion of p l ac ing  ex t ens ive  r e l i a n c e  on nuc l ea r  power 
systems f o r  f u t u r e  e l e c t r i c  energy supply i n t roduces  t h e  need f o r  
c a r e f u l  examination by Egypt of many f a c t o r s  t h a t  would be e s s e n t i a l  
t o  i t s  a b i l i t y  t o  e f f e c t i v e l y  s i te ,  c o n s t r u c t ,  ope ra t e ,  and f u e l  a  
s i g n i f i c a n t  number of nuc lear  power p l a n t s  inc lud ing  the  fol lowing : 
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1. There i s  a need t o  e s t a b l i s h  an  .eva lua t ion  process  ' 

and r e l a t e d  o rgan iza t ion  and s t a f f  c a p a b i l i t y  f o r  t h e  
review and approval  of nuc lea r  p l a n t  ' s i t i n g ,  s a f e t y  
and o p e r a t i o n a l  f a c t o r s  us ing  accepted s t anda rds  and 
eva lua t ion  c r i t e r i a .  

2. The need f o r  a regime governing p r o t e c t i o n  a g a i n s t  
th i rd-par ty  l i a b i l i t y  r e s u l t i n g  from nuclear  damage . 
has  been recognized and d i scuss ions  a r e  i n  process  
with t h e  I n t e r n a t i o n a l  Atomic Energy Agency regard- 
ing  implementing l e g i s l a t i o n  t o  provide such protec- .  
t i on .  

3. I n i t i a l  nuc l ea r  p l a n t s  w i l l  be  b u i l t  almost t o t a l l y  
with f o r e i g n  p l a n t  equipment and engineer ing  se rv i ces .  
In  a d d i t i o n ,  a s i g n i f i c a n t  f r a c t i o n  of t h e  requi red  
cons t ruc t ion  l a b o r  and m a t e r i a l s  w i l l ' i n i t i a l l y  need 
t o  be  acqui red  from f o r e i g n  sources .  Egypt's 
manpower resources  could,  w i th  proper  t r a i n i n g ,  meet 
most c o n s t r u c t i o n  l a b o r  requirements.  A number of 
i tems of p l a n t  equipment a l s o  appear t o  be  s u i t a b l e  
f o r  l o c a l  manufacture. If Egypt i s  t o  reduce t h e  
need f o r  f o r e i g n  resources  f o r  its nuclear  power 
p l a n t  program, i t  w i l l  r e q u i r e  a dedica ted  well-planned, 
long-term e f f o r t  by t h e  Government of Egypt t o  b u i l d  
upon t h e  exper ience  of t h e  f i r s t  nuc l ea r  p l a n t  p r o j e c t .  

4. There is a need t o  develop an  ex tens ive  cad re  of . 
wel l - t ra ined  s e n i o r  and middle management personnel  t o  
plan and implement a program ,involving a ,  s i g n i f i c a n t  
number of nuc lea r  power p l a n t s .  

5. Cruc ia l  t o  Egypt's a b i l i t y  t o  e f f e c t i v e l y  s i t e ,  
c o n s t r u c t  and s a f e l y  ope ra t e  nuc lear  power p l a n t s  i s  
a s t r o n g  emphasis by Egyptian o f f i c i a l s  and managers 
of t h e  concept of "a q u a l i t y  product" and t h e  estab-  
l ishment  of an e f f e c t i v e  q u a l i t y  assurance  program, 
s t a f f e d  wi th  wel l - t ra ined ,  competent people.  

6. Even i f  indigenous uranium resources  become a v a i l a b l e ,  . 

Egypt w i l l  need an  assured  nuc lear  ' f ue l  supply capabi l -  
i t y  involv ing  uranium enrichment,  f u e l  f ab r%ca t ion ,  
spenf f u e l  management' and r a d i o a c t i v e  waste s torage .  
I f  Egypt is  a s su red  such f u e l  supply c a p a b i l i t i e s a t  
e x i s t i n g  world p r i c e s ,  t h e r e  is  no economic i n c e n t i v e  
f o r  Egypt t o  develop indigenous nuc lea r  f u e l  c y c i e  
f a c i l i t i e s  u n t i l  about t h e  year  2000. 

Financing a nuc lea r  gene ra t ion  capac i ty  of 6000 MWe t o  12,600 MWe 
by t h e  year 2000 may be d i f f i c u l t  due to. t h e  h igh  c a p i t a l  c o s t  of 
nuc lea r  p l a n t s ,  t h e  long-lead time f o r  t h e  s i t i n g  and cons t ruc t ion  of 

. . 
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such f a c i l i t i e s  and t h e  h igher  r a t i o s  of f o r e i g n  manpower, equipment and 
resources  t h a t  w i l l  be  involved. Measures t o  a l low Egypt t o  provide  
more of t h e s e  r e sob rces ,  wh i l e  needed, w i l l  no t  e l i m i n a t e  t h e  f inanc-  
i n g  cha l lenge  i n  t h e  per iod  t o  2000. 

The c o s t  of nuc lea r  energy i n  Egypt must cons ider  no t  on ly  p l a n t  
cons t ruc t ion  and f u e l  c o s t s ,  bu t  a l s o  the  c o s t  of a l l  the  suppor t ing  
i n f r a s t r u c t u r e ,  e.g., e s t a b l i s h i n g  a r egu la to ry  process  and organiza- 
t i o n ,  sa feguards  implementation, providing s p e c i a l t y  O&M s e r v i c e s ,  f u e l  
procurement, sa feguards ,  and spent  f u e l  management and r a d i o a c t i v e  waste 
s torage .  During the' e a r l y  phases of an expanding nuc lear  program, t h e  
u n i t  c o s t s  of t h e s e  e s s e n t i a l  "miscellaneous serv icesq1  w i l l  be  s i g n i f i c a n t  
due to :  (a) t h e i r  h igh  es tab l i shment  and i n i t i a l  s t a r t -up  c o s t s ;  and, 
(b) t h e  low nuc lea r  capac i ty  l e v e l  t o  which t h e s e  c o s t s  can b e  a l l o c a t e d .  
In  t he  long-term, t h e  c o s t  of t h e s e  "miscellaneous se rv i ces t e  w i l l s  
m a t e r i a l l y  a l t e r  nuc lea r  genera t ion  c o s t s .  

To d a t e ,  t h e r e  has  been no pub l i c  r e a c t i o n  i n  Egypt t o  t h e  
planned use of nuc lea r  energy, and no major problems i n  t h i s  regard is 
foreseen  by Egyptian a u t h o r i t i e s .  Nevertheless ,  p u b l i c  educa t ion  
concerning nuc lear  energy m e r i t s  more planning a t t e n t i o n  based upon t h e  
experience of o t h e r  c o u n t r i e s .  

S imi l a r ly ,  t h e  o t h e r  e f f e c t s  of an expanded nuc lea r ' ene rgy  
a p p l i c a t i o n  program warrants  g r e a t e r  a t t e n t i o n  i n  t he  n a t i o n a l  planning 
process .  Included i n  t h e s e  e f f e c t s  a r e :  l o c a l  environmental impacts 
of p l a n t  cons t ruc t ion  and opera t ion ;  employment o p p o r t u n i t i e s ;  e f f e c t s  
upon r eg iona l  development p lans ;  s o c i a l / c u l t u r a l  e f f e c t s  of introduc-  
i ng  l a r g e  t e c h n i c a l l y  s o p h i s t i c a t e d  systems and r e l a t e d  cons t ruc t ion  
and ope ra t ions  personnel  i n  new a r e a s  of t h e  count ry ;  competi t ion wi th  
other developmental i s s u e s  f o r  l i m i t e d  resources ;  and t h e  placement of 
l a r g e  gene ra t ion  s t a t i o n s  with unique sa fe ty - r e l a t ed  back-up power 
t ransmiss ion  system requirements a t  d i spersed  l o c a t i o n s  on a n a t i o n a l  
t ransmiss ion  g r id .  

Next s t e p s  which warrant  e a r l y  a t t e n t i o n  by t h e  Government of 
Egypt beyond those  requi red  f o r  t h e  S i d i  .JCrier p r o j e c t  f a l l  i n t o  f i v e  
g e n e r a l  ca t egor i e s .  They a r e :  

1. Preparing a well-founded p lan  f o r  expansion of 
Egypt's nuc lea r  gene ra t ion  capac i ty  which recognizes  
t h e  f u l l  scope of t h e  cha l lenge  t h a t  would be involved 
and the  measures a v a i l a b l e  t o  Egypt t o  address  those  
cha l lenges .  

2. Bringing i n t o  p l a c e  a p r o j e c t  management and 
q u a l i t y  assurance  c a p a b i l i t y  commensurate wi th  exten- 
s i v e  a p p l i c a t i o n  of a s o p h i s t i c a t e d  technology wi th  i ts  
a s s o c i a t e d  s t r i n g e n t  s a f e t y  r e l a t e d  requirements.  

, 
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3. Es tab l i sh ing  a  nuc l ea r  r egu la to ry  i n f r a s t r u c t u r e  
which inc ludes  well-founded e v a l u a t i o n  c r i t e r i a ,  
s t a n d a r d s ,  and p roces se s ,  an a b l y  s t a f f e d  and funct ipn-  
a l l y  e f f e c t i v e  r e g u l a t o r y  o r g a n i z a t i o n ,  and a  regula-  
t i o n s  enforcement c a p a b i l i t y .  

4. I n i t i a t i o n  of e f f o r t s  t o  more c l e a r l y  a s c e r t a i n  t h e  
a v a i l a b i l i t y  of indigenous uranium re sou rces  and t h e  
p o t e n t i a l  r o l e . e x p l o i t a t i o n  of t h e s e  r e sou rces  could 
have upon Egypt's commodity expor t s  a n d  i n t e r n a t i o n a l  
ba lance  of t r a d e .  

5. Evaluat ion and s e l e c t i o n  of t h o s e  m a t e r i a l s  and 
equipment supply o r  s e r v i c e  areas which Egypt can 
develop a s  domest ic  supply  c a p a b i l i t i e s .  Programs 
should then b e  i n i t i a t e d  by t h e  Government of Egypt 
t o  b r i n g  i n t o  be ing  i n  t h e s e  s e l e c t e d  a r e a s ,  domestic 
m a t e r i a l s  and equipment supply c a p a b i l i t i e s  which 
meet o r  exceed e s t a b l i s h e d  s tandards .  

3.0 EGYPTIAN PLANS FOR NUCLEAR ENERGY . 

Egypt i s  faced wi th  an  i nc reas ing  need f o r  e l e c t r i c  energy.  which 
can b e  suppl ied  by h y d r o e l e c t r i c ,  f o s s i l - f i r e d ,  s o l a r  o r  nuc l ea r  power 
gene ra t i on  p l a n t s .  Consider ing p ro j ec t ed  growth r a t e s  i n  t h e  demand f o r  
e l e c t r i c i t y ,  t h e  a v a i l a b i l i t y  and r e l a t i v e  gene ra t i on  c o s t s  of a l t e r n a -  
t i v e  gene ra t i on  systems and f u e l s ,  and a l t e r n a t i v e  uses  f o r  f o s s i l  
f u e l s ,  Egyptian o f f i c i a l s  have decided t h a t  nuc l ea r  power p l a n t s  should 
provide  a  s i g n i f i c a n t  p o r t i o n  of Egypt's f u t u r e  e l e c t r i c  energy. 
However, d e t a i l e d  long-term p lan  f o r  nuc lear  c a p a c i t y  a d d i t i o n s  t o  
Egypt's e l e c t r i c  g r i d  e x i s t .  Various Egyptian p r o j e c t i o n s  c a l l  f o r  6000 
MWe t o  12,600 MWe of nuc l ea r  gene ra t i on  c a p a c i t y  t o  be  o p e r a t i o n a l  by 
t h e  year  2000. The fo l lowing  s e c t i o n s  provide more d e t a i l s  on t h e  b a s i s  
f o r  t h i s  p ro j ec t ed  u t i l i z a t i o n  of nuc l ea r  energy. 

3.1 Growth i n  E l e c t r i c i t y  Demand 

1 
Table 1 summarizes h i s t o r i c  and p ro j ec t ed  growths i n  t h e  demand 

f o r  e l e c t r i c  energy and peak demand f o r  e l e c t r i c i t y  bo th  i n  a c t u a l  
v a l u e s  and annual  growth r a t e s  over i n t e rven ing  per iods .  

H i s t o r i c a l  d a t a  from Egyptian ~ l e c t r i c i t y  Author i ty  (SEA) Annual 
Reports ,  f u t u r e  p r o j e c t i o n s  provided by EEA a s  p a r t  of j o i n t  a c t i v i t i e s .  



TABLE 1 

Growth &I E l e c t r i c  Energy Consumption and Peak Demand 

E l e c t r i c  Energy 

Consumption-bill ion kwhrs 0.8 5.7 9.8 32 100 

Peak Demand-MWe 100 1010 1775 5000 17000 

Annual growth r a t e s  per- 1952 1970 1974 1975 1985 
c e n t  p e r  yea r  t o  t o  t o  t o  t o  

E l e c t r i c i t y  Consumption 11.1 9.4 14.7 12.7 8.0 

Peak Demand 12.6 9.8 21 10.9 8.5 

These p r o j e c t i o n s  a r e  i n  g e n e r a l  agreement wi th  t h e  r e s u l t s  of 
indepe den t  s t u d i e s  c a r r i e g  ou t  by t h e  I n t e r n a t i o n a l  Atomic Energy 9. 
Agency and t h e  World Bank . They may be  compared wi th  c u r r e n t  
r a t e s  of growth of demand i n  t h e  U.S., Canada and Western Europe i n  t h e  
range of 6 pe rcen t  t o  7.5 p e r c e n t  pe r  year .  

3.2 A v a i l a b i l i t y  of A l t e r n a t i v e  Generat ion Systems 

In  cons ide r ing  c o n s t r u c t i o n  of a  f i r s t  nuc l ea r  power p l a n t  a t  
S i d i  K r i e r ,  Egyptian a u t h o r i t i e s  examined t h e  prospec t  of a l t e r n a t i v e  
e l e c t r ' c  gene ra t i on  systems t o  provide  t h e  p ro j ec t ed  demand f o r  e l e c t r i c  4 energy . The fol lowing quotes  from t h e  r e p o r t  on t h a t  e v a l u a t i o n  
summarize t h e i r  f i n d i n g s  . 

"Considering a l t e r n a t i v e  energy sou rces ,  t h e  known 
geothermal r e sou rces  i n  Egypt a r e  e s s e n t i a l l y  nonexis- 
t e n t  on any s u i t a b l e  s c a l e  t o  be  considered f o r  power 
genera t ion .  There a r e  c o a l  d e p o s i t s  i n  t h e  S i n a i ,  bu t  
they a r e  too  sma l l  t o  be  considered f o r  power.produc- 
t i on .  Importat ion of c o a l  £,or t h i s  purpose i s  n o t  
considered economically f e a s i b l e . "  

2 
Market Su,rvey f o r  Nuclear Power i n  Developing Count r ies ,  Egypt ; 
IAEA 1973 

3 
Power Sec tor  Survey i n  Egypt, Sanderson and P o r t e r ,  Nov. 1976 

Report on Egypt's Need f o r  i t s  f i r s t  Nuclear Power P l a n t ,  November 
1976 



"Natural gas  d e p o s i t s  do e x i s t  i n  t h e  count ry ;  
however, t h e  p re sen t  and p ro j ec t ed  product ion  of 
n a t u r a l  ga s  a t  t h e  t i m e  was n o t  determined t o  warrant  
f u r t h e r  cons ide ra t i on  wi th  r e s p e c t  t o  t h e  requirements  
f o r  t h e  l a r g e  gene ra t i ng  u n i t  necessary  a t  t h a t  t ime,  
i n  a d d i t i o n  t o  those  a l r e a d y  committed f o r  gas .  The 
two remaining indigenous energy sou rces ,  hydro and o i l ,  
a r e  t h e  on ly  s i g n i f i c a n t  a l t e r n a t i v e s  which should be  
considered fu r the r . "  

" P o t e n t i a l  h y d r o e l e c t r i c  power r e sou rces  a r e  t h e  
Qa t t a r a  Depression P r o j e c t  and t h e  N i l e  Barrages.  
Although t h e  Q a t t a r a  Depression P r o j e c t  i s  planned t o  
have an i n s t a l l e d  capac i ty  of about  600 MWe i n  i t s  
f i r s t  s t a g e  and could r e p l a c e  a  nuc l ea r  gene ra t i ng  u n i t  
of comparable s i z e ,  i t  i s  n o t  cons idered  a  t imely  
v i a b l e  a l t e r n a t i v e  f o r  t h i s  p a r t i c u l a r  nuc lear  pro- 
j e c t .  Th i s  i s  because of p r e sen t  i n d i c a t i o n s  of ve ry  
h igh  c a p i t a l  c o s t s ,  u n c e r t a i n t i e s  using c l ean  nuc l ea r  
explos ions  wi th  such l a r g e  amounts f o r  excava t ions  
of t h e  i n t a k e  channel ,  and t h e  requirement  of an 
extended schedule  f o r  completion. It could become 
an economically f e a s i b l e  a l t e r n a t i v e  f o r  ,some l a t e r  
nuc lear  s t a t i o n s ,  i f  a l l  t e c h n i c a l ,  and economical 
problems a s s o c i a t e d  w i t h  c l e a n  nuc lear  e x p l o s i o n s , a r e  
solved . " 

"As s t a t e d  be fo re ,  t h e r e  a r e  t h r e e  e x i s t i n g  
ba r r ages  on t h e  N i l e  f o r  i r r i g a t i o n  proposes  and seven 
more a r e  be ing  considered.  I f  a l l  t e n  of  t h e s e  were 
u t i l i z e d  f o r  h y d r o e l e c t r i c  power gene ra t i on ,  a  maximum 
t o t a l  i n s t a l l e d  c a p a c i t y  of '600 MWe could be r e a l i z e d ;  
however, t h e  u sab l e  c a p a c i t y  would drop t o  300 MWe 
during t h e  low-water w in t e r  season.  The f a c t  t h a t  t h e  
f i r s t  of t h e s e  gene ra t i ng  u n i t s  would no t  be  a v a i l a b l e  
u n t i l  a f t e r  1985, coupled wi th  t h e  v a r i a t i o n  i n  gener- 
a t i n g  capac i ty  due t o  s ea sona l  water l e v e l  v a r i a t i o n s ,  
i n d i c a t e s  t h a t  t h i s  sou rce  of energy is  n o t  a  cornpar- 
a b l e  a l t e r n a t i v e  f o r  t h e  nuc l ea r  s t a t i o n  under consi-  
de ra t i on .  " 

 h he one a l t e r n a t i v e  energy sou rce  r e q u i r i n g  
f u r t h e r  c l o s e  economic comparison is  o i l .  Presen t  
i n d i c a t i o n s  a r e  t h a t  t h e  f u e l  o i l  requirements  f o r  a  
p l a n t  of t h e  600 MWe s i z e  could  be  m e t  by Egyptian 
product ion from domestic crude o i l .  Fuel o i l  used . 
f o r  power product ion  i n  Egypt i s  c u r r e n t l y  subs id i zed  
by t h e  Government; however, f o r  a v a l i d  economic 
a n a l y s i s ,  t h e  i n t e r n a t i o n a l  p r i c e  of approximately 
$75/tonne is  going t o  be  cons idered  here." 



3 . 3  Power Generat ion Cos ts  

'his l e d  t o  an' examination of t h e  comparative e l e c t r i c  gene ra t i on  
c o s t s  3f nuclear-  and o i l - f i r e d  gene ra t i on  p l a n t s .  The fol lowing 
quotes  summarize t h e  r e s u l t s  of t h a t  examination of comparative 
gene ra t i on  c o s t s .  

"Figure (1 )  shows a  comparison by year  a f t e r  t h e  
s t a r t  of t h e  p l a n t  commercial ope ra t i on  of t h e  cumula- 
t i v e  d i f f e r e n t i a l  ope ra t i ng  c o s t  sav ings  f o r  a  nuc l ea r  
p l a n t  ve r sus  an o i l - f i r e d  p l a n t  i n  t h e  600 MWe 
capac i ty  s i z e .  T h i s . e x h i b i t  was prepared us ing  
c a p i t a l - a n d  ope ra t i ng  c o s t s  es t imated  f o r  t h e  S i d i  
Kr ie r  p r o j e c t  and c o s t  d a t a  on ope ra t i ng  o i l - f i r e d  
p l a n t s  under comparable eco'nomic cond i t i ons  ." 

"This e v a l u a t i o n  was performed f o r  a  twelve- 
year  per iod  of p l a n t  ope ra t i on ,  us ing  p re sen t  day 
p r i c e s  f o r  f u e l  c o s t s  of $75/tonne f o r  f u e l  o i l ,  
nuc lear  f u e l  p r i c e s  a s  per  F igures  (1)  and ( 2 )  and 
using p re sen t  work methods t o  t h c  d a t c  of commer- 
c i a l  opera t ion .  A s  shown from Figure  ( I ) ,  t h e  
cumulat ive sav ings  i n  ope ra t i ng  c o s t s  of t h e  
nuc lear  p l a n t  wi th  r e s p e c t  t o  an o i l - f i r e d  p l a n t  
w i l l  equa l  t h e  d i f f e r e n c e  i n  c a p i t a l  c o s t  of t h e  
nuc lear  p l a n t  over  t h e  o i l - f i r e d  p l a n t  a f t e r  
approximately 4.5 y e a r s  of ope ra t i on .  Further-  
more, t h e  cumulat ive s av ings  w i l l  equa l  t he  t o t a l  
c a p i t a l ,  cos t  of t h e  nuc lear  p l a n t  a f t e r  approxi- 
mately t e n  ygars of operat ion."  

"The s e n s i t i v i t y  of power gene ra t i ng  c o s t  t o  
f u e l  p r i c e  v a r i a t i o n s  has  been eva lua ted  under t h e  
same cond i t i ons  descr ibed  f o r  F igure  (1) above and 
t h e  r e s u l t s  a r e  shown i n  Figure ( 2 ) .  Power 
gene ra t i ng  c o s t s  a r e  cons iderab ly  l e s s  s e n s i t i v e  
t o  f u e l  p r i c e  v a r i a t i o n s  f o r  a  nuc l ea r  p l a n t  
[than]. f o r  a  convent iona l  o i l - f i r e d  p l a n t .  For 
example, a  50 pe rcen t  i n c r e a s e  i n  t h e  f u e l  p r i c e  would 
i nc rease  gene ra t i ng  c o s t s  by 5  mills/Kwhr f o r  a  
600 MWe nuclear  power p l a n t  while  a  corresponding 
e f f e c t  f o r  an o i l - f i r e d  p l a n t  would be  an i n c r e a s e  
of 18 mills/Kwhr i n  gene ra t i ng  costs ."  

"Cost e s t i m a t e s  have been made using a  6  y e a r  
p r o j e c t  de s ign  and c o n s t r u c t i o n  schedule  from d a t e  
of c o n t r a c t  s i gn ing  t o  commercial ope ra t i on  and a  
twenty-five-year economic l i f e t i m e  f o r  t h e  p l a n t .  

I b i d  4. 
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FIGURE 2. SENSITIVITY O F  POWER GENERATING COSTS TO FUEL PRICE VARIATION NUCLEAR FUEL VERSUS OIL 



Cost e s t ima te s  presented  i n  t h i s  r e p o r t  are f o r  
January 1977 a s  t h e  'nominal month of c o n t a c t  
execut ion  and January 1983 f o r  commercial opera- 
t i o n  wi th  e s c a l a t i ~ n  and i n t e r e s t  during construc- 
t i o n  included ." 

"The t o t a l  es t imated  c a p i t a l  i s  $815 m i l l i o n  f o r  
the  nuc lear  power p l a n t  gnd t h e  c o s t  of t h e  desa l ina-  
t i o n  p l a n t  is n o t  included.  These estimates inc lude  
i n t e r e s t  dur ing  c o n s t r u c t i o n  a t  a n  ave rage  rate of 5 .  

- 
' percent  per  year  and c o s t  e s c a l a t i o n  t o  January 1983 

a t  approximately 6.4 pe rcen t  p e r . y e a r .  

3.4 Immediate Focus of Egyptian Nuclear E f f o r t  

The primary focus  o f .  t h e  ~ ~ y p t i a n  nuc lear .  powel p l a n t  e f f o r t  
dur ing  t h e  p a s t  s e v e r a l  yea r s  h a s  been t o  i n i t i a t e  c o n s t r u c t i o n  of 
Egypt's f i r s t  nuc l ea r  power p l a n t  a t  S i d i  Kr i e r ,  34 k i lomeeers  west of  
Alexandria on t h e  Mediterranean coas t .  This site was s e l e c t e d  i n  1962. 
It i s  s t i l l  t h e  s e l e c t e d  s i te  because of t h e  a v a i l a b i l i t y  of t h e  l a r g e  
amounts of cool ing  water r equ i r ed ,  t h e  a b i l i t y  t o  l i n k  up wi th  t h e  
. na t iona l  g r i d  which ex tends  t o  S i d i  Krier, t h e  r e l a t i v e  n e a r n e s s ' o f  a  
major load c e n t e r  i n  t h e  Alexandria reg ion ,  t h e  a v a i l a b i l i t y  of s u f f i c i e n t  
empty land  wi th in  which t o  s i te  t h e  p l a n t  and i ts exc lus ion  a r e a ,  and 
t h e  proximity of f a c i l i t i e s  t o  suppor t  t he  l a r g e  cons t ruc t ion  l a b o r  
fo rce .  

A l ' e t t e r  of i n t e n t  was i s sued  i n  1976 by t h e  Government of Egypt 
t o  t h e  Westinghouse Corporat ion f o r  supply of a two loop ,  626 MWe 
(ne t )  p re s su r i zed  water r e a c t o r  (PWR) nuclear  power p l a n t  under a 
modified turn-key arrangement. Completion of n e g o t i a t i o n s  of t h i s  
c o n t r a c t  awai t  t h e  n e g o t i a t i o n  and r a t i f i c a t i o n  of a  b i l a t e r a l  agree- 
ment between t h e  Governments of Egypt and the  U.S. This  b i l a t e r a l  
agreement w i l l  e s t a b l i s h  a framework f o r  nuc lear  coopera t ion  between 
Egypt and t h e  U.S. i nc lud ing  p rov i s ion  f o r  f u e l s  sa feguards  and provi- 
s i o n  f o r  non-p ro l i f e r a t ion  of nuc lea r  weapons. 

'Based on t h e  s t a t u s  of t h e s e  n e g o t i a t i o n s ,  i t  now appears  t h a t  
t h e  e a r l i e s t  o p t i m i s t i c  o p e r a t i o n a l  s t a r t -up  d a t e  f o r  t h e  S i d i  Krier 
p l a n t  is 1986*. 1 n . l i g h t  of t h e  de l ays  i n  t h e  p ro j ec t ed  o p e r a t i o n a l  
d a t e  of t h e  S i d i  Kr i e r  p l a n t s  and p ro j ec t ed  peak demand i n c r e a s e ,  
Egypt is  p r o j e c t i n g  t h e  need f o r  cons t ruc t ion  of s h o r t e r  lead-time, 
o i l - f i r e d  power p l a n t s  t o  begin ope ra t ion  i n  t h e  1984-1985 t ime 
f ~ a m e .  

*This was t h e  conclus ion  a t  t h e  completion of t h e  in-country d a t a  
c o l l e c t i o n  phase and i n i t i a l  p repa ra t ion  of t h i s  r e p o r t  i n  May 1978. 
Due t o  de lays  i n  t h e  in t e rven ing  pe r iod ,  t h e  earliest o p t i m i s t i c  d a t e  
is now 1987. 
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Egypt i n i t i a l e d  bu t  d i d  n o t  r a t i f y  t h e  Nuclear Non-Prol i ferat ion 
Trea ty  (NPT) i n  1968 and had ind i ca t ed  i ts  w i l l i n g n e s s  t o  accept  sa fe -  
guards on i t s  nuc lear  power p l a n t s .  Egypt has  a l s o  en t e r ed  i n t o  a  f i x e d  
commitment c o n t r a c t  wi th  t h e  U.S. Government f o r  t h e  supply of enr iched  
uranium f o r  t h e  i n i t i a l  c o r e  load ing  of t h e  S i d i  Krier p l a n t .  

Egypt r a t i f i e d  t h e  Vienna Convention i n  1965 which, among 
o t h e r  t h i n g s ,  s t i p u l a t e s  t h a t  Egypt w i l l  make p rov i s ion  f o r  t rea tment  
of  t h i r d  p a r t y  l i a b i l i t y  i n  t h e  event  of nuc l ea r  acc iden t s .  Extensive 
d i s c u s s i o n s  have been he ld  wi th  t h e  IAEA, and i t  is  understood t h a t  
d r a f t  l e g i s l a t i o n  regard ing  t h i r d  p a r t y  l i a b i l i t y  has  been prepared 
and is  c u r r e n t l y  be ing  reviewed. 

4.0 EGYPT'S RESOURCES TO IMPLEMENT A NUCLEAR ENERGY PROGRAM 

E f f e c t i v e  implementation of an ex t ens ive  use of nuc l ea r  power 
systems over t h e  per iod  t o  2000 w i l l  r e q u i r e  a  ' large commitment of 
r e sou rces  by t h e  Government of Egypt. This  s e c t i o n  reviews some of 
those  r e sou rce  requirements  and Egypt's p o t e n t i a l  c a p a b i l i t y  t o  meet 
them. 

4.1 Management 

There a r e  fou r  o rgan iza t ions  i n  t h e  Government of Egypt which 
have a u t h o r i t y  w i th in  t h e  broad range of nuc l ea r  a c t i v i t i e s .  The 
Atomic Energy Establ ishment  (AEE) was formed by a  dec ree  i n  1957 
spec i fy ing  i t  a s  t h e  s o l e  r e s p o n s i b l e  body f o r  a l l  nuc l ea r  a c t i v i -  
t i e s .  A 1960 dec ree  reemphasized t h e  a u t h o r i t y  of t h e  AEE b u t  delega- 
ted  t o  t h e  Min i s t ry  of Pub l i c  Heal th  t h e  a u t h o r i t y  f o r  s e a l e d  radioac-  
t i v e  sou rces ,  X-ray machines and p a r t i c l e  a c c e l e r a t o r s .  'i'he Nuclear 
Power P l a n t s  Author i ty  (NPPA) was e s t a b l i s h e d  by law i n  1976 w i t h i n  
t h e  Min i s t ry  of E l e c t r i c i t y  and Energy a s  t h e  o r g a n i z a t i o n  r e spons ib l e  
f o r  t h e  planning,  s i t i n g ,  c o n s t r u c t i o n  and o p e r a t i o n  of nuc l ea r  power 
p l a n t s .  The Nuclear M a t e r i a l s  Author i ty  was e s t a b l i s h e d  by law i n  
1977, wi th  r e s p o n s i b i l i t y  f o r  uranium and thorium e x p l o r a t i o n  and t h e  
development of r e se rves .  

In t he se  o rgan iza t ions  a c a d r e  of t e chn ica l ly - t r a ined  personnel  
e x i s t  t h a t  can form t h e  nucleus of a  management c a p a b i l i t y  f o r  a  
nuc l ea r  power a p p l i c a t i o n  program. However, a s  expec ted ,  t h e  exper- 
i ence  of t h e s e  o rgan iza t ions  h a s  been focused pr imar i ly ,  on t h e o r e t i c a l  
o r  l a b o r a t o r y  r e sea rch  work and t h e  requirements  t o  l e g i s l a t i v e l y  and 
c o n t r a c t u a l l y  a u t h o r i z e  t h e  procurement, s i t i n g ,  and c o n s t r u c t i o n  of 
Egypt's f i r s t  nuc l ea r  power p l an t .  There is  n o t  a . b r o a d  base  of 
management exper ience  i n  t h e  a c t u a l  s i t i n g ,  l i c e n s i n g ,  c o n s t r u c t i o n ,  
s t a r t - u p ,  and ope ra t i on  and maintenance of nuc l ea r  power p l a n t s .  

E f f e c t i v e  achievement of an a c c e l e r a t e d  use of nuc l ea r  power 
systems w i l l  r e q u i r e  bo th  an  en la rged  management c a p a b i l i t y  wi th  
a p p r o p r i a t e  d e l e g a t i o n s  of a u t h o r i t y  and a  d i s c i p l i n e d  management 



approach a t  t h e  s e n i o r ,  middle,  and craft-work s u p e r v i s i o n  l e v e l s .  A 
heightened awareness of q u a l i t y  assurance  ( t h e  "qua l i t y  concept") and 
t h e  ex t ens ive  measures r equ i r ed  t o  a s s u r e  a  h igh-qua l i ty  product  is  
c r u c i a l  t o  t h e  r equ i r ed  management concept.  Greater  d e l e g a t i o n  of 
a u t h o r i t y  and dedica ted  responsive e x e r c i s e  of t h a t  de lega ted  author-  
i t y  must b e  achieved.  E f f e c t i v e  use  of management r e p o r t i n g  systems, 
p r o j e c t  schedul ing  t o o l s ,  p r o j e c t  c o n t r o l ,  and management dec is ion-  
making techniques  w i l l  f a c t o r  impor tan t ly  i n  t he  achievement of 
p r o j e c t  de s ign  s p e c i f i c a t i o n s ,  s a f e t y  requirements ,  schedule  t a r g e t s  
and cos t  l i m i t s  . 

The NPPA h a s  o v e r a l l  r e s p o n s i b i l i t y  f o r  t he  S i d i  Krier  p r o j e c t .  
Through use of a  modified turn-key c o n t r a c t  arrangement,  t h e s e  
r e s p o n s i b i l i t i e s  w i l l  p rov ide  an e x c e l l e n t  oppor tun i ty  t o  observe and 
l e a r n  from t h e  c o n t r a c t o r ' s  management s t a f f .  By s o  doing,  an  improved 
management c a p a b i l i t y  w i l l  s t a r t  t o  be  b u i l t  by NPPA f o r  a p p l i c a t i o n  
t o  subsequent p l a n t s ,  t hus  reducing the  need t o  use e x p a t r i a t e s .  
This  approach h a s  been e f f e c t i v e l y  used i n  o t h e r  c o u n t r i e s  and could 
be  e f f e c t i v e  i n  Egypt. Nevertheless ,  p r i o r i t y  a t t e n t i o n  needs t o  be  
app l i ed  t o  t he se  and v a r i o u s  o t h e r  measures,  i nc lud ing  on-the-job 
t r a i n i n g  i n  o t h e r  c o u n t r i e s  of experienced engineer ing  o r  t e c h n i c a l  
managers, middle- level  a d m i n i s t r a t o r s  and c r a f t  supe rv i so r s .  

E f f e c t i v e  mot iva t ion  of t he se  people  must a l s o  'be  achieved 
through improved s a l a r i e s ,  job  cha l l enge  and o the r  measures a s  
d i scussed  i n  Annex 12-Manpower. 

4.2 P l a n t  S i t e s  

Evaluat ion of p o t e n t i a l  sites f o r  nuc l ea r  power p l a n t s  was begun by 
Egypt i n  1960 us ing  t h e  "Farmer's Cr i t e r i a . "  Fourteen s i t e s  were 
examined wi th  a s s i s t a n c e  by the  Engl ish f i rm ,  Kennedy and Duncan. ~ i d i  
Krier was s e l e c t e d  a s  t h e  s i te  f o r  t h e  f i r s t  nuc l ea r  p l an t .  The U.S. 
Nuclear Regulatory Commission's (NRC) Regulatory Guide Format and U.S. 
r e g u l a t i o n  s t anda rds ,  10CFR50 Appendix A and 10CFR100, a r e  being appl ied  
i n  t h e  more s p e c i f i c  eva lua t ions  of t h e  s i t e s .  

Current  p o l i c y ,  t o  i n s u r e  zero  r i s k  of contaminat ion of t h e  N i l e  
R iver ,  p r even t s  s i t i n g  of p l a n t s  i n  t h e  N i l e  Valley. Also, i t  has  been 
decided t h a t  nuc l ea r  p l a n t s  w i l l  no t  be  s i t e d  along the  Suez Canal. 
P o t e n t i a l  sites e x i s t  i n  t h r e e  a r e a s ;  (1 )  t h e  Mediterranean Coast west 
of Alexandria;  (2)  the  Mediterranean Coast e a s t  of t h e  d e l t a  near  Po r t  
s a i d ;  and ( 3 )  a long  t h e  coas t  of t h e  Gulf of Suez and t h e  Red Sea. A 
French f i rm ,  SOFRATOME, i s  c u r r e n t l y  i d e n t i f y i n g ,  eva lua t ing ,  and 
ranking p o t e n t i a l  nuc lear  p l a n t  sites i n  each of t h e s e  t h r e e  a r e a s  
cons ider ing  s i te  s e i s m i c i t y ,  geology and s o i l s ,  hydrology, acces s  t o  
t r a n s p o r t ,  weather cond i t i ons ,  popula t ion  proximity,  a cces s  t o  sources  
of* aggrega te ,  e t c .  
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Two l o c a l  s e i s m i c a l l y  a c t i v e  b e l t s  e x i s t  i n  Egypt: (1) t h e  Abu 
Roash - North S i n a i  b e l t  which passes  through He l iopo l i s  toward I s m a i l i a ;  
and (2)  t h e  Red Sea - South Greece b e l t  extending from t h e  w e s t  coas t  of 
t h e  Red Sea (near  t h e  Gulf of Suez) through t h e  Nile Del ta  and t h e  
Mediterranean t o  South Greece. The maximum i n t e n s i t y  ear thquake r epor t ed  
i n  e i t h e r  of t h e s e  zones i n  Egypt is about 5 on t h e  modified Marcal i  
s c a l e .  It does no t  appear t h a t  s e i s m i c i t y  should l i m i t  t h e  a v a i l a b i l i t y  
of sites. 

Locat ion of p l a n t s  on s e a  c o a s t s  a l lows  acces s  t o  adequate c o o l i n g .  
water  e i t h e r  by once-through s e a  water cool ing ,  o r  p o s s i b l e  s a l t  
water c o o l i ~ g  towers. S imi l a r ly ,  weather cond i t i ons  along t h e  c o a s t s  d o  . ,  

no t  appear t o  be a major l i m i t a t i o n  on p l a n t  s i t i n g .  F i n a l l y ,  sites 
would appear t o  be a v a i l a b l e  i n  t he  t h r e e  noted a r e a s  which a r e  suf f i -  
c i e n t l y  remote from l a r g e  popula t ion  c e n t e r s .  

In summary, t h e  a v a i l a b i l i t y  of s u i t a b l e  nuc lear  p l a n t  s i t e s  would 
no t  appear t o  be a l i m i t i n g  resource  on t h e  a p p l i c ~ t i o n  of nuc lear  
power p l a n t s  through t h e  year  2000. 

4.3 S i t i n g  and S a f e t y  Regulat ions 

4.3.1 Codes and Standards:  Egypt has  a l i m i t e d  number of s tandards, '  
none of which were ind ica t ed  a s  mandatory. Implementation of ' s i t i n g ,  
s a f e t y ,  and q u a l i t y  assurance  requirements w i l l  involve  ex tens ive  use  of . . . . 

codes and s t anda rds  i n  a number of a r e a s ,  which i n  t u r n ,  w i l l - r e q u i r e  
experienced and q u a l i f i e d  manpower and a r e g u 1 a t o r y . a u t h o r i t y ' t o  i n s u r e  
t h e i r  proper  a p p l i c a t i o n .  

Well founded codes and s t anda rds  can be  obta ined  by e i t h e r  of two 
a l t e r n a t i v e  means: (1) Egypt can prepare  its own, drawing upon those  

.used  by o t h e r  c o u n t r i e s ;  o r ,  ( 2 )  Egypt can adopt and apply codes and 
s t anda rds  developed and proven t o  be adequate i n  o t h e r  c o u n t r i e s ,  t h e  
IAEA, o r  o the r  i n t e r n a t i o n a l  bodies .  

Egypt has  opted f o r  t he  approach of adopting r e a d i l y  a v a i l a b l e  
codes and s t anda rds  developed by o t h e r s  f o r  i ts  s p e c i f i c  nuc lear  power 
p l a n t  p r o j e c t  needs,  a t  l e a s t  u n t i l  i t  is a b l e  t o  modify those  codes 
and s t anda rds  t o  i t s  l o c a l  cond i t i ons  and requirements.  In t h i s  
l i g h t ,  Egypt p l a n s  t o  use  U. s.' codes and s t anda rds  f o r  t h e  S i d i  Krier 
p l a n t .  I£, i n  t h e  f u t u r e ,  nuc lear  power p l a n t s  a r e  procured from 
o the r  nuclear-export  c o u n t r i e s ,  Egypt expec t s  t o  use  t h e  codes and 
s t anda rds  of t h a t  expor t ing  country,  a t  least f o r  i ts  i n i t i a l  procure- 
ments from t h a t  country. 

A cha l l enge  evolving from t h i s  approach w i l l  be  t o  main ta in  an 
e f f e c t i v e  q u a l i t y  assurance  and in spec t ion  program using s e v e r a l  
d i f f e r e n t  s e t s  of codes and s tandards .  Fo r tuna te ly ,  t h e  codes and 



s t anda rds  of most nuc l ea r  expor t ing  c o u n t r i e s  have a  f a i r  degree of 
t e c h n i c a l  cons is tency .  However, i t  w i l l  be  necessary  t o  t r a i n  an 
experienced cadre  of Egyptian QA personnel  and i n s p e c t o r s  capable  of 
u s ing  and d i s t i n g u i s h i n g  between s e v e r a l  s e t s  of codes and s t anda rds .  

The p o t e n t i a l  use of s e v e r a l  s e t s  of codes and s t anda rds  could 
a l s o  pose a  problem i n  t h e  development of Egyptian manufacturing 
and engineer ing  s e r v i c e  i n d u s t r i e s .  A t  t h a t  t i m e ,  Egypt may f i n d  it 
d e s i r a b l e  t o  develop i t s  own codes and s t anda rds  through mod i f i ca t i on  of 
t hose  of o t h e r  c o u n t r i e s .  

An a s s o c i a t e d  need w i l l  be t h e  i n t e g r a t i o n  of nuc le?r  codes and 
s t anda rds ,  i n s p e c t i o n ,  and q u a l i t y  assurance  i n t o  Egypt's i n f r a s t r u c -  
t u r e  suppor t ing  nuc l ea r  energy,  which must have v i a b l e  QA programs f o r  
nuc l ea r  work and q u a l i f i e d  personnel .  The enforcement of t h e s e  QA 
programs must be a  f u n c t i o n  of t h e  nuc lear  r e g u l a t o r y  body, w i th  t h e  
NPPA t ak ing  t h e  l e a d  i n  implementation. 

4 . 3 . 2  Regulatory Evalua t ion  Process ,  Organiza t ion ,  and S t a f f i n g :  
The IAEA., i? i t s  "Code of P r a c t i c e  f o r  Safe  Operat ion of Nuclear 
Power P lan ts"  s t a t e s  t h a t  "In d i scharg ing  i t s  r e s p o n s i b i l i t i e s  f o r  
p u b l i c  h e a l t h  and s a f e t y ,  t h e  government should i n s u r e  t h a t  t h e  opera- 
t i o n a l  s a f e t y  of a  nuc l ea r  r e a c t o r  is  s u b j e c t  t o  s u r v e i l l a n c e  by 
a  r e g u l a t o r y  body independent of t h e  ope ra t i ng  organiza t ion ."  The 
fol lowing primary r e s p o n s i b i l i t i e s  must be assigned:  

1. Es t ab l i sh ing  o r  adopt ing s a f e t y  c r i t e r i a  and s a f e t y  
requirements  f o r  t h e  nuc lear  i n s t a l l a t i o n .  \ 

2. Es t ab l i sh ing  c r i t e r i a  f o r  s e l e c t i n g  o p e r a t o r s  and 
s e t t i n g  methods t o  v e r i f y  t h e i r  q u a l i f i c a t i o n s  f o r  an 
ass igned  job . 

3 .  Safe ty  assessment  of t h e  des ign  of any nuc l ea r  
i n s t a l l a t i o n  i n  a l l  i t s  s t a g e s  i nc lud ing  des ign  devel- 
opment a f t e r  ope ra t i on .  

4 .  I s su ing  permi ts  f o r  c o n s t r u c t i o n  and ope ra t i on  of 
t h e  i n s t a l l a t i o n .  

5. In spec t ion  dur ing  a l l  phases of c o n s t r u c t i o n  and 
o p e r a t i o n  of t h e  i n s t a l l a t i o n  t o  check conformity wi th  
t h e  approved des ign  and ope ra t i ng  l i m i t s .  

6. I s su ing  l i c e n s e s  f o r  o p e r a t o r s  and p e r i o d i c  t e s t i n g  
of t h e i r  q u a l i f i c a t i o n s  f o r  t h e i r  ' r e s p o n s i b i l i t i e s .  

It is f u r t h e r  s p e c i f i e d  t h a t  "In performing i t s  f u n c t i o n ,  t h e  
r e g u l a t o r y  body should a c t  independent ly  of a p p l i c a n t s ,  vendors  and 
ope ra t i ng  o r g a n i z a t i o n s ,  and should a l s o  n o t  be  d i r e c t l y  r e s p o n s i b l e  
f o r  promotion of nuc l ea r  energy. However, f u l l  use  of a v a i l a b l e  



e x p e r t i s e  f s . e s s e n t i a 1  and should be made under the c o n t r o l  of t h e  
r e g u l a t o r y  body ." 

This  l e a d s  t o  a  choice  between (1) forming a  nuc lear  r egu la to ry  
body before .  t h e  i n i t i a t i o n  of a  nuc lear  p l a n t  program, (2)  t ak ing  

' t h i s  s t e p  s h o r t l y  a f t e r  t h e  nuc lear  program i s  underway, o r  (3 )  
depending, a t  l e a s t  i n i t i a l l y ,  upon t h e  nuc lear  r egu la to ry  body of 
another  country under some s e r v i c e  arrangement. The c u r r e n t  t h ink ing  
i n  Egypt appears  t o  be  t h a t  t h e  l a t e  es tab l i shment  o f ' i t s  own nuc lear  . 
r egu la to ry  body i s  n o t  adv i sab l e ,  and, t h e r e f o r e ,  a  nuc lear  regula-  
t o r y  body must b e  e s t a b l i s h e d  be fo re  implementing i t s  f i r s t  nuc lear  
power p l a n t  p r o j e c t .  The p o s s i b i l i t y  of remaining dependent upon an 
e x t e r n a l  r egu la to ry  body does n o t  appear t o  have been s e r i o u s l y  
considered.  

This  makes es tab l i shment  of an Egyptian Nuclear Reghlatory Board 
(ENRB) an urgent  ma t t e r .  Decis ions a r e  needed now a s  t o  i t s  organ- 
i z a t i o n ,  i t s  review and eva lua t ion  procedures  and c r i t e r i a ,  and s t a f f i n g .  
I d e n t i f i c a t i o n  of q u a l i f i e d  people  f o r  t he  ENRB s t a f f  should be  
s t a r t e d  immediately. 

The AEE h a s  a  s t a f f  .of about 2200, approximately 200 hold ing  
Ph.D8s and over 600 wi th  advanced degrees .  This i s  a  p o t e n t i a l  source  
of q u a l i f i e d  people.  Training and exper ience  i n  t h e  r egu la to ry  review 
process  and app rop r i a t e  a p p l i c a t i o n  of codes,  s t anda rds  and eva lua t ion  
c r i t e r i a  w i l l  b e  u rgen t ly  nee'ded. Egypt is  cons ider ing  an o f f e r  by 
t h e  U.S. Nuclear Regulatory Commission (NRC) t o  hos t  l i m i t e d  numbers 
of Egyptian s p e c i a l i s t s  f o r  t r a i n i n g  i n  performing t y p i c a l  NRC t a s k s .  
In  view of t h e  ex t ens ive  t r a i n i n g  requirements  of t h e  ENRB, t h i s  o f f e r  
by t h e  U.S. NRC might be  h e l p f u l  bu t  i s  i n s u f f i c i e n t .  

Since t h e  i n i t i a l  work of t h e  ENRB might on ly  be ,pa r t - t ime ,  
t h e r e  may b e  problems i n  a s su r ing  complete independence of i t s  s t a f f .  
Cons idera t ion  could be  g iven  t o  prepar ing  and implementing ' c o n f l i c t  of - 
i n t e r e s t  r e g u l a t i o n s  f o r  t h e  ENRB s t a f f .  

A r e l a t e d  d i f f i c u l t y  w i l l  be  t h e  p o t e n t i a l  need t o  modify o r  
amend U.S. NRC Regulatory Guides a s  app l i ed  i n  Egypt based on Egypt's 
l o c a l  cond i t i ons  and problems. Other sof tware- re la ted  problems 
invo lve  t he  s e l e c t i o n  and a v a i l a b i l i t y  of computer programs, a n a l y t i c  
methods and experimental  d a t a  i n  a number of d i v e r s e  t e c h n i c a l  a r e a s  
f o r  use i n  t h e  des ign  review process .  This w i l l  undoubtedly e n t a i l  a  
need f o r  r e l i a n c e  on o u t s i d e  a s s i s t a n c e  i n i t i a l l y .  

The ENRB w i l l  r e q u i r e  c e r t a i n  f a c i l i t i e s ,  i nc lud ing  computational 
f a c i l i t i e s  f o r  de s ign  reviews and s a f e t y  assessments .  Information 
s t o r a g e  and r e t r i e v a l  f a c i l i t i e s  and systems w i l l  b e  r equ i r ed .  Access 
t o  f o r e i g n  informat ion  c e n t e r s  should be arranged.  



Es tab l i sh ing  and main ta in ing  an ENRB w i l l  be c o s t l y .  Large 
numbers of  people  and many d e t a i l e d  o r g a n i z a t i o n a l  and s t a f f i n g  choices  
a r e  involved. It was no t  p r a c t i c a l  t o  e s t ima te  t h e  t o t a l  c o s t  of 
e s t a b l i s h i n g  and main ta in ing  an ENRB. A d e t a i l e d  p lan  of a c t i o n ,  
s p e c i f i c  t o  Egyptian c o n d i t i o n s ,  needs t o  be  prepared t o  e s t a b l i s h  t h e  
ENRB . 

It i s  a l s o  noted t h a t ,  should t h e r e  be  a  major r educ t ion  i n  
Egypt's p ro j ec t ed  nuc lear  gene ra t i ng  c a p a c i t y ,  t hen  c u r r e n t  t h ink ing  
may need t o  be  a l t e r e d  i n  t h e  d i r e c t i o n  of increased  r e l i a n c e  on 
c o n s u l t a n t s  and suppor t  by t h e  r e g u l a t o r y  bodies  of o t h e r  c o u n t r i e s .  

4.4 Equipment Manufacture and P l a n t  Cons t ruc t ion  

The f i r s t  Egyptian nuc lear  power p l a n t  w i l l  be  provided and 
cons t ruc t ed  on a  modified turn-key arrangment wi th  e s s e n t i a l l y  a l l  
p r o f e s s i o n a l  and s k i l l e d  c r a f t s  manpower, equipment and c o n s t r u c t i o n  
m a t e r i a l s  be ing  imported. However, Egypt's po l i cy  is  t h a t  some l o c a l  
manufacture be  included i n  m a t e r i a l  o r  equipment supply c o n t r a c t s ,  
w i t h  a  minimum o b j e c t i v e  be ing  25 pe rcen t .  

* 

Egypt h a s  t h e  b a s i c  m a t e r i a l  c a p a b i l i t y  t o  develop a  c a p a c i t y  f o r  
l o c a l  manufacture of some i t e m s  t o  suppor t  nuc l ea r  cons t ruc t ion .  A 
demonstrat ion of t h i s . c a p a b i l i t y  i s  i n  t h e  l a t e s t  expansion of t h e  
Helwan S t e e l  Works where about 80 pe rcen t  of t h e  equipment f o r  an a d d i t i o n a l  
b l a s t  fu rnace  complex was manufactured i n  Egypt. Egypt h a s  s e v e r a l  
o rgan iza t ions  wi th  carbon s t e e l  machining and manufacturing c a p a b i l i t y .  
One apparent  l i m i t  i s  a  60-ton c r a n e  c a p a c i t y  l i m i t .  Add i t i ona l ly ,  
t h e r e  is  on ly  a  l i m i t e d  s t a i n l e s s  s t e e l  welding c a p a b i l i t y  i n  Egypt. 
This  w i l l  have t o  be increased  t o  suppor t  t h e  p ro j ec t ed  c o n s t r u c t i o n  of 
power p l a n t s  (nuc l ea r  o r  thermal) .  The f a c i l i t y  needs f o r  t h i s  a r e  
s m a l l ;  t h e  main problem w i l l  be manpower t r a i n i n g .  The development of 
t h e  q u a l i f i e d  manpower and QA methods, procedures ,  and s t anda rds  a r e  
e s s e n t i a l  p r e r e q u i s i t e s  f o r  l o c a l  manufacture and must be  g iven  h igh  
p r i o r i t y .  

Ce r t a in  i t e m s  of nuc l ea r  power p l a n t s  could no t  reasonably  b e  
expected,  even under optimum cond i t i ons ,  t o  be  s u i t a b l e  f o r  l o c a l  
manufacture o r  supply dur ing  t h e  pe r iod  t o  2000. Those nuc l ea r  p l a n t  
equipment i t ems  judged a s  n o t  s u i t a b l e  f o r  Egyptian l o c a l  manufacture  
inc lude :  

1. Nuclear g rade  f o r g i n g s  and c a s t i n g s  

2. S t a i n l e s s  s teel  p ip ing  

3. Heavy s e c t i o n , - n u c l e a r  g r ade  p ip ing  and f i t t i n g s  

4. Reactor  vessels 

5. Steam gene ra to r s  



6 .  P r e s s u r i z e r s  

8. Main coo lan t  pumps and d r i v e s  

I t e m s  which might be  l o c a l l y  provided,  i f  a manufacturer l o c a t e s  
and ope ra t e s  a product ion  f a c i l i t y  i n  Egypt f o r  expor t ,  a s  we l l  a s  
domestic consumption inc lude :  

1. Ins t rumenta t ion  and a c o n t r o l  equipment 

2. Small and moderate s i z e  e l e c t r i c  motors and d r i v e s  

3. Switch gear  

4. Control  rod d r i v e s  

Items which appear t o  be  f avo rab l e  f o r  l o c a l  manufacture o r  
supply i n c l u d e  : 

1. S t r u c t u r a l  steel 

2. Cement 

3. Reinforcing s teel  (Rebar) 

4. Non-nuclear piping 

5. Non-nuclear v a l v e s  

6 .  Radioact ive waste process ing  equipment 

7. Small pumps 

8. Machining of components up t o  60 t o n s ,  where forming and 
welding was done p r i o r  t o  shipment 

, 
9 .' Piping spool. p i eces  

10. Containment v e s s e l  m a t e r i a l s  and on-s i te  assembly 

Egypt provides  a s i g n i f i c a n t  p o r t i o n  of c o n s t r u c t i o n  c r a f t s  l abo r  
i n  t h e  Middle East .  This  i s  a b e n e f i t  on Egypt's ba lance  of t r a d e  due 
t o  f o r e i g n  exchange r e t u r n s .  The problem i s  t h a t  t h i s  expor t  of 

e s k i l l e d  c r a f t  l abo r  c o n s t i t u t e s  a con t inua l  d r a i n  on Egypt's r e sou rces  
of t r a i n e d  manpower. Therefore ,  f o r  Egypt. t o  main ta in  a s i g n i f i c a n t  
pool  of t r a i n e d  Egyptian c o n s t r u c t i o n  personnel ,  i t  must provide 

I s u f f i c i e n t  i n c e n t i v e  t o  a t t r a c t  and keep t o p  c a p a b i l i t y  l e v e l s  of 
t h e s e  experienced Egyptian people  t o  work on p r o j e c t s  i n  Egypt. This 
s u b j e c t  is  d iscussed  i n  more depth i n  Annex 12-Manpower. 



Egypt's Min i s t ry  of E l e c t r i c i t y  h a s  t h r e e  c o n s t r u c t i o n  compan- 
ies. Arrangments a r e  now underway t o  make t h e s e  c o n s t r u c t i o n  compan- 
ies j o i n t  v e n t u r e s  w i th  major worldwide c o n s t r u c t i o n  'companies. One 
would be a j o i n t  v e n t u r e  w i th  a  U.S. company, Brown and Root. The 
o t h e r  two would become j o i n t  ven tu re s  wi th  des igna ted  c o n s t r u c t i o n  
companies i n  I t a l y  and Aus t r ia .  

There a r e  a l s o  p r i v a t e  s e c t o r  c o n s t r u c t i o n  companies (no t  owned 
by t h e  government) which are r a p i d l y  growing and undertaking an 
inc reas ing  s h a r e  of Egyptian cons t ruc t ion .  Cons t ruc t ion  on t h e , £ i r s t  
nuc l ea r  p l a n t  ( S i d i  K r i e r )  i s  c u r r e n t l y  envis ioned  t o  be  accomplished 
by J. A. Jones,  a  U. S. c o n s t r u c t i o n  company o p e r a t i n g ,  i n  Egypt. I f  
exper ience  from t h i s  p r o j e c t  can be. s u c c e s s f u l l y  t r a n s f e r r e d ,  Egypt's 
c o n s t r u c t i o n  companies should b e  a b l e  t o  p lay  a g r e a t e r  r o l e  i n  
sub6equent nuc l ea r  power p l a n t  c o n s t r u c t i o n  a c t i v i t i e s .  

4.4.1 Mul t i p l e  Supply Sources: Assuming arrangments f o r  t h e  S i d i  
Krier p r o j e c t  proceed s u c c e s s f u l l y ,  t h e  f i r s t  EgyptAan nuc l ea r  p l a n t  
w i l l  be a  U.S. designed and manufactured p re s su r i zed  water r e a c t o r  
(PWR) type  nuc l ea r  power p l an t .  There i s  a  s i g n i f i c a n t  i n c e n t i v e  f o r  
c o u n t r i e s  dur ing  t h e  e a r l y  s t a g e  of t h e  use of nuc l ea r  power systems t o  
s t anda rd i ze  on a  s i n g l e  type  of p l a n t  des ign .  . This  o f f e r s  sav ing  i n  
s p a r e  p a r t s ,  t r a i n i n g  programs, s a f e t y  des ign  reviews,  o p e r a t i o n s  and 
maintenance s e r v i c e  needs ,  f u e l  procurement, e t c .  

A t  t h e  same t i m e ,  i t  must be  recognized t h a t  m u l t i p l e  .supply 
sou rces  pos s ib ly  wi th  d i f f e r e n t  r e a c t o r  types  w i l l  compete f o r  subse- 
quent  Egyptian nuc l ea r  power p l a n t  p r o j e c t s  and t h e r e  could  be  sub- 
s t a n t i v e  advantages t o  Egypt t o  u t i l i z e  d i f f e r e n t  supply sou rces  f o r  
t hose  subsequent p r o j e c t s ,  (e.g., assured  i n t e r n a t i o n a l  f i nanc ing ) .  
U s e  of a l t e r n a t i v e  supply  sou rces  i nvo lves  n o t  on ly  d i f f e r e n t  co .un t r ies ,  
b u t  s i g n i f i c a n t  d i f f e r e n c e s  i n  r e a c t o r  des ign  both  w i th in  t h e  same 
type  a s  w e l l  as i n  d i f f e r e n t  t ypes ,  i.e., PWR, b o i l i n g  water r e a c t o r  
(BWR), and heavy water  r e a c t o r  (HWR). Ek i s t i ng  supply  sou rces  and 
r e a c t o r  types  inc lude :  U.S.--both PWR's and BWR8s; France--PWRes 
under U. S. l i c e n s e  arrangements ; West Germany--PWR's ; Russia--PWR's ; 
and Canada--HWR's. P o t e n t i a l  s u p p l i e r s  and r e a c t o r  types  inc lude :  
Japan--PWRes and BWR's , and India--HWR8s. 

Both PWR's and BWR's r e q u i r e  enrichment of t h e  uranium 235 
i so tope  i n  t h e  f u e l  t o  be  used. A major advantage of HWR8s i s  t h a t  
t hey  can use  n a t u r a l  uranium, t hus  avoid ing  t h e  need f o r  f u e l  enr ich-  
ment s e r v i c e s ;  however, HWR's may use  some enrichment of f u e l  (legs 
t han  f o r  PWR's and BWR's) on t h e  b a s i s  ,of l e a s t  c o s t  e l e c t r i c  genera- 
t i o n .  The fol lowing d i s c u s s i o n  i n  t h i s  annex addresses  PWR's. 
The fol lowing key d i f f e r e n c e s  e x i s t  between PWRes.and HWR's: 

o  C a p i t a l  c o s t  of HWR's a r e  h igher  by about  25 pe rcen t .  

o  Operat ing c o s t  is  inc reased  due t o  t h e  need f o r  r ep l ac ing  
l o s s e s  of expens ive  heavy water.  



o The use of n a t u r a l  uranium and a throw-away f u e l  c y c l e  removes 
. . t h e  n e c e s s i t y  f o r  f u e l  enrichment and f u e l  processing f a c i l i t i e s .  

,o More f u e l  must be f a b r i c a t e d  due t o  lower burnup r e s u l t i n g  from 
use of n a t u r a l  ( o r  only s l i g h t l y  enriched)  uranium. 

4.4.2 S p e c i a l i t y  Serv ices :  Operation and maintenance of nuc lea r  
power p l a n t s  involves  a need f o r  many s p e c i a l t y  s e r v i c e s  such a s  
ins t rument  maintenance, r a d i a t i o n  monitor ing,  h e a l t h  phys ics ,  f u e l  
management, water chemistry s e r v i c e s ,  e t c .  These s p e c i a l t y  s e r v i c e s  
can be  c o s t l y  i f  done on a s i n g l e  p l a n t  b a s i s  and s i g n i f i c a n t l y  lower 
c o s t s  can b e  achieved through purchase from a s e r v i c e  source geared t o  
handle a l a r g e  number of p l a n t s .  Such s e r v i c e  sources  can provide 
h igh ly  t e c h n i c a l  and expensive personnel  and s o p h i s t i c a t e d  systems t h a t  
have bene f i t ed  from many yea r s  of exper ience  on o t h e r  p l an t s .  Recog- 
n i z ing  t h a t  t h e  NPPA h a s  t h e  a u t h o r i t y  t o  o b t a i n  q u a l i f i e d  e x p a t r i a t e  
l abo r  a s  needed, Egypc should c a r e f u l l y  review how t h e s e  s p e c i a l t y  
s e r v i c e s  w i l l  b e  provided f o r  t h e  f i r s t  p l a n t  and how i t  wishes t o  
proceed regarding such s e r v i c e  requirements a s  subsequent nuc lear  power 
p l a n t  p r o j e c t s  a r e  considered. 

, By t h e  mid-1980's, p l a n t s  of t h e  same type and des ign  as t h a t  a t  
se r S%di Kr ie r  w i l l  have been ope ra t ing  i n  Korea, Yugoslavia, Braz i l ,  and 

the  Ph i l i pp ines .  The p l a n t  i n  Korea is  now ope ra t ing ,  and t h e r e  w i l l  
b e  a t  least n ine  yea r s  o p e r a t i o n a l  experience by 1986. This provides  a 
source  f o r  ope ra t ing ,  maintenance, and t e s t i n g  procedures,  as we l l  a s  
o p p o r t u n i t i e s  f o r  t r a i n i n g  people. Egypt should consider  means t o  
e x e r c i s e  t h i s  oppor tun i ty  i n  i t s  p repa ra t ions  f o r  t he  S i d i  Krier  
pl'an t . 
4.'5 Fuel  Supply 

+'+ Egypt c u r r e n t l y  has  l i m i t e d  proven economically recoverable  r e s e r v e s  
o f ,  uranium and thorium. Therefore,  a l though nuclear  energy appears  t o  
o f f e r  lower c o s t  e l e c t r i c  energy than  use of o i l - f i r e d  e l e c t r i c  
gene ra t ion ,  i t  could involve  g r e a t e r  dependence by Egypt upon f o r e i g n  
f u e l  supply c a p a b i l i t i e s  un le s s  proven, economically recoverable ,  
ind-igenous f u e l  resources  can b e  found and developed. In a d d i t i o n ,  
dependence upon o t h e r  f o r e i g n  uranium enrichment and f u e l  f a b r i c a t i o n  
c a p a b i l i t i e s  w i l l  probably be  t h e  lowest  c o s t  means of acqu i r ing  these  
s g r v i c e s  f o r  a number of years .  In  t h i s  con tex t ,  a ma t t e r  of g r e a t  
importance t o  Egypt's planned use of nuc lear  energy w i l l  be t o  es ta -  
b l i s h  an indigenous uranium supply c a p a b i l i t y  and t o  ob ta in  an assured  
supply of o the r  nuc lear  f u e l  s e r v i c e s .  This s e c t i o n  reviews t h e  
nuc lear  f u e l  requirements  and t h e  prospec t  of an  indigenous f u e l  
supply c a p a b i l i t y  i n  t he  va r ious  a r e a s  of t h e  nuc lear  f u e l  cyc l e  
ope ra t ions .  

4.5.1 Uranium and Thorium Reserves: A smal l  e f f o r t  on sys temat ic  
prospec t ing  f o r  nuc lear  m a t e r i a l s  was begun i n  Egypt i n  1961. Small 



concen t r a t ions  of thorium and uranium were found t o  e x i s t  i n  uranium 
bear ing  monazite,  heavy mineral  beach sands and phosphate rock. However, 
t h e  concen t r a t ions  a r e  s u f f i c i e n t l y  low t h a t  economic recovery would be 
p o s s i b l e  only  i f  t h e  sands o r  phosphate rock were being used f o r  o the r  
purposes and the  e x t r a c t i o n  of uranium and thorium could be done a s  a 
by-product ope ra t ion  of these  o the r  economical uses .  To i l l u s t r a t e ,  a 
phosphate p l a n t  handl ing 500,000 tonnes of raw phosphate o r e s  per  year  
could t h e o r e t i c a l l y  produce about 25 tonnes of U 0 per  year .  3 8 
Large-scale processing of phosphate o r e s  is  no t  c u r r e n t l y  contemplated. 

A s  r epo r t ed  i n  more d e t a i l  i n  Annex 1-Energy Resources of Egypt, 
r e c e n t  exp lo ra t ion  a c t i v i t i e s  have focused upon a e r i a l  rad iometr ic  
surveys.  A l a r g e  number of r a d i o l o g i c a l  anomalies have been i d e n t i f i e d .  
Ground survey work has  not proceeded t o  the  p o i n t  t h a t  prospec t ive  
uranium d e p o s i t s  have been confirmed a s  proven r e se rves .  However, 
s e v e r a l  promising p o t e n t i a l  d e p o s i t s  have been t d e n t i f i e d  and i t  is  
p o s s i b l e  t h a t  Egypt could,  w i th in  a number of yea r s ,  have s i g n i f i c a n t  
proven r e se rves  of economically recoverable  uranium. Egypt has r e c e n t l y  
i n i t i a t e d  d i scuss ions  with p r i v a t e  corpora t ions  t o  explore  p o s s i b l e  
arrangements t o  more thoroughly determine p o t e n t i a l  uranium re se rves  
through j o i n t  e f f o r t s  s i m i l a r  to those used with regard t o  o i l  r e se rves  
i n  Egypt. 

4 . 5 . 2  Uranium Ore Requirements: Taking i n t o  account f u e l  processing 
l o s s e s  (e.g., enrichment t a i l s )  and f u e l  remaining i n  the  f u e l  elements 
upon d i scha rge  from the  r e a c t o r ,  a PWR type nuc lear  power p l a n t  r e q u i r e s  
about 15 me t r i c  tonnes of U 0 per  year  f o r  each 100 MWe of gener- 

8 a t i n g  capac i ty .  On t h i s  b a a i s  a 600 W e  nuclear  power p l a n t  needs 
about 90 me t r i c  tonnes of uranium a s  f u e l  f o r  each year  of opera t ion .  

To i l l u s t r a t e  p o t e n t i a l  mine and m i l l  requirements ,  i f  one assumes 
a t y p i c a l  s u r f a c e  mine of 6800 tonnes per  day of  o r e  of 0.02 percent  '4: 

(200 ppm) concen t r a t ion  of U 0 ope ra t ing  70 percent  of t he  time and 
3 8 with an 80 pe rcen t  recovery of U 0 i t  would produce about 275  3 8 '  tonnes per year  of U 0 The c o s t  of such a s u r f a c e  mine would be 8 

on t h e  order  of eighZ m i l l i o n  Egyptian pounds. Such a mine would a l s o  
r e q u i r e  a s e l f - s t and ing  uranium m i l l i n g  p l a n t  un less  a number of mines 
were s u f f i c i e n t l y  c l o s e  in proximity t h a t  a s i n g l e  l a r g e  m i l l  could 
s e r v e  a number of mines. A m i l l i n g  p l a n t  t o  process  t he  o r e  output  of 
t h i s  hypothesized mine and e x t r a c t  the  U 0 from i t  would cos t  on 
the  order  of 4.5 m i l l i o n  Egyptian pounds? 'such a mine and m i l l  complex 
could support  about 1800 MWe of nuc lea r  genera t ing  capac i ty .  

A minimum of four  yea r s  would be requi red  t o  b r ing  i n t o  ope ra t ion  
a uranium mine and m i l l  complex once a proven r e se rve  of o r e  s u f f i -  
c i e n t  t o  warrant  t h e  investment has  been determined t o  e x i s t .  Therefore,  
i f  Egypt wishes t o  e s t a b l i s h  its own means of supplying uranium f o r  
t he  ope ra t ion  of i t s  nuclear  power p l a n t  program, uranium exp lo ra t ion  
and development a c t i v i t i e s  a r e  of t h e  h ighes t  p r i o r i t y .  



4.5.3 Conversion o£ U308, t o  UP6: 
Conversion of t h e  product  o r  

uranium m i l l s ,  U308, t o  UF i s  r equ i r ed  a s  a p r e r e q u i s i t e  t o  6 i nc reas ing  t h e  concen t r a t i on  of t h e  U-235 i so tope  i n  a f u e l  enrichment 
p l a n t .  An economically compet i t ive  conversion p l a n t  would have a 
c a p a c i t y  of about 10,000 t o n s  per  year  of UF . This  i s  about  5 t o  1 0  
t i m e s  t h e  amount of uranium conversion t h a t  kgypt would need i n  t h e  
year 2000. Therefore ,  c o n s t r u c t i o n  of a uranium conversion p l a n t  by 
Egypt would ap'pear t o  b e  economically i nadv i sab l e  and Egypt w i l l  probably 
remain dependent upon o t h e r  c o u n t r i e s  f o r  t h i s  s e r v i c e  throughout t h e  
per iod of t h i s  assessment .  

4.5.4 Uranium Enrichment: An economically compet i t ive  s i z e  
commercial gaseous d i f k u s i o n  p l a n t  (8.75 m i l l i o n  s e p a r a t i v e  work u n i t s  
a year )  would c o s t  about  3.4 b i l l i o n  Egyptian pounds. This  p l a n t  i s  
many t imes l a r g e r  than would be r equ i r ed  t o  handle  Egypt's maximum 
p ro j ec t ed  nuc lear  power p l a n t  c a p a c i t y  i n  t h e  year  2000. The e l e c t r i c  
supply f o r  such a p l a n t  would i n c r e a s e  Egypt's need f o r  energy. Hence, 
an at tempt  by Egypt t o  b r i n g  i n t o  be ing  i t s  own uranium enrichment 
c a p a c i t y  would appear t o  be  economically i nadv i sab l e .  

There a r e  development a c t i v i t i e s  underway i n  s e v e r a l  c o u n t r i e s  on 
o t h e r  uranium enrichment concepts  which o f f e r  t h e  prospec t  of lower 
u n i t  c o s t  of enr ichment ,  a long with t h e  prospec t  t h a t  sma l l e r  c a p a c i t y  
p l a n t s  could provide  economically compet i t ive  enrichment, s e r v i c e s .  
Egypt p lans  t o  cont inue  fol lowing developments on these  a c t i v i t i e s .  
I f  a system is  developed which is  economic' on a s c a l e  c o n s i s t e n t  wi th  
Egypt's needs,  t hen  Egypt might reexamine uranium enrichment op t ions .  

Egypt recognizes  numerous d i f f i c u l t i e s  wi th  uranium s e p a r a t i o n  
s e r v i c e s :  

1. Long l ead  c o n t r a c t s ,  r e q u i r i n g  advanced payments approxi- 
mately t e n  y e a r s  p r i o r  t o  d e l i v e r y  a r e  a v a i l a b l e .  There a r e  
pena l ty  c l a u s e s  i n  c a s e  of de l ays  by t h e  purchaser .  

2. The f u t u r e  c o s t  of enrichment r e p r e s e n t s  a major uncer- 
t a i n t y  i n  nuc l ea r  f u e l  c y c l e  cos t .  

3. A r e l i a b l e  long-term source  of supply is  needed. 

. ' Poss ib l e  advantages e x i s t  w i th  r e s p e c t  t o  r e g i o n a l  o r  m u l t i l a t -  
e r a l  arrangements,  bu t  a more a t t r a c t i v e  op t ion  appears  t o  be  t h e  
es tab l i shment  of a r e l i a b l e  source  of supply f o r  p rov i s ion  of t h e  
e n t i r e  f u e l  cyc le .  Any such arrangements should add re s s  a v a i l a b i l i t y  
of m a t e r i a l s  and s e r v i c e s ,  t ime ly  d e l i v e r y ,  p r i c e  gua ran t ee s ,  and 
assurance  of a p p l i c a t i o n  of sa feguards  t o  ach ieve  n o n p r o l i f e r a t i o n  
o b j e c t i v e s .  

Q 



4 .5 .5  Fuel  Fab r i ca t i on :  A t y p i c a l  economically s i z e d  f u e l  
f a b r i c a t i o n  f a c i l i t y  f o r  l i g h t  water r e a c t o r  (LWR) type f u e l s  would 
c o s t  i n  excess  of 50 m i l l i o n  Egyptian pounds and could f a b r i c a t e  about  
600 tonnes of uranium per  year  a s  enr iched  UO p e l l e t s  mounted i n  2 
f u e l  assemblies .  A s i n g l e  such p l a n t  could suppor t  a LWR type  nuc lear  
gene ra t i ng  capac i ty  of  aboilt 20,000 MWe. The p l a n t  would convert  UF 
t o  UOZ, p e l l e t i z e  t h e  U02 . ~d load t h e  p e l l e t s  i n t o  f u e l  assemblies  6' 

ready f o r  i n s e r t i o n  i n t o  t he  r e a c t o r  core .  A s  such,  t h e  f a b r i c a t i o n  
process  i nvo lves  many t e c h n i c a l l y  complex s t e p s  with a . v e r y  h igh  
requirement f o r  t e c h n i c a l  accuracy and q u a l i t y  assurance.  

Due t o  t h e  l a r g e  c a p a c i t y  of such a f a c i l i t y ,  c o n s t r u c t i o n  of a 
f u e l  f a b r i c a t i o n  p l a n t  by Egypt p r i o r  t o  2000 would mean i t  would 
i n i t i a l l y  need t o  o p e r a t e  on a p a r t i a l  b a s i s  'or would a l s o  be  supply- 
i n g  f u e l  f a b r i c a t i o n  s e r v i c e s  t o  o t h e r  c o u n t r i e s  t o  f u l l y  occupy i t s  
capac i ty .  Add i t i ona l ly ,  i n  some e v a l u a t i o n s ,  i t  h a s  been assumed t h a t  
compet i t ion  i n  t h e  1990's i n  t h e  world nuc lear  f u e l  f a b r i c a t i o n  i n d u s t r y  
w i l l  b r i ng  about even l a r g e r  s i z e d  f a b r i c a t i o n  p l a n t s  with reduced u n i t  
f u e l  f a b r i c a t i o n  p r i c e s .  

In t h i s  l i g h t ,  e n t r a n c e  by Egypt i n t o  t h e  nuc lear  f u e l  f ab r i ca -  
t i o n  bus iness  w i l l  probably n o t  be  economically a t t r a c t i v e  p r i o r  t o  
2000, and should be  cons idered  only i f  t h e  r e sou rces  requirements  of o t h e r  f 

h ighe r  p r i o r i t y  needs of Egypt's energy programs a r e  f u l l y  s a t i s f i e d .  

4 . 5 . 6  Spent Fue l  Processing:  A throwaway f u e l  cyc l e  was assumed 
f o r  t h i s  assessment .  Therefore ,  no spen t  f u e l  reprocess ing  was needed. 
I n  any event ;  wi th  t h e  c u r r e n t  s t a t e  of technology and t h e  s i g n i f i c a n t  
c o s t  versus  s i z e  s c a l i n g  f a c t o r s  involved i n  spen t  f u e i  reprocess ing  
f a c i l i t i e s ,  i t  was judged t h a t  spen t  f u e l  reprocess ing  would no t  b e  an 
.economically a t t r a c t i v e  op t ion  f o r  Egypt u n t i l  w e l l  beyond t h e  year  2000. 

4 . 5 . 7  Radioac t ive  Waste Disposal :  It is  assumed t h a t  spen t  f u e l  
w i l l  b e  r e tu rned  t o  t h e  f u e l  s u p p l i e r  pending dec i s ions  on f u e l  repro- 
ce s s ing  and plutonium recovery f o r  p o s s i b l e  use.  It was a l s o  assumed 
t h a t  Egypt h a s  ample o p p o r t u n i t i e s  t o  develop s i tes  f o r  s a f e  d i s p o s a l  
of low-level r a d i o a c t i v e  wastes  t h a t  would be genera ted  by r e a c t o r  
ope ra t i ons .  

Egypt h a s  l a r g e  a r e a s  p o t e n t i a l l y  s u i t a b l e  f o r  s a f e  d i s p o s a l  of 
h igh- leve l  r a d i o a c t i v e  wastes.  It i s  understood t h a t  Egypt' i s  eval-' 
u a t i n g  r a d i o a c t i v e  waste s t o r a g e  p rospec t s  a s  a p o s s i b l e  s e r v i c e  t o  be  
made a v a i l a b l e  on a commercial b a s i s  t o  o t h e r  coun t r i e s .  No d e t a i l s  
on t h i s  p o s s i b i l i t y  were a v a i l a b l e  a t  t h e  t i m e  of t h i s  assessment.  

4.6 Financing 

The o v e r a l l  a s p e c t s  of Egypt's a b i l i t y  t o  f i nance  i t s  planned 
expansions of energy supply c a p a b i l i t y  i nc lud ing  the  p rospec t ive  use  
of nuc e a r  power systems a r e  addressed i n  Appendix G. This  s e c t i o n  of k 
t h e  Nuclear Annex provides  comments on ly  on s e l e c t e d  nuc lear  s p e c i f i c  
a s p e c t s  of t h e  o v e r a l l  f i nanc ing  requirements  d i scussed  i n  t h a t  appendix. 



Throughout t h e  per iod  examined i n  t h i s  assessment ,  nuc l ea r  f i nanc ing  
requirements  f o r  t h e  c o n s t r u c t i o n  of power p l a n t s  a r e  t h e  dominant 
f a c t o r  i n  t o t a l  energy f i nanc ing  needs i f  t h e  h igh  p ro j ec t ed  nuc lear  
power p12nt c a p a c i t y  i s  t o  be pursued. Nuclear power p l a n t  f i nanc ing  
needs could be of t h e  o r d e r  of 9  b i l l i o n  Egyptian pounds ( n o t  i nc lud ing  
i n t e r e s t  dur ing  c o n s t r u c t i o n  and f u e l  supply c o s t )  depending, of 
cou r se ,  upon t h e  r a t e  a t  which nuc l ea r  power p l a n t s  a r e  cons t ruc ted .  As 
i s  ev iden t  from t h e  d i s cus s ions  of t h e  p r i o r  s e c t i o n ,  t h e r e  is g r e a t  
u n c e r t a i n t y  i n  t h e  degree  t o  which Egypt w i l l  f i n d  i t  econon ica l ly  
a t t r a c t i v e  t o  i n v e s t  i n  nuc lear  f u e l  c y c l e  f a c i l i t i e s ,  bu t  i n v e s t i n g  i n  
t he se  f a c i l i t i e s  would f u r t h e r  i n c r e a s e  Egypt's f i nanc ing  needs.  If 
l a rge - sca l e  proven r e s e r v e s  of uranium a r e  confirmed, t h e  f i nanc ing  of 
uranium mines and m i l l s  w i l l  i n t roduce  f i nanc ing  needs c o n s i s t e n t  wi th  
t h e  d i s cus s ion  i n  Sec t ion  4.5.2., which should no t  c o n s t i t u t e  a  problem. 
Also, i n  t h a t  ca se ,  f o r e i g n  p a r t i c i p a t i o n  i n  t h e  f i nanc ing  of mine and 
m i l l  development should be e a s i l y  arranged.  

Nuclear power p l a n t  procurement and c o n s t r u c t i o n  i n  Egypt w i l l  be  
c h a r a c t e r i z e d ,  a t  least i n i t i a l l y ,  by a  heavy dependence on imported 
l a b o r ,  m a t e r i a l s  and equipment. C lea r ly ,  i t  is i n  Egypt's b e s t  i n t e r e s t  
t o  reduce t h i s  dependence upon imported resources .  T I i l s  mat t e r  
was d i scussed  i n  some d e t a i l  i n  Sec t ion  4.4 of t h i s  Annex. However, i t  
should be recognized t h a t  s i g n i f i c a n t  changes i n  t H i s  r e s p e c t  would 
probably no t  t ake  p l a c e  u n t i l  t h e  1990 t ime per iod.  As such,  p rog re s s  
i n  t h i s  d i r e c t i o n  would no t  change s i g n i f i c a n t l y  t h e  f o r e i g n  f i nanc ing  
needs of t h e  nuc l ea r  energy program over t h e  per iod  of t h i s  assessment .  

S i t i n g  and cons t ruc t ion  of nuc l ea r  power p l a n t s  involve  long 
lead-times on t h e  o rde r  of 7-10 yea r s .  Y e t ,  f i nanc ing  of t h e  t o t a l  
c o n s t r u c t i o n  c o s t  of t h e  p r o j e c t  must be  arranged a t  t h e  t ime of 
commitment t o  i t s  cons t ruc t ion .  As d i scussed  i n  Appendix G, normal 
p r a c t i c e  i n  f i nanc ing  of l a r g e  c o n s t r u c t i o n  p r o j e c t s  is  t o  a l l ow  a  
g race  pe r iod  on deb t  repayment u n t i l  t h e  f a c i l i t y  becomes o p e r a t i o n a l  
and, thereby ,  income producing. I n t e r e s t  owed during t h i s  c o n s t r u c t i o n  
g race  per iod  is  accumulated and added t o  t h e  deb t  t o  be  r epa id  from 
ope ra t i ng  revenues.  It should be recognized t h a t  t h e  ex t ens ive  p l a n t  
c o n s t r u c t i o n  a c t i v i t i e s  conducted during t h i s  g r a c e  per iod  w i l l  c r e a t e  a  
s i g n i f i c a n t  i npu t  t o  t h e  economic a c t i v i t y  of Egypt p r i o r  t o  t h e  ob l iga-  
t i o n  t o  make repayments on t h e  debt .  This  e f f e c t  is  g r e a t e r  i n  t h e  c a s e  
of f a c i l i t i e s  such a s  nuc l ea r  power p l a n t s  which invo lve  h igh  c a p i t a l  
c o s t s  and long c o n s t r u c t i o n  lead-times. 

The nuc lear  f u e l  c y c l e  involves  a  number of a c t i v i t i e s  which 
spread i n  t ime from a  few y e a r s  p r i o r  t o  i n s e r t i o n  of t h e  f u e l  i n t o  
t h e  r e a c t o r  c o r e  through a  3-5 y e a r  c o r e  r e s idence  t i m e ,  t o  a  few y e a r s  
a f t e r  removal of t h e  f u e l  from the  c o r e  when f i n a l  d i s p o s i t i o n  of t h e  
spen t  f u e l  is accomplished. Because of t h i s  e x t e n s i v e  t i m e  pe r iod ,  i t s  
overlapping wi th  o t h e r  f u e l  p rov i s ion  arrangements,  and t h e  number of 
a c t i v i t i e s  involved ,  f i nanc ing  of nuc l ea r  f u e l  is  a  complex undertaking 
with many cash-flow i n t r i c a c i e s .  S p e c i a l t y  s e r v i c e s  a r e  a v a i l a b l e  from 
f u e l  Supp l i e r s  and c o n s u l t a n t s  t o  a s s i s t  i n  t h i s  complex undertaking.  
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However, i f  Egypt wishes t o  cons ider  o p t i o n a l  courses  regard ing  f u e l  
supply and t h e  assurance  of needed nuc lear  f u e l  s e r v i c e s ,  i t  w i l l  be 
important  t h a t  Egypt develop an independent e x p e r t i s e  i n  t h e  procurement 
and f i nanc ing  of nuc l ea r  f u e l s  and f u e l  s e r v i c e s .  

A s  noted i n  Sec t ions  4.2, 4.3, and 4.4, t h e  s i t i n g ,  c o n s t r u c t i o n  
and ope ra t i on  of nuc l ea r  power p l a n t s  involves  a  cons ide rab l e  suppor t ing  
i n f r a s t r u c t u r e .  Nuclear generatTon c o s t s  cannot  be  viewed independent 
of t h e  c o s t s  of t h e s e  i n ' f r a s t r u c t u r e  needs.  Crea t ion  of t h e s e  i n f r a -  
s t r u c t u r e  c a p a b i l i t i e s  can invo lve  a  s i g n i f i c a n t  expense f o r  t r a i n i n g ,  
s t a f f i n g ,  f a c i l i t i e . ~ ,  e t c .  This r equ i r ed  "investment f o r  t h e  f u t u r e "  i s  
cons iderab ly  g r e a t e r  f o r  nuc l ea r  power systems than  i t  is  f o r  more 
convent ional  power gene ra t i on  systems. 

During t h e  e a r l y  s t a g e s  of an expanding nuc l ea r  energy program when 
only  a  few p l a n t s  a r e  o p e r a t i n g ,  t h e s e  expenses could be s i g n i f i c a n t  
when measured i n  terms of t h e  u n i t  c o s t  of t h e  e l e c t r i c i t y  genera ted  by 
those few p l a n t s .  However, a s  more p l a n t s  become o p e r a t i o n a l ,  t h e  
c o n t r i b u t i o n  of t h e  c o s t  of t h i s  i n f r a s t r u c t u r e  becomes a  minor element 
i n  t he  t o t a l  c o s t  of e l e c t r i c i t y  gene ra t i on  by nuc l ea r  power p l a n t s .  

The p o t e n t i a l  e f f e c t s  of an expanded use of nuc l ea r  power systems 
a r e  addressed i n  t h e  con tex t  of t h e  fol lowing t o p i c s :  (a) pub l i c  
r e a c t i o n ,  (b)  environmental e f f e c t s ,  ( c )  r eg iona l  development, (d)  
t ransmiss ion  system needs ,  and,  ( e )  s o c i a l / c u l t u r a l  e f f e c t s .  

5.1 P u b l i c  Reac t ion  
, 

There has  been no p u b l i c  r e a c t i o n  t o  Egypt's planned u t i l i z a t i o n  of 
nuc l ea r  power systems a s  has  been experienced i n  many o t h e r  c o u n t r i e s .  
This i s  n o t  unexpected cons ider ing  t h e  e a r l y  s t a g e  of t h e  Egyptian 
a c t i v i t i e s  and t h e  l a c k  i n  Egypt of any organized group concerned wi th  
so-cal led environmental and pub l i c  ' s a f e t y  i s s u e s .  

I n  t h i s  l i g h t ,  Egypt has  devoted l i t t l e  a t t e n t i o n  t o  pub l i c  edu- 
c a t i o n  r e l a t i v e  t o  nuc l ea r  energy. Egypt does p l an  t o  conduct such a  
program when t h e  need a r i s e s .  However, i t  does n o t  view i t  a s  a  p r i o r i t y  
ma t t e r  a t  t h i s  e a r l y  s t a g e  of i t s  planned nuc lear  energy program. Egypt 
might re-examine t h e  need f o r  en la rged  pub l i c  educa t ion  a c t i v i t i e s  i n  
l i g h t  of t h e  exper ience  of o t h e r  c o u n t r i e s .  

5.2 Environmental E f f e c t s  

The impact of t h e  use of nuc l ea r  power systems upon t h e  environment 
w i l l  s tem p r imar i l y  from: s i t e  p repa ra t i on  and p l a n t  c o n s t r u c t i o n  
a c t i v i t i e s ,  cool ing  water  requirements  of t h e  p l a n t  and o t h e r  p l a n t  



d f l u e n c s .  Other gene r i c  environmental e f f e c t s  of energy f a c i l i t i e s  a r e  
add'res'sed i n  Annex 11-Environmental I s sues  Associated wi th  Egypts' 
Energy Options. 

S i t e  p r epa ra t i on  and p l a n t  c o n s t r u c t i o n  a c t i v i t i e s  f o r  a  nuc l ea r  
power p l a n t  a r e  b a s i c a l l y  t h e  same a s  those  f o r  an o i l -  o r  coa l - f i r ed  
power p l an t .  Although a  l a r g e r  si te i s  requi red  f o r  a  nuc lear  power 
p l a n t  t o  i n s u r e  an exc lus ion  a r e a  around t h e  p l a n t  f o r  s a f e t y  evalua- 
t i o n  purposes,  a c t u a l  s i te  occupancy of a  nuc l ea r  p l a n t  i s  g e n e r a l l y  
less than  t h a t  of coal-  o r  o i l - f i r e d  power p l a n t s  p a r t i c u l a r l y  when 
on - s i t e  f u e l  s t o r a g e  requirements  of t h e  'coal- and oil-power p l a n t s  i s  
t aken  i n t o  account.  Therefore ,  t h e  environmental e f f e c t  of s i t e  
p repa ra t i on  and p l a n t  c o n s t r u c t i o n  a c t i v i t i e s  of nuc l ea r  power p l a n t s  
a r e  no g r e a t e r  than those  of a  comparably s i z e d  coal- o r  o i l - f i r e d  
power p l a n t .  

Cooling water requirements  of nuc lear  power p l a n t s  a r e  g r e a t e r  than 
those  of comparably s i z e d  coal- o r  o i l - f i r e d  power p l a n t s .  This i s  due 
t o  t h e  somewhat h igher  p l a n t  e f f i c i e n c y  of new la rge-s ized  f o s s i l - f i r e d  
u n i t s .  If  t h e  f o s s i l - f i r e d  u n i t s  r e q u i r e  f l u e  g a s  desu lphur i za t i on  t o  , 

meet a i r  pol luLlon requirements ,  t h i s  d i f f e r e n c e  i n  cool ing  water needs 
i s  cons iderab ly  less. If  t h e  nuc lear  p l a n t s  a r e  l oca t ed  on t h e  Mediter- 
ranean and Red Sea c o a s t s ,  a s  i s  c u r r e n t l y  planned, t h i s  d i f f e r e n c e  i n  
cool ing  water needs should n o t  i n t roduce  a  s i g n i f i c a n t l y  d i f f e r e n t  
environmental e f f e c t .  

Nuclear power p l a n t s  e n j  oy a  cons ide rab l e  advantage i n  comparison 
wi th  f o s s i l - f i r e d  power p l a n t s  i n  t e r m s  of t h e i r  o t h e r  e f f l u e n t s .  
Nuclear p l a n t  e f f l u e n t s  would c o n s i s t  p r imar i l y  o f :  (a)  low-level 
r a d i o a c t i v e  gas  r e l e a s e s  a t  l e v e l s  cons iderab ly  below U.S. r e g u l a t o r y  
s t a n d a r d s ,  (b) some contaminated water  d i s cha rges  stemming from water  
t rea tment  ope ra t i ons ,  and ( c )  s o l i d  low-level r a d i o a c t i v e  waste m a t e r i a l s  

.. . , . " . . from p l a n t  ope ra t i ons  and maintenance a c t i v i t i e s .  In a d d i t i o n ,  spen t  
f u e l  and high-level  r a d i o a c t i v e  wastes  would be p e r i o d i c a l l y  removed 
from t h e  p l a n t  and t r anspo r t ed  t o  approved spen t  f u e l  management f a c i l -  
i t i e s  o r  high-level  waste d e p o s i t o r i e s .  

In  comparison, f o s s i l - f i r e d  power p l a n t s  r e l e a s e  l a r g e  q u a n t i t i e s  
of carbon d ioxide ,  su lphur  d iox ide ,  n i t r o u s  ox ides  and f i n e  p a r t i c u l a t e  
m a t t e r ' t o  t h e  atmosphere through t h e i r  s t acks .  Contaminated water  
d i s cha rges  from water t rea tment  ope ra t i ons  can be  s i m i l a r  i n  magnitude 
t o  those  of nuc lear  p l a n t s .  If a i r  p o l l u t i o n  s t anda rds  make f l u e  gas  
desu lphur i za t i on  necessary ,  s i g n i f i c a n t  q u a n t i t i e s  of l imes tone  s ludge  
o r  o t h e r  chemical i n t e r a c t a n t s  would need t o  be  disposed o f .  

5.3 Regional Development P lans  

U t i l i z a t i o n  of nuc lear  power p l a n t s  and t h e i r  p rospec t ive  l o c a t i o n  
a long  the  c o a s t s  of t h e  Mediterranean and Red Seas would appear t o  
co inc ide  n i c e l y  with Egypt's r e g i o n a l  development goa l s  o f :  (a) develop- 
i n g  new communities i n  t he se  a r e a s  t o  accommodate Egypt's growing 
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popula t ion ,  (b)  providing g r e a t e r  employment i n  non-agricul ture  economic 
a c t i v i t i e s ,  and ( c )  r a i s i n g  the  economic we l l  being of t h e  c i t i z e n s  of 
Egypt. Construct ion of nuc lea r  power p l a n t s ' w i l l  involve  a  c o n s t r u c t i o n  
l a b o r  f o r c e  of a  few thousand people over a  per iod of about f i v e  years .  
In  i n i t i a l  p l a n t s . 3 0  pe rcen t  o r  niore of t h i s  l a b o r  f o r c e  w i l l  be imported 
l abo r .  A s  f u t u r e  p l a n t s  a r e  b u i l t ,  more of t h e  cons t ruc t ion  l a b o r  f o r c e  
could be drawn from Egypt's l a b o r  market. In  add i t i on ,  t h e r e  w i l l  be  
s u b s t a n t i v e  demands f o r  suppor t ing  community and commercial s e r v i c e s  
t h a t  w i l l  d e r i v e  from t h e  presence of t h i s  s i z e a b l e  well-paid l a b o r  
force .  

In Egypt, nuc l ea r  p l a n t  ope ra t ions  s t a f f s  a r e  p ro j ec t ed  t o  be of 
t h e  order  of a  few hundred people.  Therefore,  a f t e r  p l a n t  c o n s t r u c t i o n  
i s  completed, t h e  nuc lea r  p l a n t  w i l l  niake a  r e l a t i v e l y  smal l  d i r e c t  
c o n t r i b u t i o n  t o  t h e  l o c a l  employment s i t u a t i o n .  However, t h e  ve ry  
e x i s t e n c e  of t h e  nuc lear  power p l a n t  could open o p p o r t u n i t i e s  f o r  
l o c a t i o n  of o t h e r  high-employment i n d u s t r i e s  due t o  t h e  i n f r a s t r u c t u r e  
development which was necessary  t o  support  t h e  nuc lear  p l a n t  construc-  
t ion .  Nuclear p l a n t s  can a l s o  b e  t h e  source  of. l a r g e  q u a n t i t i e s  of 
low-temperature h e a t  which could be appl ied  t o  water d e s a l t i n g  and low 
temperature i n d u s t r i a l  needs . in co-generation o p e r a t i o n a l  modes. 

5.4 E l e c t r i c  Transmission System Needs ?. 

Nuclear power p l a n t s ,  because of advantages of s c a l e ,  tend t o  be  
la rge-s ized  u n i t s  of 600 MWe o r  l a r g e r .  Nuclear s a f e t y  eva lua t ions  
r e s u l t  i n  t he  requirement t h a t  nuc lea r  p l a n t s  be  served by two s e p a r a t e ,  
independent sources  of o f f - s i t e  e l e c t r i c i t y  of fu l l - s i zed  capac i ty .  The ';' 
ex i s t ence  of large-sized genera t ing  u n i t s  on an e l e c t r i c a l  g r i d  u s u a l l y  " 

i n t roduce  unique system s t a b i l i t y  cons ide ra t ions .  If c u r r e n t  nuc lea r  
p l a n t  s i t i n g  p l ans  a r e  followed, Egypt's nuc lear  p l a n t s ,  a t  l e a s t  during , 

t h e  period of t h i s  assessment ,  w i l l  b e  l oca t ed  near  t h e  o u t e r  geographi- ? 
c a l  l i m i t s  of Egypt's t ransmiss ion  g r id .  A l l  t he se  f a c t o r s  combine such 
t h a t  the  use of nuc lea r  power p l a n t s  could have a  s i g n i f i c a n t  e f f e c t  
upon the  .p lanning  and scheduled expansion of Egypt's e l e c t r i c  transmis- 
s i o n  g r id .  . T h i s  p o t e n t i a l  impact and i ts  consequences warrant  c a r e f u l  
examination i n  t h e  near  f u t u r e .  

5.5 S o c i a l / C u l t u r a l  E f f e c t s  

Nuclear energy involves  h igh  technology and s p e c i a l i z a t i o n  a t  t h e  
s c i e n t i f i c ,  engineer ing ,  admin i s t r a t i on ,  and c r a f t  l e v e l s .  Therefore,  
t h e  cons t ruc t ion  and ope ra t ion  of nuc lea r  power p l a n t s  can b e  expected 
t o  in t roduce  a  h ighly- t ra ined  and well-paid element i n t o  the  l o c a l  

A t  , l e a s t  i n i t i a l l y ,  many of t hese  people might be  fo re igne r s .  
Accordingly, t h e r e  is a  r e a l  p o t e n t i a l  f o r  s o c l a l / c u l t u r a l  e f f e c t s  upon 
those  communities i n  c l o s e  proximity t o  nuc lear  power p l a n t s .  The 
p o t e n t i a l  impact w i l l  be g r e a t e s t  dur ing  t h e  p l a n t  cons t ruc t ion  s t a g e  
when l a r g e r  numbers of f o r e i g n  employees could be involved. In those  
in s t ances  where t h e  nuc lea r  p l a n t  s i te  is  remote from l a r g e  urban a r e a s ,  



t h i s  i n t r o d u c t i o n  of a la rge-s ized  cont ingent  of h igh ly  s k i l l e d  and 
. pos s ib ly  f o r e i g n  workers could have major l o c a l  impacts.  . . 

These p o t e n t i a l  s o c i a l / c u l  t u r a l  e f f e c t s  of t h e  use of nuclear .  .energy 
m e r i t  c a r e f u l  a t t e n t i o n  i n  Egypt's nuc l ea r  energy program planning and, 
more impor t an t ly ,  i n  t h e  planning of s p e c i f i c  nuc lear  p l a n t  p r o j e c t s .  

. . 

6.0 NEXT STEPS 

I£ Egypt i n t e n d s  t o  pursue a  program f o r  expanded use of nuc l ea r  
power systems t o  m e e t  i t s  f u t u r e  demands f o r  e l e c t r i c  energy, t h e  
fo l lowing  "next s teps"  warrant  e a r l y  a t t e n t i o n  and commitment of 
resources .  These "next s teps"  a r e  i n  a d d i t i o n  t o  those  s p e c i f i c a l l y  
r equ i r ed  t o  i n i t i a t e  c o n s t r u c t i o n  of a  nuc lear  power p l a n t  a t  S i d i  
Krier . 
6.1 Ove ra l l  Nuclear P l an  

Egypt needs t o  prepare  an o v e r a l l  p lan  f o r  t h e  a p p l i c a t i o n  of 
nuc l ea r  puwer systems t o  i ts  e l e c t r i c  energy needs which i s  based upon: 
(a )  r e a l i s t i c  p r o j e c t i o n s  of f u t u r e  demand f o r  e l e c t r i c  energy, (b) t h e  
r o l e  which nuc lear  energy should p lay  i n  meeting t h a t  e l e c t r i c i t y  demand, 
t ak ing  i n t o  account op t imal  e l e c t r i c  system planning o b j e c t i v e s  and t h e  
r o l e  a l t e r n a t i v e  e l e c t r i c  gene ra t i on  systems can be  expected t o  p l ay ,  
and ( c )  Egypt's r e sou rce  c a p a b i l i t y  t o  b r ing  i n t o  being the  r equ i r ed  
number of nuc lear  power p l a n t s .  

The p lan  should c l e a r l y  i d e n t i f y  c u r r e n t  r e sou rce  inadequac ies  
and set f o r t h  r e a l i s t i c  programs f o r  t h e  c o r r e c t i o n  of those  r e sou rce  
inadequacies .  Where r e a l i s t i c  p l ans  t o  provide needed resources  a r e  
n o t  f e a s i b l e ,  t h e  p lan  f o r  nuc lear  c a p a c i t y  a d d i t i o n s  should be  modified 
accord ingly .  

The p lan  should address  n o t  bn ly  t h e  s i t i n g  and c o n s t r u c t i o n  of . t h e  
power p l a n t s  per  se, b u t ,  a l s o ,  t h e  s e v e r a l  suppor t ing  i n f r a s t r u c t u r e s  
i d e n t i f i e d  i n  t h i s  annex which would.need t o  b e  c r e a t e d  and brought t o  
an o p e r a t i o n a l  s t a g e  i n  t h e  same time frame a s  t h e  power p l a n t  p r o j e c t .  

The p lan  should be  c l o s e i y  coord ina ted ,  n o t  on ly  with Egypt's 
o v e r a l l  economic, energy supply and f i n a n c i a l  p l ans ,  b u t  a l s o  wi th  
r e g i o n a l  development p l ans  and t h e  planning of t h e  i n d u s t r y  and t r a n s p o r t  
s e c t o r s  of t h e  economy. 

Senior management o f f i c i a l s  of t h e  Egyptian Government should be 
made aware of t h e  r e sou rce  needs of t h e  proposed nuc lear  a p p l i c a t i o n s  
program. Commitments a r e  needed a t  t h e  h ighes t  l e v e l s  t o  those  e f f o r t s  
which would be needed t o  e f f e c t i v e l y  implement a  h igh  q u a l i t y  .and 
e f f e c t i v e  nuc lear  a p p l i c a t i o n s  program. 



6.2 P lan  f o r  Management Development 

A d i r e c t  c o r r o l l a r y  of t h e  o v e r a l l  nuc lear  p lan  is t h e  need f o r  a 
p l a n  t o  b r ing  i n t o  be ing  i n  Egypt a management c a p a b i l i t y  t o  implement 
t h e  nuc lear  plan.  The management requirements  of an expanded use of 
nuc l ea r  systems was summarized i n  Sec t ion  4.1 of t h i s  annex. Measures 
t o  achieve t h e  management approaches and c a p a b i l i t i e s  i d e n t i f i e d  i n  t h a t  
s e c t i o n  must b e  de f ined ,  and commitments t o  those  measures made so t h a t  
an  adequate management c a p a b i l i t y  i s  a v a i l a b l e  when needed. Without 
such planning and commitments, Egypt's implementation of i t s  o v e r a l l  
nuc l ea r  energy p l a n  could  be  i n e f f e c t i v e ;  i t s  schedule  t a r g e t s  may n o t  
b e  m e t ;  and undue c o s t s  may occur .  The e x i s t a n c e  of a s t r o n g  Egyptian 
management c a p a b i l i t y  should m a t e r i a l l y  enhance Egypt's a b i l i t y  t o  
manage i n t e r n a t i o n a l  f i nanc ing  f o r  i t s  nuc l ea r  power p l a n t  p r o j e c t s .  

6.3 Regulatory S t r u c t u r e  

Commitments a r e  u r g e n t l y  needed f o r  t h e  es tab l i shment  of a regula-  
t o r y  p roces s  and s t r u c t u r e  t o  a s s u r e  t h e  s a f e  s i t i n g ,  c o n s t r u c t i o n ,  and 
ope ra t i on  of nuc l ea r  power p l a n t s  i n  Egypt. The requirements  f o r  t h i s  
r e g u l a t o r y  process  and s t r u c t u r e  were addressed i n  Sec t ion  4.3 of t h i s  
annex. I f  those  commitments cannot  be  made i n  t h e  nea r  f u t u r e ,  Egypt 
should re-examine o t h e r  measures f o r  acqu i r ing  t h i s  c a p a b i l i t y  on an 
i n t e r i m  b a s i s  from o u t s i d e  sources .  

,. + Nuclear '  Fuel, Supply 

Egypt should proceed e x p e d i t i o u s l y  t o  i n i t i a t e  an a g r e s s i v e  uranium 
e x p l o r a t i o n  program t o  more a s s u r e d l y  determine t h e  p o t e n t i a l  of s i z a b l e  
r e s e r v e s  of uranium-bearing o r e s  i n  concen t r a t i ons  t h a t  could make them 
a c6mmercially compe t i t i ve  sou rce  o f  uranium. The scope of such a 
program was s e t  f o r t h  i n  some d e t a i l  i n  Annex 1-Energy Resources of 
Egypt. If economically r ecove rab l e  r e s e r v e s  of uranium o r e s  are de te r -  
mined to  e x i s t ,  Egypt should cons ider  e a r l y  development of mines and 
m i l l s  necessary  t o  e x p l o i t  t hose  r e se rves .  This  might n o t  on ly  provide  
s u f f i c i e n t  uranium f o r  Egypt's own needs,  bu t  could a l s o  have a s i g n i f i -  
c an t  impact upon Egypt's a b i l i t y  t o  a r r ange  assured  supply of  o t h e r  
necessary  nuc l ea r  f u e l  c y c l e  s e r v i c e s .  Addit i o n a l l y ,  expor t  of uranium 
could be a source  of i n t e r n a t i o n a l  f i nanc ing  of energy p r o j e c t s .  

Egypt should cont inue  t o  c l o s e l y  monitor world developments wi th  
r e s p e c t  t o  nuc lear  f u e l  c y c l e  s e r v i c e s  and reexamine f u e l  s e r v i c e  supply 
o p p o r t u n i t i e s  on a p e r i o d i c  b a s i s .  

6.5 Indigenous Equipment Supply and Cons t ruc t ion  C a p a b i l i t y  

Areas where Egypt could  pos s ib ly  provide  more of t h e  equipment 
and c o n s t r u c t i o n  s e r v i c e s  r equ i r ed  f o r  nuc lear  power p l a n t s  were 
d iscussed  i n  s e c t i o n  4.4 of t h i s  Annex. Due t o  t h e  long lead-time t o  
b r i n g  about t h e s e  manufacturing o r  s e r v i c e s  c a p a b i l i t i e s ,  t h i s  ma t t e r  
should be addressed i n  t h e  p r e p a r a t i o n  of t h e  o v e r a l l  nuc lear  p lan .  
I n t e r a c t i o n  wi th  i n d u s t r y  s e c t o r  p l anne r s  should be  sought t o  i d e n t i f y  
and i n i t i a t e  a c t i o n s  t o  develop Egypt's a b i l i t y  t o  p a r t i c i p a t e  t o  a 
g r e a t e r  e x t e n t  i n  nuc lear  equipment supply and c o n s t r u c t i o n  a c t i v i t i e s .  
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1.U INTRODUCTION AND SUMMARY 

1.1 Advantages of S o l a r  U t i l i z a t i o n  

The renewable resources  addressed i n  t h i s  s e c t i o n  inc lude  d i r e c t  
s o l a r  energy a s  w e l l  a s  those energy sou rces  which u l t i m a t e l y  d e r i v e  
from s o l a r  energy i n  t he  forms o f  wind power, biomass, and ocean thermal 
g r a d i e n t s .  There a r ?  many approaches f o r  us ing  t h e s e  renewable energy 
resources .  As  w i l l  be  d i scussed  i n  s e c t i o n  2.0, Egypt has  e x c e l l e n t  
c l i m a t i c  cond i t i ons  f o r  d i r e c t  s o l a r  energy a p p l i c a t i o n s  such as water 
hea t ing  and power gene ra t i on  wi th  over  3,400 hours  per year  of s o l a r  
a v a i l a b i l i t y  i n  the  north* t o  3,900 i n  t he  south .  Furthermore, t h e  Red 
Sea and Mediterranean c o a s t s  have s u f f i c i e n t l y  h i g h  annual  average wind 
v e l o c i t i e s  t o  e f f e c t i v e l y  ope ra t e  wind t u r b i n e  pumps and gene ra to r s .  
The supply  of  biomass i n  the  form of a g r i c u l t u r a l  wastes  i s  abundant and 
i s  now, i? f a c t ,  a  primary f u e l  form i n  r u r a l  a r e a s  f o r  cooking and 
water hea t ing  a p p l i c a t i o n s .  

Severa l  f a c t o r s ,  combined with t h i s  b a s i c  resource  a v a i l a b i l i t y ,  
could make the  use of renewable resource  energy systems p a r t i c u l a r l y  
aLCract ive i n  Egypt. These f a c t o r s  a r e  d i scussed  below. 

Rura l  Development. P r e s e n t l y ,  on ly  about  1 7  pe rcen t  of r u r a l  homes 
have e l e c t r i c i t y .  Development p l ans  c a l l  f o r  i nc reas ing  e l e c t r i f i c a t i o n  
of r u r a l  a r e a s  t o  improve l i v i n g  s t anda rds  i n  gene ra l .  Furthermore, i t  
i s  a  co rne r s tone  of government p o l i c y  t o  develop new land i n  d e s e r t  
a r e a s  t o  h e l p  d i s p e r s e  t he  populat ion.  Both of t he se  t r e n d s  w i l l  c a l l  
f o r  b r ing ing  power t o  remote a r e a s ;  t h i s  i s  convent;onally done by 
extending t h e  u t i l i t y  g r i d  o r  using on-si te  engine d r i v e n  gene ra to r s .  
So la r  power gene ra t i on  is i d e a l l y  s u i t e d .  f o r  use i n  r e l a t i v e l y  sma l l  
increments  i n  d i s t r i b u t i n g  power systems. The near  term use of s o l a r  
power, t h e r e f o r e ,  i s  cons idered  wi th in  t he  con tex t  of a  program of in- 
c r ea s ing  r u r a l  e l e c t r i f i c a t i o n  which could r e l i e v e  p r e s s u r e  o n . f o s s i 1  
fue l - f i r ed  systems and on the need t o  extend t h e  u t i l i t y  g r i d  t o  s e r v i c e  
uneconomical l oads .  

In-country Manufacture. For t he  most p a r t ,  both s o l a r  hea t ing  and 
s o l a r  power systems could be manufactured i n  Egypt using indigenous 
l abo r  and m a t e r i a l  resources .  Manufacture in Egypt has  t h e  obvious 
advantage of reducing t h e  f o r e i g n  exchange component of developing 
energy r e sou rces .  Pos s ib ly  of equa l  importance would be t he  p o s i t i v e  
social /economic b e n e f i t s  r e s u l t i n g  from bu i ld ing  up an in-country 
c a p a b i l i t y  i n  an e x c i t i n g  and growing t echno log ica l  f i e l d  which can he lp  
c r e a t e  a  job producing i n d u s t r i a l  base f o r  both i n t e r n a l  and expor t  
markets.  

* 
By comparison, Albuquerque, New Mexico which has  one of t he  h ighes t  s o l a r  
a v a i l a b i l i t i e s  i n  t h e  United S t a t e s ,  h a s  3,200 hour s  per  yea r .  



Technica l  S ta tus /Modular i ty .  Severa l  of t he  s o l a r  t echnologies  
cons idered  a r e  a l r eady  q u i t e  w e l l  developed. Combined with t he  incre-  
mental n a t u r e  of most s o l a r  r e l a t e d  systems, t h i s  would a l l ow  Egypt t o  
i n i t i a t e  a  s o l a r  development p lan  wi th  a  minimum time de l ay  and modest 
f r o n t  load  c a p i t a l  requirements .  

The above f a c t o r s  could provide  an i n c e n t i v e  f o r  Egypt t o  cons ider  
s t . rongly  suppor t ing  t h e  widespread use of s o l a r  energy i n  app rop r i a t e  
a p p l i c a t i o n s .  

1.2 Economic Cons idera t ions  

P r e s e n t l y ,  bo th  e l e c t r i c  and d i r e c t  f u e l  energy forms i n  Egypt a r e  
h e a v i l y  subs id ized  with t he  subs idy  f o r  both bu tane  g a s  and kerosene 
used i n  households be ing  over 50 percent .  The economics of s o l a r  
a p p l i c a t i o n s  would no t  appear f avo rab l e  based on competi t ion wi th  
c u r r e n t  subs id ized  consumer p r i c e s  f o r  convent ional  energy. Theref o r e ,  
t h e  economic a n a l y s i s  of  s o l a r  sys  tems and convent ional  energy sources  
assumes the  oppor tun i ty  o r  a c t u a l  va lue  of convent iona l  energy sources  
based on world f u e l  p r i c e s  and r e a l  c o s t s  f o r  energy de l ive ry .  For t h i s  
t o  be  t h e  c a s e ,  e i t h e r  t h e  p r i c i n g  of convent iona l  energy sources  w i l l  
have t o  r e f l e c t  world p r i c e s  ( f o s s i l  f u e l s )  o r  t he  s o l a r  r e l a t e d  
systems w i l l  have t o  be subs id ized  t o  t he  same e x t e n t  a s  convent iona l  
f u e l s .  Which course  is a c t u a l l y  employed must t ake  i n t o  cons ide ra t i on  
the  s o c i a l  impacts of a l lowing f u e l  c o s t s  t o  rise r a p i d l y  t o  world 
c o s t s .  

Severa l  of t h e  s o l a r  t echnologies  a r e  s u f f i c i e n t l y  w e l l  developed 
t h a t  s e l e c t e d  near-term a p p l i c a t i o n s  might have f avo rab l e  economics i n  
Egypt. Such a p p l i c a t i o n s  i nc lude  water  hea t ing  (which comprises a  l a r g e  
percentage  of kerosene and butane gas  usage) and power gene ra t i on  by 
wind t u r b i n e s  i n  r u r a l  a r e a s  ( i n  competi t ion w i th  d i e s e l  gene ra to r s ) .  
I n  t h e  longer  term, t h e  number of economically a t t r a c t i v e  op t ions  w i l l  
i n c r e a s e  a s  t he  c o s t  of s o l a r  hea t ing  and power systems is reduced as a  
r e s u l t  of a c t i v e  r e sea rch  and development programs i n  the United S t a t e s ,  
Europe and Japan combined with l a r g e r  s c a l e  comme.rcia1 manufacturing 
c a p a b i l i t i e s .  

There is  a  g r e a t  d e a l  of a c t i v i t y  i n  t he  s o l a r  f i e l d  on a  worldwide 
b a s i s .  The technologies  r e s u l t i n g  from t h e s e  a c t i v i t i e s  w i l l ,  i n  l a r g e  
p a r t ,  b e  a v a i l a b l e  f o r  use in Egypt, i n  some cases  through j o i n t  v e n t u r e  
arrangements wi th  f o r e i g n  f i rms .  

I n  t he  United S t a t e s ,  t h e  government agency r e s p o n s i b l e  f o r  develop- 
i ng  s o l a r  tec,hnology and demonstrating i t s  commercial a p p l i c a t i o n s  is  
t h e  Department of Energy (DOE). Many of t he  technology o p t i o n s  and c o s t  
p r o j e c t i o n s  used i n  subsequent s e c t i o n s  r e f l e c t  the  output  of t h e  DOE 
programs. However, cons ide ra t i on  has  been g iven  t o  emphasizing system 
arrangements which a r e  adap tab l e  t o  use and/or manufacture i n  Egypt, 
such a s  s imple s o l a r  water h e a t e r s  using n a t u r a l  convect ion c i r c u l a t i o n  
and p h o t o v o 1 t a . i ~ ~  combined wi th  s o l a r  concent ra t ion .  
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Most of the  s o l a r  op t ions  d iscussed  h e r e i n  are not  manufactured 
p r e s e n t l y  i n  s i g n i f i c a n t  q u a n t i t i e s  and many a r e  only  i n  an advanced 
research  and development s t age .  Therefore,  t h e  eventua l  cos t  and 
performance of such systems is s t i l l  q u i t e  unce r t a in .  DOE has c o s t  
goa l s  f o r  systems i n  each of t he  technology a r e a s  which, i f  achieved,  
would j u s t i f y  t h e i r  l a r g e  s c a l e  use i n  Egypt. There is no guarantee  
t h a t  a l l  t he se  cos t  g o a l s  w i l l  be achieved given the  technologica l  
u n c e r t a i n t i e s ;  t h e r e f o r e ,  f o r  t h i s  assignment t hese  cos t  g o a l s  a r e  
assumed t o  be the  lower l i m i t  of c o s t  expec ta t ions .  Due, i n  p a r t ,  t o  
the  e x c e l l e n t  s o l a r  and wind regimes i n  Egypt, t h e  v a r i o u s  s o l a r  op t ions  
o f t e n  can b e  economically v i a b l e  i n  Egypt a t  c o s t s  s i g n i f i c a n t l y  h ighe r  
than those requi red  i n  the  i n d u s t r i a l i z e d  coun t r i e s .  The economic 
performance of s o l a r  power and hea t  systems i n  Egypt, t h e r e f o r e ,  
is  assessed  over a range of c o s t s , i n  order  t o  i d e n t i f y  the,  cos t  requi re -  
ments f o r  economically v i a b l e  opera t ion .  

1 . 3  Sola r  Technologies Considered 

The renewable energy resources  considered i n  t h i s  assignment 
were: 

o Solar  Water Heating 
o Solar  E l e c t r i c  Power Generation 

o Solar  Thermal 
o Pho t o v o l t a i c s  

o Wind E l e c t r i c  Power Generation 
o Biomass U t i l i z a t i o n  

o A g r i c u l t u r a l  Residues 
o Urban Wastes \ 

o Solar  Desa l ina t ion  
o Air Conditioning and Ref r ige ra t ion  . 

. . ,... 
Ocean thermal g rad ien t s  and t i d a l  power were a l s o  considered 

i n i t i a l l y ,  bu t  were. not  pursued due to  l a c k  of d a t a  i n d i c a t i n g  the  
a v a i l a b i l i t y  of e x p l o i t a b l e  resources.  Hydropower, another '  renewable 
resource ,  is  t r e a t e d  elsewhere , i n  t h i s  r e p o r t .  A b r i e f  summary of t he  

. s t a t u s  of t he  technology o p t i o n s  and t h e i r  a p p l i c a b i l i t y  i n  Egypt is 
given below. 

So la r  Water Heating. Solar  water hea t ing  i s  a well-demonstrated, 
technology which a l r e a d y  has  widespread a p p l i c a t i o n  on a worldwide 
b a s i s .  These systems could be i n s t a l l e d  on a l a r g e  s c a l e  i n  r e s i d e n t i a l ,  
i n s t i t u t i o n a l ,  and commercial bu i ld ings  i n  Egypt r e s u l t i n g  i n  reduct ions  
i n  the  use of bu tagas  and kerosene,  now commonly used f o r  water hea t ing  
a p p l i c a t i o n s .  



S o l a r  Power. Generat ion.  The ope ra t i on  of smal l - sca le  (1  t o  50 kW) 
s o l a r  thermal power u g i t s  ha s  been demonstrated wi th  a*number of u n i t s  
f a b r i c a t e d  i n  France, t h e  United S t a t e s ,  and Germany. These systems 
u s u a l l y  o p e r a t e  a t  modest temperature  l e v e l s  of 180 t o  3 0 0 ' ~  and 
conver t  h e a t  generated by f l a t  p l a t e  o r  t rou& c o l l e c t o r s  i n t o  power 
by means of s p e c i a l l y , d e s i g n e d  h e a t  engines .  The most common 
a p p l i c a t i o n  f o r  t h e s e  sma l l e r  power u n i t s  h a s  been f o r  water  pumping, 
which is of primary concern i n  Egypt. 

There a r e  ex t ens ive  i n d u s t r i a l  and government sponsored programs t o  
improve t h e  technical /economic performance of t h e s e  systems s o  they a r e  
more compet i t ive  'with convent iona l  power sources ;  p a r t i c u l a r l y  d i e s e l  
engines  which are o f t e n  used i n  remote a r e a s  f o r  power product ion.  

The major e f f o r t  i n  l a rge - sca l e  ( i .e . ,  hundreds of megawatts) s o l a r  
power gene ra t i on  is d i r e c t e d  toward t h e  c e n t r a l  r e c e i v e r  concept whereby 
a n  a r r a y  of m i r r o r s  r e d i r e c t  s o l a r  energy t o  a b o i l e r  p laced  on a 
tower. I n i t i a l  t e s t i n g  of major subsystems a s s o c i a t e d  w i t h  t h i s  concept 
h a s  been i n i t i a t e d ;  and a 10 M W e  power p l a n t  is scheduled t o  begin  
o p e r a t i o n  i n  1981 a t  Barstow, C a l i f o r n i a .  I f  s u c c e s s f u l ,  l a r g e  power 
u n i t s  based on t h i s  concept could be commercially a v a i l a b l e  by t h e . l a t e  
1980's. 

Pho tovo l t a i c  power u n i t s ,  which conver t  s o l a r  energy t o  e l e c t r i c i t y  
w i t h  no moving p a r t s ,  p r e s e n t l y  a r e  i n  widespread use  throughout  t h e  
world t o  supply smal l  amounts of power t o  such a p p l i c a t i o n s  a s  remotely 
l o c a t e d  communications equipment. The performance of t h e s e  systems is  
w e l l  demonstrated and p re sen t  e f f o r t s  a r e  d i r e c t e d  p r i m a r i l y  toward 
lowering t h e i r  c o s t  s o  t hey  a r e  compet i t ive  with convent iona l  power 
systems. The l a r g e  developmental e f f o r t  i n  t h i s  f i e l d  by major com- 
pan ie s  i n c r e a s e s  t h e  p r o b a b i l i t y  t h a t  s u b s t a n t i a l  c o s t  r educ t ions  i n  
pho tovo l t a i c  s o l a r  c e l l  power u n i t s  w i l l  occur s o  t h a t  t h e i r  widespread 
use  i n  t h e  1980's, p a r t i c u l a r l y  f o r  use  i n  remote a r e a s  n o t  s e r v i c e d  ., . 
by t h e  u t i l i t y  g r i d ,  can b e  j u s t i f i e d .  

Wind Power Generation. The performance and r e l i a b i l i t y  of s m a l l  
wind power u n i t s  f o r  e l e c t r i c  power and water  pumping has  been demon- 
s t r a t e d  and over  t e n  f i r m s  i n  t h e  United Sta&$g, Europe, and A u s t r a l i a  
manufacture systems i n  t h e  1 t o  25 kW range. These systems a r e  
r e a d i l y  a v a i l a b l e  f o r  use  i n  remote a r e a s  i n  Egypt. 

* 
T e s t  u n i t s  from t h e s e  co 'un t r ies  a r e  now o r  w i l l  s h o r t l y  be  i n s t a l l e d  i n  
Egypt by t h e  Min i s t ry  o f , E l e c t r i c i t y  and t h e  Na t iona l  Research Center.  

* * 
Organic  Rankine c y c l e  engines  which use  h igh ly  v o l a t i l e  r e f r i g e r a t i o n  
f l u i d s  .. 

* ** 
Small wind-powered water  pumps were, i n  f a c t ,  produced i n  Egypt 

dur ing  t h e  1950's, many of which a r e  s t i l l  ope ra t i ng  i n  t h e  region 
n e a r  Alexandria.  



Large wind power systems with rated outputs of 100 kW to 4 MW are 
now under development and several systems with 100 to 200 kW.capacity 
are undergoing performance testing in the United States. The technology 
of wind power systems is relatively straightforward; thus the goal of 
having large systems available by the early to mid 1980's should be 
attained. 

The advanced state of development of both large and small wind 
power units and the favorable wind regimes along the Mediterranean and 
Red Sea coasts could lead to a significant'role'for wind power in 
Egypt* 

Biomass Utilization; Biomass, in the form of ' agricultural residues, 
is presently the primary energy form used for cooking and water heating 
in rural areas of Egypt. However, with improving standards of living, 
there is a trend to replace open fire stoves.with kerosene or butane 
stoves which are more convenient and cleaner to use. 

, 
, . 

There is a need, therefore, to consider. alternative approaches for 
using agricultural residues as an energy source which is consistent with . 
the desire to improve living standards. ~oth'direct combustion of 
residue to generate electricity in a thermal system or the generation of 
gas in a digestion system for use in stoves, etc., at the;village level' 
have been demonstrated and could, in principle, be implemented in the 
near-term. There are, however, serious social/institutional problems 
associated with residue collection and conversion ' sys tem .operation which 
must be addressed before undertaking such a program. 

The use of urban biomass resources in the form of solid wastes and 
sewage also could result in the generation of significant amounts of 
electric power as is now being done on a limited scale in the indus- 
trialized countries. The use of these resources has the advantage that 

r they are collected as part of the normal functioning of society and 
their conversion to fuel or power assists in their environmentally 
acceptable disposal. 

Solar Desalination. Desalination could be an 'important aspect 'of 
developing areas remote from the Nile ' Valley, where supplies of potable 
water are often limited. Solar energy is well suited to performing . 
desalination functions on both a small and large scale. The economics 
of solar desalination are favored by the fact that energy storage can be 
in the form of fresh water. The equipment required for desalination is,, 
in many cases, quite well developed and ranges from simple solar stills 
to the aforementioned power units which can be used.to operate conven- 
tional reverse osmosis and vapor compression desalination systems. 

* 
Small solar stills have been the object of research and development 
programs at the National Research Center over the last 15 years. 



A i r  Condit ioning and Ref r ige ra t ion .  Air condi t ion ing  p r e s e n t l y  i s  
no t  a  b i g  energy consumer i n  Egypt. The r o l e  of a i r  condi t ion ing  i s ,  
however, expected t o  i nc rease  a s  l i v i n g  s t anda rds  improve. There a r e  
s e v e r a l  approaches f o r  us ing  s o l a r  energy t o  ope ra t e  a i r  condi t ion ing  
systems inc luding  those  us ing  absorp t ion  cyc le s  (which r e q u i r e  hea t )  and 
convent ional  vapor compression ' cyc les  using e l e c t r i c a l  o r  mechanical 
energy. 

The t echn ica l  f e a s i b i l i t y  of s o l a r  a i r  condi t ion ing  has  been 
demonstrated so  t h a t  the  near  term i n t r o d u c t i o n  of s o l a r  a i r  condi t ion-  
i ng  i s  judged t o  be  a  r e a l i s t i c  op t ion  f o r  a p p l i c a t i o n  i n  the 1985-2000 
per iod  . 

Solar  r e f r i g e r a t i o n  o f t e n  can use the  same b a s i c  technologies  as 
requi red  by s o l a r  a i r  cond.it ioning. R e f r i g e r a t i o n  of a g r i c u l t u r a l  
produce could be an important cons ide ra t ion  a s soc i a t ed  with improving 
a g r i c u l t u r a l  p r o d u c t i v i t y  and developing new l ands .  The economics of 
s o l a r  r e f r i g e r a t i o n  a r e  favored by t h e  f a c t  t h a t  s t o r a g e  can be  i n  the  
form of cold o r  f rozen  produce. 

1.4 Impact Summary 

Tables 1 and 2 summarize- t he  p o t e n t i a l  energy impact of s o l a r  
technologies  i n  Egypt. through the  year  2000. The implementation r a t e  of 
v a r i o u s  s o l a r  technologies  requi red  t o  achieve the  impacts of t a b l e s  1 
and 2 a r e  d iscussed  i n  the  ind iv idua l  technology s e c t i o n  wi th in  s e c t i o n  3.0. 

The Case A s cena r io  is  c o n s i s t e n t  wi th  a  r e l a t i v e l y  low key govern- 
ment program i n  the  s o l a r  a rea .  Even t h i s  s cena r io ,  however, would 
r e q u i r e  t h a t  s o l a r  hea t ing  and power u n i t s  a r e  subs id ized  i n  some way 
( d i r e c t  subsidy,  low i n t e r e s t  l oans ,  e t c . )  to  equa l i ze  s u b s i d i e s  provided 
t o  convent ional  energy forms . 

The Case B s cena r io  assumes t h a t  the  b e n e f i c i a l  s o c i a l  and f o r e i g n  
exchange f a c t o r s  a s soc i a t ed  with s o l a r  op t ions  induce the  government t o  
a c t i v e l y  pursue a  s o l a r  p o l i c y  ( v i a  low c o s t  f inanc ing ,  requirements f o r  
s o l a r  i n  new c i t i e s ,  e t c . ) .  I n  t h i s  s cena r io ,  s o l a r  energy would 
c o n t r i b u t e  15 pe rcen t  of e l e c t r i c a l  energy needs by t h e  year  2000 and a  
s u b s t a n t i a l  po r t ion  of the  energy r equ i r ed  i n  households and I n s t i t u t i o n a l  
and commercial bu i ld ings  f o r  water hea t ing  func t ions .  

The e f f e c t  of t he  acce l e ra t ed  renewable energy r e source  s t r a t e g y  i s  
. most pronounced during the  e a r l i e r  yea r s  when the  l a c k  of f a m i l i a r i t y  

wi th  the  technologies  involved i n h i b i t  t h e i r  widespread use.  

A s  the  year  2000 approaches, t h e  technical /economical  performance 
c h a r a c t e r i s t i c s  of renewable energy resource  systems a r e  assumed t o  be 
s u f f i c i e n t l y  we l l  e s t a b l i s h e d  t h a t  t h e i r  widespread use would fo l low 
even without an a c t i v e  government commitment. 



TABLE 1 

ELECTRIC POWER GENEUTION IMPACTS OF RENEWABLE ENERGY RESOURCES 

I 1985 I 1990 I 2000 
I CASE A CASE B I CASE A CASE B 1 CASE A CASE B 
I I I 

(A) D i r e c t  So l a r  
1 I I I 

2 I I 
I n s t a l l e d  Capaci ty  (MW) 1 2.5 

I 
9 

125.00 1 102.00 562.0 1 902.0 2,625.0' 
Annual power Output (10 kWh14 1 0.006 0.28 1 0.23 1.4 1 2.0 6.0 

(B) Wind Power 
3 I I I 

I n s t a l l e d  Capaci ty  (MW) 
9 ( 0.65 32.00 1 48.00 272.0 1 364.0 1,048.0 

Annual Power Output (10 kWh) 1 0..002 0.12 1 0.18 1.0 I . 1.4 4.0 

(C) Biomass .I 
I n s t a l l e d  Capaci ty  (MW) 1 0.42 

I I 
21.00 1 33.00 180.0 1 240.0 660.0 

Annual Power Output (10 kWh) 0 . 0 0 3  0.14- 1 0.21 ' 1.2 1 1.5 4.5 

I n c l u d e s  bo th  pho t o v o l t a i c  and s o l a r  thermal.  2 
Peak power a t  s o l a r  noon. 
Rated c a p a c i t y  i n  18 MPH wind. 4 
Capac i ty .  f a c t o r s  : 

D i r e c t  So l a r  - 0.26 
Wind Power - 0.42 
Biomass - 0.75 



TABLE 2 

SOLAR WATER HEATING IMPACT (SUMMARY) 

1985 
CASE A CASE B 

1990 
CASE A CASE B 

2000 
CASE A CASE B -- 

6 2 I n s t a l l e d  Area ( 1 0  m ) 0.053 0.77 
Annual Heat De l ivered  ( j o u l e s )  0 .220 3.10 

\ 
I 

1 
Divided 80 percent  r e s i d e n t i a l  and 20 percent  institutional/commercial 



. . .. SOLAR-EGY PT-9 

The c o s t  of s o l a r  hea t ing  and power u n i t s  i s  expected t o  decrease  
a s  a r e s u l t  of cont inuing  r e sea rch  and development e f f o r t s  and l a r g e r  
product ion volumes. The r a t e  and e x t e n t  of c o s t  r educ t ions  w i l l  depend, 
however, on t h e  p re sen t  development s t a t u s  of t h e  technologies .  For 
example, t h e  u n i t  cos t  o f . s o l a r  ho t  water  systems w a s  assumed t o  average 

2 
about $ l O / f t  ( i n s t a l l e d )  and only l i m i t e d  f u r t h e r  c o s t  r educ t ions  
were expected i n  t h e  f u t u r e  s i n c e  t h e  technologies  r equ i r ed  a r e  well-  
developed. 

The average u n i t  i n s t a l l e d  c o s t  of t h e  s o l a r  power gene ra t ing  
op t ions  decreases  from about $1,400 (L.E. 940) per  kW i n  1985 t o  $1,100 
pe r  kW (L.E. 730) i n  2000. The average capac i ty  f a c t o r  f o r  t h e  gener- 
a t i n g  mix of d i r e c t  s o l a r ,  wind, and biomass is about 0.4. 

The r e l a t i v e l y  modest decrease  i n  u n i t  c o s t  ' i s  due p r i m a r i l y  t o  two 
f a c t o r s :  (1) t h e  technologies  considered w i l l  be  q u i t e  w e l l  developed by 
1985 (i .e. ,  t h e  major c o s t  reduct ions  w i l l  occur be fo re  t h a t  t ime) ,  and 
(2) a l a r g e  p o r t i o n  of system c o s t s  is  a s soc i a t ed  wi th  convent iona l  
equipment, such a s  l i g h t  s t e e l  suppor t  s t r u c t u r e s ,  p ip ing ,  systems, 
e t c . ,  f o r  which t h e  c o s t  reduct ion  o p p o r t u n i t i e s  a r e  l imi ted .  The 
i n s t a l l e d  system c o s t s  a r e  over  50 percent  l abo r  r e l a t e d  and many o'f t h e  
m a t e r i a l s  requi red  a r e  produced i n  Egypt. Therefore,  t h e  f o r e i g n  
exchange va lue  of system c o s t s  is  cons iderably  l e s s  than  t h a t  i n d i c a t e d  
above . 

It should be noted t h a t  t h e  r a t i o n a l e  f o r  t h e  implementation of 
s o l a r  technologies  was economical ly,based.  For .example, I n  t h e  1980's 
i t  was assumed t h a t  s o l a r  power u n i t s  would be p r imar i ly  used e i t h e r  t o  
r e p l a c e  power normally produced by d i e s e l  engines o r  t o  provide  power i n  
remote a r e a s  where no power would o therwise  be made ava i l ab l e .  A s  
i nd i ca t ed  i n  Sec t ion  4.0, s e v e r a l  of t h e  so la r lwind .  power a l t e r n a t i v e s  
a r e  expected t o  be economically compet i t ive  with d i e s e l  engines dur ing  
t h i s  t ime frame. Prel iminary e s t ima te s  i n d i c a t e  t h a t  t h e r e  is over 300 
MWe of i n s t a l l e d  d i e s e l  engine capac i ty  i n  pumping and e l e c t r i c  power 
a p p l i c a t i o n s  which is sugges t ive  of t h e  near-term p o t e n t i a l  f o r  s o l a r  
power generat ion.  

Despi te  t h e i r  r e l a t i v e l y  modest impact, t h e  s o l a r  s c e n a r i o s  out- 
l i n e d  would r e q u i r e  t h e  l a rge - sca l e  implementation of so l a r lw ind  equip- 
ment and r e p r e s e n t s  a cha l lenging  undertaking. For example, t h e  accel-  
e r a t e d  s o l a r  op t ion  r e q u i r e s  t h a t  over  2500 wind t u r b i n e s ,  2500 s o l a r  
wind power u n i t s ,  400,000 s o l a r  water  hea t ing  u n i t s ,  .and 600 v i l l a g e  
s i z e  b iogas  d i g e s t e r s  w i l l  be i n s t a l l e d  annual ly  dur ing  t h e  1990's. 
This  i n s t a l l a t i o n  r a t e  w i l l  r e q u i r e  e a r l y  commitufents and thorough 
planning on t h e  p a r t  of t h e  government t o  achieve. 



1.5 Resource Requirements 

Each of the solar options can be accomplished with a variety of 
system options each of whkch have differing requirements for manpower, 
finances, and materials. The baseline options selected in the technology 
sections, however, were considered to be consistent with Egypt's resources 
in the above areas. 

Resource requirements to implement the options leading to the 
energy savings of tables 1 and 2 are indicated in table 3. Solar 
related energy systems are fabricated primarily from basic construction 
materials such as steel, cement, glass, and aluminum, all of which are 
manufactgred in Egypt. The requirement for these materials is sub- 
stantial since the use of solar and wind energy resources requires 
covering substantial areas with collecting surfaces capable of with- 
standing severe environmental conditions. In many cases, the material 
mix could be modified to take better advantage of in-country resources; 
for example, aluminum could be substituted for steel in many functions. 

The financial requirements indicated in table 4 are broken down 
between materials/components and labor to indicate foreign exchange 
implications. Total outlays for manufacturing and installation corres- 
ponding to the accelerated case increase to L.E. 96 million in 1985 and 
L.E. 367 million by the year 2000 with roughly 50 'percent of out.lays 
being labor associated directly with the fabrication and installation of 
solar related systems. Additional labor inputs are associated indirectly 
with solar applications by virtue of in-country manufacture of some of 
the basic materials used in the fabrication of subsystems (steel, 
aluminum, etc.). 

The annual 0&M are also indicated in tables 4 and 5. During the 
earlier years, 0&M costs and manpower requirements are relatively modest 
compared to the costs associated with manufacturing and installing the 
equipment. However, O&M resource reqqirements become significant after 
1990 since the inventory of equipment already in the field (and "requiring 
the attention of O&M personnel) starts to predominate over that installed 
on an annual basis. The costs associated with the O M  functions, how- 
ever, are predominantly those required for semi-skilled .labor which 
reduces the foreign exchange component of this cost factor. 

The breakdown 0.f table 4 to indicate potential foreign and domestic 
investments, requires making assumptions relative to which components" 
are purchased abroad and which are manufactured in Egypt. Specific 
assumptions are outlined in the techno3.0gy descriptions of section 3.0. 

. * 
For example, the use of glass and aluminum indicated for the year 
2000 in the accelerated solar case represents 30% and 10% respectively 
of projected internal production capacity. ,me use of steel and cement, 
however, are less than 2.5% of projected capacity. 



TABLE 3 

RESOURCE REQUIREMENTS . . . 

RENEWABLE ENERGY RESOURCE SCENARIOS 

MATERIAL REQUIREMENTS (TONS) 

. . . 

CASE A CASE B CASE A CASE B CASE A CASE B 

S t e e l  800 . 21,000 18,500 58,500 44,000 99,500 
Glass  300 8,500 7,500 27,500 20,000 45,000 
Aluminum 80 4,000 3,000 11,000 9 , 0 0 0  18,000 
Cement 450 18,000 16,500. 49,000 41,000 76,000 

TABLE 4 

RESOURCE REQUIREMENTS 

RENEWABLE ENERGY RESOURCE SCENARIOS 

ANNUAL FINANCIAL REQUIREMENTS 

(MILLIONS OF EGYPTIAN POUNDS, 1978) * 

CASE A CASE B CASE A CASE B CASE A CASE B 

Materials/Components 1.6 ' 5 5 '  ' 45 : 135 103- 20 7 
Labor (Man. 61 I n s t a l l . )  1.3 4 2 3 9 108 8 1 171 
ObM .2 6 '  . 6 .  26 34 . 87 

. . 

TOTAL 3.1 103 90 2.69 2 18 465 

* 
Does n o t  i nc lude  expendi tures  £or  f a c i l i t i e s  



TABLE 5 

RESOURCE REQUIREMENTS . . .. 

RENEWABLE ENERGY .RESOURCE SCENARIOS 

LABOR, REQUIREMENTS (PERSON-YEARS ) : + . 

TechnicalIManagement 2 0 470 400 -1,200 960 2,200 
Manufacturing and . ... . . i,. 

.:y ' 

Installation 190 5,500 5,150 15,600 11,900 27,000 ;;. . ,, ., 

O M  30 950 950 3,800 5,500 12,500 :. 



In general, it was assumed that components which do not require specia- 
lized technology and/or manufacturing capabilities are made in Egypt. 
These would include such components as the towers of wind turbine units, 
collector array support structures, and flat plate thermal col&ectors. 
More sophisticated subsystems, such as the blades of large wind turbines 
and photovoltaic solar cells were assumed to be purchased abroad. These 
judgments are somewhat arbitrary and will require careful scrutiny in 
the future as a solar program develops. Also, decisions as to purchase 
or in-country manufacture will change in time as Egypt's industrial 
capability improves. 

The labor requirements of table 5 indicates that up to 6,000 
people would be working in the solar energy sector (manufacturing plus 
installation) of the economy by 1985 and 27,000 people by 2000 if the 
accelerated solar option was pursued. The employment opportunities , 

arising from a solar program are seen to be substantial and would be' 
even more than indicated in table 5 if an export market is developed. 

It should be emphasized that the level of specialized training 
required for most of the solar fabrication, installation, and operation 
of related sysLems is far less than that required for most advanced 
energy conversion facilities such as nuclear power plants or large oil 
refineries. As such, it should not be difficult to train people to take 
advantage of the employment opportunities resulting from the solar 
implementation scenarios. 

1.6 Implementation Priorities 

As indicated in section 3.0, there are many options available for 
utilizing renewable energy resources in Egypt. Several of these'systems 
may be competi.tive with one another so that the.simultaneous implementa- 
tion of all system options may not be a realistic option. This was 
accounted for explicitly by assuming that the direct solar power option 
would consist of a combination of photovoltaics and solar thermal power 
units. For purposes of estimating material, financial, and manpower 
requirements the division between the two technologies was assumed to be 
50-50. The actual division in future years will, of course, depend on 
the relative technical/economical performance of the two options based 
on experience. 

Seemingly unrelated systems, such as wind turbines and solar 
thermal units, also could be used for the same function (water pumping, 
etc.).. Future decisions on which system option is most economical will 
again depend on the relative improvements during the next five to ten 
years in the technical/economical performance of the systems involved. 

There is the possibility that certain of the technologies discussed 
will not prove economically viable and therefore would not be a good justi- 
fication for its widespread implementation. In such cases it.was 
assumed that other technology options would see more widespread use so 
that the'energy impacts and resource requirements of the overall renew- , 

able energy source system would not be greatly modified.. 



As previously discussed, the various technology options are not all 
in a similar state 'of development. The implementation scenarios indi- 
cated assume that those technologies which are best demonstrated and 
show greatest economic benefits are stressed during the initial solar'. 
implementation program. These technologies would include solar water. 
heating and wind turbines. The widespread implementation of the more: 
advanced technologies (photovoltaics and solar thermal) would be con- 
tingent upon a successful demonstration program in Egypt as well as . 

further progress in improving performance and/or lowering costs as a 
result of ongoing research and development programs in the United states 
and other industrialized countries. 

1.7 Implementation Planning 

The implementation scenarios for specific technologies indicated in 
section 3.0 are divided into two phases, as follows: , 

Phase 1 -- Installation and operation of demonstration 
(or test) systems, and ' 

Phase 2 -- Large scale manufacture and installation 
program. 

The Phase 1 program would consist of a relatively limited number of 
installations which would have as its purpose to 

o Acquaint Egyptian technical and energy planning 
personnel with the technology options available: 

o Gain operating experience under Egyptian conditions; 

o Indicate which system configurations are most appro- 
priate for manufacture and use in Egypt; and 

o Identify social and institutional issues which could 
significantly impact the design and use of system 
options (particularly appropriate for solar hot water 
units). 

For solar water units, the demonstration phase could include 
several thousand installations located on individual dwellings and 
institutional buildings throughout Egypt. 



For advanced technologies ,  such a s  pho tovo l  t a i c  power u n i t s ,  t h e  
t e s t  systems would probably be  i n s t a l l e d  a t  a r e l a t i v e l y  smal l  number of 
t e s t  s i t e s  under the  c a r e f u l  con t ro l  of t r a ined  personnel .  

In  a l l  cases ;  t h e  demonstrat ion (o r  t e s t )  systems would be  purchased 
p r imar i ly  from t h e  United S t a t e s ,  Europe, and Japan,  where most of the  , 
advanced dgvelopments . in  renewable energy. resource  u t i l i z a t i o n  a r e  
occurr ing .  T h i s  phase of t he  program w i l l  r e q u i r e ,  t h e r e f o r e ,  l i t t l e  
o r  no mantifacturiag c a p a b i l i t y  i n  Egypt. However, t h e  success  of t h i s  
phase of t he  program would be cont ingent  on the  d i r e c t  p a r t i c i p a t i o n  of 
Egyptian personnel  who would have eventual  r e s p o n s i b i l i t y  f o r  f u t u r e  
program phases l ead ing*  t o  increased  in-country p a r t i c i p a t i o n  in  , the  
manufacture,  d i s t r i b u t i o n ,  i n s t a l l a t i o n ,  and ope ra t ion  of system opt ions .  
Therefore ,  f o r  each technology op t ion  undergoing demonstration ( o r  
t e s t ) ,  t h e r e  should be a technology development team which could have 
the  e s s e n t i a l  elements i nd ica t ed  i n  f i g u r e  1. A s  i n d i c a t e d ,  t h i s  
team would maintain d i r e c t  c o n t a c t  wi th  those i n  government r e spons ib l e  
f o r  a r ranging  f o r  p a r t i c i p a t i o n  of fo re ign  f i rms  which have spec i a l i zed  
technology and/or  f i n a n c i a l  resources t o  c o n t r i b u t e  t o  t he  commercia- 
l i z a t i o n  e f f o r t .  

The formal p a r t i c i p a t i o n  of a technology development team w i l l  he lp  
ensure  t h a t , a  r a t i o n a l  implementation plan f o r  the Phase 2 program 
r e s u l t s  from t h e  Phase 1 e f f o r t .  For those technologies  which prove 
succes s fu l  both a s  a r e s u l t  of the  Phase 1 demonstrat ion program and 
continued technologica l  advancement, t h e  Phase 2 p lan  could inc lude  
p rov i s ions  f o r  complete. or  p a r t i a l  l o c a l  manufacture,  s e t t i n g  up of a 
l o c a l  d i s t r i b u t i o n  network, a r ranging  f o r  app ropr i a t e  government 
i n c e n t i v e s ,  p u b l i c  educat ion,  and i n i t i a t i o n  of manpower t r a i n i n g .  

Technology opt ions . l for  which t h e r e  a r e  continued technology and/or  
cos t  ques t ions  r e s u l t i n g  from t h e  t e s t  program would cont inue to  undergo 
demonstrat ion u n t i l  such time a s  t he  requi red  improvements a r e  made o r  
t he  system op t ion  was dropped i n  favor  of those showing more promise. 

1.8 Manpower Tra in ing  

The widespread implementation of any of t h e  s o l a r  op t ions  w i l l  
r e q u i r e  t r a i n i n g  of manpower a t  a l l  ' l e v e l s  inc luding  those  s k i l l e d .  i n  
management, s c i ence l eng inee r ing  , manufacturing and product ion ,  i n s t a l -  
l a t i o n  and maintenance, and system opera t ion .  One purpose of t he  Phase 
1 program is  t o  provide  a nucleus of experienced personnel  who can 
a s s i s t  i n  i n i t i a t i n g  the  s u b s t a n t i a l  manpower t r a i n i n g  e f f o r t  requi red  
f o r  a s i g n i f i c a n t  implementation program. 

* . 
The p re sen t  s o l a r  "Tender" program being formulated by t h e  Minis t ry  of 
E l e c t r i c i t y  i n  s o l a r  water h e a t e r s  and pho tovo l t a i c s  i s  c o n s i s t e n t  wi th  t h e  

- Phase 1 program. 
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One a s p e c t  of  most s o l a r  t echnologies  i s  t h a t  many of t h e  subsystems, 
such a s  suppor t  s t r u c t u r e s ,  . towers,  and s t o r a g e  tanks ,  a r e  s i m i l a r  in 
c o n s t r u c t i o n  t o  convent ional  equipment. These subsystems r e q u i r e  
va r ious  s k i l l  l e v e l s  i n  meta l  forming, welding, plumbing, mechanical 
assembly, s i t e  p r e p a r a t i o n ,  conc re t e  pouring,  e t c . ,  common t o  a  range of 
convent iona l  power systems. Therefore ,  a  s i g n i f i c a n t  p o r t i o n  of t he  
manpower requirements  w i l l  involve  b a s i c  s k i l l s  s i m i l a r  t o  those  a l r eady  
being provided by t h e  e x i s t i n g  manpower t r a i n i n g  i n f r a s t r u c t u r e .  

There w i l l  be ,  however, s p e c i a l  t r a i n i n g  requi red  f o r  many a s p e c t s  
of s o l a r  r e l a t e d  equipment des ign ,  manufacture ,  and i n s t a l l a t i o n .  This  
w i l l  range from t r a i n i n g  of eng inee r s  t o  des ign  and s i z e  s o l a r  water 
u n i t s  t o  personnel  t r a i n e d  t o  main ta in  wind t u r b i n e  u n i t s .  It is 
c r i t i c a l  t h a t  proper  t r a i n i n g  of t he se  personnel  t ake  p l a c e  a t  an e a r l y  
s t a g e  of  t h e  program ( inc lud ing  t h e  demonstrat ion phase) t o  minimize the  
p o s s i b i l i t i e s  of long and c o s t l y  de lays .  There a r e  s e v e r a l  avenues 
which could be considered f o r  t he  i n i t i a l  manpower t r a i n i n g  e f f o r t  
inc lud ing  coope ra t i ve  United S t a t e s  - Egypt t r a i n i n g  courses  and an 
ex t ens ive  c o n t r a c t  wi th  f i rms  making equipment which may be  deployed i n  
Egypt through j o i n t  ven tu re  agreements. The s p e c i f i c s  of t he  t r a i n i n g  
op t ions  would r e q u i r e  a more d e t a i l e d  program p lan  i n  t h e  renewable 
energy r e sou rce  a r e a .  

1.9 U t i l i t y  I n t e r f a c e  Cons idera t ions  
\ 

There is  v e r y  l i t t l e  water hea t ing  done i n  ,Egypt by means of 
e l e c t r i c i t y .  The widespread use of s o l a r  water h e a t e r s  would, t h e r e f o r e ,  
have l i t t l e  impact on e l e c t r i c  ' u t i l i t y  ope ra t i ons .  

The implementation s t r a t e g i e s  i nd i ca t ed  f o r  t he  s o l a r  power gener- 
a t i o n  op t ions  assume t h a t  t he  e a r l y  i n s t a l l a t i o n s  (< 1990) a r e  p r imar i l y  
i n  remote reg ions  where u t i l i t y  power is no t  r e a d i l y  a v a i l a b l e  and t h a t ,  
i n  f a c t ,  t h e  non -ava i l ab i l i t y  of u t i l i t y  power without  c o s t l y  l i n e  
ex t ens ions  was a  s t rong  i n c e n t i v e  t o  use a  renewable energy power u n i t .  
Since t he se  systems would no t  be  g r i d  connected, t h e i r  use would no t  
impact t h e  o p e r a t i o n  of t he  u t i l i t y  system. 

Large s c a l e  implementation of s o l a r  power systems which r e s u l t  from 
e i t h e r  s c e n a r i o  a f t e r  1990 would r e q u i r e  g r i d  connecting s i g n i f i c a n t  
c a p a c i t i e s  of  d i r e c t  s o l a r ,  wind, o r  biomass power p l a n t s .  This  process  
i s  complicated by t h e  unp red i c t ab l e  and p e r i o d i c  n a t u r e  of s o l a r  and 
wind r e sou rce  a v a i l a b i l i t y .  Power u n i t s  ope ra t i ng  with biomass r e sou rces , /  
however, have s i m i l a r  c h a r a c t e r i s t i c s  a s  convent iona l  f o s s i l  f u e l  power 
systems. 



I f  no s t o r a g e  i s  b u i l t  i n t o  e i t h e r  the  s o l a r  power u n i t s  themselves 
( b a t t e r i e s ,  thermal  s t o r a g e ,  compressed a i r ,  e t c  .) or  i n t o  the  o v e r a l l  
u t i l i t y  system (pumped hydro) ,  t h e  s o l a r  and wind power systems func t ion  
p r i m a r i l y  a s  f u e l  s a v e r s  and the  requirements  f o r  convent ional  gene ra to r  
c a p a c i t y  a r e  n o t  s i g n i f i c a n t l y  modified. This  r e s u l t s  from the  possi-  
b i l i t y  t h a t  bo th  wind and s o l a r  a v a i l a b i l i t y  may b e  n e g l i g i b l e  during 
p e r i o d s  of  h igh  power demand. The opt imal  mix of convent iona l  gener- 
a t i n g  capac i ty ,  however, may b e  a l t e r e d  s i n c e  i t s  o p e r a t i o n a l  requi re -  
ments would be  a f f e c t e d  by s i g n i f i c a n t  c a p a c i t i e s  of s o l a r  and wind 
power u n i t s .  

The i s s u e  of how t o  opt imize t he  d e s i g n  of solar /wind power systems 
t o  b e s t  i n t e r f a c e  wi th  u t i l i t y  o p e r a t i o n s  i s  a  complex one which depends 
on many f a c t o r s ,  inc lud ing:  e l e c t r i c  power demand c h a r a c t e r i s t i c s ,  c o s t  
of s t o r a g e  a l t e r n a t i v e s ,  mix of convent iona l  genera t ing  f a c i l i t i e s ,  and 
so l a r lw ind  r e sou rce  dependab i l i t y .  Two important a spec t s  of f u t u r e  
a c t i v i t i e s  i n  t he  s o l a r  power gene ra t i ng  f i e l d  w i l l  be analyzing the  
u t i l i t y  i n t e r f a c e  i s s u e s  and how b e s t  t o  conf igure  both s o l a r  and 
convent ional  gene ra t i ng  u n i t s  ( i nc lud ing  pumped hydro facilities) t o  
op t imize  the  o v e r a l l  power gene ra t i ng  and d i s t r i b u t i o n  system. 

2  0  AVAILABILITY OF RENEWABLE ENERGY RESOURCES 

2.1 S o l a r  Energy 

Egypt has  been recording s o l a r  r a d i a t i o n  i n  many l o c a t i o n s  s i n c e  
1956, according t o  D r .  S. E. D. Harb of the  Meteorological  Author i ty  of  
Cairo.  Most of  t h e  recording s t a t i o n s  use 10-Junction Epply pyranometers 
f o r  s o l a r  i n s o l a t i o n  measurement, G-type Speedomax Recorders f o r  record- 
ing  d a t a ,  and Linke-Feussner ac t inometers  f o r  c a l i b r a t i o n  of t he  pyrano- 
meter-recorder .  So l a r  d a t a  from these  s t a t i o n s  i n d i c a t e  t h a t  Egypt has  
a  good s o l a r  regime wi th  sunshine over t he  whole country.  

Global  S o l a r  Radia t ion .  Egypt is  loca t ed  i n  the  nor thern  hemisphere 
between 22U and 32u l a t i t u d e .  It has  a  mean long i tude  of 30'. 
The Mediterranean Sea borders  on the  no r th  and t h e  Red Sea on the  e a s t ;  
consequent ly ,  t h e  weather i n  Egypt is  dependent t o  a  l a r g e  ex t en t  on 
c o n t i n e n t a l  oceanic  cond i t i ons .  F igure  2  i l l u s t r a t e s  sunshine  d u r a t i o n  
i n  Egypt dur ing  t h e  w in t e r .  I n  southern  Egypt, average  sun h ine  d u r a t i o n  'i 
is  9.5 hou r s ,  which is  92 pe rcen t  o f  t he  p o s s i b l e  du ra t i on .  I n  
no r the rn  Egypt, average  sunshine d u r a t i o n  is  7 hours ,  i.e., 68 pe rcen t  
of t h e  maximum. In  the  summertime, t h e  count ry  has  days averaging 1 4  
hours  i n  l e n g t h ,  and sunshine d u r a t i o n  over the  e n t i r e  count ry  goes up 
t o  12.2 hou r s ,  which i s  87 percent  of t he  p o s s i b l e  d u r a t i o n .  F igure  3 
shows how t h e  sunshine d u r a t i o n  changes wi th  season and l a t i t u d e .  It 

1 
S o l a r  Energy Thermal Process .  J. D i f f i e  and W. B. Eckman, John 
Wiley and Sons (New York, N.Y.) C 1074. 



Fig .  2 Mean b r i g h t  s u n s h i n e  d u r a t i o n  d u r i n g  w i n t e r  ( J a n )  i n ' ~ ~ ~ ~ t  
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may be  noted t h a t ,  except  i n  summer, sunsh ine  d u r a t i o n  i s  h ighe r  i n  
sou the rn  Egypt than i n  no r the rn  Egypt. Sunshine d u r a t i o n  is  lowest  i n  
w in t e r  throughout  t h e  country.  

. . 
Figure  3  i l l u s t r a t e s  t h e  v a r i a t i o n  i n  s o l a r  i n s o l a t i o n  a s  a f u n c t i o n  

of l a t i t u d e  and t me of year.  The s l a r  i n s o l a t i o n  v a r i e s  from 42 1 9' 
c a l o r i e s  (ca l ) /cm Zday (1,450 B t u / f t  -day) i n  w in t e r  t o  ,710 ca l lcm 9 
-day (2,600 B t u / f t  -day) i n  sumyer i n  sou the rn  Egygt and i n  no r the rn  

. Egypt it v a r i e s  frqm 260 ca l lcm -day '(1,000 B t u / f t  -day) t o  710 ca l lcm 2  

-day ' (2 ,600 B t u l f t  -day). 

It is  known t h a t  s o l a r  energy i n c i d e n t  on a  s u r f a c e  t i t l e d  by 
n ine- ten ths  of t e  l a t i t u d e  and f a c i n g  t h e  equa tor  r e c e i v e s  t h e  maximum 9 
energy annual ly .  The d o t t e d  l i n e  i n  f i g u r e  3 corresponds t o  t h i s  
maximum average. This  average is about  10 pe rcen t  h igher  t han  t h e  
i n s o l a s i o n  on a  f l a t  h o r i 5 o n t a l  su r f ace .  Its va lue  ranges from 520 

2  ca l lcm -day (1,900 B t u / f t  -day) i n  t h e  no r th  t o  650 ca l lcm -day 
(2,400 B t u / f t  -day) i n  t h e  south.  While t h e r e  is a  c l i m a t i c  dependence 
on s o l a r  i n s o l a t i o n  from e a s t  t o  w e s t  of Egypt, t h i s  dependence is  
n e g l i g i b l e  compared t o  t h a t  of l a t i t u d e .  As  f a r  a s  hour ly  v a r i a t i o n  of 
~ o l a r  i n s01  t i o u  Is concerdeg, I n  Cai ro  t h e  t y p i c a l  peak n s o l a t i o n s  a r e  2 3 
1.55 ca l lcm ~ m i n  (343 B t u / f t  -hr) f o r  suymer, 1.30 cal/cm2-min 
(288 ~ t u l f t  -hr) f o r  gutumn, 1.0 c a l l c y  -min (221 B t u l f t  -hr) f o r  
w i n t e r ,  and 1.5 cal/cm -min (332 B t u l f t  -hr) f o r  spr ing .  

Cloudiness  and Sandstorms. Cloudiness ,  -sand r is ing. ,  and sandstorms 
.: a r e  main causes  of s c a t t e r i n g  o~r~ 'd l ' f £us ion  of d i r e c t  s o l a r  i n s o l a t i o n .  
'The  mean frequency of dus ty  pe r iods  v a r i e s  from 12 days lyear  i n  Ca i ro  

(nor th)  t o  6  days lyear  i n  Hurghada ( south) .  
, . .. 

. Besides c loud ines s ,  fog  and m i s t , a r e  two o t h e r ' m e t e o r o l ~ ~ i c a l  
f a c t o r s .  ~ u m b e r s ' o f  occurrences i n .  Ca i ro  average 45 p e r  year ,  and i n  
.Hurghada, 2. However, bo th  phenomena occur  l a t e  a t  n i g h t ' o r  e a r l y  i n  
. t h e  morning, and a r e  d i s s i p a t e d  by about  two hours  of morning sunshine.  
Therefore ,  t h e s e  phenomena have l i t t l e  o r  no adverse  e f f e c t  on t h e  
:annual average s o l a r  inso la t ion . .  

I t - i s  worth mentioning h e r e  t h a t  a l though sand o r  dus t  has  minimal 
? e f f e c t  on t h e  annual  average d i r e c t  s o l a r  i n s o l a t i o n ,  sandstorms c r e a t e  
many d i f f i c u l t i e s  i n  t h e  ope ra t i on  and maintenance of s o l a r  dev i ce s ,  and 
s o l a r  equipment w i l l  r e q u i r e  sandstorm-proof design. 

.. - .- 
;D i f fu se  S o l a r  Radia t ion .  S t a t i s t i c a l  a n a l y s i s  and da t a3  i n d i c a t e  

t h a t  :d i f fuse  r a d i a t i o n  ranges from 0.20 t o  0.40 of g l o b a l  i n s o l a t i o n  f o r  

C h a r a c t e r i s t i c  F e a t u r e s  of Rad ia t i on  F i e l d  i n  E a .  S. Harb, 
Min i s t ry  of E l e c t r i c i t y  and Energy, Egyptian So la r  Energy Commission, 
Egypt. 1978. 
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, S o l a r  Energy Thermal Processes ;  J. D i f f i e ,  W. B. Eckman; John Wiley 

& Sons, New York, N.Y. c  1074.  



a l l  days of t h e  year  ( c l e a r ,  cloudy, sandy, daytime s k i e s ) .  This  
c a l c u l a t e d  f a c t o r  is l a r g e s t  i n  s p r i n g ,  autumn, and win t e r ,  mainly due 
t o  dus ty  o r  sandy weather ,  i n  a d d i t i o n  t o  c loudiness .  I n  summer, t h i s  
f a c t o r  is  a t  a  minimum and d i f f u s e  r a d i a t i o n  c o n t r i b u t e s  about 0.25 of 
t h e  g l o b a l  i n s o l a t i o n .  

For c l e a r  daytime s k i e s ,  t h i s  f a c t o r  ranges between 0.20 and 0.30 
-of t h e  g l o b a l  r a d i a t i o n ,  and f o r  cloudy daytime s k i e s ,  t h i s  f a c t o r  
ranges between 0.25 and 0.40 of t he  g loba l  r a d i a t i o n .  The v a r i a t i o n  is 
caused l a r g e l y  by sandy weather.  

The e f f e c t  of sand and dus t  i n  the  atmosphere appears  t o  r e s u l t  i n  
Egypt having a  r e l a t i v e l y , h i g h  percentage of d i f f u s e  r a d i a t i o n .  Most of 
t h e  concen t r a t i ng  c o l l e c t o r  op t ions  cons idered  f o r  s o l a r  thermal power 
g e n e r a t o r s ,  and s e v e r a l  of the  combined photovoltaic/concentrator 
systems can u t i l i z e  on ly  t h e  h i g h i y  d i r e c t e d  p o r t i o n  of t he  s o l a r  
r a d i a t i o n .  Therefore ,  t h e  e f f e c t  of having a  h igh  d i f f u s e  component, 
w i th in  t he  ' t o t a l  r a d i a t i o n  a v a i l a b i l i t y  i s  r educ t ion  i n  the  output  of 
t h e s e  s o l a r  power op t ions .  Thus, i t  w i l l  be important i n  f u t u r e  programs 
t o  ,quant i fy  t h e  n a t u r e  ( d i r e c t ,  d i f f u s e ,  and c i rcumsolar )  of s o l a r  
a v a i l a b i l i t y  i n  Egypt and how t h e  r a t i o n  of d i r e c t  t o  d i f f u s e  r a d i a t i o n  
v a r i e s  a t  d i f f e r e n t  l o c a t i o n s  throughout t he  country.  , . . .  ,,* *:., 

,. . " .% 
., . 

2.2 Wind Resource A v a i l a b i l i t y  

I n  1974, a  s t udy  e n t i t l e d  " C h a r a c t e r i s t i c  Fea tures  of Wind F i e ld  i n  . . 

Windy Regions i n  Egypt" was performed by D r .  E l  Din Harb of t he  I n s t i t u t e  
f o r  Research and Tra in ing  Meteorological  Author i ty ,  Ca i ro ,  Egypt. The 
purpose of t h i s  s t udy  was t o  ana lyze  d a t a  records  from a  number of 

, +: 

l o c a t i o n s  i n  Egypt t o  a s s e s s  the  p o t e n t i a l  f o r  wind power gene ra t i on  i n  
t he se  a r ea s .  

,;;! '%i 

The wind d a t a  recorded a t  each s i te  c o n s i s t s  of  two bas i c  parameters ,  
wind speed and d i r e c t i o n ,  both measured a s  a  func t ion  of t i m e .  The d a t a  
recorded a t  each l o c a t i o n  were not intended t o  be used t o  des ign  a  wind 
power system f o r  t h a t  p a r t i c u l a r  s i t e ,  s o  much a s  t o  determine which 
si tes have f a v o r a b l e  winds worthy of more d e t a i l e d  a n a l y s i s .  Thus, t h e  
d a t a  can be used t o  a s s e s s ,  i n  a  gene ra l  way, an  a rea ' s  p o t e n t i a l  f o r  
wind power gene ra t i on .  

The d a t a  were taken a t  t h e  l o c a t i o n s  ( l i s t e d  i n  t a b l e  6 )  a t  a l t i t u d e s  
between 10 and 20 meters. Due to  t he  extreme s e n s i t i v i t y  of wind 
t u r b i n e  output  t o  wind speed ( s e c t i o n  3 .4) ,  d e t a i l e d  system performance 
c a l c u l a t i o n s  r e q u i r e  accu ra t e  d a t a  d e t a i l i n g ,  n o t  on ly  average  wind 
c h a r a c t e r i s t i c s ,  but  d i u r n a l  and monthly v a r i a t i o n s  a s  we l l .  However, 
average  d a t a ,  such a s  t h a t  presented i n  t h i s  t a b l e  a r e  v e r y  u s e f u l  i n  
e s t ima t ing  t h e  p o t e n t i a l  resource ,  and through the  use  of v a r i o u s  
c o r r e l a t i o n s ,  r e p r e s e n t a t i v e  e s t i m a t e s  of u n i t  power p o t e n t i a l  can be 
made. It is ev iden t  from t h i s  t a b l e  t h a t  of  t h e  a r e a s  surveyed,  t h e  two 
most f avo rab l e  a r e  cen te red  about Hurghada on the  Red Sea coas t  and 
Mersa Matruh on the  Mediterranean Sea coas t .  



TABLE 6 

MONTHLY AND AVERAGE WINDS (KNOTS) AT SELECTED STATIONS FROM 1952-1970 

STATION ANNUAL 
JAN FEB MAR APR MAY J U N  JUL AUG SEP OCT NOV DEC AVERAGE 

I I I I I I I I I I I I I 
Sal lum l l 2 . 0 l  9.5(10.51 8.41 7.11 8.01 9 - 8 1  8.51 7.01 7.21 8.7111.4) '9.0 
S i d i  B a r r a n i ~ 1 1 . 0 ~ 1 0 . 8 ~ 1 1 . 5 ~ 1 0 . 6 )  9.11 8.61 9.91 8.51 7.21 7.8) 8.8111.01 9.6 
Mersa M a t r u h ( 1 2 . 2 ~ 1 1 . 9 ~ 1 2 . 3 ~ 1 1 . 0 ~  9.61 9.9110-21 9.01 8 - 5 1  8.41 9.2111.81 11.2 
Dabaa 1 1 1 . 0 ~ 1 1 . 2 1 1 2 . 4 ~ 1 1 . 3 ~  9.9111.6)12.1110.61 9.01 7.81 .8.4110.61 10.5 
Alexandr ia  1 8.71 8.51 9.11 8.41 9.81 7.91 8.61 7.81 7.0) 6.21 6.51 8.01 7.9 
R o s e t t a  1 5.81 5.31 6.41 5.61 4.9) 5.31 5.91 4.6) 4.11 3.91 4.2) 5.01 5.1 
Damiet ta  1 6.21 6.11 8.4) 7.51 6.81 6.41 5.61 4.91 4.11 5.0)  4.6) 5.4)  5.9 
P o r t  Sa id  1 9.5110.3111.6110.7) 9.61 9.0) 8 .6 )  7.61 7.51 8.01 8.51 8.41 9.1 
Duanhour ' 1 4.7) 4.1) 5.41 5.11 5.01 4.71 4.0) 3.71 3.51 3.71 4.01 4.51 4.4 
Tahr i r  I 6.01 6.01 7.11 6.31 5.91 5.51 5.01 4.31 4.01 3.8)  4.11 5.0)  5.3 
T a n t a  1 3.81 4.11 5.01 4.81 4.61 4.41 3.21 3.2) 3.21 3.21 3.01 3.61 3.8 
C a i r o  1 8.01 8.11 8.71 8.71 8.81 8.11 6.71 6.41 6.61 7.11 6.51 7.61 7 i 6  
Abbassiya  1 4.01 4.31 4.91 4.91 4.51 4.11 3.5)  3.51 4.0) 3.91 3.51 3.71 4.1 
Helwan 1 5.61 7.11 8.6)  9.5)  9.3) 9.81 8.51 8.01 8.51 8.51 7.91 6.21 8.1 
Fayoum 1 3.51 4.0) 5.01 4.71 5.41 5.51 5.11 4.91 5.11 4.31 4.4) 3.61 4.6 
Miny a 1 4.81 5.81 6.51 7.61 8.41 9.01 7.71 6.4) 7.21 6.21 5.61 4.4) 6.6 
As you t  1 6.61 7.11 8.21 8.01 7.91 7.5) 7.01 6.4) 8.21 7.2) 6.6) 6.0) 7.2 
Luxor 1 3 .5)  4 - 0 1  4.81 5.11 4.61 4.31 4.01 3.71 3.31 3.01 3.3) 3 -51>  3.9 
As wan 1 7 - 5 1  8.01 8.81 9.21 8.61 9 - 0 1  8.11 8.01 8.31 8.11 8.01 7.5) 8.3 
Siwa 1 5.8) 6.5) 7.81 7.81 7.01 6.51 6.01 5.41 4.61 4.2) 4.01 5.21 5.9 
Dakhla 1 3.61 4.41 4.91 5.01 5.91 6.31 5 - 4 1  4 - 8 1  5.41 4 - 8 1  4 - 1 1  3.21 4.8 
Kharga 1 6.2) 7.71 8.4) 8.61 9.6111.51 9 - 1 1  8.31 9.41 92 1 7.41 6.01 8.4 
Hurghada ~ 1 1 . 4 ~ 1 2 . 5 ) 1 2 . 3 ~ 1 2 . 7 ~ 1 3 . 6 ~ 1 4 . 5 ~ 1 3 . 3 ~ 1 3 . 2 1 3 6 1 1 3  9.9110.51 12.4 
Q u s e i r  1 9.41 9.21 9.41 8.81 9.61 9.81 7.71 7.61 9.01 8.71 9.41 9.41 9.0 



Among t h e  conclus ions  reached by t h e  s tudy  a re :  

o  The h ighes t  va lues  of wind speed f o r  Mersa Matruh (Mediterranean 
Sea coas t )  occur i n  t h e  win te r ;  winds f o r  most of t h e  year  a r e  
onshore ( i .e . ,  from t h e  north-northwest) b u t  i n  w in te r ,  winds 
p r e v a i l  west-southwest. S t ronges t  winds occur  i n  summer f o r  
~ u r ~ h a d a  (Red Sea coas t )  and' a r e  a l s o  onshore (eas t - southeas t )  . 

o Maximum wind speeds occur i n  t h e  e a r l y  a f te rnoon i n  Mersa 
Matruh and i n  t h e  e a r l y  t o  mid morning i n  Hurghada during a l l  
seasons except  w in te r ,  where winds occur  i n  t h e  mid t o  l a t e  
morning f o r  both loca t ions .  

F igure  4 shows t h e  average monthly wind speeds f o r  s e v e r a l  l oca t ions .  
The wind speeds i n  Hurghada appear t o  complement those  of Mersa Matruh. 
I n  t h e  e a r l y  p a r t  of t h e  year ,  they  a r e  nea r ly  equal.  As  t h e  l o c a t i o n s  
on t h e  Red Sea exper ience  a  gene ra l  l e s sen ing  of t h e  winds, Hurghada's 
winds a r e  p ick ing  up. As t h e  year  approaches an  end, t h e  wind speeds 
aga in  become more a l igned .  

F igure  5 i n d i c a t e s  t h a t  wind speed f o r  t h e s e  fou r  c o a s t a l "  l o c a t i o n s  
i s  s t r o n g e s t  during t h e  day l igh t  hours ,  a s  expected. The onshore winds 
a r e  caused by t h e  d i f f e r e n c e  i n  h e a t  given o f f  between land and water  
masses. The r e l a t i v e l y  warm a i r  over  t he  land r i s e s  and t h e  coo le r  a i r  
over  t h e  s e a  moves ashore  t o  r ep l ace  t h e  r i s i n g  warmer a i r .  Thus, 
g r e a t e s t  wind a c t i v i t y  i s  expected during t h e  day wh i l e  t h e  sun i s  
h e a t i n g  the land. 

F igure  6 is  a v e l o c i t y  d u r a t i o n  curve f o r  t h e  two c o a s t a l  l o c a t i o n s  
wi th  favorable  wind schemes and two in l and  l o c a t i o n s  wi th  l e s s e r  winds. 

It should be noted t h a t  t h e  wind speeds ind ica t ed  he re  do not  
n e c e s s a r i l y  r e f l e c t  t h e  b e s t  t h a t  any one a r e a  has  t o  o f f e r .  Judic ious  
planning and c a r e f u l  s i te  i n v e s t i g a t i o n s  may r e v e a l  l o c a l  wind cond i t i ons  
even more a t t r a c t i v e  than  those  o u t l i n e d  here.  For example, c e r t a i n  
a r e a s  may con ta in  gen t ly  r i s i n g  s l o p e s  f ac ing  i n t o  t h e  p r e v a i l i n g  wind, 
which w i l l  s i g n i f i c a n t l y  amplify wind power a v a i l a b i l i t y .  De ta i l ed  
s t u d i e s  of a r eas  such a s  Hurghada.and Mersa Matruh are needed t o  map 
wind regimes a c c u r a t e l y  and t o  a i d  i n  t h e  development of such a r e a s  a s  
power product ion loca t ions .  

3.0 TECHNOLOGY DESCRIPTIONS AND IMPACTS 

The fol lowing s e c t i o n  d e s c r i b e s  t h e  types and economic performances 
of renewable energy r e source  systems t h a t  could be  used i n  Egypt. This  
in format ion  is  then  used t o  develop implementation s c e n a r i o s  f o r  each 
technology opt ion.  I n  each case ,  two scena r ios  a r e  out l ined .  
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AVERAGE DURATION AS PERCENTAGE OFYEAR 

Fig.  6 V e l o c i t y  d u r a t i o n  c u r v e  



Comparison Case. This  s c e n a r i o  i s  intended t o  be  cons is . t en t  w i th  
t h e  s i t u a t i o n  where t h e  renewable energy r e sou rce  systems a r e  n o t  
a c t i v e l y  promoted by t h e  government. It s t i l l  assumes, however, t h a t  
t h e  s o l a r  systems a r e  subs id i zed  t o  t h e  same e x t e n t  a s  a r e  t h e  conven- 
t i o n a l  energy r e sou rces  so  t h a t  t h e  economic advantages of s e l e c t e d  
a p p l i c a t i o n s  a r e  apparent  t o  t h e  p o t e n t i a l  buyers ( i nc lud ing  t h e  govern- 
ment) . 

Accelera ted  S o l a r  Case. There a r e  b e n e f i c i a l  f o r e i g n  exchange, ' 

i n d u s t r i a l  development, and employment cons ide ra t i ons  assoc. ia ted 
w i th  many s o l a r ,  wind, and biomass energy systems. These f avo rab l e  
s o c i a l / i n s t i t u t i o n a l  f a c t o r s  combined wi th  good economic performan.c.e 
make i t  reasonable  f o r  t h e  government t o  promote t h e  r ap id  and wide- 
sp read  implementation of renewable energy r e sou rce  systems. The acce l -  
e r a t e d  s o l a r  s c e n a r i o  assumes t h a t  t h i s  i s  done v i a  some combination of 
s u b s i d i e s ,  low i n t e r e s t  l oans ,  and s p e c i f i c  r egu la t i ons .  

The fo l lowing  s e c t i o n s  emphasize t h e  technology and.economics of 
s o l a r  water  h e a t i n g  and a l t e r n a t i v e  approaches t o  power gene ra t i on  
(pho tovo l t a i c s ,  s o l a r  thermal ,  wind and biomass). Also, s e c t i o n  3.6 
d e s c r i b e s  t h e  advantages of u s ing  s o l a r  energy t o  o p e r a t e  d e s a l i n a t i o n  
systems. Desa l ina t ion ,  p r e s e n t l y ,  i s  no t  a l a r g e  energy u s e r  i n  Egypt; 
however, t h e  need f o r  d e s a l i n a t i o n  may i n c r e a s e  s i g n i f i c a n t l y  due t o  t h e  r'. 
program t o  d i s p e r s e  t h e  popula t ion  i n t o  a r e a s  where f r e s h  water  is n o t  
r e a d i l y  a v a i l a b l e .  

Sec t ion  3..7 d e s c r i b e s  t h e  op t ions  a v a i l a b l e  f o r  p rovid ing  a i r  
cond i t i on ing  and r e f r i g e r a t i o n  by use  of s o l a r  energy. So la r  cool ing  is  
e s s e n t i a l l y  a s p e c i a l  a p p l i c a t i o n  of one of t h e  s o l a r  power a l t e r n a t i v e s .  
For example, t h e  ou tput  of a wind gene ra to r  can be used t o  ope ra t e  t h e  
compression c y c l e  of a vapor compression cool ing  system. Cooling 
a p p l i c a t i o n s  may have advantages over more gene ra l i zed  e l e c t r i c  power 
a p p l i c a t i o n s  s i n c e  any s t o r a g e  requirements  can be  i n  t h e  form of 
c h i l l e d  water  r a t h e r  than  r e l a t i v e l y  expensive b a t t e r y  packs. 

The e a r l y  i n s t a l l a t i o n  of demonstrat ion systems would probably 
i nvo lve  t h e  purchase of most components from o u t s i d e  Egypt. However, 
one of t h e  s i g n i f i c a n t  advantages of s o l a r  based energy systems i s  t h a t  
they  a r e  amenable t o  manufacture i n  developing c o u n t r i e s  such a s  Egypt 
which have an e x i s t i n g  i n d u s t r y  and r e sou rce  base.  It h a s  been assumed, 
t h e r e f o r e ,  t h a t  t h e  s u b s t a n t i a l  i n s t a l l a t i o n  of s o l a r ' r e l a t e d  systems 
would emphasize t h e  use of in-country f a b r i c a t i o n  and manpower resources .  
The r e sou rce  requirements  f o r  a l l  systems have been broken down between 
m a t e r i a l  and purchased components and manpower s o  t h a t  t h e  p o t e n t i a l  
f o r e i g n  exchange imp l i ca t i ons  can be r e a d i l y  i d e n t i f i e d .  I n  t h i s  
breakdown i t  has  been assumed t h a t  a l l  b a s i c  m a t e r i a l s  ( s t e e l ,  aluminum, 
e t c . )  produced in-country have a f o r e i g n  exchange va lue  equa l  t o  t h e  
world market p r i c e .  This  d i v i s i o n  of r e sou rces  involves  numerous 
judgments a s  t o  which components a r e  l i k e l y  t o  be  purchased from abroad. 
For example, i t  was assumed t h a t  s o l a r  c e l l s  were purchased and then  
u t i l i z e d  w i t h i n  concen t r a t i ng  a r r a y s  produced in-country. 



3.1 S o l a r  Water Hea t ing  

3.1.1 Background: Egypt p r e s e n t l y  consumes approximately 1,288 
met r ic ,  tons  of kerosene and 224,000 me t r i c  t ons  of bu tane  fo!: household 
u se ,  and t h i s  consumption is expected t o  i n c r e a s e  a t  annual  r a t e s  of 
about  1 . p e r c e n t  and 7.7 p e r c e n t ,  r e s p e c t i v e l y ,  a s  a  r e s u l t  of popula t ion  
growth and i n c r e a s e s  i n  t h e  s t anda rd  of l i v i n g ,  p a r t i c u l a r l y  i n  r u r a l  
a r ea s .  The use  of kerosene ( i n  r u r a l  a r e a s )  and b u t a n e ' ( i n  urban a r e a s )  
ha s  rep laced  t h e  use of a g r i c u l t u r a l  wastes  (cow dung, corn s t a l k s ,  
e t c . )  f o r  h e a t i n g  water  used f o r  c l o t h e s  washing, cooking, and baking. 
(Home hea t ing  and cool ing  a r e  unusual i n  Egypt). 

The Egyptian government c u r r e n t l y  provides  a  s u b s t a n t i a l  subs idy  
(over 50 pe rcen t )  t o  reduce t h e  c o s t  of bu tagas  and kerosene t o  house- 
holds .  The impor ta t ion  of t h e s e  f u e l s ,  and t h e  prospec t  f o r  i n c r e a s i n g  
imports  i n  t h e  f u t u r e ,  have a  s i g n i f i c a n t  e f f e c t  on t h e  country 's  
ba lance  of payments. The combination of t h e  h igh  c o s t  of t h e  s u b s i d i e s ,  
t h e  f o r e i g n  exchange l o s s e s ,  and t h e  d e s i r e  t o  improve t h e  s t anda rd  of 
l i v i n g  of t h e  Egyptian people  appears  t o  c r e a t e  a  f avo rab l e  p o l i t i c a l  
c l i m a t e  f o r  s o l a r  water  hea t ing .  I n  a d d i t i o n ,  t h e  r e l a t i v e l y  low 
temperature  requirements  of t h i s  p a r t i c u l a r  a p p l i c a t i o n ,  t h e  abundant 
sunshine  i n  Egypt, and t h e  comparat ively h igh  cos t  ( i f  unsubsidized)  of 
t h e  f o s s i l  f u e l  a l t e r n a t i v e s  combine t o  c r e a t e  f avo rab l e  economics f o r  
s o l a r  water  hea t ing  f o r  bo th  r e s i d e n t i a l  and non- r e s iden t i a l  bu i ld ings .  
This  s e c t i o n  exp lo re s  t h e  n a t u r e  and e x t e n t  of t h e  oppor tun i ty  f o r  s o l a r  
water  hea t ing  i n  Egypt. 

So l a r  water  h e a t i n g  w i l l  d i s p l a c e  t h e  use of t r a d i t i o n a l  f u e l s  i n  
households.  A g r i c u l t u r a l  wastes  a r e  s t i l l  an important  f u e l  i n  much of 
r u r a l  Egypt a l though kerosene use is growing rap id ly .  ( A g r i c u l t u r a l  
wastes  cont inue  t o  be used f o r  baking bread i n  t r a d i t i o n a l  mud b r i c k  
ovens.) Although butane is  t h e  primary f u e l  i n  urban a r e a s ,  t h e  use  of 
e l e c t r i c i t y  f o r  water  h e a t i n g  i s  growing i n  s ign i f i cance . '  ~ s t i m a t e d  
f u e l  usage i n  urban and r u r a l  a r e a s  is shown i n  t a b l e  7. It should be  
noted t h a t  a  l a r g e  p o r t i o n  of t h e  f u e l  use  shown i n  Table  7 i s  used f o r  
cooking purposes.  In-country d i s cus s ions  i n d i c a t e d  t h a t  a  s i g n i f i c a n t  
p o r t i o n  of h e a t  used i n  cooking is  used t o  h e a t  water  ( f o r  example, t e a  
is  t h e  major beverage i n  Egypt). Therefore ,  s o l a r  water  h e a t e r s  can be  
used t o  reduce f u e l  use  i n  cooking a s  w e l l  a s  washing f u c t i o n s  - i f  s o l a r  

' 

hea ted  h o t  water  is used i n  p l a c e  of co ld  t a p  water  ( i .e . ,  s o l a r  energy 
can be used t o  prehea t  cooking water ) .  The e x t e n t  of such p o t e n t i a l  
s av ings  i n  cooking func t ions  i s  d i f f i c u l t  t o  e s t ima te  s i n c e  doing s o  
r e q u i r e s  a  d e t a i l e d  d e f i n i t i o n  of cooking methods and how t h e s e  vary  by 
popula t ion  type  (urban, r u r a l ,  economic s t r a t a ,  e t c . ) .  The fo l lowing  
d i scus s ion  assumes t h a t  roughly 20-30 pe rcen t  of energy used i n  cooking 
( exc lus ive  of t h a t  i n  ovens) could be  saved by s o l a r  water  h e a t e r s .  



. FUEL USE I N  EGYPT 

ENERGY SOURCE RURAL URBAN TOTAL 

. . 

Kero ene 9 796 492 1,288 
(10 m e t r i c  tons)  

' 7 

Butage 
(10 me t r i c  t ons )  14 210 224 

E l e c t r i c i t y  . .  268 , 1,429 1,697 

I n  a d d i t i o n  t o .  h e a t i n g  water  i n  hdbseholds,  t h e r e . w i l 1  be water  
h e a t i n g  i n  a  range of i n s t i t u t i o n a l  and copmerc ia l .bu i ld ings ,  such a s  
h o s p i t a l s  and h o t e l s ,  and i n  i n d u s t r i a l  p rocesses  ( t e x t i l e  and food 
process ing  i n d u s t r i e s ,  f o r  example). 

Although t h e  fol lowing d i scuss ion  does n o t  e x p l i c i t l y  c o n s i d e r . t h e  
p rospec t s  f o r  i n s t i t u t i o n a l  a p p l i c a t i o n s  o r  i n d u s t r i a l  p rocess  h e a t ,  
t h e s e  a p p l i c a t i o n s  a r e  accounted f o r  i n  t h i s  pre l iminary  a n a l y s i s  by 
adding 20 percent  t o  t h e  p ro j ec t ed  r e s i d e n t i a l  s o l a r  water  h e a t e r  
c o l l e c t o r  a reas .  The e x t e n t  of such a p p l i c a t i o n s  i n  Egypt a r e  p ro j ec t ed  
t o  be q u i t e  modest due, i n  p a r t ,  t o  two f a c t o r s ;  

o  A major p o r t i o n  of t h e  i n d u s t r i a l  energy use  i n  Egypt 
is  a s s o c i a t e d  wi th  t h e  product ion  of f e r t i l i z e r ,  
aluminum, and i r o n  and s t e e l .  These i n d u s t r i a l  
s e c t o r s  have l i t t l e  need f o r  low temperature h e a t  
( 8 0 ~ - 1 5 0 ~ ~ )  which can be  suppl ied  by low c o s t ,  
r e l i a b l e ,  c o l l e c t o r  systems, and 

o .In t hose  i n d u s t r i e s  ( t e x t i l e ,  food process ing ,  e t c . )  
which r e q u i r e  some water a t  modest temperature l e v e l s ,  
t h e r e  is  o f t e n  an oppor tuni ty  f o r  h e a t  recovery'  from 
higher  temperature processes  ( a s  d iscussed  i n  Annex 
2-Industrial/Agricultural Sector  Options) which 
reduces ' t he  i n c e n t i v e  t o  use  process  hea t .  . 

The o p p o r t u n i t i e s  f o r  s o l a r  process  h e a t  should,  however, r e c e i v e  
more a t t e n t i o n  so  t h a t  t h e  p o t e n t i a l  impacts of such a p p l i c a t i o n s  can be  
b e t t e r  q u a l i f i e d .  
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So la r  water h e a t e r s  w i l l  have t h e i r  primary energy i m p a c t ' i n  
households by reducing t h e  amount of energy r equ i r ed  t o  hea t  water f o r  
ba th ing  and laundering.  I n  a d d i t i o n ,  t h e  s o l a r  system w i l l  g ene ra t e  
some incremental  s av ings  i n  cooking, s i n c e  t he  ho t  water  w i l l  r e q u i r e  
l e s s  hea t  f o r  use i n  cooking. With the  high amount of sunshine i n  
Egypt, a  s o l a r  water hea t ing  system can d e l i v e r  t h e  des ign  q u a n t i t y  of 
ho t  water  n e a r l y  eve ry  day without the  need f o r  l a r g e  s t o r a g e  tanks.o 
The t y p i c a l  d e l i v e r y  tempera ture  of s o l a r  ho t  water  w i l l  be 50 t o  85 C 
using c o l l e c t o r s  of  s imple r e l i a b l e  des ign .  It  is es t imated  t h a t  a  
s o l a r  water h e a t e r  can reduce the  use of kerosene o r  butane i n  households 
by 60 t o  80 p e r e n t  depending on d e t a i l s  of water use p a t t e r n s .  

An important  f a c e t  of t he  government's poTicy i s  t o  improve the  
s tandard  of l i v i n g  of t he  Egyptian people.  While running water is 
a v a i l a b l e  i n  most urban homes, i t  i s  n o t  common i n  r u r a l  a r e a s  where the  

'people  r e l y  on c e n t r a l  t a p s  i n  the  v i l l a g e  f o r  t h e i r  water supply. 
While e l e c t r i f i c a t i o n  i s  common i n  most urban households,  i t  i s  es t imated  
t h a t  on ly  about  1 7  pe rcen t  of v i l l a g e s  now have e l e c t r i c i t y .  The d e s i r e  
f o r  modernizat ion,  p a r t i c u l a r l y  i n  r u r a l  a r e a s ,  i s  r e f l e c t e d  i n  t he  
government's program t o  b r ing  running water and e l e c t r i f i c a t i o n  t o  a  
l a r g e r  s h a r e  of t he  populace. 

These t r e n d s  suggest  bo th  t he  modernizat ion b e n e f i t s  o b t a i n a b l e  
from s o l a r  water  h e a t e r s  and t h e  need t o  ensure t h a t  t he  s o l a r  systems 
a r e  i n t e g r a t e d  i n t o  t h e  s o c i a l  f a b r i c  with an understanding of t he  
institutional/social/economic b a r r i e r s  and c o n s t r a i n t s  which w i l l  a f f e c t  
t h e i r  use .  

3.1.2 System d e s c r i p t i o n :  E f f e c t i v e  and widespread implementa'tion 
of s o l a r  water hea t ing  i n  Egypt w i l l  depend on the  development of s o l a r  
h o t . w a t e r  systems which a r e  both economical and a p p r o p r i a t e  f o r  t he  
marke t ( s )  . It is  .expected t h a t  three,  a l t e r n a t i v e  ho t  water  systems may 
be s u i t a b l e  f o r  d i f f e r e n t  segments of  t he  Egyptian market:  

o  Act ive (Pumped) systems 

o  Thermosyphon Systems 

o  Ref i l l a b l e  Systems 

Figure  7 shows the  schematic f o r  a s o l a r  h o t  water system which 
uses  a  pump t o  c i r c u l a t e  water from a  s t o r a g e  tank through the  c o l l e c t o r .  
Act ive  systems w i l l  be most a p p r o p r i a t e  i n  commercial b u i l d i n g s  (hos- 
p i t a l s ,  h o t e l s ,  and some apartments)  where e l e c t r i c i t y  and running water 
a r e  a v a i l a b l e  and s t o r a g e  is  l i k e l y  t o  be placed i n  lower s t o r i e s  of t h e  
bu i ld ing .  It a l s o  may be  used i n  r e s idences  where p l ac ing  s t o r a g e  on 
the  roof of  the  b u i l d i n g  is  n o t  app rop r i a t e .  



I n  thermosyphon systems ( f i g u r e  8 ) ,  t h e  water  f lows by n a t u r a l  
I convect ion from t h e  ho t  c o l l e c t o r  t o  s torage .  This  system has  t h e  

cons ide rab l e  advantage of e l i m i n a t i n g  pumps and c o n t r o l s  and thus  t h e  
need f o r  e l e c t r i c i t y .  It i s  used throughout t h e  world i n  non-freezing 
c l i m a t e s  and is expected t o  be  t h e  primary h o t  water  system f o r  most 
dwel l ings  i n  urban a r ea s .  

The t h i r d  a l t e r n a t i v e  ( f i g u r e  9 ) ,  a  r e f i l l a b l e  system i n  which t h e  
c o l l e c t o r  and t h e  s t o r a g e  a r e  combined, i s  t h e  s imp le s t  and most econom- 
i c a l .  This  system, common i n  many r u r a l  a r e a s  of t h e  world,  r e q u i r e s  no 
e l e c t r i c i t y  b u t  must be r e f i l l e d  by hand a f t e r  t h e  ho t  water  i n  t h e  
system has  been used. Although i t  may not  be  accep tab l e  i n  markets 
where t h e  r e f i l l i n g  is cons idered  an unacceptable  inconvenience,  t h e  low 
c o s t  of this system makes i t  a reasonable  o p t i o n  f o r  low income f a m i l i e s  
i n  r u r a l  a reas .  

So l a r  c o l l e c t o r s  used i n  t h e  a c t i v e  and thermosyphon systems a r e  
t y p i c a l l y  f l a t  p l a t e  con f igu ra t i ons  a s  shown i n  f i g u r e  10. Although t h e  
cover  p l a t e  is  o rd ina ry  g l a s s ,  t h e  absorber  can be  made from a  v a r i e t y  ' 

of m a t e r i a l s ,  u s u a l l y  s teel ,  copper,  o r  aluminum. Copper is  commonly 
used i n  t h e  United S t a t e s  because of i ts  e x c e l l e n t  thermal  conduc t iv i t y  
and r e s i s t a n c e  t o  co r ros ion ,  b u t  galvanized steel  is  t h e  p r e f e r r e d  
m a t e r i a l  i n  most c o u n t r i e s  because of i t s  lower c o s t  and g r e a t e r  a v a i l -  
a b i l i t y .  Although aluminum is  l i gh twe igh t  and r e l a t i v e l y  inexpensive,  
problems wi th  c o r r o s i o n ' a r e  l i k e l y  t o  l i m i t  i t s  use. P l a s t i c  abso rbe r s  
a l s o  may be  used, b u t  t h e i r  poor s t a b i l i t y  under h igh  temperatures  may 
make them unacceptable  i n  Egypt. This  a n a l y s i s  assumes t h a t  t h e  absor-  
b e r s  and frames are made from steel. 

3.1.3 System c o s t  e s t ima te s :  The p r i n c i p a l  components of s o l a r  
h o t  water  systems (excluding t h e  r e f i l l a b l e  system) inc lude  s o l a r  
c o l l e c t o r  pane ls ,  s t r u c t u r e s  f o r  c o l l e c t o r  mounting, s t o r a g e  tanks ,  
p ip ing ,  and pumps and c o n t r o l l e r s  ( a c t i v e  systems only) .  

Es t imates  of t h e  i n s t a l l e d  c o s t s  of s o l a r  h o t  water  systems a s  a  
f u n c t i o n  of t h e  s i z e  a r e  shown i n  f i g u r e  11. Economics of s c a l e  a r e  
p o s s i b l e  wi th  a c t i v e  systems because of t h e  r e l a t i v e l y  h i g h  c o s t  of 
pumps and c o n t r o l s  which a r e  v i r t u a l l y  t h e  same f o r  sma l l  and l a r g e  
s y s t  m s .  These c o s t  e s t i m a t e s  assume de l ive red  c o l l e c t o r ' c o s t s  of L.E. 9 
50/m and L.E. .1 t o  . 2 / l i t e r ,  depending on s i z e ,  f o r  an i n s u l a t e d  
ga lvanized  s t e e l  s t o r a g e  tank. 

2  I n s t a l l a t i o n  c o s t s  a r e  es t imated  t o  rang2 from L.E. 21/m of 
c o l l e c t o r  a r e a  f o r  sma l l  systems t o  L.E. 14/m f o r  l a r g e r  ones. 
However, i t  $s l i k e l y  t h a t  s m a l l  prepackaged systems may be  o f f e r e d  
which could be i n s t a l l e d  by t h e  homeowner t o  save  on i n s t a l l a t i o n  
cos t s .  
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Fig. 7 Schematic of a pumped solar hot water system 
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Fig. 11 Cost estimate for solar water heaters 



The mate i a l  requirements  f o r  a t y p i c a l  a c t i v e  s o l a r  water  h e a t e r  1 system (1.8 m ) a r e  i nd i ca t ed  i n  t a b l e  8. Although o t h e r  m a t e r i a l  
op t ions  a r e  a v a i l a b l e  ( f o r  example, . copper or .  aluminum f o r  absorbers )  , 
t h e  m a t e r i a l  usage shown i n  t he  t a b l e  is expected t o  be  r e p r e s e n t a t i v e  
and can be  used t o  make p re l imina ry  judgments. The major d i sc repancy  
w i l l  occur f o r  t he ,  r e f i l l a b l e  systems which t y p i c a l l y  r e l y  on l e s s e r  
amounts of m a t e r i a l s  and f r e q u e n t l y  use p l a s t i c  r a t h e r  than meta l  f o r  
t h e  c o l l e c  t o r l t a n k s  . . 

The economics of s o l a r  water h e a t e r s  w i l l  be a primary determinant  
of t h e i r  market a c c e p t a b i l i t y .  System economics w i l l  be  in f luenced  
by : 

o I n i t i a l  i n s t a l l e d  c o s t s  

6 ,  Operating and maintenance c o s t s  

o .  Financing c o s t s  ( i n t e r e s t  r a t e s )  

o , System l i f e  (dep rec i a t i on )  

o., ,Cost of  convent iona l  energy 

o 'System performance ( e f f i c i e n c y )  

o I n s o l a t i o n  l e v e l s  

There a r e  a number of d i f f e r e n t  approaches f o r  determining t h e  
economics of ' s o l a r  water h e a t e r s .  The s imples t  approach involves  a . . 
c a l c u l a t i o n  of t he  payback per iod f o r  t he  systems, i .e., t h e  r a t i o  of 
t h e  i n i t i a l  c o s t  of t h e  systems t o  t he  annual cos t  of what would other-  . 
w i s e  have been spen t  on convent ional  f u e l s .  Because the  payback per iod 
is  e a s i l y  understood by t h e  market ,  i t  is u s e f u l  i n  conducting market 
p e n e t r a t i o n  ana lyses .  

A more thorough a n a l y s i s  would be based on a cons ide ra t i on  of t he  
f i nanc ing  c o s t s ,  d e p r e c i a t i o n ,  and opera t ing  and maintenance c o s t s  f o r  
t he  system. I n  t h i s  p re l iminary  a n a l y s i s ,  t h e  c o s t  of d e l i v e r e d  h e a t  
f o r  s o l a r  water hea t ing  i s  c a l c u l a t e d  s o  as t o  a l low comparison t o  t he  
c o s t  of kerosene o r  butane.  The c o s t  f i g u r e s  t h a t  r e s u l t  provide a 
b a s i s  f o r  determining whether s o l a r  water h e a t e r s  should be supported by 
government po l icy .  

"F igu re  12 shows t h e  cos t  of d e l i v e r e d  h e a t  f o r  s o l a r  water  h e a t e r s  
ope ra t i ng  L ier t h e  high s o l a r  f l u x  of Egypt a s  a func t ion  of system . 

c o s t .  The upper curve assumes an i n t e r e s t  rate of 8 p e r c e n t ,  t h e  lower 
cu rve  a r a t e  of 5 p e r c e n t ;  both assume government f i n a n c f a l  suppor t .  
Both curves  a r e  based on a twenty-year l i f e  and an ope ra t i ng  and main- 
tenance charge of ' 2  pe rcen t  of i n  t i a l  c o s t s .  With f u l l y  i n s t a l l e d  3 
systems c o s t s  of L.E. 86 t o  100/m , ( t y p i c a l  of pumped systems) t h e  
c o s t  of d e l i v e r e d  h e a t  would be from L.E. 2.60 t o  L.E. 4 p e r . 1 0  9 

j ou l e s .  



SOLAR-EGY PT-3 9 

TABLE 8 

SOEAR WATER HEATING SYSTEM 
MATERIAL REQUIREMENTS 

?,. 

SOLAR COLLECTORS MATERIAL  WEIGH^^ MATERIA$ COST' 
(kg/m ) ( L E / ~  1 

Absorber P l a t e  Galvanized S t e e l  10 5.00 

Cover P l a t e  
2 

' Glass 7.2 5.75 

I n s u l a t i o n  (2") F i b e r g l a s s  2.4 3.50 

Frame Galvanized S t e e l  7.2 ' 4.00 

Misce l laneous  F i t f  i n g s  2.4 3.50 - 
TOTAL 21.75 

L 

STORAGE VOLUME 

Tank Galvanized S t e e l  2.4 1.45 

I n s u l a t i o n  ( 2 " )  F i b e r g l a s s  1 .O 1.45 

Frame 6 Outer  S h e l l  S t e e l  . 2.4 - 1.45 

TOTAL ' 4.35 

MOUNTING FRAME S t e e l  

PLUMB I N G  Copper Tubing 
and Valves 14.4 2.15 - .  

7 <  

TOTAL LE 32.25 

1 L 

A l l  we igh t s  and c o s t s  normal ized t o  a s q u a r e  f o o t  of c o l l e c t o r .  

2 
Assuming double  s t r e n g t h  g l a s s .  
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By comparison, t h e  de l ive red  c o s t  of h e a t  from a k rosene  s t o v e  a t  6 
50 percent  e f f i c i e n c y  is approximately L.E. 3.80 p e r  10 j o u l e s  
assuming an unsubsidized f u e l  c o s t  of 6.8 p t  per  l i ter .  However, t h e  
c o s t  of kerosene is  subs id i zed  by about  50 pe rcen t  so  t h a t  t h e  consumer 

9 
pays on ly  about  3 p t  per  l i t e r  o r  L.E. 1.90 p e r  10 jou les .  It is  
c l e a r  t h a t  s o l a r  water  h e a t e r s  a r e  economically compet i t ive  (under our  
assumptions)-if  t h e  f u l l  c o s t  of kerosene is considered. 

One of t h e  compelling arguments f o r  t h e  widespread implementation 
of s o l a r  water  h e a t e r s  is  t h e  sav ing  of f o r e i g n  exchange. The i n s t a l l e d  
system c o s t s  have a  h igh  l a b o r  c o n t r i b u t i o n ,  roughly 65 pe rcen t  i f  a l l  
subsystemij a r e  considered.  The t o t a l  c o s t  of m a t e r i a l s  is  approximately 
L.E. 32/m inc lud ing  a l l  system components (pe r  t a b l e  8) .  These , 

systems could be f u l l y  manufactured i n  Egypt us ing  m a t e r i a l s  made by 
Egyptian i ndus t ry .  One measure of t h e  s o c i e t a l  c o s t  of s o l a r  h e a t i n g  is  * 
t h a t  which t a k e s  i n t o  account only t h e  f o r e i g n  exchange va lue  of m a t e r i a l s .  
On t h i s  b a s i s ,  s l a r  water  h e a t e r s  d e l i v e r  h e a t  a t  a  c o s t  of l e s s  than  B 
L.E. 1.32 p e r  10 j o u l e s ,  w e l l  below t h e  c o s t  of kerosene. 

Before t h e  Egyptian government adopts  a  p o l i c y  which suppor t s  s o l a r  
energy,  t h e r e  must be  compelling economic reasons  f o r  such support .  The 
a n a l y s i s  above i n d f c a t e s  t h a t  t h e  net economic r e t u r n  t o  Egypt through 
investments  i n  s o l a r  water  h e a t e r s  is  c l e a r l y  f avo rab l e  compared t o .  
kerosene,  assuming an unsubsidized c o s t  of kerosene. . Therefore ,  govern- 
ment a c t i o n  w i l l  be  r equ i r ed  t o  e q u a l i z e  t h e  economics of f o s s i l  f u e l s  
and s o l a r  hea t ing ,  e i t h e r  by removing t h e  s u b s i d i e s  on kerosene o r  by 
o f f e r i n g  equ iva l en t  s u b s i d i e s  f o r  s o l a r  water  hea t ing .  

3.1.4 Implementation i s sues :  

3.1.4.1 Government p o l i c i e s :  The use  of s o l a r  energy f o r  h o t  
water  i n  Egypt w i l l  be dependent l a r g e l y  on government po l icy .  It is  
impor tan t ,  t h e r e f o r e ,  t o  a s s e s s  s o l a r  implementation i n  t h e  con tex t  of 
g e n e r a l  government ob j ec t ives .  Those o b j e c t i v e s  t h a t  might be p o s i t i v e l y  
a f f e c t e d  by t h e  development of s o l a r  water  hea t ing  inc lude :  

o  The d e s i r e  t o  reduce imports  of bu tagas  and kerosene. 

o  The d e s i r e  t o  reduce t h e  c o s t  t o  t h e  government of t h e  
subs idy  on butagas  and kerosene. 

* 
A l l  m a t e r i a l s ,  i nc lud ing  those  produced i n t e r n a l l y ,  a r e  assumed t o  have a  
f o r e i g n  exchange va lue  equa l  t o  t h e  world market p r i ce .  



o The longstanding government aim of improving l i v i n g  
s t anda rds  i n  the  r u r a l  a r e a s  and i n t e g r a t i n g  remote 
v i l l a g e s  more f u l l y  i n t o  t he  n a t i o n a l  l i f e ;  i t  i s  
a l s o  hoped t h a t  b e t t e r  l i v i n g  s t anda rds  i n  r u r a l  
a r e a s  can s t e m  o r  r eve r se  t he  massive migra t ion  to  

, urban c e n t e r s .  

On the o the r  hand, government p o l i c i e s  aimed a t  a  rap id  i n c r e a s e  in 
housing s tock ,  bo th  i n  the  urban and r u r a l  a r e a s ,  s t r e s s  t he  need f o r  
low-cost housing,  which m i l i t a t e s  a g a i n s t  the  i n t roduc t ion  of app l i ances  
wi th  r e l a t i v e l y  h i g h  i n i t i a l  c o s t s  such a s  s o l a r  water h e a t e r s .  Since 
t h e  r a p i d l y  i n c r e a s i n g  cos t  of r e s i d e n t i a l  cons t ruc t ion  is a l r eady  
making home ownership -- and even r e n t a l  -- d i f f i c u l t  f o r  l a r g e r  and 
l a r g e r  segments of t he  popula t ion ,  t h e  add i t i on  of s o l a r  water hea t ing  
may reduce t h e  number of people who could a f fo rd  housing. P o s i t i v e  
government p o l i c i e s  t o  promote the  i n t roduc t ion  of s o l a r  water h e a t e r s  
could do much t o  o f f s e t  t h i s  d i f f i c u l t y .  

Current po l i cy  on the  s t r i c t  c o n t r o l  of r e n t s  on most apar tments  
d i scourages  p r i v a t e  apartment b u i l d e r s  from p u t t i n g  i n  any a d d i t i o n a l  
c o s t  f e a t u r e s ,  such a s  s o l a r  water h e a t e r s .  I n  a d d i t i o n ,  t h e  maintenance 
of such systems may be  the  r e s p o n s i b i l i t y  of t he  landlord  and i n  many 
cases  t h e  r e n t s  b a r e l y  cover  minimum maintenance of b u i l d i n g s .  Therefore ,  
i n c e n t i v e s  must b e  o f f e r ed  t o  e i t h e r  t h e  b u i l d e r s ,  l a n d l o r d s ,  0.r t enan t s  
t o  encourage s o l a r  water h e a t e r  i n s t a l l a t i o n s .  

Product ion of s o l a r  water hea t ing  u n i t s  i n  Egypt, involves  no 
s i g n i f i c a n t  t e c h n i c a l  c o n s t r a i n t s  o r  resource  l i m i t a t i o n s .  V i r t u a l l y  
a l l  t h e  components of most domest ic  h o t  water  systems a r e  now manufac- 
tu red  i n  Egypt and t h i s  product ion could r e a d i l y  b e  i nc reased ,  t hus  
enhancing i n d u s t r i a l  development. The requirements  f o r  l a b o r ,  p a r t i c u -  
l a r l y  t e c h n i c a l  l abo r  f o r  assembly and i n s t a l l a t i o n ,  a l s o  a r e  seen to  be 
we l l  w i th in  Egyptian c a p a b i l i t i e s .  Although the  b e n e f i t s  of s o l a r  water 
hea t ing  a r e  s i g n i f i c a n t ,  i t  is ev iden t  t h a t  a  major c o n t r i b u t i o n  can be 
made by s o l a r  energy on ly  with a  government commitment t o  overcome the  , 

c a p i t a l  cos t  b a r r i e r .  I n  a  count ry  where c a p i t a l  i s  i n  s h o r t  supply and 
where i n s t i t u t i o n a l  b a r r i e r s  d i scourage  c a p i t a l  investment i n  new 
energy systems,  on ly  t h e  government is  i n  t he  p o s i t i o n  t o  overcome the  
c a p i t a l  cos t  b a r r i e r .  A f i nanc ing  mechanism t h a t  is a v a i l a b l e  a s  w e l l  
a s  a f f o r d a b l e  i n  terms of i n t e r e s t  r a t e s  must a l s o  be e s t a b l i s h e d .  , 

3.1.4.2 Market s t r u c t u r e :  Table  9  shows the  inventory  of  
r e s i d e n t i a l  s t r u c t u r e s  i n  Egypt i n  1976 and i n  2000. The t a b l e  a l so .  
p rovides  p r o j e c t i o n s  f o r  1976-2000 of new cons t ruc t ion  der ived  from- d a t a  
from t h e  Min i s t ry  of Housing and Recons t ruc t ion  (MOHR). Inc luding  t h e  
upgrading o r  replacement of substandard o r  d e t e r i o r a t i n g  housing u n i t s  
(2.1 m i l l i o n  u n i t s ) ,  i t  is es t imated  t h a t  a  t o t a l  of almost 7.9 m i l l i o n  
housing u n i t s  must b e  b u i l t  by 2000, a n  annual n e t  i nc rease  i n  inventory  ' 



of approximately 2.3 p e r c e n t ,  c o n s i s t e n t  wi th  popula t ion  trends. 
Approximately 3 b  pe rcen t  of t h i s  c ,ons t ruc t ion  i s  i n  urban a r e a s ,  38 
pe rcen t  i n  r u r a l  a r e a s ,  and 6 percent , (500 ,000  u n i t s )  in new c i t i e s  t o  
be  ,developed by t h e  government. On t h i s  b a s i s ,  t h e  popula t ion  s h i f t s  
from 56 pe rcen t  r u r a l  i n  1976 t o  almost 50 pe rcen t . u rban  and 50 pe rcen t  
r u r a l  by 2000. 

TABLE 9 

RESIDENTIAL BUILDING INVENTORIES h NEW BUILDING PROJECTIONS 
~housa 'nds  of Units  

* 
Inventory  New Cons t ruc t ion  Inventory  

Urb an 3,200 4,400 5,850 

Rural  4,090 2,950 6,350 

New C i t i e s  500 . -  5 00 

TOTAL 7,290 7,850 12,600 

* 
Net of upgrading or  replacement o f  ,2,100 u n i t s .  

The primary reason  f o r  t he  popula t ion  mig ra t i on  t o  t he  c i t i e s ,  t o  
ach ieve  an improved s tandard  of l i v i n g ,  would a l s o  suppor t  t h e  e a r l y  
development of  s o l a r  energy systems i n  urban a r ea s .  However, t h e  
government's commitment t o  improving l i f e  i n  t he  r u r a l  a r e a s  would 
suggest  a  s i m i l a r  commitment t o  suppor t ing  t h e  i n s t a l l a t i o n  of s o l a r  
water h e a t e r s  i n  r u r a l  a r e a s .  Therefore ,  t h e  d i f f e r e n c e  between urban 
and r u r a l  a r e a s  i s  l i k e l y  t o  have less e f f e c t  on the  market p e n e t r a t i o n  
of s o l a r  water h e a t e r s  than on t h e  type of s o l a r  systems which a r e  
i n s t a l l e d .  We expect  t h a t  the  s impler  systems, t h e  thermosyphon and 
e s p e c i a l l y  t h e  r e f i l l a b l e  systems, w i l l  be p r e f e r r e d  i n  r u r a l  a r e a s  
where t he  l a c k  of c a p i t a l ,  e l e c t r i f i c a t i o n ,  and running water make the  
pumped system (and t o  a  lesser e x t e n t  the  thermosyphon system) less 
app l i cab l e .  In  urban a r e a s ,  t h e  thermosyphon and pumped system a r e  
l i k e l y  t o  be  p r e f e r r e d .  



The d a t a  from MOHR imp l i e s  s i g n i f i c a n t  l e v e l s  of new c o n s t r u c t i o n  
between now and 2000, cons ide rab ly  h ighe r  than p a s t  c o n s t r u c t i o n  l e v e l s .  
New c o n s t r u c t i o n  o f f e r s  , p a r t i c u l a r  advantages f o r  t he  i n s t a l l a t i o n  of 
s o l a r  dev ices  when .compared t o  i n s t a l l a t i o n s  on e x i s t i n g  bu i ld ings .  
Arrangements f o r  , c o l l e c t o r  mounting and system plumbing can be made 
dur ing  t h e  planning s t a g e s  and i n s t a l l a t i o n s  c o s t s  consequent ly  should 
be lower i n  new than  i n  e x i s t i n g  bu i ld ings .  However, because of the  
warm c l ima te ,  t h e  con f igu ra t i on  of most Egyptian b u i l d i n g s  ( f l a t  r o o f s ,  
low rise, e t c . )  .and t h e  smal l  s i z e  and s imple n a t u r e  of most s o l a r  water 
h e a t e r s ,  i t  is  u n l i k e l y  t h a t  t he  d i r e c t  c o s t  of an i n s t a l l e d  system 
should be more than 20 pe rcen t  higher  i n  a  r e t r o f i t  a p p l i c a t i o n .  The 
major c o s t  d i f f e r e n c e  may b e . i n  the  d i s t r i b u t i o n  and marketing c o s t s  
because of t h e  g r e a t e r  complexity of s e l l i n g  t o  and i n s t a l l i n g  f o r  the 
r e t r o f i t  customers ,  and t h e i r  lesser f a m i l i a r i t y  and barga in ing  power i n  
t h e  purchasing process  compared t o  the  b u i l d e r  o r  c o n t r a c t o r  who u s u a l l y  
w i l l  be  the  purchaser  of t he  s o l a r  water h e a t e r  i n  new cons t ruc t ion .  

Another advantage i n  new cons t ruc t ion  is t h a t  t he  purchaser  is 
faced  with an immediate d e c i s i o n  on the  type of ho t  water  system t o  be 
i n s t a l l e d ,  o r  indeed whether t o  i n s t a l l  any system. The p o t e n t i a l  
r e t r o f i t  customer has  been managing without the  s o l a r  water h e a t e r  and 

I is . n o t  faced wi th  an immediate. purchase dec i s ion .  Conversely,  t h e  
decision-makers i n  much of  t h e  new bu i ld ing  market ( b u i l d e r s ,  c o n t r a c t o r s ,  
d e s i g n e r s ,  i n v e s t o r s ,  government, e t c . )  a r e  no t  going t o  be t he  a c t u a l .  
u s e r s  of  the  ho t  water  and o f t e n  w i l l  have no p a r t i c u l a r  i n c e n t i v e s  t o  
i n s t a l l  a  dev ice '  which i n c r e a s e s  the  cos t  of t he  bu i ld ing .  

There a l s o  w i l l  be d i f f e r e n c e s  i n  the  oppor tun i ty  f o r  s o l a r  water. 
h e a t e r s  i n  t he  d i f f e r e n t  segments of  the  new c o n s t r u c t i o n  market.  The 
approximately 6  pe rcen t  of new cons t ruc t ion  i n  the  1976-2000 per iod  
which i s  a s s o c i a t e d  with t he  new c i t i e s  w i l l  be under government c o n t r o l  
dur ing  planning and c o n s t r u c t i o n  and, t h e r e f o r e ,  w i l l  r ep re sen t  an 
e x c e l l e n t  oppor tun i ty  f o r  ex t ens ive  use of s o l a r  water  h e a t e r s .  Of the 
remaining 90 pe rcen t  of t h e  market ,  i t  has  been e s t ima ted ,  based on the 
in format ion  from MOHR, t h a t  approximately 40 pe rcen t  w i l l  be pub l i c  
supported and 60 p e r c e n t  w i l l  be p r i v a t e  s e c t o r  housing. Since pub l i c  
s e c t o r  housing -- i nc lud ing  both low- and middle-income housing b u i l t  
d i r e c t l y  under t h e  supe rv i s ion  of MOHR and I' semi-public" housing b u i l t  
by t h e  General Organiza t ion  of Housing Cooperat ives  (under MOHR super- 
v i s i o n )  -- i s  s u b j e c t  t o  d i r e c t  government c o n t r o l ,  i t  a l s o  w i l l  repre- 
s e n t  a  good oppor tun i ty  f o r  s o l a r  water h e a t e r s .  It i s  no t  l i k e l y  t o  be 
a s  f avo rab l e  a  market a s  the  new c i t i e s  s i n c e  t h e  cons t ruc t ion  w i l l  be 
cons ide rab ly  more d i f f u s e  and widespread and somewhat less amenable t o  
changes from t h e  c u r r e n t  s t anda rds  of  ope ra t i on .  P r i v a t e  s e c t o r  housing, 
t h e  major p o r t i o n  of t h e  market i n  t h e  p a s t ,  and i n  t h i s  a n a l y s i s  
considered t o  be  t h a t  p o r t i o n  of t he  market no t  d i r e c t l y  c o n t r o l l e d  by 
t h e  government, i s  expected t o  be the  l e a s t  f avo rab l e  market f o r  
s o l a r  systems. S ince  much of  t h i s  market is  n o t  d i r e c t l y  s u b j e c t  t o  



government control,  i t  is n o t  a s  l i k e l y  t o  respond t o  government d i r ec -  
t i v e s ;  a l s o ,  s i n c e  i t s  f inanc ing  i s  u s u a l l y  from o u t s i d e  t h e  government, 
it  i s  less l i k e l y  t o  have f i n a n c i a l  i n c e n t i v e s  (low i n t e r e s t  r a t e  l o a n s ,  
e t c  .) a v a i l a b l e  t o  reduce the  comparat ively h i g h  i n i t i a l  c o s t  of t h e  
s o l a r  water  h e a t e r s .  

In  a d d i t i o n  t o  t he  r e s i d e n t i a l  a p p l i c a t i o n s  of s o l a r  water hea t ing ,  
t h e r e  a r e  expected t o  be many i n s t i t u t i o n a l ,  commercial, and i n d u s t r i a l  

. a p p l i c a t i o n s .  The e x t e n t  of t he se  non- res ident ia l  a p p l i c a t i o n s  is 
d i f f i c u l t  t o  e s t i m a t e  due t o  the  s p a r s i t y  of d a t a .  Most non- res ident ia l  
b u i l d i n g s  do no t  use ho t  water  as e x t e n s i v e l y  a s  do r e s i d e n t i a l  bu i ld ings .  
However, c e r t a i n  c l a s s e s  of s t r u c t u r e s  -- h o s p i t a l s ,  h o t e l s ,  r e s t a u r a n t s ,  
s choo l s ,  e t c .  -- a r e  h igh ly  a p p r o p r i a t e  f o r  s o l a r  water hea t ing .  
Bui lding d a t a  and s o l a r  market experience i n  o the r  a r e a s  of t he  world 
suggest  t h a t  i n s t i t u t i o n a l  and commercial a p p l i c a t i o n s  w i l l  i n c r e a s e  
t h e  use of s o l a r  water  h e a t e r s  ( i n  terms of  a r e a  of c o l l e c t o r  a r e a  and 
energy sav ings )  by roughly 20 '  pe rcen t  over  r e s i d e n t i a l  f igures , .  

3 . 4 . 1 . 3  P o l i c y  op t ions :  A s  d i s cus sed  p rev ious ly ,  t h e  r a t e  
a t  which s o l a r  water h e a t e r s  a r e  i n s t a l l e d ,  and t h e r e f o r e ,  t h e  p o t e n t i a l  
energy sav ings ,  w i l l  depend on the  a c t i o n s  taken by t h e  Egyptian govern- 
ment. To d e f i n e  t h e  p o t e n t i a l  impact of s o l a r  water  h e a t e r s  i n  more 

z a d e t a i l ,  two implementation s cena r io s  have been adopted. 

The Comparison Case assumes t h a t  t he  governmeng does n o t  s t r o n g l y  
suppor t  s o l a r  water hea t ing  but does s u b s i d i z e  i ts  use t o  the  same 
e x t e n t  a s  f o s s i l  f u e l s .  Thus t he  market p e n e t r a t i o q w i l l  be  t he  r e s u l t  
of t h e  f r e e  market response t o  t he  economics of  s o l a r  water h e a t e r s .  
The Accelerated Solar  Case assumes t h a t  t he  f o r e i g n  exchange, i n d u s t r i a l ,  
and s o c i a l  b e n e f i t s  of s o l a r  water h e a t e r s  induce the  government t o  
encourage t h e i r  widespread implementation. A broad range of a c t i o n s  a r e  

. p o s s i b l e  i n  t h i s  s cena r io  from t h e  es tab l i shment  of s t anda rds  which 
r e q u i r e  s o l a r  water  h e a t e r s  i n  c e r t a i n  c l a s s e s  of s t r u c t u r e s  t o  f i n a n c i a l  
i n c e n t i v e s  ( low- in te res t  l o a n s ,  t a x  c r e d i t s ,  g r a n t s ,  e t c  .) t o  encourage 
t h e i r  i n s t a l l a t i o n .  The Accelerated Solar  Case imp l i e s  t h a t  t he  govern- 
ment w i l l  i nco rpo ra t e  s o l a r  water hea t ing  i n t o  t h e  o v e r a l l  government 
planning process  and t h a t  t he  s o l a r  programs t h a t  r e s u l t  w i l l  ba lance  
t he  range of i s s u e s  t h a t  a r e  of concern t o  t he  ~ ~ y p t i a n  government: 
r u r a l  development, energy sav ings ,  f o r e i g n  exchange, c a p i t a l  a v a i l a b i l i t y ,  ... 
resource  u t i l i z a t i o n ,  i n d u s t r i a l  development, e t c .  

3 . 4 . 1 . 4  Market pene t r a t i on :  Analys i s  of t h e  p o t e n t i a l  
market p e n e t r a t i o n  of s o l a r  water  h e a t e r s  i n  Egypt is  a  h i g h l y  u n c e r t a i n  
exe rc i s e .  Market p e n e t r a t i o n  u l t i m a t e l y  i s  dependent on a  number of 
unce r t a in  v a r i a b l e s  -- f u e l  c o s t s  and supply,  s o l a r  system c o s t s ,  market 
response,  government a c t i o n ,  i n d u s t r y  s t r u c t u r e  and commitment, i n t e r e s t  
r a t e s ,  c a p i t a l  a v a i l a b i l i t y ,  income l e v e l s  -- none of which can be 
def ined  wi th  p r e c i s i o n .  However, a  p e n e t r a t i o n  a n a l y s i s  is  n o t  on ly  
u s e f u l  but  necessary ,  s i n c e  some e s t ima te  of t he  p o s s i b l e  impact of 
va r ious  government a c t i o n s  is needed i n  order  t o  des ign  app rop r i a t e  
government p o l i c i e s  . 



Despi te  t he  i nhe ren t  u n c e r t a i n t y  i t  i s  app rop r i a t e  t o  d e f i n e  t he  
assumptions t h a t  a r e  used i n  t he  a n a l y s i s  and t o  i n d i c a t e  the  types  of  
a c t i o n s  t h a t  w i l l  be requi red  t o  i nc rease  the  market '  pene t r a t i on .  

, . .  
Severa l  assumptions a r e  incorpora ted  i n t o  t h e  a n a l l t i c a l  approach. 

a .  It is  assumed t h a t  t he  market response and government 
p o l i c y  w i l l  be  r e l a t ed '  t o  t h e  economic performance 
of s o l a r  water h e a t e r s .  As economics improve, t h e  
government w i l l  be more l i k e l y  t o  encourage s o l a r  
u t i l i z a t i o n  and t h e  market w i l l  respond more 'favor- 
ably.  Thus, t h e  government w i l l  not  d e c i d e  t o  
support  s o l a r  i n s t a l l a t i o n  without  c o n s t d e r a t i o n  o f .  
t h e i r  economic performance. 

b. Economics of s o l a r  water h e a t e r s  w i l l  improve over  
t i m e  a s  f u e l  c o s t s  rise and s o l a r  system c o s t s  
d e c l i n e  o r  e f f i c i e n c y  improves. W e  have assumed a 2 
percent  annual  improvement i n  s o l a r  system per for -  
mance (which can be cons idered  s imply t h e  d i f f e r e n -  
t i a l  i n c r e a s e  of f u e l  c o s t s  over  s o l a r  system c o s t s ) .  

c. Market p e n e t r a t i o n  w i l l  f o l l ow  a normal d i s t r i b u t i o n  
curve r e l a t e d  t o  payback. While t he  economic a n a l y s i s  
i nd i ca t ed  t h a t  s o l a r  water h e a t e r s  were a  good 
investment ,  market response is expected t o  be' r e l a t e d  
t o  a  much more s imple func t ion  such a s  payback 
( c a p i t a l  cos t /annual  energy sav ings)  . The payback o f  
the  s o l a r  system discussed i n  s e c t i o n  3.4.1.3 i s  
es t imated  t o  be 'about  6 y e a r s  i n  1980. 

d. Systems w i l l  be designed t o  be  app rop r i a t e  f o r  t he  
p a r t i c u l a r  market.  These types  of systems w i l l  v a r y  
(pumped, thermosyphon, and r e f i l l a b l e ) ,  t h e i r  s i z e  
w i l l  v a ry ,  e f f i c i e n c y  w i l l  v a ry ,  e t c .  For s i m p l i c i t y  
we  have a s p m e d  ghat  the  t y p i c a l  r e s i d e n t i a l  u n i t  
w i l l  use a  1.8 m c o l l e c t o r  ( s t e e l  frame and 
absorber )  of a  thermosyphon des ign .  A t  p r e sen t  t h i s  
a r e a  is more than adequate t o  s a t i s f y  t h e  needs of an  
Egyptian fami ly  given the  high s o l a r  f l u x  cond i t i ons  
of Egypt and th,eir  r e l a t i v e l y  low water use pat- 
t e r n s .  However-, a s  l i v i n g  s t anda rds  i n c r e a s e  and 
ba th ing  and washing i n  ho t  water  is no longer  consi- 
dered a  luxury ,  t h e  ho t  water  de l ive red  by t h e  
assumed system s i z e  w i l l  probably b e  about i n  ba lance  
with requirements .  Also,  t h i s  s i z e ,  system can supply  
some p o r t i o n  (probably 20-30 pe rcen t )  of t h e  ho t  
water used i n  cooking func t ions  ( t e a ,  r i c e ,  beans,  
e t c . )  . 



e. The shape of t h e  p e n e t r a t i o n  curve,  payback vs. 
market p e n e t r a t i o n ,  w i l l  va ry  cons iderab ly  depending 
on market c h a r a c t e r i s t i c s .  I n  t h i s  a n a l y s i s  we have 
assumed a  h igh ly  c a p i t a l  c o s t - s e n s i t i v e  p e n e t r a t i o n  
curve which corresponds t o  t h e  most c a p i t a l - s e n s i t i v e  
segments of t h e  U.S. market. Because c a p i t a l  a v a i l -  
a b i l i t y  i s  even more r e s t r i c t e d  i n  Egypt, t h e  
curve was ad jus t ed  downward even f u r t h e r .  This  
r e s u l t s  i n  a  curve (pre-adjustment) wi th  t h e  follow- 
i ng  po in t s :  1 pe rcen t  p e n e t r a t i o n  wi th  a  6-year 
payback, 10 pe rcen t  p e n e t r a t i o n  wi th  a  four-year 
payback, and 50 pe rcen t  p e n e t r a t i o n  wi th  a  two-year 
payback. 

f .  D i f f e r e n t  market s e c t o r s  w i l l  respond t o  o r  be 
a f f e c t e d  by government a c t i o n  t o  a  d i f f e r e n t  ex t en t .  
The response,  from most f avo rab l e  t o  l e a s t  f avo rab l e  
w i l l  be: new c i t i e s ,  new pub l i c  cons t ruc t ion ,  new 
p r i v a t e  c o n s t r u c t i o n  a n d , r e t r o f i t .  

. . 
g. I n s t a l l a t i o n  of s o l a r  water  h e a t e r s  w i l l  f o l l ow  a  

t 1 normal" i n d ~ i s t t y  growth curve;  i n s t a l l a t i o n s  must 
s t a r t  s lowly and b u i l d  up gradua l ly .  This  occurs  ' 

n a t u r a l l y  because of l i m i t a t i o n s  on indus t ry  produc- 
t i o n  capac i ty  a s  w e l l  ab slowness of market response. 

1 .  

h. I n  t h e  Accelerated S o l a r  Scenario,  t h e  p e n e t r a t i o n  
curve remains a t  i t s  pre-adjusted l e v e l  a n d ' t h e  
economics of s o l a r  w a t e r . h e a t e r s  a r e  assumed t o  have 
been improved by a  government subs idy ,  averag ing  10 
t o  30 pe rcen t  i n  t h e  va r ious  markets. 

, .  . , . 

Under t h e s e  assumptions,  t a b l e  10 r e f l e c t s  t h e  number of s o l a r  
water  h e a t e r s  and square  f e e t  of c o l l e c t o r  a r e a  i n s t a l l e d  by 1985, '1990, 
and 2000 i n  t h e  comparison c a s e  and t h e  Accelerated S o l a r  Case. F igure  
13 shows t h e  annual  energy d e l i v e r e d  by t h e  s o l a r  water  h e a t e r s .  The 
curves of t h i s  f i g u r e  assume t h a t  t h e  t o t a l  c o l l e c t o r  a r e a  i n s t a l l e d  
i s  20 pe rcen t  more than t h a t  f o r  r e s i d e n t i a l  u n i t s  on ly  t o  account f o r  
i n s t i t u t i o n a l  and i n d u s t r i a l  'water h e a t i n g  a p p l i c a t i o n s .  

The r e s u l t s  i n  t h e  Comparison Case a r c  r e l a t i v e l y  modest lgi th  1.2 
m i l l i o n  r e s i d e n t i a l  u n i t s  i n s t a l l e d  and approximately 10 X 10 j o u l e s  
of energy de l ive red  on an.annua1 bas i s .  Despi te  t h e  f avo rab l e  economics 
(compared t o  many o t h e r  a r e a s  o f T ' t h e  world) ,  market r e s i s t a n c e ,  c a p i t a l  
a v a i l a b i l i t y  problems, and t h e  l a c k  of government commitment i n h i b i t  
s i g n i f i c a n t  p e n e t r a t i o n  of s o l a r  water  hea t e r s .  Without a  s t r o n g  
i n i t i a t i v e ,  t h e  p re sen t  water  hea t ing  p a t t e r n s  a r e  expected t o  cont inue.  
These r e s u l t s  a r e  c o n s i s t e n t  wi th  t h e  h i s t o r i c a l  market development of 
s o l a r  systems and o t h e r  h e a t i n g l h o t  water  t echniques  throughout t h e  
world. The t r a n s i t i o n  t o  new f u e l s  o r  systems o r d i n a r i l y  t a k e s  from 30 
t o  50 y e a r s  i n  t h e  absence of any s t r o n g  events  o r  op t ions .  I n  t h e  
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SO- WATER HEATERS - RESIDENTIAL INSTALLATIONS 
. a .  

I-. 

1 

(000 Units) 
. s 

CUMULATIVE INSTALLATIONS . .ANNUAL RATE OF INSTALLATION 

COMPARISON CASE 

New Construction 8 80 350 2 
Retrofit 

TOTAL 

ACCELERATED SOLAR CASE 

. ; New Construction 90 350 2,100 18 52 175 
Retrofit - 220 870 - 3,300 - 44 

TOTAL 31 0 1,220 5,400 62 





Comparison Case, a v i a b l e  s o l a r  i n d u s t r y  w i l l  have.begun t o  develop by 
2000 and t h e  p e n e t r a t i o n  l e v e l s  w i l l  have reached 10 t o  15 pe rcen t  of 
t h e  new c o n s t r u c t i o n  market by 2000. Approximately 9 pe rcen t  of t h e  
e x i s t i n g  r e s i d e n t i a l  u n i t s  w i l l  have s o l a r  water  h e a t e r s  by 2000. 

The Accelerated So la r  Case d rama t i ca l l y  i n c r e a s e s  s o l a r  pene t r a t i on .  
Almost 5.4 m i l l i o n  u n i t s  a r e  i n s t a l l e d  by 2000 (4.6 t i m e s  thy Comparison 
Case) and annugl energy d e l i v e r y  i n c r e a s e s  t o  almost 45 X 10 

5 

jou les .  ~ e n e t , r a t i o n  l e v e l s  reach 50 t o  60 pe rcen t  of t h e  new construc-  
t i o n  markdt annual ly  and by 2000, approximately 4.3 pe rcen t  of t h e  
r e s i d e n t i a l  u n i t s  w i l l  have s o l a r  water  hea t e r s .  

Some p o r t i o n  of t h e  h e a t  .del ivered by So la r  water h e a t e r s  w i l l  
d i s p l a c e  t h e  use of kerosene and butagas.  However, a s i g n i f i c a n t  
p o r t i o n  w i l l  a l s o  be a s s o c i a t e d  wi th  an e f f e c t i v e  i n c r e a s e  i n  demand, 
i.e., t h e  ready a v a i l a b i l i t y  of' h o t  water  a t  no a d d i t i o n a l  c o s t  w i l l  
encourage i ts  use over t ha t .wh ich  would occur  i f  i t  had t o  be  hea t ed  
w i th  expensive f u e l  forms. On t h e  o t h e r  hand, t h e  hea t ing  of water  on 
s t o v e s  is a very i n e f f i c i e n t  p rocess  ( a t  b e s t  50 pe rcen t )  s o  t h a t  t h e  . 
sav ings  i n  f u e l  a r e  w e l l  i n . e x c e s s  of t h e  s o l a r  h e a t  de l i ve red  i n  those  
c a s e s  where f u e l  i s  being dispkaced. I f  i t  i s  assumed t h a t  roughly 50 , 

pe rcen t  of t h e  s o l a r  h e a t  d e l i v e r e d  i s  a s s o c i a t e d  wi th  a f o s s i l  f u e l  
displacement ,  t h e  t o t a l  s o l a r  h e a t  de l i ve red  by t h e  s c e n a r i o s  i s  roughly 
equa l  t o  t h e  o v e r a l l  f u e l  displacement.  

3.1.5 Resource ' requirements:  The t o t a l  use  of r e sou rces  r equ i r ed  
t o  ach ieve  t h e  implementation s c e n a r i o s  o u t l i n e d  above is i n d i c a t e d  i n  
t a b l e  11. These f i g u r e s i a r e  based on assignment of a p p r o p r i a t e  system 
types  t o  uses  i n  t h e  urbfn and r u r a l  a r e a s  under each scena r io .  Prelim- 
i n a r y  judgments i n d i c a t e i t h a t  m a t e r i a l  use w i l l  be  modest i n  r e l a t i o n  t o  
n a t i o n a l  output  even i f  hn Acce le ra ted  So la r  Case is pursued. 

t 
The primary ma te r i aa s  used i n  f a b r i c a t i o n  of t h e  s b l a r  water  

h e a t e r s  a r e  s teel ,  glass ' ,  and thermal  i n s u l a t i o n .  S t e e l  and g l a s s  a r e  
produced i n  Egypt which would f a c i l i t a t e  l o c a l  manufacture. Also, t h e  
manufacture and i n s t a l l a t i o n  of s o l a r  water  h e a t e r s  is  very  l a b o r  
i n t e n s i v e  s o  t h a t  over  8\000 people  would be employed i n  t h i s  a c t i v i t y  
i n  2000, assuming t h e  a c b e l e r a t e d  s o l a r  s t r a t e g y  i s  pursued. 

The r e l a t i v e  a t t r a c f i v e n e s s  of government po l i cy  op t ions ,  i.e., an  
a c t i v e  s o l a r  po l i cy  i n  tpe con tex t  of r u r a l  development, i n d u s t r i a l i z a -  
t i o n ,  butane s u b s i d i e s ,  e t c . ,  w i l l  be t h e  u l t i m a t e  determinant  of t h e  
d i r e c t i o n  and e x t e n t  of government p a r t i c i p a t i o n  i n  a s o l a r  water  
h e a t i n g  program. 



TABLE 11 

RESOURCE REQUIREMENTS FOR SOLAR HEATING SCENARIOS 

1985 1990 2000 
CASE A CASE B CASE A CASE B CASE A CASE B 

6 
. . .MATERIAL REQUIREMENTS (1 0 . tons) 

S tee l  350 4,400 2,500 13,100 6,900 -30,000 
Glass 140 .l, 800 880 5,200 2,700 ,12,000 

40' 520 . Insulation : 280-. 1,500 800 3,500 
Copper . . 17 220 $20 65 0 350 1,500 

. .  . . , . . .Materials : .  : . ',. 36 4.5 2.4. . 13.0 6.9 30 ; 
i Labor. . .. . . . - -52 .. . .6.5 . - - ;- 3..5 ' .19.0 . - .  - 9.9 <& - . . .  < .  - i 

** 
LABOR. REQUIREMENTS 

Technical/Managerial 6 120 50 300 150 . '  70 0 
Manufacturing & Instal lat ion . 65 1,050 ,- 400 3,200 1,100 . 7,400 

* 
In man-years assuming Egyptian labor practices.  



3.1.6 I n s t i t u t i o n a l / s o c i a l  cons ide ra t i ons :  Although economics may 
be  considered f avo rab l e  and t h e  government,may wish t o  promote s o l a r  .' . 
i n s t a l l a t i o n s  a c t i v e l y ,  t h e r e  is  a  broad range of i n s t i t u t i o n a l  f a c t o r s  
which w i l l  have a  major impact on the use of s o l a r  water  h e a t e r s  i n  
Egypt. New products  o r  systems must be  introduced i n  t h e  Context of 
e s t a b l i s h e d  customs, s o c i a l  i s s u e s ,  p o l i t i c a l  c o n s t i t u e n c i e s ,  e s t a b l i s h e d  , 

. . i n d u s t r i e s  and i n £  r a s t r u c t u r e s ,  etc. 

Solar  water h e a t e r s  may r e q u i r e  some mod i f i ca t i ons  i n  l i v i n g  h a b i t s  
and t h i s  may i n d i c a t e  t h e  appropr ia teness  t o  a  government of manufacturer- 
sponsored educa t ion  program. The use  of a  s o l a r  h o t  water  system, f o r  
example, may r e p r e s e n t  a  s i g n i f i c a n t  depa r tu re  from e s t a b l i s h e d  h a b i t s  
i n  water c o l l e c t i o n ,  d i s t r i b u t i o n ,  and use.  I f  s o l a r  is t o  succeed, t h e  
consumer must understand and accep t  t h e  l i f e - s t y l e  changes t h a t  a r e  
implied i n  i t s  use.  A s  another  example, t h e  roof a r e a s  of r u r a l  homes 
o f t e n  a r e  used f o r  d ry ing  a g r i c u l t u r a l  wastes and t h e  roo f s  of many 
urban s t r u c t u r e s  o f t e n  are u t i l i z e d  f o r  l i v i n g  space.  

So la r  water h e a t e r  . p e n e t r a t i o n  a l s o  w i l l  depend on the  r a t e  of 
i n c r e a s e  i n  t h e  s tandard  of l i v i n g .  I n  r u r a l  a r e a s  where h o t  water  is a  
luxury  and n o t  a  n e c e s s i t y ,  p o t e n t i a l  purchasers  of s o l a r  w a t e r . h e a t e r s  
may p r e f e r  o t h e r  consumer i t e m s  - r a d i o s  agd t e l e v i s i o n s ,  f o r  example. 

The na tu re  and e x t e n t  of ' t h e  manufacturing/marketing/installation/ 
maintenance i n f r a s t r u c t u r e  t h a t  develops t o  suppor t  t h e  s o l a r  i n d u s t r y  
w i l l  be  an important  f a c t o r  i n  ach iev ing  market acceptance.  I f  t h e  
sys t ems . a r e  app rop r i a t e ,  r e l i a b l e  and economical, marketed and f inanced  
e f f e c t i v e l y ,  and i n s t a l l e d  and maintained p rope r ly  by r e p u t a b l e  companies, 
t h e  i n d u s t r y  can be .expec ted  t o  develop r a p i d l y  and t o  address  and 
overcome the  c o n s t r a i n t s  t h a t  e x i s t .  However, t h e  oppos i t e  s i t u a t i o n  
may p r e v a i l .  Inexperienced companies which over-promote i napp rop r i a t e  
(and expensive)  systems which a r e  no t  p rope r ly  i n s t a l l e d  o r  maintained 
w i l l  s e r i o u s l y  i nh ib i t ' gove rnmen t  e f f o r t s  t o  promote t he  use  of s o l a r  
water  h e a t e r s .  It should be noted t h a t  a  government program f o r  t h e  
r a p i d  development of s o l a r  energy is  intended t o  s h o r t e n  t h e  per iod  of 
t i m e  r equ i r ed  f o r  new product  acceptance. The usua l  per iod  of t i m e  
r equ i r ed  f o r  new c o n s t r u c t i o n  r e l a t e d  products  t o  be accepted i n  t he  
market is 25 t o  30 y e a r s ,  ample t i m e  f o r  overcoming t h e  i n e v i t a b l e  . . 
c o n s t r a i n t s  on new product  acceptance.  A s  t h i s  t i m e  i s  compressed, t h e  
need f o r  c a r e f u l  planning and c l o s e  monitor ing i s  heightened. 

The market i n t r o d u c t i o n  s t r a t e g y  f o r  s o l a r  water h e a t e r s  w i l l  
i n f l u e n c e  t h e  r a t e  of acceptance.  It has  been sugges ted ,  f o r  example, 
t h a t  the  i n i t i a l  use of s o l a r  water  h e a t e r s  i n  many r u r a l  v i l l a g e s  may 
be  i n  conjunc t ion  wi th  v i l l a g e  ba th  houses.  Such v i l l a g e  ba ths  could 
improve s a n i t a r y  cond i t i ons ,  ( s i n c e  t h e  people would be ba th ing  i n  water  
t h a t  would be  hea ted  enough t o  k i l l  b i l h a r z i a  1 6 5 ~ ~ 1 )  whi le  provid ing  
educa t iona l  i n p u t s .  



Environmental cons ide ra t i ons  should suppor t  s t r o n g l y  a p o l i c y  t o  
encourage ' so l a r  water  h e a t e r s .  The technology assessment s t u d i e s  
prepared i n  t he  United S t a t e s  i nd i ca t ed  t h a t  s o l a r  water hea t ing  has  n e t  
p o s i t i v e  environmental impacts because it reduces t he  consumption of 
f o s s i l  f u e l s .  I n  Egypt, s o l a r  water hea t ing  a l s o  w i l l  be b e n e f i c i a l  
because it w i l l  reduce the  need t o  burn a g r i c u l t u r a l  wastes  o r  kerosene 
on open s toves .  .. 

3.2 S o l a r  Thermal Power 

3.2.1 In t roduc t ion :  The t echn ica l  f e a s i b i l i t y  of  s o l a r  thermal 
power g e n e r a t i o n  has  been demonstrated from t i m e  t o  t i m e  over t he  l a s t  
f i f t y  years .  One of t he  earliest demons t ra t ions  of  s o l a r  thermal power 
was i n  Egypt i n  1913. This  system used pa rabo l i c  t rough concen t r a to r s  
t o  gene ra t e  steam used t o  ope ra t e  a 25 hp steam engine  i n  an i r r i g a t i o n  
pumping u n i t .  

There a r e  a c t i v e  r e sea rch  and development programs i n  s o l a r  thermal 
power technology i n  the  United S t a t e s ,  Europe, and Japan. As  a r e s u l t  
of t h e s e  programs s e v e r a l  smal l  s c a l e  ( 1  t o  150 kW) u n i t s  have been 
i n s t a l l e d  f o r  i r r i g a t i o n  pumping, a i r  cond i t i on ing ,  and power gene ra t i gn  
a p p l i c a t i o n s .  Thege i n s t a l l a t i o n s  i nc lude  those developed by S o f r e t e s  
i n  France, Dornier  i n  Germany, and a number of f i rms  i n  the  United 
S t a t e s .  A l l  t he se  systems have used organic  Rankine c y c l e  engines  t o  
conver t  hea t  provided by t h e  s o l a r  c o l l e c t o r s  i n t o  mechanical power. 
S o f r e t e s  uses  non-tracking f l a t  p l a t e  c o l l e c t o r s  i n  o rde r  t o  s i m p l i f y  
system o p e r a t i o n  f o r  use by unsk i l l ed  personnel  i n  remote a r ea s .  Most 
o t h e r  systems i n s t a l l e d  t o  d a t e  use pa rabo l i c  t r o u g h . c o l l e c t o r s  i n  order  
t o  gene ra t e  h igher  temperatures  which l e a d  t o  h igher  e f f i c i e n c y  ope ra t i on .  

For l a r g e  s c a l e  power gene ra t i on ,  t h e  primary focus i n . b o t h  t h e  
United S t a t e s  and Europe has  been on the  c e n t r a l  r ece ive r  concept.  I n  
t h i s  system r a d i a t i o n  i nc iden t  on a m u l t i p l i c i t y  of i n d i v i d u a l l y  con- 
t r o l l e d  m i r r o r s  ( c a l l e d  h e l i o s t a t s )  i s  r e d i r e c t e d  t o  a s i n g l e  c e n t r a l  
r e c e i v e r  placed on a tower l oca t ed  i n  o r  ad jacent  t o  t h e  m i r r o r  f i e l d .  
The hea t  genera ted  i n  the  r e c e i v e r  can be used t o  ope ra t e  convent ional  
steam power p l a n t s  , o r ,  i n  advanced con£ i g u r a t i o n s  , Brayton cyc l e  engines .  
Many of t h e  subsystems r equ i r ed  t o  ope ra t e  a c e n t r a l  r ece ive r  power 
system a r e  i n  t he  advanced des ign  and t e s t i n g  s t a g e  and t h e  f i r s t  
demonstrat ion of a t o t a l  system (10 MWe) is scheduled f o r  1981 i n  
Barstow, C a l i f o r n i a .  

,?  

There a r e ,  there ' fo re ,  a number of s o l a r  thermal power system 
op t ions  i n  v a r i o u s  s t a g e s  of development. It i s  expected t h a t  ongoing 
development and demonstrat ion programs w i l l  l ead  t o  t he  commercial 
a v a i l a b i l i t y  of  systems over  a wide power range by t h e  e a r l y  t o  mid 
1980's. 

* .  
Tes t  u n i t s  made by t h e s e  f i rms  a r e  i n  the  process  of being i n s t a l l e d  

i n  Egypt a s  a r e s u l t  of coope ra t i ve  agreements. 



Solar  thermal power systems a r e  comprised of a -combina t ion  of 
thermal  c o l l e c t o r s ,  r e f l e c t o r s ,  h e a t  exchangers,  and thermal engines 
which u t i l i z e  convent ional  manufacturing techniques i n  t h e i r  assembly 
and a r e  made of common cons t ruc t ion  m a t e r i a l s  ( s t e e l ,  aluminum, g l a s s ,  
conc re t e ) .  These systems could be manufactured, f o r  the most p a r t ,  i n  
Egypt thus providing an a d d i t i o n a l  i n c e n t i v e  to  cons ider  t h e i r  wide- 
spread use-. 

3.2.2 Desc r ip t ion  of system op t ions  : A s  prev ious ly  i n d i c a t e d ,  
t h e r e  a r e  many approaches t o  s o l a r  thermal power being inves t iga t ed .  
These inc lude  low t o  medium temperature systems (100 t o  300 '~)  which 
can u t i l i z e  low level:  of s o l a r  concent ra t ion ,  and h igh  temperature 
systems (300 t o  1,000 C) which r e q u i r e  high l e v e l s  of s o l a r  concentra- 
t i o n .  Several  of t hese  system op t ions  include:  

Low Levels of Solar  Concentrat ion (1X t o  10X): 

o F l a t  p l a t e  c o l l e c t o r  wi th  Rankine cyc l e  engine 
o Compound pa rabo l i c  concent ra tor  (.CPC) with Rankine 

cyc l e  engine 
o F l a t  p l a t e  c o l l e c t o r  using p l ana r  r e f l e c t o r  with 

Rankine c y c l e  engine 

Medium Levels  of Solar  Concentrat ion (10X t o  400X): 

o Parabol ic  t rough wi th  Rankine cyc l e  engine 
o Linear  s l a t  concen t r a to r  with Rankdne cyc le  engine 
o Linear  Fresne l  . lens with Rankine cyc l e  engine 

High Levels  of Solar  Concentrat ion (400X t o  1500X): 
. . 

o Parabol ic  d i sh  w i t h  open ~ r a ~ t o n  cyc le ,  engine 
o Parabol ic  d i sh  wi th  S t i r l i n g  engine 
o Cent ra l  r ece ive r  system with steam t u r b i n e  
o Cent ra l  r ece ive r  system with open Brayton cyc le  

engine 

The economic performance of  s o l a r  thermal power systems is in f lu -  
enced most by t h e  c o s t  and thgrmal perfo&ance of t he  s o l a r  c o l l e c t o r  
subsystem used t o  convert.  s o l a r -  energy i n t o  hea t .  

Several  of t h e s e  c o l l e c t o r  subsystems appropr i a t e  f o r  s o l a r  thermal 
power gene ra t ion  a p p l i c a t i o n s  a r e  d iscussed  i n  the  fol lowing s e c t i o n s .  

Low Level  concent ra tdr .  ' ~ l a t :  plate c o l l e c t o r s  of advanced design 
have been used a s  hea t  sources f o r .  opera t ing  organic  Rankine cyc l e  
engines a t  low temperature l e v e l s  (90 t o  .120°c) f o r  both water 
pumping and air  condi t ion ing  a p p 1 i c a t i o . n ~ .  . A t .  t he se  low ope ra t ing  
temperatures ,  t h e  e f f i c i ency : -o f  .the-. engines is  low,'  s o  t h a t  l a r g e  a r e a s  
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of c o l l e c t o ' r s  a r e  requi red  f o r  a  sp.eci'fied pdwer outpiit .  It is ,  there-  
f o r e ,  d o u b t f u ~  t h a t  s o l a r  power u n i t s  using f l a t  p l a t e  c o l l e c t o r s  w i l l  
f i n d  widespread use except i n  v e r y  remote power a p p l i c a t i o n s  where 
system s i m p l i c i t y  i s  of paramount' importance. . . 

. . 

The e f f i c i e n t  o p e r a t i o n  of o rganic  Rankine c y c l e  engines  can be  
accomplished, however, wi th  r e l a t i v e l y  moderate hea t  input  temperatures  
of 120 t o  3 0 0 ' ~  which can be  achieved with low l e v e l s  (2X t o  10X) of 
s o l a r  concent ra t ion .  , '- 

There a r e  s e v e r a l  o*tions a v a i l a b l e  f o r  low l e v e l  focus ing  which do 
no t  r e q u i r e  any , t r a c k i n g  and only per ibdic '  'adjustments  i n  t i l t  angle .  
An example of one such arrangement,  shown i n  f i g u r e  14a;  i s  the  Compound 
Pa rabo l i c  .Concentrator  (CPC). This  c o l l e c t o r  arrangement is  i n  an 
advanced development s t a g e  a t  t he  Argonne Nat iona l  Laboratory and 
s e v e r a l  i n d u s t r i a l  f i r m s  have l i c e n s e '  agreements which probably' w i l l  
l ead  t o  i ts near-term commercial a v a i l a b i l i t y .  

1 

One advantage of t h i s  c o l l e c t o r  arfangeme*t f o r  'use i n  Egypt is t h e  
o u t e r  g l a s s  o r  p l a s t i c  p l a t e  which p r o t e c t s  the  r e f l e c t i v e  s u r f a c e s  from 
d i r t  and sand and i s  e a s i l y  c leaned.  The CPC o p t i c s  a r e  such t h a t  i t  
can u t i l i z e  s o l a r  r a d i a t i o n  over a  wide acceptance ang le  ( t h e  magnitude 
depending on concen t r a t i on  r a t i o ) .  Consequently, t h e  c o l l e c t o r  need not  
t r a c k  t h e  sun on a  d a i l y  b a s i s  and can accept  a  p o r t i o n  of the  d i f f u s e  
r a d i a t i o n .  

.. . . 

Low l e v e l  concen t r a to r s  can achieve annual ef f  j c i ency  l e v e l s  of 35 
0 0 

t o  55 pe rcen t  a t  temperatures  of -120 C t o  220 C which a r e  c o n s i s t e n t  
wi th  the  ope ra t i on  of Rankine cyc l e  engine systems. 

L inear  Concent ra tors .  Three types of medium l e v e l  concen t r a to r s  
e i t h e r  i n  use o r  i n  an advanced s t a g e  of development' a r e  pa rabo l i c  
t roughs ,  segmented m i r r o r s ,  and Fresne l  . l enses .  . 

. . . :  

In  a  pa rabo l i c  t rough c o l l e c t o r ' , . s u c h  a s  t h a t  sfiotdn i n  f i g u r e  15,  
t h e  c r o s s  s e c t i o n  of t h e  r e f l e c t o r  perpendicu la r  t o  t he  major a x i s  of 
t h e  c o l l e c t o r  i s  a  con.stant paraboloid which focusses  the  s o l a r  energy 
on a  l i n e .  The l i n e a r  r e c e i v e r  . is r i g i d l y  lo 'cated a t -  t he  focus of t h i s  
parabola .  

Severa l  types  of r e c e i v e r s  a r e  being used.depending on the  ope ra t i ng  
temperature  l e v e l s  under considdrat ion ' .  : Eiracuat'ed t'Gb6 r e c e i v e r s ,  such 
a s  shown' on f i g u r e  14b, a r e  of ten conSiderdd - f d r  use d"in s o l a r  power 
a p p l i c a t i o n s ,  whe,re t h e r e  is an . i ncen t ive  t o  ope ra t e  a t  e l eva t ed  temper- 
a t u r e  l e v e l s .  

,, .- 



C0,VER PLATE 

COMPOUND PARABOLIC - 
REFLECTOR CONTOUR 

METALLIC PLATE 

HEAT TRANSFER FLUID 
TUBE 

INSULATED BACK ABSORBER ASSEMBLY 
TO RECEIVER 

a) Using conventional f lat plate absorber 

COVER PLATE 

EVACUATED RECEIVER 

b) Using evacuated glass tube receivers 

Characteristics: 

Accepts radiation over a wide half angles (13.6O for a 3X concentrator? which increases efficien- 
cy and minimizes number of tilt adjustments. 

Reflectors are protected by the cover plate which improves efficiency and reliability. 

No tracking required which simplifies installation and operation. 

SOURCE:, Arthur D. Little, Inc. 

Fig. 14 CPC c o l l e c t o r  c h a r a c t e r i s t i c s  



1. REFLECTING LIGHTING SHEET 
2. SHADOW BAND TRACKER 
3. ABSORBING RECEIVER TUBE 
4. MOTOR DRIVE 

~ i g .  15 olic trough collector 



The geometric concentrat ion r a t i o s  f o r  parabol ic  trough concentra- 
t o r s  a r e  t y p i c a l l y  i n  t h e  20X t o  40X range- Higher concentrat ion r a t i o s  
requ i re  excessive contour and t racking accuracies  t o  be p r a c t i c a l  i n  
t h i s  or  any l i n e a r  concentrator  configuration. 

The major l o s s e s  from the  more soph i s t i ca ted  c o l l e c t o r  designs ( i n  
general ,  those using a s p e c i a l  o r  evacuated receiver configurat ion) tend 
t o  be  o p t i c a l  and not thermal i n  nature. Optical  losses  include t h e  
following : 

o Surface Qual i ty .  For engineering su r faces  capable of 
operat ion under severe climate condit ions,  specular  
r e f l e c t i v i t i e s  range from 0.7 t o  0.9. 

o Geometric Errors.  Prec'ise surface  contours (0.1 t o  
0 . 2 5 ~  e r r o r  tolerance) are required t o  d i r e c t  a l l  
t h e  r e f l e c t e d  l i g h t  t o  t h e  receiver  assembly. I n  
p rac t i ce ,  t h e r e  usual ly  w i l l  be surf  ,ace contour e r r o r s  
which r e s u l t  i n  5- t o  10 percent of t h e  r e f l e c t e d  l i g h t  
being misdirected. 

o Dust Factor. Under many r e a l i s t i c  o6erat ion condi- 
t ions ,  p a r t i c u l a r l y  i n  Egypt, where sand and dust  
storms a r e  common, t h i n  l ayers  of d i r t  o r  dus t  w i l l  
form on t h e  r e f l e c t o r  su r face  which r e s u l t s  i n  reduc- 
ing  r e f l e c t i v i t y -  Such l ayers  of dus t  e a s i l y  can 
reduce t h e  amount of r e f l e c t e d  l i g h t  by 5 percent  
even i f  frequent  -kef lec tor  cleaning procedures are 
followed. , )  ' ,  

Parabolic t rou  h cu?&.lectors are general iy cons&deredx f o r  operat ion 8 i n  t h e  150 '~  t o  300 C t d p e r a t u r e  range. 

A segmented mirror  type concentrat ing c o l l e c t o r  is comprised of a 
r ece ive r  assembly and a a e r i e s  of p a r a l l e l  mirrors  t h a t  r e f l e c t  the  
inc iden t  energy onto t h e  receiver  i n  much t h e  same fashion as t h e  
parabol ic  trough co l l ec to r s .  Two configurat ions under development a r e  
i l l u s t r a t e d  i n  f i g u r e s  16 and 17. In  t h e  f i r s t ,  the  receiver  is  a f f ixed  
t o  t h e  bas ic  frame of t h e  assembly and t h e  mirrors  ate ro ta ted  about 
t h e i r  major axes t o  d i r e c t  the  l i g h t  i n t o  t h e  s t a t i o n a r y  receiver.  I n  
t h e  second concept, ~ i x e 4  Mirror Solar  Col lec tor  (FMSC), the. mirrors a r e  
f ixed  i n  p lace  and t h e  rece ive r  swings overhe& t o  adcount f o r  the  , . 
d a i l y  apparent movement of t h e  sun. . . 

One motivation f o r  such designs is  t o  reduce t h e  amount of equipment 
necessary t o  provide tracking,  s ince  i t  requires  a smaller ,  simpler 
mechanism t o  move severa l  small  mirrors o r  one pipe, than it does t o  
move a comparatively l a rge ,  r i g i d  trough and receiver  assembly. 



Fig. 16 slatsTM collector configuration 
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A l l  segmented mirror  type configurat ions a r e  l i n e a r  concentrators. 
Therefore, t h e  comments on the  o p t i c a l  and thermal losses  associa ted  
with t h e  parabol ic  trough designs apply here  a s  w e l l .  

A Fresnel  concentrator  can be of e i t h e r  l i n e a r  o r  point  concentrator  
design. The dis t inguishing f e a t u r e  of these  devices is  t h a t  l i g h t  is 
re f rac ted  and not r e f l e c t e d  onto t h e  receiver.  As i l l u s t r a t e d  i n  f i g u r e  
18, l i g h t  energy is incident  on t h e  top surface  of t h e  Fresnel  lens. 
This energy passes through t h e  mate r i a l  ( e i t h e r  g lass  o r  p l a s t i c )  and is 
re f rac ted  by small  r idges  o r  grooves on t h e  underside of t h e  l ens ,  
which, though shown f l a t  i n  t h e  f igure ,  can be e i t h e r  f l a t  o r  curved. A 
curved Fresnel  concentrator  has a s h o r t e r  f o c a l  length than a f l a t  l e n s  
system, but  is correspondingly more d i f f i c u l t  t o  manufacture. 

Tracking requirements a r e  similar t o  those of r e f l e c t o r  type 
concentrators f o r  equal l e v e l s  of s o l a r  concentration. Durabi l i ty  of 
p l a s t i c  lenses  and the  d i f f i c u l t y  i n  fabr ica t ing  l i n e a r  g l a s s  l enses  a r e  
major challenges which have l imi ted  t o  use of these  l e n s  systems. I n  
addi t ion ,  maintaining clean surfaces  under a c t u a l  use ( the  grooves tend 
t o  become clogged with dust)  is  of r e a l  concern. 

Yoint Concentrators. As previously mentioned, p r a c t i c a l  l i n e a r  
concentrators can achieve concentrat ion r a t i o s  of about 20X t o  40X and 
operat ing temperatures of 120 t o  300 C. Point concentrators with 
s i m i l a r  t racking and geometrical accuracies can achieve concentrat ion 
r a t i o s  of 400X t o  1600X and thus t h e  higher temperatures required of 
e f f i c i e n t  thermal engines. However, t h i s  higher concentrat ion r a t i o  
capab i l i ty  requires  two a x i s  t racking which considerably complicates the  
design and operat ion of point  concentrat ing systems a s  compared t o  
l i n e a r  concentrators. 

There a r e  two b a s i c  approaches t o  high concentrat ions systems being 
invest igated:  c e n t r a l  receiver  and d i s t r i b u t e d  co l l ec to r .  

A c e n t r a l  receiver  system (a l so  know a s  t h e  "power tower" concept) 
u t i l i z e s  a l a r g e  number of individual ly  guided mirrors ( h e l i o s t a t s )  
placed i n  an a r ray  a t  t h e  base of a t a l l  tower (such a s  indicated  i n  
f i g u r e  19). The incident  s o l a r  energy is  r e f l e c t e d  from t h e  mirrors  t o  
a receiver  mounted on top of t h e  tower, where it is absorbed by a hea t  
t r a n s f e r  medium (usually steam). The steam so generated can be used t o  
opera te  a conventional steam power plant.  

The major cos t  component i n  such a system is expected t o  be t h e  
h e l i o s t a t s  which requ i re  p rec i se  two a x i s  t racking,  highly r e f l e c t i v e  
and geometrical ly p rec i se  su r face  contours, and s t r u c t u r a l  r i g i d i t y  t o  
withstand high wind loads. Several of t h e  h e l i o s t a t  concepts under 
development are indicated  i n  f i g u r e  20. 
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F i g .  19 Central receiver concept 
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The primary advantage of the power tower concept, a s  compared t o  
systems using a d i s t r i b u t e d  co l l ec to r  ar ray  ( troughs,  e t c ) ,  i s  t h a t  a l l  
the  s o l a r  energy from a l a r g e  area  is col lec ted  i n  a c e n t r a l  locat ion,  
thus g r e a t l y  reducing t h e  requirement f o r  piping of heat  t r ans fe r  f l u i d s  
over long dis tances .  Also, due to the high l e v e l s  of s o l a r  concentrat ion 
involved (1,000 t o  2,000X) it  is poss ib le  to  e f f i c i e n t l y  a t t a i n  tempera- 
t u r e s  cons i s t en t  with the  operat ion of conventional steam power systems 
(400 t o  6 0 0 ~ ~ ) .  

The power tower system is most o f t en  considered f o r  use a t  high 
power l e v e l s  (50 MWe and higher)  in  regions where a p a r t i c u l a r l y  high 
percentage of the  inso la t ion  is d i r e c t .  However, t h e  use of a mini-power 
tower f o r  individual  i r r i g a t i o n  pumping systems at  the  150 kW power 
l e v e l  which might be appl icable  f o r  use i n  remote areas ,  i s  a l s o  being 
invest igated.  

Another approach t o  high l e v e l  concentrat ion is the  use of parabolic 
d ish  concentrators.  A conceptual design of one such system i s  shown in  
f i g u r e  21. In  t h i s  system the  concegtrated s o l a r  energy is used t o  
operate an open Brayton c y c l e  engine , thereby e l iminat ing the  need 
f o r  a heat  r e j e c t i o n  system as required by Rankine cycle  engines. 
Bragton cycle  engines (which requ i re  temperature l e v e l s  i n  excess of 
600 C f o r  e f f i c i e n t  operat ion) a l s o  are being considered f o r  use in  
conj unction with the  power tower point  concentrator  system previously 
described. 

System Performance. There is a wide range in the projected 
thermal/economic performance l e v e l s  of the  var ious  co l l ec to r /hea t  
engine s o l a r  power options being inves t igated .  I n  genera l ,  t h e  higher 
concentrat ion eystems (such a s  t h e  power tower) a r e  projected t o  have 
more favorable performance-characteristics than lower l e v e l  concentrator 
systems, p r imar i ly  due to t h e i r  a b i l i t y  t o  operate a t  higher temperatures 
and thereby, higher e f f i c i ency  l eve l s .  On the  other hand, these  high 
concentrat ion systems may e n t a i l  a higher degree of r i s k  due to uncer- 
t a i n t i e s  i n  the  nature  of s o l a r  r ad ia t ion  (discussed i n  sec t ion  2.1) and 
the requirement t o  maintain p rec i se  two a x i s  t racking under severe 
environmental conditions. 

The type of systems which are in  the  most advanced development 
s t a t e  a t  t h i s  t i m e ,  by v i r t u e  of t h e i r  use i n  severa l  demonstration 
p ro jec t s  i n  the United S ta tes ,  a r e  those using parabolic trough collec-  
t o r s  and organic Rankine cyc le  engines. 

The projected annual system e f f i c iency  of t h i s  system combination 
is presented i n  f i g u r e  22. As indica ted ,  f o r  t h i s  (and any o the r  

* 
One firm i n  the  United S t a t e s  is c u r r e n t l y  producing a parabolic 

dishisteam power generat ion system. 
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Fig. 21  conceptual design for 10 kW so lar  concentrator system 
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col lec tor -engine  combination) t h e r e  is an opera t ing  temperature which 
maximizes system e f f i c i e n c y  and,  t h e r e f o r e ,  minimizes c o l l e c t o r  a r r a y  
a r e a  requirements f o r  any s p e c i f i e d  output .  For the  des ign  considered,  
t h e  system e f f i c i e n c y  under average s o l a r  f l u x  condi t ions  i n  Egypt is 
about 14 percent  and occurs  a t  an opera t ing  temperature of about 300'~. 
By comparison, t h e  e f f i c i e n c l  of a  system using f l a t  p l a t e  c o l l e c t o r s  
would be only  about 4  t o  5 pe rcen t .  The e f f i c i e n c y  ve r sus  temperature 
curve  is f a i r l y  f l a t ,  and t h e r e  may be  p r a c t i c a l  advantages f o r  opera t ing  
the  system a t  a s  low a  temperature a s  poss ib l e ,  c o n s i s t e n t  with accept- 
a b l e  e f f i c i e n c y  l e v e l s .  Such p r a c t i c a l  cons ide ra t ions  inc lude  the  
a b i l i t y  t o  use a  ho t  water  thermal s t o r a g e  system ( l i m i t e d  by ope ra t ing  
pressures)  and choice  of cons t ruc t ion  m a t e r i a l s ,  pumps, va lves ,  e t c .  

3.2.3 Cost p ro j ec t ions :  To d a t e ,  t h e r e  has been v e r y  l imi t ed  
experience with e s t a b l i s h i n g  the  commercial cos t  of s o l a r  thermal power 
systems. Thus, t h e r e  is a  wide v a r i a t i o n  i n  cos t  p r o j e c t i o n s  f o r  the  
d i f f e r e n t  system op t ions .  

The system o p t i o n s  f o r  which c o s t s  a r e  probably b e s t  e s t ab l i shed  is  
the  pa rabo l i c  t roughlorganic  Rankine cyc l e  engine combination. It is  
expected t h a t  t hese  c o s t s  w i l l  be r e p r e s e n t a t i v e  of o t h e r  d i s t r i b u t i o n  
system arrangements (segmented mi r ro r s ,  CPC, e t c . ) .  

Manufacturers p r o j e  t t h a t  the  cos t  of parabol ic  t rough c o l l e c t o r s  5 
might approach L.E. 70lm i n  product ion q u a n t i t i e s .  The cos t  of 
organic  Rankine c y c l e  engines i s  expected t o  be i n  the L.E. 300 t o  L.E. 
600 pe r  kW range depending on capac i ty .  The r e s u l t a n t  system cos t  on an 
i n s t a l l e d  b a s i s  i s  es t imated  i n  f i g u r e  23. A s  i n d i c a t e d ,  i n s t a l l e d  sys- 
tem c o s t  would approach L.E. 1,300 pe r  kW (i .e . ,  no s t o r a g e ) ,  based on 
the  assumptions shown. The i n s t a l l a t i o n  c o s t s  a r e  s i g n i f i c a n t  and a r e  
probably t h e  most d i f f i c u l t  t o  e s t ima te  due t o  v a r i a t i o n s  i n  l abo r  
c o s t s ,  s i t e  p repa ra t ion ,  e t c .  The system could ,  however, be i n s t a l l e d  
with Egyptian l a b o r ,  t h e r e b y  minimizing f o r e i g n  exchange c o s t s .  

In  t he  power tower system, t h e  major cos t  f a c t o r s  a r e  the  he l io-  
stats used t o  r e d i r e c t  the s o l a r  energy t o  t he  c e n t r a l l y  l o c a  ed r ece ive r .  ?i 
Current h e l i o s t a t  c o s t  exper ience  is approximately L.E. 1901m based 
on the  purchase of 144 h e l i o s t a t s  f o r  a  thermal t e s t  f a c i l i t y  l oca t ed  i n  
Albuquerque, New Mexico. However, ongoing low-cost h e l i o s t a t  development 
a c t i v i t i e s  i n d i c a t e  t h a t  product ion cos t  g o a l s  of L.E. 47 t o  L.E. 
100/m can be  achieved. 

Based on t h i s  l a rge - sca l e  p roduc t ion .  cos t  e s t ima te  f o r  h e l i o s t a t s ,  
i t  is  pro jec ted  t h a t , t h e  i n s t a l l e d  c e n t r a l  r ece ive r  power system would 
have a  c o s t  of L.E. 870 t o  L.E. 1,000 pe r  kW. Assuming succes s fu l  
ope ra t ion  of t he  Barstow p i l o t  f a c i l i t y ,  t h e s e  c o s t  g o a l s  may b e  achiev- 

. a b l e  by t h e  mid t o  l a t e  1980's. 
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3.2.4 Ecanomic performance: The cos t  of power from a s o l a r  power 
u n i t  is a func t ion  of many v a r i a b l e s ,  inc luding:  

-0 I n i t i a l  c o s t  
. o Annual power output  . .  
' o ope ra t ion  and maintenance c o s t s  
6 I n t e r e s t  r a t e s  
o Deprec ia t ion  ( u s e f u l  l i f e )  

The c o s t  of power generated by t h e  pa rabo l i c  trough/ORC engine 
sys tem comb i n a t i o n ,  when opera t ing  under t he  high s o l a r  f l u x  regime of 
Egypt, is  shown i n  f i gu re '  24, assuming : 

o ' I n t e r e s t  r a t e  - 8 percent  
o Useful  l i f e  - 25 y e a r s  
o Annual .O&M'cost of 4 percent  

The c o s t  of power p'roduced by t h e  system is i n  the  8 t o  1 6  pt/kWh 
range. i f  both l a b o r ,  and purchased component c o s t s  a r e  considered.  The 
c o s t  of power decreases  wi th  inc reas ing  system capac i ty  due t o  the  
economies of s c a l e  i nd ica t ed  on f i g u r e  23. This c o s t  of power is s t i l l  
s i g n i f i c a n t l y  h ighe r  than t h a t  from l a r g e  c e n t r a l  u t i l i t i e s  b u t  approaches 
t h a t  from the  smal l  d i e s e l  u n i t s  o f t e n  used f o r  pumping and power 
gene ra t ion  i n  remdte a r e a s ,  p a r t i c u l a r l y  i f  a n t i c i p a t e d  i n c r e a s e s  i n  
f u e l  c o s t s  occur .  (See Sec t ion  4.0). 

Power c o s t s  from l a r g e r  c e n t r a l  r ece ive r  power systems a r e  pro jec ted  
t o  be i n  the 4 t o  10  pt/kWh range i f  t he  lower end of the  h e l i o s t a t  c o s t  
g o a l s  a r e  a t t a i n e d .  These, r e l a t i v e l y  low .power cos t  p r o j e c t i o n s  r e f l e c t ,  
i n  p a r t ,  t h e  l a r g e  s i z e  of these  power u n i t s  and the  assumption of l a r g e  
s c a l e  product ion of key subsystems ( i n  p a r t i c u l a r ;  t h e  h e l i o s t a t s ) .  

For both the  d i s t r i b u t e d  and c e n t r a l  r ece ive r  s o l a r  power op t ions ,  
over 50 percent  of the  c o s t  would be l abo r  assoc ia ted  with subsystem 
manufacture and i n s t a l l a t i o n .  I f  o n l y  f o r e i g n  exchange c o s t s  a r e  
cons idered ,  s u b s t a n t i a l l y  lower power c o s t s  than ind ica ted  above would 
r e s u l t  . 

3.2.5 Implementation opt ions :  Most a p p l i c a t i o n s  which a r e  appro- 
p r i a t e  f o r  s o l a r  thermal power systems a l s o  can be served by t h e  photo- 
v o l t a i c  power systems d iscussed  i n  s e c t i o n  3.3. A s  a p r a c t i c a l  m a t t e r ,  
t h e r e f o r e ,  t h e s e  two technology o p t i o n s  w i l l  be competing with one 
another  over a range of a p p l i c a t i o n s  inc luding  water pumping, a i r  
condi t ion ing  and r e f r i g e r a t i o n ,  v i l l a g e  e l e c t r i f i c a t i o n ,  and,  i n  l a t e r  
yea r s ,  l a rge - sca l e ,  g r i d  .connected e l e c t r i c  power genera t ion .  

The types of systems t h a t  w i l l  be implemented t o  t he  g r e a t e s t  
e x t e n t  w i l l  depend on the  r e l a t i v e  progress  made i n  lowering c o s t s  and 
on f i e l d  exper ience  wi th  the  d i f f e r e n t  system opt ions .  For purposes of 
t h i s  pre l iminary  s tudy ,  s o l a r  thermal power and pho tovo l t a i c s  have been 
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Fig. 24  Cost of electric power from*solar thermal power systems 



c l a s s i f i e d  under t h e  common heading of d i r e c t  s o l a r  power systems ( t o  
d i f f e r e n t i a t e  them from t h e  wind and biomass op t ions ) .  The implementa- 
t i o n  r a t e  and impacts p r o j e c t e d  i n  s e c t i o n  3 . 3  f o r  photovol ' t a ics  would, 
i n  p r a c t i c e ,  i nc lude  a  combination of pho tovo l t a i c s  and s o l a r  thermal  
systems and, t h e r e f o r e ,  no s e p a r a t e  implementation s c e n a r i o  is developed 
h e r e  f o r  s o l a r  thermal  power. . 

Also, t h e  requirements  f o r  r e f l e c t o r s ,  conc re t e  foundat ions ,  
s u p p o r t  s t r u c t u r e s ,  e t c . ,  do no t  d i f f e r  g r e a t l y  f o r  t h e  c o l l e c t o r s  of a  
s o l a r  thermal system from those  of a  pho tovo l t a i c  system us ing  s o l a r  
concen t r a t i on  ( i n  f a c t ,  t h e  concen t r a to r  subsystems could be i d e n t i c a l ) .  
The resource  requirements  f o r  t h e  pho tovo l t a i c  op t ions  a r e ,  t h e r e f o r e ,  
assumed t o  apply a l s o  t o  t h e  s o l a r  thermal  opt ion.  

These s imp l i fy ing  assumptions w i l l  have t o  be  reviewed i n  f u t u r e  
program phases i n  o rde r  t o  more c a r e f u l l y  i n d i c a t e  t h e  r e l a t i v e  merits 
of t h e  s o l a r  t h e m a $  and pho tovo l t a i c  power op t ions  g iven  t h e  environment 
and resources  of Egyp.;., 

3 . 2 . 6  ~nstitutional~environmental cons ide ra t i ons :  No major 
i n s t i t u t i o n a l  o r  environmenta.1 b a r r i e r s  t o  t h e  widespread use  of s o l a r  

. t h e r m a l  power u n i t s  a r e  e v i d e n t c a t  t h i s  time. However, s e v e r a l  i s s u e s  
which should be considered when pEanning f o r  t h e i r  implementation a r e  
d i scussed  below. 

3 . 2 . 6 . 1  U t i l i t y  i n t e r f a c e :  The u t i l i t y  i n t e r f a c e  i s s u e s  
a s s o c i a t e d  wi th  a l l  s o l a r  power u n i t s  a r e  d i scussed  i n  s e c t i o n  3 .3 .  

'1: 
-j . ' 

3 . 2 . 6 . 2  Environmental i s sues :  Sola r ,  thermal  energy systems 
a r e  expected t o  be environmental ly  benign s i n c e  t h e r e  are no exhaust  
emissions r e s u l t i n g  from t h e i r  ope ra t i on  a s  wi th  f o s s i l  f u e l - f i r e d  
p l a n t s  o r  hazardous waste  f u e l  d i s p o s a l  problems a s  wi th  nuc l ea r  power 
u n i t s .  .a. - .  . 

. , \ 

I f  a  cool ing  tower i s  used i n  t h e  r e j e c t  h e a t  system of l a r g e r  
p l a n t s ,  us ing  a  steam c y c l e  power p l a n t ,  t h e  plume could h a v e ' a  minor 
e f f e c t  on l o c a l  c l imatg ;  and t h e  towers themselves could adve r se ly  
a f f e c t  t h e  view of t h e  landscape. I f  once through wa te r  cool ing  is ' . '  

used, c a r e  must be taken  t o , a v o i d  exces s ive  temperature  rises i n  l o c a l  % -  

bodies  of water.  Also, f o r  t hose  systems us ing  t o x i c  o rgan ic  working 
f l u i d s  i n  t h e  engine  o g  i n  t h e  h e a t  c o l l e c t o r  f i e l d  t r a n s f e r  loop,  c a r e  
must be taken t o  avoid l e a k s  i n t o  t h e  cool ing  water  stream. This  
i s s u e  could be p a r t i c u l a r l y  important  f o r  s o l a r  i r r i g a t i o n  systems s i n c e  
t h e  cool ing  water  subsequent ly  i s  used for .  i r r i g a t i o n .  



3.2.7 ~echnica l /economic  i ssues :  Although the  technica l  f eas ib i -  
l i t y  of s o l a r  thermal power is w e l l  accepted, none of the  approaches t o  
s o l a r  thermal power has demonstrated t h e  combination of long-term 
r e l i a b i l i t y ,  low c o s t ,  and t echn ica l  performance required t o  j u s t i f y  
widespread implementation. Future development and demonstration programs 
w i l l  be required t o  e s t a b l i s h  t h e i r  competitive technical/economic 
performance and t o  i d e n t i f y  which of the  many approaches t o  s o l a r  
thermal power have the  b e s t  performance when manufactured and operated 
i n  Egypt. 

A key t echn ica l  i s s u e  which d i r e c t l y  impacts economics is the  
e f f e c t  of dus t  and sandstorms (common during p a r t s  of the  year  inlEgypt) 
on the  exposed r e f l e c t o r s  common to  many of the  c o l l e c t o r  system options.  
The e f f e c t  of dus t  and sand i s  twofold: 

(1) The depos i t s  of dus t  on the  r e f l e c t o r  surfaces  
reduces t h e i r  r e f l e c t i v i t y  ( e a s i l y  by 5 t o  20' 
percent)  which l e a d s  t o  reduced power output 

(2) The a ir  born dus t  and sand causes s c a f y r  i n  the  
s o l a r  r ad ia t ion  which reduces the  M u n t  of d i r e c t  
radiation required by h igh c o n c e p t r a w  systems, 
again leading t o  reduced output 

Sand and dust  could s i g n i f i c a n t l y  impact the  r e l a t i v e  performance 
of s o l a r  thermal system opt ions ,  .and therefore ,  f u t u r e  e f f o r t s  should 
emphasize t e s t s  and demonstratA6ns which quant i fy  t h i s  e f f e c t ,  how i t  
v a r i e s  geographical ly,  and the amount of cleaning required (with associ- 
ated cos ts )  to  keep the  logs  i n  performance within acceptable l i m i t s .  

3.3 Photovol ta ics  ,.-- 
./'. 

3.3 -1 BacknroGnd: Solar  c e l l s  a r e  s o l i d  s t a t e  semiconductor devices 
which d i r e c t l y  convert  s o l a r  energy i n t o  e l e c t r i c i t y ,  a s  depicted i n  
f i g u r e  25. ,.These devices  r equ i re  no moving p a r t s ,  i n  con t ras t  t o  
thermal ppwer systems, and they have demonstrated long-term r e l i a b i l i t y  
i n  both space and terrestrial appl ica t ions .  A s  such, they  could f ind  
widespread app l i ca t ion  in  Egypt, p a r t i c u l a r l y  i n  remote a reas  where 
r e l i a b l e ,  maintenance-free opera t ion  is a t  a premium. 

The presegt  c o s t  of t e r r e s t r i a l  s o l a r  c e l l  panels  is L.E. 8 t o  20 
per  peak wat t ,  depending on quan t i ty  purchased. In s p i t e  of t h i s  
high c o s t ,  s o l a r  c e l l  panels  increas ingly  a r e  being used f o r  remote 
power app l i ca t ions ,  such a s  mountain top communication equipment and 
cathodic p ro tec t ion  of p ipe l ines .  I n  1977, t h e  worldwide market f o r  

* 
Power output under high s o l a r  f l u x  condit ions2associated with midday 
operat ion on a c l e a r  day ( s p e c i f i c a l l y  1 k ~ / m  ). 
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such a p p l i c a t i o n s  was es t imated  t o  be 750 kW annual ly;  and i t  is  pro- 
j e c t e d  t o  inc.rease r a p i d l y  i n  t h e  coming years.  The c o s t  of s o l a r  c e l l  
pane ls  is  expected t o  decrease  d rama t i ca l ly  over t h e  next  t e n  yea r s ,  
which would ensure  t h e i r  a p p l i c a t i o n  f o r  s u b s t a n t i a l  power gene ra t ion  i n  
sun b e l t  coun t r i e s .  

The goa l  of t h e  U. S. Department of Energy i s  t o  reduce t h e  c o s t  of 
s o l a r  c e l l  pane ls  t o  L.E. 1.3 p e r  peak wa t t  i n  1982, L.E. .33 pe r  peak 
wat t  i n  1986, and L.E. .1 t o  .2 pe r  peak wa t t  i n  1990 t o  2000. The 
lower end of t h e s e  cos t  goa l s  w i l l  be  d i f f i c u l t  t o  achieve ,  g i ~ e n  t h e  
very  low per  u n i t  a r e a  c o s t s  they  imply (about L.E. 10 t o  20/m ) and 
t h e  need f o r  rugged weather r e s i s t a n t  cons t ruc t ion .    ow ever, t h e r e  is a 
h igh  p r o b a b i l i t y  t h a t  a c o s t  of L.E. .66 t o  1.33 per  peak w a t t  can be  
obta ined  i n  t h e  e a r l y  1980's by us ing  s o l a r  c e l l s  i n  combination wi th  
s o l a r  concentrat ion.  By us ing  s o l a r  concent ra t ion ,  c o s t l y  s o l a r  c e l l  
a r e a  can be rep laced  by r e l a t i v e l y  inexpensive r e f l e c t o r  ( o r  l e n s )  
area.  As is  shown l a t e r ,  t h e s e  r e l a t i v e l y  low r i s k  c o s t  o b j e c t i v e s  
would r e s u l t  i n  economically a t t r a c t i v e  systems f o r  many a p p l i c a t i o n s ,  
given t h e  h ighly  f avo rab le  s o l a r  energy regime i n  Egypt. 

An a d d i t i o n a l  advantage of t h e  concent ra tor -so lar  c e l l  system 
conf igu ra t ion  is t h a t  Egyptian indus t ry  could p a r t i c i p a t e  i n  a meaningful 
way i n  t h e  assembly of t h e  s o l a r  c e l l  panels.  This  approach r e s u l t s  i n  
a s u b s t a n t i a l  p o r t i o n  of t h e  va lue  of being added by Egyptian resources  
and would provide f o r  i n i t i a t i n g  t h e  t r a i n i n g  of Egyptian t e c h n i c a l  
personnel  i n  t h i s  c r i t i c a l  technology f i e l d .  

3.3.2 Technology s t a t u s :  Numerous pho tovo l t a i c  m a t e r i a l  combina- 
t i o n s  involv ing  s e v e r a l  f a b r i c a t i o n  p tocesses  a r e  being i n v e s t i g a t e d  by 
corpora te ,  government, and academic organiza t ions .    ow ever , most s o l a r  
c e l l  pane ls  now i n  use  f o r  bo th  t e r r e s t r i a l  and space a p p l i c a t i o n s  
u t i l i z e  s i n g l e  c r y s t a l  s i l i c o n ,  due t o  i t s  demonstrated h igh  r e l i a b i l i t y ,  
long l i f e ,  and good e f f i c i e n c y  l e v e l s .  - 

. 
It is expected t h a t  i n  t h e  near  t o  in te rmedia te  term ( f i v e  t o  t e n  

y e a r s ) ,  most s o l a r  c e l l s  w i l l  cont inue  t o  be made from s i n g l e  c r y s t a l  
s i l i c o n  using s t e a d i l y  improving m a t e r i a l  p u r i f i c a t i o n  and c e l l  f ab r i ca -  
t i o n  techniques t o  lower cos t s .  This  well-proven and h igh ly  r e l i a b l e  
m a t e r i a l  shows t h e  p o t e n t i a l  f o r  achiev ing  t h e  1986 goa l  of L.E. -33  p e r  
peak watt .  The e l e c t r i c a l  ou tput  c h a r a c t e r i s t i c s  of a s i l i c o n  s o l a r  
c e l l  a r e  shown i n  f i g u r e  26. A s  i nd i ca t ed ,  they  gene ra t e  about 0.5 
v o l t s  (v) a t  t h e  optimum e f f i c i e n c y  poin t .  ~ e n e r a t i r i ~  e l eva t ed  vo l t ages ,  
t h e r e f o r e ,  r e q u i r e s  connect ing a m u l t i p l i c i t y  of i n d i v i d u a l  c e l l s  i n  
s e r i e s .  Common output  vo l t ages  of s o l a r  c e l l  pane l s  which t y p i c a l l y  
measure 2 f e e t  by 4 f e e t ,  a r e  12 t o  24v. The e f f i c i e n c y  of i n d i v i d u a l  
c e l l s  i n  convert ing s o l a r  energy i n t o  e l e c t r i c i t y  t y p i c a l l y  is 11 t o  15 
percent ;  however, when packing d e n s i t y  of c e l l s  w i t h i n  a pane l  and 
r e s i s t a n c e  l o s s e s  a r e  taken i n t o  account,  t h e  e f f i c i e n c y  of pane ls  is 
usua l ly  10 percent  o r  l e s s .  
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A l t e r n a t i v e  m a t e r i a l s  to  s i n g l e  c r y s t a l  s i l i c o n  which a r e  i n  the  
most advanced s t a g e  of development a r e  ga l l i um a r sen ide ,  cadmium s u l f i d e ,  
and amorphous s i l i c o n .  The primary i n c e n t i v e  behind developing t h e s e  
a l t e r n a t i v e s  is t h a t  they  can be u t i l i z e d  e f f e c t i v e l y  i n  v e r q  t h i n  f i l m s  
(2 t o  10)  which is c o n s i s t e n t  wi th  low c o s t  manufacture.  

Amorphous s i l i c o n  (a-Si) of e l e c t r o n i c  q u a l i t y  i s  a  r e l a t i v e l y  new 
m a t e r i a l  which o r i g i n a t e d  i n  the  l a t e  1960's. The s i g n i f i c a n c e  of t h e  
a-Si pho tovo l t a i c  c e l l  i s  i t s  p o t e n t i a l  f o r  low c o s t  manufacture. The 
b a s i c  processes  used i n  t he  manufacture of the  a-Si pho tovo l t a i c  c e l l  
a r e  q u i t e  s t r a igh t fo rward  and a r e  h igh ly  energy e f f i c i e n t .  It appears ,  
t h e r e f o r e ,  t h a t  wi th  a  s t rong  technology development program, t h i s  f i l m  
amorphous .s i l icon  s o l a r  c e l l s  have the  p o t e n t i a l  f o r  achieving t h e  DOE 
1990 c o s t  g o a l s  of L.E. .1 t o  .2/peak watt  wi th  e f f i c i e n c y  l e v e l s  
approaching 10 pe rcen t .  

The CdS-Cu S  system has  been s tud ied  widely s i n c e  i ts  pho tovo l t a i c  
2 

p r o p e r t i e s  were discovered i n  1954. The i n t e r e s t  i n  t h i s  system has 
been sus t a ined  by t h e  promise of a t  l e a s t  two low-cost manufacturing 
technologies  s u i t e d  t o  ve ry  la rge-sca le  product ion ,  and t h e  hope t h a t  
f u r t h e r  r e sea rch  would y i e l d  s o l u t i o n s  t o  t h e  e a r l y  problems of low 
e f f i c i e n c y  ( 3  t o  4  percent  f o r  t y p i c a l  product ion c e l l s )  and poor  l i f e  
except under c a r e f u l l y  c o n t r o l l e d  environmental condi t ions .  However, i t  
appears  t h a t  t he  technologica l  development of cadmium s u l f i d e  s o l a r  
c e l l s  could r e s u l t  i n  c e l l s  t h a t  a r e  c o n s i s t e n t  wi th  the  1990 goa l s  of 
DOE a s  def ined  above and, t h e r e f o r e ,  two f i r m s  i n  t he  United S t a t e s  
(Solar  Energy Systems and Photon Power) have ind ica t ed  t h e i r  i n t e n t i o n  
t o  g f f e r  cadium-sulfide s o l a r  c e l l s  on a  commercial b a s i s .  

, .Gal l ium a r s e n i d e ,  GaAs, i s  a  n e a r l y  i d e a l  pho tovo l t a i c  m a t e r i a l  and 
devices  of about 23 percent  conversion e f f i c i e n c y  have been produced. 
The a b i l i t y  of t h i s  m a t e r i a l  t o  work a t  high temperatures  has favored 
i ts  a p p l i c a t i o n  i n  h igh  concen t r a t ion  r a t i o  systems. 

GaAs pho tovo l t a i c  c e l l s  of t he  s i n g l e  c r y s t a l  type a l r eady  have 
demonstrated s u p e r i o r  performance a t  l e v e l s  of concen t r a t ion  up t o  2000 
suns.  

The p re sen t  e f f o r t  t o  produce t h i n  f i l m  GaAs pho tovo l t a i c  c e l l s  on 
low %st s u b s t r a t e s  even tua l ly  should y i e l d  e f f i c i e n c i e s  i n  t he  range of 
14 t$, 18 pe rcen t .  However, t h e  a r ea  c o s t  of such devices  is no t  l i k e l y  
t o  d q p  below L.E. .66 t o  1.50/peak w a t t ,  which meang t h a t  concen t r a t ion  
must be considered even f o r  t hese  c e l l s .  I n  t h i s  ca se ,  however, f a c t o r s  
of 3 , t o  6 should be economically adequate ,  s o  - t ha t  nontracking concentra- 
t o r s 'may  be considered.  



Solar  concen t r a to r s  a r e  be ing  developed over a wide range of 
concen t r a t ion  l e v e l s  f o r  use  i n  s o l a r  thermal systems where the  h igh  
temperatures  r e s u l t i n g  from concen t r a t ion  have thermodynamic advantages.  
For t he  most p a r t ,  s o l a r  concen t r a to r s  f o r  use wi th  s o l a r  c e l l s  w i l l  be 
s i m i l a r  t o  those  developed f o r  thermal systems (d iscussed  i n  s e c t i o n  
3.2) ,  except  t h a t  t h e  thermal r ece ive r  placed i n  t he  f o c a l  p lane  w i l l  be  
rep laced  by a p rope r ly  designed s o l a r  c e l l  a r ray .  

Concentrator  systems range from simple f l a t  r e f l e c t o r s  t o  r e f r a c t i v e  
F re sne l  l e n s  systems and pa rabo l i c  d i shes .  The type of concen t r a t ing  
system u t i l i z e d  is  l a r g e l y  dependent on the  l e v e l  of concen t r a t ion  
des i r ed .  The f l a t  p l a t e  o r  pas s ive  r e f l e c t o r  is b a s i c a l l y  a p lanar  
r e f l e c t o r  f o r  concen t r a t ion  r a t i o s  up t o  2X. Compound pa rabo l i c  concen- 
t r a t o r s  a r e  b e s t  s u i t e d  f o r  concen t r a t ion  r a t i o s  i n  t he  2X t o  10X range. 
Linear  concen t r a to r s ,  such a s  pa rabo l i c  t roughs,  can be u t i l i z e d  b e s t  
f o r  concen t r a t ion  r a t i o s  i n  t he  10X t o  40X range. Linear  concen t r a to r s ,  
such as pa rabo l i c  t roughs ,  can be u t i l i z e d  b e s t  f o r  concen t r a t ion  r a t i o s  
i n  t he  10X t o  40X range ,  systems using p o i n t  concen t r a to r s  (pa rabo l i c  
d i s h e s ,  e t c . )  can b e  u t i l i z e d .  

3.3.3 System cons ide ra t ions :  There a r e  two important f a c t o r s  
which must b e  taken i n t o  account i n  t he  des ign  of a complete pho tovo l t a i c  
power system: 

o Power is produced by t h e  s o l a r  c e l l s  o n l y  when the  sun 
is  sh in ing .  The output  of the  s o l a r  c e l l  a r r a y  is ,  
t h e r e f o r e ,  h i g h l y  v a r i a b l e  even on a c l e a r  day, 
peaking a t  s o l a r  noon and f a l l i n g  t o  about one-half 
the  peak power 3 hours  e i t h e r  s i d e  of noon. L i t t l e  o r  
no power is produced during pe r iods  of  c loudy weather. 
The h i g h l y  v a r i a b l e  na tu re  of power output  from 

I 

the s o l a r  c e l l  a r r a y  r e q u i r e s  energy s t o r a g e  ( b a t t e r -  
i e s ,  hydro-storage,  e t c  .) f o r  a p p l i c a t i o n s .  . . 

. . 
o The output  from t h e  s o l a r - c e l l  a r r a y  is .  in .  the form of 

. 

d i r e c t  c u r r e n t  power. Many on-s i te  a p p l i c a t i o n s  
( i r r i g a t i o n  pumping, r e f  r i g e r a t i o n ,  etc..) can use DC 
power, however, before. t h i s  power can b e  used by t h e  
consumer on the  u t i l i t y  g r i d .  i t  must b e  converted t o  
AC power. a t  t he  app ropr i a t e  v o l t a g e s  -and wave form. 

A schematic  of a pho tovo l t a i c  power. u n i t  capable  of i n t e g r a t i n g  
wi th  a u t i l i t y  g r i d  which accounts  f o r  t he  above f a c t o r s  is  shown i n  
figure 27. This  system c o n s i s t s  o f :  

o A c o l l e c t o r  a r r a y  c o n s i s t i n g  of s o l a r  c e l l  power 
modules (shown as f l a t  p l a t e ) ;  



o A mounting rack t o  properly or ien t  the so la r  c e l l  
modules ( t tacking options would b e  used with concen- 
t r a t i ng  systems) ; 

o Wiring t o  connect so la r  c e l l  panels i n  the proper 
ser ies-paral le l  arrangements; 

o A cont ro l le r  (consist ing of DC switchgear and cen t ra l  
c i r cu i t s )  which controls  the select ion of load a l t e r -  
natives between d i r ec t  use and storage; 

, . 
o A storage aubsystem t o  s t o r e  excess power produced 

during peak so la r  f l ux  periods f o r  l a t e r  use. The 
storage is shown as a ba t te ry  pack which is the most 
l i k e l y  s torage approach i n  the near-term; 

o A DC-AC inver te r  t o  convert DC' output of the so la r  
c e l l  a r ray  and/or the ba t te ry  s torage i n to  AC power 
consistent  with operation of conventional e l e c t r i c a l  
appliances ; and 

o AC switchgear t o  ensure a proper pllasing o i  power 
supplied by t h e  photovoltaic power un i t  and the  
u t i l i t y  power. 

. , . I  . I  : ' 

Most of the cost  of solar  c e l l  power systems is assqciated with the 
so l a r  c e l l  a r ray  i t s e l f ,  due t o  the  present high cost  of -8olar cells. 
A s  the  cost  of the so la r  c e l l s  is reduced t o  the point where t he i r  use 
could become prac t ica l  f o r  general applicatiox&, t he .  ef f ecrt of the power 
conditioning and energy storage subsystem on oyeral l  system cost  w i l l  
become increasingly important. c, 

These s u b s y s t e ~  affect '  system cost  in two ' r ays  : (1) they a r e ,  
'themselves, ra ther  cos t ly  components, and (2) they a l l  have inefficien- 
c ies  associated with t h e i r  operation which lower overal l  system e f f i -  
ciency, thereby increasing the  area of so la r  c e l l s  required f o r  a given 
power output. 
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Fig. 27 Schematic of a photovoltaic power system 



Even us ing  a very  e f f i c i e n t  energy s t o r a g e  approach ( b a t t e r i e s ) ,  
systems which use  energy s t o r a g e  and i n v e r t e r s  w i l l  r e s u l t  i n  a 30 
pe rcen t  l o s s  of power going through t h e  b a t t e r i e s  from t h e  s o l a r  c e l l  
a r r a y  t o  u s e f u l  power ou tput  a t  t h e  ou tput  of t h e  i n v e r t e r  system. 
These system i n e f f i c i e n c i e s  w i l l  s i g n i f i c a n t l y  i n c r e a s e  t h e  s o l a r  c e l l  
a r e a  requirements  (and t h e r e f o r e ,  c o s t )  f o r  a g iven  n e t  system output .  

3.3.4 System c o s t s :  A s  i n d i c a t e d  above, t h e  c o s t  of a system 
depends s i g n i f i c a n t l y  on how much energy s t o r a g e  and power cond i t i on ing  
i s  requi red ,  a s  w e l l  a s  on t h e  c o s t  of .the s o l a r  c e l l  panels .  Table  12 
shows a t y p i c a l  c o s t  breakdown f o r  a s i z e a b l e  (>lOkWp) system based on 
two s e p a r a t e  system des igns  a s  descr ibed  beiow. 

o Case 1: No Storage  o r  I n v e r t e r s  -- Thi s  system would 
use t h e  power produced by t h e  s o l a r  c e l l  a r r a y  d i r e c t l y ,  
' t he re fo re ,  t h e  a r r a y  ou tput  i s  t h e  system output  
capac i ty  s i n c e  t h e r e  a r e  no s t o r a g e  o r  i n v e r t e r  
10s ses . 
This  ,would be c o n s i s t e n t  wi th  a p p l i c a t i o n s ,  such a s  
water  pumping and r e f  r i g e r a t i o n ,  where no energy 
s t o r a g e  o r  power cond i t i on ing  i s  r equ i r ed  and t h e  
a r r a y  ou tpu t  i s  used t o  d r i v e  DC motors d i r e c t l y .  

o Case 2. F u l l  S torage  Capaci ty  -- The assumpt.ion used . 
i n  de f in ing  t h i s  s y s t e m . i s  t h a t  a l l  power must go 

. t h rough  s t o r a g e  and t h e  i n v e r t e r s .  This would ap-' 
proach t h e  ca se  f o r  a . v i l l a g e  e l e c t r i f i c a t i o n  system 
where most o f .  t h e  load occurs  i n  t h e  evening o r  e a r l y  : i 

morning hours.  : 

.: The c o s t s  l i s t e d  i n  t a b l e  12 are based ,,a what i s  expected f o r  
.; t hose  components' i n  t h e  1980 t o  1985 t i m e  frame based on moderate- 

p roduct ion  l eve l s .  
' Q 

The s o l a r  c e l l  pane l  c o s t s ,  i nc lud ing  ' t h e  i n s t a l l a t i o n  and s t r u c t u r 6  
c o s t s ,  a r e  a p p l i c a b l e  t o  bo th  f l a t  pane l  a r r a y s  and concen t r a t i ng  
a r r ays .  The pane l  c o s t s  f o r  f l a t  pane ls  a r e  f o r  t h e  pane l s  a s  .de l ivered"-  
wi thout  s t r u c t u r e .  ,The pane l  c o s t s  of t h e  concen t r a t i ng  a r r a y s  i n c l u d e  
r e f l e c t o r s ,  t r a c k i n g  mechanisms, and a s s o c i a t e d  suppor t  s t r u c t u r e .  
Panel  s t r u c t u r e / i n s t a l l a t i o n  c o s t s  i nc lude  s i te  p repa ra t i on ,  , foundat ions ,  

. .. . ,  . # .  and c o l l e c t o r  array,mountin[. .  
. . 

3.3.5 Economic dro-iections:.  F igures  28 and 29 ind ica te , : the  ' co s t  
of power from a pho tovo l t a i c  system ope ra t i ng  i n  ~ ~ ~ p t , ,  a s . a  func t ion  of 
a r r a y  cos t .  These power. c o s t  e s t i m a t e s  a r e  based on , t h e ~ ' f o l l o w i n g  
economic parameters:  

. . . . 

I n t e r e s t  Rate  - 8 pe rcen t  
Usefu l  L i f e ,  - 20 'yea r s  
O&M - 2 .pe rcen t  



TABLE 12 

SYSTEM COST BREAKDOWN - 1978 DOLLARS 
($/kwp - output). 

CASE 1 CASE 2 

Solar  Cel l  ~ a n ' e l s  ($2 /p-W) 

Ba t t e ry  Storage ($75 /kwh) 

Power Conditioning . ( $1 50 /kW) -- 150 

TOTAL (Com~onen t s ) '  $2,000 $3,350 

2 Panel ~ n s t a l l a t i o n / S t r u c t u r e  ($2/f t ) $ 200 $ 280* 

E l e c t r i c a l  I n s t a l l a t i o n  ($100/kW) 100 100 

TOTAL $2,300 $3,730 
i 1 > ; . . 

* 
Increased a rea  is due t o  maintaining output capac i ty  with reduced 
system e f f i c i e n c y  due to b a t t e r i e s  and i n v e r t e r s .  



1 

Solar Array Cost 
L.E./P-W 

Fig. 28 Cost of power for a non-tracking system 





A t  t he  c u r r e n t  s o l a r  pel 1 panel c o s t  of L. E. lO/pcnlc wa t t ,  t h e  
r e s u l t a n t  power c o s t s  a r e  p r o h i b i t i v e  f o r  widespread app l i ca t ions .  As 
t h e  c o s t s  of pane ls  approach t h e  L.E. 1.31peak wat t  range,  which is  
expected i n  t h e  e a r l y  1980's, t h e  c o s t  of power from systems r equ i r ing  
minimal s t o r a g e  capac i ty  becomes about 12 pt/kWh f o r  a  non-tracking 
system and about 9  pt/kWh f o r  a  t r ack ing  system. This  c o s t  is  competi- 
t i v e  with ope ra t ing  sma l l  d i e s e l  gene ra to r s  even a t  p re sen t  f u e l  c o s t s .  
The economics of pho tovo l t a i c s ,  t h e r e f o r e ,  appear q u i t e  promising i n  an 
e a r l y  t o  mid 1980's t ime frame f o r  those  a p p l i c a t i o n s  where power is now 
generated by sma l l  d i e s e l  o r  gaso l ine  engines.  (See Sec t ion  4.0.) This  
r e p r e s e n t s  a  s u b s t a n t i a l  market i n  Egypt, s i n c e  many a r e a s  axe not  
s e rv i ced  by a  u t i l i t y  gr id .  

I f  t h e  1986 g o a l s  of t h e  United S t a t e s  Department of Energy were 
achieved, t h e  c o s t  of power from pho tovo l t a i c  systems would be reduced 
t o  t h e  2 t o  7 pt/kWh range. The wide range i n  t h e s e  power c o s t s  is due 
t o  t h e  range i n  t h e  c o s t  of s t o r a g e  and power condi t ion ing  t h a t  may b e  
requi red ,  and whether t h e  a r r a y  is  s t a t i o n a r y  o r  is  t racking .  A t  t h e  
lower end of t h i s  range,  pho tovo l t a i c  becomes compet i t ive  wi th  a l l  f u e l  
f i r e d  power p l a n t s  and is  s u f f i c i e n t l y  c l o s e  t o  competkng wi th  nuc lea r  
power t h a t  l a r g e  s c a l e  implementation of pho tovo l t a i c  power is  a r e a l i s -  
t i c  opt ion.  

It is  important t o  cons ider  t h a t  s i g n i f i c a n t  implementation of 
s o l a r  c e l l  power systems could be a  r e a l i s t i c  op t ion  i n  Egypt a t  s o l a r  
c e l l  panel  c o s t s  of L.E. .6 t o  1.5 per  peak wat t  due t o  Egypt's e x c e l l e n t  
s o l a r  a v a i l a b i l i t y ,  l i m i t e d  u t i l i t y  g r i d  systems, and t h e  p o s s i b i l i t y  of 
using i n t e r n a l  l abo r  and m a t e r i a l  resources.  Therefore,  t h e  lowest c o s t  
goa l s  (and a l s o  more s p e c u l a t i v e )  of DOE f o r  s o l a r  c e l l s  do not  have t o  
b e  achieved ' for  widespread a p p l i c a t i o n  i n  Egypt. 

: 3.3.6 Implementation op t ions  and enerny impacts:  The economics of 
pho tovo l t a i c  power systems show promise of becoming compet i t ive  wi th  
convent ional  power systems i n  Egypt, both a s  a  r e s u l t  of decreas ing  
s o l a r  c e l l  c o s t s  and t h e  inc reas ing  c o s t  of convent iona l  energy sources.  
It appears  l i k e l y ,  t h e r e f o r e ,  t h a t  pho tovo l t a i c  power u n i t s  w i l l  be  
implemented i n  Egypt dur ing  t h e  time per iod  of i n t e r e s t .  The e x t e n t  of 
t h i s  implementation w i l l  depend on a  number of f a c t o r s  inc luding:  

o  Future  i nc reases  i n  t h e  worldwide p r i c e s  of f u e l s  used t o  
ope ra t e  convent ional  power systems; 

o  Government p o l i c i e s  regard ing  t h e  i n t e r n a l  p r i c i n g  of f u e l  
forms (which a r e  now heav i ly  subs id i zed ) ;  and 

o Any government p o l i c i e s  which encourage t h e  widespread imple- 
mentat ion of pho tovo l t a i c s  through d i r e c t  s u b s i d i e s ,  p a r t i c i p a -  
t i o n  i n  j o i n t  ven tu re  manufacturing ope ra t ions  o r  d i r e c t i v e s  
which r e q u i r e  t h e i r  u s e  i n  s p e c i f i e d  app l i ca t ions .  



As a result of uncertainties in all the above areas, it is difficult 
to project the implementation rate of photovoltaics with any degree of 
certainty. To determine the relative effect of the utilization of 
photovoltaics in Egypt, two implementation scenarios are presented in 
table 13. 

The implementation rate of Case A is consistent with the situation 
where the government does not strongly support the development of a 
photovoltaic capability in Egypt. This scenario still would require 
that photovoltaic power units be subsidized in some way to equalize 
subsidies provided to conventional energy forms used to generate power 
(for example, the diesel fuel used in diesel generators). 

The scenario of Case B-represents the situation where the foreign 
exchange and industrial development benefits of photovoltaics induce the 
government to take a positive role in promoting their use. 

The modest implementation rates of the early 1980's are consistent 
with relatively low power applications in remote areas where small 
diesel engines are the primary alternative. The more significant 
implementation rates after 1985 assume that voltaic power units are 
installed with substantial capacities to supplement power from larger 
fossil fuels (or nuclear) power plants. 

As a result of the implementation scenarios of table 13, the 
cumulative capacity of installed photovoltaic systems is as indicated in 
figure 30. Based on the results of the scenario considered in Case B and 
Egypt's projected capacity requirements, photovoltaic power would 
satisfy 1 percent of Egypt's electric power in 1985, 2.5 percent in 
1990, and 5 percent in 2000. (Per annual output projections of figure 
31.) 

3.3.7 Resource requirements: Table 14 provides a preliminary 
indication of the resource requirements of the implementation scenarios. 
The resource requirements indicated are consistent with the use of a 5X 
concentrator using the compound parabolic concentrator design. 

The resource requirements that would be associated with systems 
using other solar cell panel configurations (i.e., flat plates, parabolic 
troughs, Fresnel lens, etc.) would depend on the material and labor 
requirements for the selected configuration. For example, with a flat. 
plate panel the aluminum used for reflector area would be replaced by 
solar cell area. If solar cells are to be imported, this would increase 
the foreign exchange component of system manufacture. 

For the case considered, the major material requirements are for 
steel, glass, aluminum, and concrete. The steel is used for both 
structural support and as an enclosure for the solar cel'l and reflector 
subassemblies. Concrete is required for. the collecZor support foundations. 

. . 



PHOTOVOLTAIC IMPLEMENTATION SCENARIOS . 

. . 
CASE A .* . CASE B .. 

Small systems f o r  remote water 
pumping and.power f u n c t i o n s  

Average s i z e  .-. 10 kWp 
Number of u n i t s  - 100 
Capaci ty  - 1,000 kWp 

1990 Larger  s y s t e m s . f o r  remote 
. v i l l a g e s  and .pumping . . . 

a p p l i c a t i o n s  
. , .  . . 

. . 
Average s i z e  - 100 kWp 
Number of . .un i t s  - 400 
Capaci ty  - 40,000 kWp 

2000 Inc rease  i n  1990 i n s t a l -  
. . l a t i o n  r a t e  . 

. . 

. # .  , 

Average s i z e  - 150 kWp 
Number of u n i t s  -, 800 

,, Capaci ty  - .  120,000 kWp 
; .  

Demonstration - 50 kWp 

Government r e q u i r e s  s o l a r . o r  wide 
range of remote a p p l i c a t i o n s  

Average s i z e  - 25 kWp 
:[,. 

Number of u n i t s  - 2,000 
Capaci ty  - 50,000 kWp 

Small c en t r a l ,  u t i l k t i e s  t o  r e p l a c e  
f o s s i l  f u e l  s t a t i o n s ,  p l u s  cont in-  
u a t i o n  of sma l l  on - s i t e  i n s t a l l a t i o n s  
. :i 

Average s i z e  - 200 kWpl25 kWp 
Number of u n i t s  - 50012,000 
Capaci ty  - 100,000/50,000 kWp 

Inc rease  i n  1990 l a r g e  system 
i n s  t a l l a t  ions.  

. ?. , 

. . 

Average s i z e  - 200 kWpl25 kWp 
Number of u n i t s  - l., 000/2,000 
Capaci ty  - 2 0 ~ , ~ 0 0 0 ~ 5 0 , 0 0 0  kWp 
,. . 



s Fig. 30 Photovoltaic cumulative capacity 
, _  ...,. _ " , _  ., - ,  . . . 

. .  . . . .  . .. . 



Fig.  31  Photov.oltaic cumulative output 



TABLE 1 4  

RESOURCE REQUIREMENTS OF PHOTOVOLTAIC IMPLEMENTATION SCENARIOS 

1985 * 1990 * 
(1.33~.E./pW) (.67L.E./pW) 
CASE A CASE B CASEA CASEB CASEA CASEB 

Glass 
Aluminum . 
S t e e l  
Copper 
Cement 

ANNUAL MANPOWER REQUIREMENTS .(man-years) 

Management 1~echnica .1  4 190 150 50 0 450 830 
P r o d u c t i o n  '& I n s t a l l a t i o n  . 30 1,550 1,250 ' 4,800 3,750 8,000 
O p e r a t i o n s  & Maintenance 6 290 200 1,230 1,600 4,700 

., . ANNUAL FINANCIAL REQUIREMEmS (1978-L.E. X 107 
. . 

S o l a r  Cells ' .27 13 5 2 0 8 17 
Materials & Components 
( E x c l u s i v e  of S o l a r  C e l l s )  -36 18 14 5 3 42 88 
Labor 
( F a b r i c a t i o n  & I n s t a l l a t i o n )  .22 11 8 32 2 6 5 3 
O&M -04 - 2 - 1.4 - 9 - 12 - 3 3 - 

cn 
TOTAL -89 4 4 28.4 114 88 19 1 

0 

--* (;$ 3: bL &. : . . .: ~ :.; ..\ 7 2  ? s .' * . . 

Cost o f  d e l i v e r e d  s o l a r  c e l l  :modules used i n  c d n c e n t r a t o r s  



The assembly and i n s t a l l a t i o n  of s o l a r  power u n i t s  would provide  
employment f o r  about 8,000 people i f  t he  acce l e ra t ed  s o l a r  s t r a t e g y  i s  
pursued. A n  a d d i t i o n a l  4,700 workers would be requi red  t o  ope ra t e  the  
systems and perform maintenance func t ions .  These O&M f u n c t i o n s  would 
range from pe r iod ic  c leaning  of c o l l e c t o r  pane l s  t o  replacement and/or 
r e p a i r  of f a u l t y  s o l a r  c e l l  modules. 

A major po r t ion  of t he  f i n a n c i a l  requirements a r e  a s soc i a t ed  with 
l a b o r  o r  m a t e r i a l s  o t h e r  than s o l a r  c e l l s .  I n  f a c t ,  t h e  percentage of 
t o t a l  c o s t s  a s s o c i a t e d  with the  s o l a r  c e l l s  decreages  with t ime a s  the  
c o s t  of s o l a r  c e l l s  dec reases  due to' worldwide r e sea rch  and development 
e f f o r t s  and increased  product ion q u a n t i t i e s .  This  system (common with 
o t h e r  arrangements using concent ra t ion)  has  t he  advantage, t h e r e f o r e ,  of 
having a l a r g e  (and inc reas ing )  va lue  added by Egyptian resources .  

3.3.8 ~nstitutional/environmental cons ide ra t ions :  There a r e  
s e v e r a l  institutional/environmental i s s u e s  which may a f f e c t  the  imple- 
mentat ion of photovol ta ic  power systems i n  Egypt. Severa l  of t hese  a r e  
d iscussed  below. 

Land Use. Most of Egypt (o the r  than the  Ni l e  Valley) is v e r y  
s p a r s e l y  populated.  There is ,  t h e r e f o r e ,  l i t t l e  problem i n  f ind ing  
s u f f i c i e n t  land  a r e a  f o r  l a r g e r  s c a l e  u n i t s  t h a t  would tie' i n  wi th  the  
u t i l i t y  s i n c e  most l o c a t i o n s  i n  Egypt a r e  on ly  a few mi l e s  away from . 
d e s e r t  a r eas .  

5 , 

However, s e v e r a l  of t h e  most' a t t r a c t i v e  a p p l i c a t i o n s  of photovol- 
t a i c s ,  p a r t i c u l a r l y  i n  t he  near-term, involve  smal le r  u n i t s  t h a t  would 
be used l o c a l l y  t o  d r i v e  i r r i g a t i o n  pumps, r e f r i g e r a t i o n  u n i t s ,  o r  t o  
provide small  amounts of power f o r  use  i n  v i l l a g e s .  A s  a p r a c t i c a l  
ma t t e r ,  t h e s e  systems would have t o  be loca t ed  i n  close '  proximity t o  the  
l o a d s  being served and t h e r e f o r e ,  land u s e -  requirements  could be impor- 
t a n t  s i n c e  these  a p p l i c a t i o n s  would tend t o  b e  cen te red  i n  a r e a s  of h igh  
popula t ion  and/or  ex t ens ive  a g r i c u l t u r a l  a c t i v i t i e s  . ' 

2 
. About 10 m of c o l l e c t o r  pane l  a r e a  is  requi red  per  peak kW of 

output  capac i ty .  The r e s u l t a n t  land  use requi red  f o r  a 10 hp pumping 
system (which is  t y p i c a l  of t he  capac i ty  05 engine d r iven  pumps now 
u t i l i z e d  ex tens ive ly )  would be  about 240 m i f  c o l l e c t o r  panel  spacing 
requirements t o  avoid shading a r e  taken i n t o  account.  I n  Egypt, about 
0.1 kW of pumping capac i ty  i s  requi red  per  feddan of land .  A 10 hp (7.5 
kW) pumping u n i t  is ,  t h e r e f o r e ,  s u f f i c i e n t  to  i r r i g a t e  over 75 feddans 
of land so  t h a t  t he  c o l l e c t o r  a r ea  is l e s s  than .1 pe rcen t  of t he  land 
being i r r i g a t e d .  The impact of land requirements f o r  t h e  s o l a r  c e l l  
a r r a y  f o r  t h i s  a p p l i c a t i o n  appears ,  t h e r e f o r e ,  t o  be minimal. 

For l a r g e r  a p p l i c a t i o n s ,  such a s  village'electrification, t h e  
e f f e c t  of land  requirements would have t o  be evaluated i n  more d e t a i l .  
However, based on a t y p i c a l  dwell ing requirement f o r  2 t o  3 kWh per  day, 
i t  appears  t h a t  t he  a r ea  requirement o f  t he  c o l l e c t o r s  would be only  
about 20 pe rcen t  of t he  roof a r e a  of t he  dwel l ings  be ing  served.  In  
most ca ses ,  t h e r e f o r e ,  i t  'appears t h a t  land  use requirements  f o r  s o l a r  

' 

c e l l  a r r a y s  w i l l  .not b e  a major problem. 



U t i l i t y  I n t e r f a c e .  The e a r l y  and l imi t ed  implementation of 
pho tovo l  t a i c s  of t e n  w i l l  be i n  non-grid connected a p p l i c a t i o n s  where the  
economics of pho tovo l t a i c  power a r e  p a r t i c u l a r l y  f avo rab l e .  However, i f  
t h e  c o s t  of pho tovo l t a i c s  dec reases  a s  expected (and as assumed i n  t he  
implementation s c e n a r i o s ) ,  t h e i r  use w i l l  become compet i t ive  wi th  
convent iona l  power use  l ead ing  t o  t h e  i n s t a l l a t i o n  of g r i d  connected 
sys  t e m s  . 

The i n s t a l l a t i o n  of s i g n i f i c a n t  photovol ta ic  power c a p a c i t y  w i l l  
have a  s i g n i f i c a n t  e f f e c t  on u t i l i t y  o p e r a t i o n s  s i n c e  t he  output  of t h e  
pho tovo l t a i c  u n i t s  i s  h i g h l y  v a r i a b l e  and of t e n  unp red i c t ab l e  due t o  
p a r t i a l  cloud cover.  The widespread use of pho tovo l t a i c s  w i l l  r e q u i r e  
t h e r e f o r e ,  t h a t  c a r e f u l  a t t e n t i o n  be  given t o  t h e  u t i l i t y  i n t e r f a c e  
i s s u e  and how t h e  use of pho tovo l t a i c s  could impact t he  optimum m i x  of 
convent iona l  power systems,  t h e  need f o r  energy s t o r a g e  ( p o s s i b l y  by 
means of  pumped hydro) ,  and u t i l i t y  r a t e  s t r u c t u r e s .  

Rura l  Developments. An important  a spec t  of government develop- 
ment p o l i c y  i s  t o  improve l i v i n g  s t anda rds  i n  r u r a l  a r e a s  and t o  develop 
remote areas which p r e s e n t l y  a r e  s p a r s e l y  populated.  I n  many c a s e s  t h i s  
p rocess  r e q u i r e s  providing e l e c t r i c  power f o r  r e s i d e n t i a l ,  pumping, and 
commercial a p p l i c a t i o n s .  Pho tovo l t a i c  power u n i t s  a r e  i d e a l l y  s u i t e d  
f o r  p rovid ing  power i n  remote a r e a s  where extending t h e  u t i l i t y  g r i d  or  
ope ra t i ng  eng ine lgene ra to r s  is  p a r t i c u l a r l y  c o s t l y .  Pho tovo l t a i c  power 
(and o t h e r  s o l a r  power u n i t s  d i s cus sed  i n  o the r  s e c t i o n s )  should,  
t h e r e f o r e ,  be cons idered  wi th in  an o v e r a l l  r u r a l  development planning . 

con tex t .  
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3.4 Wind Power Generation 

3.4.1 Introduction:  Wind power generat ion is  t h e  process of 
converting t h e  k i n e t i c  energy contained i n  t h e  wind i n t o  e l e c t r i c a l  o r  
mechanical energy v i a  some intermediate device. 'Various types of 
equipment have been proposed, but  by f a r  t h e  most common and f u r t h e s t  
developed is t h e  conventional hor izon ta l  a x i s  wind turbine ,  f i g u r e  32, a 
configurat ion t h a t  has been i n  use f o r  decades. 

There a r e  e s s e n t i a l l y  two s i z e  ranges of wind power u n i t s  cu r ren t ly  
being manufactured o r  developed. Small u n i t s ,  with ra ted  outputs  i n  the  
1 t o  15 kW range, a r e  now used t o  produce power i n  remote a reas  which 
a r e  not  serviced by a u t i l i t y  and where it would be very expensive t o  
opera te  small  engine generators. Large u n i t s ,  with outputs  i n  t h e  100 
t o  5,000 kW range, a r e  under development i n  t h e  United S t a t e s  f o r  
generat ing power i n  l a r g e  enough q u a n t i t i e s  t o  supplement conventional 
u t i l i t y  systems. 

Several smaller wind tu rb ine  designs are i n  use today and t h e i r  
performance and r e l i a b i l i t y  a r e  w e l l  demonstrated: new designs w i l l  
r equ i re  a b r i e f  t e s t i n g  period t o  achieve s i m i l a r  r e l i a b i l i t y .  Several 
systems i n  t h e  100 t o  200 kW range a r e  i n  operat ion presently,  as p a r t  
of t h e  United S t a t e s  wind program and a r e  performing within design 
l i m i t s .  The cos t  and performance of wind turbines ,  therefore ,  can be 
projected with a higher degree of confidence than most o the r  s o l a r  
options,  where low cost  and long term opera t ional  r e l i a b i l i t y  a r e  still  
t o  be demonstrated. 

A s  indicated i n  sec t ion  2.2, both t h e  Red Sea coas t  and Mediter- 
ranean Sea coast  have wind regimes t h a t  a r e  s u i t a b l e  f o r  wind power 
generation. Improving t h e  prospects  f o r  wind energy conversion i n  these  
areas is t h e  f a c t  t h a t  e x i s t i n g  population cen te r s  (such as Mersa 
Matruh) i n  c o a s t a l  regions use r e l a t i v e l y  c o s t l y  d i e s e l  generators f o r  
power production, and t h e r e  a r e  plans f o r  increased development of these  
areas t o  enhance commercial a c t i v i t i e s  (such as the  t o u r i s t  industry)  
t h a t  w i l l  increase  f u r t h e r  t h e  demand f o r  e l e c t r i c i t y .  

A s  indica ted  i n  following sec t ions ,  t h e  cos t  projec t ions  f o r  wind 
energy conversion a r e  s u f f i c i e n t l y  low t h a t  power can be generated a t  
c o s t s  competitive with f o s s i l  f u e l  f i r e d  systems i n  t h e  higher wind 
a reas  of t h e  Red Sea and Mediterranean Sea coasts.  Large scale implemen- 
t a t i o n  of wind power systems could be a r e a l i s t i c  option i n  Egypt f o r -  
t h e  1980-1990's. 



Fig- 32 Horizontal axis wind turbine . L . ' 4 -  ...- 
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. . : University of Massachusetts 
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3+4.2 Design options: There are severa l  types of wind turbines  
which can be used i n  Egypt. Figure 33 shows a multi-bladed water 
pumping system, which has been used f o r  decades f o r  pumping i r r i g a t i o n  
water, etc. ,  i n  remote a reas  of t h e  United S t a t e s  and Austral ia .  Such 
systems a l s o  have been used i n  Egypt, i n  c o a s t a l  regions near Alexandria. 
Although most of t h e  Egyptian systems a r e  inopeltable now, due t o  a 
number of mechanical problems, t h e  multi-bladed eystems are well-suited 
f o r  d i r e c t  water pumping appl ica t ions ,  because of t h e i r  simple construc- 
t i o n  and low speed, high torque operat ing charac th r i s t i c s .  

For e l e c t r i c  power generat ion app l i ca t ions ,  modern high speed wind 
tu rb ines  such a s  shown i n  f i g u r e  32, a r e  usual ly  u t i l i z e d .  Commercially 
a v a i l a b l e  u n i t s  usual ly  have two o r  th ree  b lades  with diameters i n  t h e  
1.5 t o  8m range and genera l ly  opera te  between 100 and 300 rpm. 

One of t h e  l a r g e r  systems under'development f o r  u t i l i t y  s c a l e  power 
generat ion purposes is shown i n  f i g u r e  34. The 100 kW system (output 
i n  an 8 m / s  wind) undergoing performance t e s t i n g  has a r o t o r  diameter 
of 38.lm, while t h e  l a r g e r  MW s i z e  u n i t s  under development w i l l  have 60 
t o  90m r o t o r  diameters. Typically, these  l a r g e r  systems w i l l  opera te  at  
30 t o  40 rpm. 

Of recent  i n t e r e s t  is t h e  Darrieus design, f i g u r e  35, which is  a 
v e r t i c a l  a x i s  machine. Due t o  t h e  r e l a t i v e l y  immature s t a t u s  of v e r t i c a l  
a x i s  wind turbine  technology (blade f a b r i c a t i o n  and s t a t i c  loading 
analys is ,  dynamic performance, s tart-up and generator  systems, etc.,  a r e  
a reas  being inves t igated) ,  v i r t u a l l y  a l l  large-scale power systems (> 
200kW) being proposed today a r e  of t h e  hor izon ta l  a x i s  type. The 
Darrieus type of equipment may have p r a c t i c a l  advantages over t h e  
hor izon ta l  a x i s  machines discussed above f o r  some applicat ions.  However, 
t h e  d i f ferences  between hor izon ta l  and v e r t i c a l  a x i s  machines a r e  not 
expected t o  be s u f f i c i e n t l y  l a r g e  enough t o  a f f e c t  t h e  b a s i c  economics 
of wind power i n  t h i s  analysis .  Therefore, f o r  t h e  purposes of t h i s  
study, it  has been assumed t h a t  wind tu rb ine  i n s t a l l a t i o n s  w i l l  be 
of t h e  more conventional hor izonta l  a x i s  design. 

Figure 36 shows a schematic drawing of a complete small-scale 
wind turbine  u n i t  a s  it might be t i e d  i n  with a s m a l l  d i e s e l  generat ing 
f a c i l i t y  such a s  those  commonly used i n  a reas  not  serviced by a u t i l i t y  
grid.  As indica ted ,  t h e  wind power u n i t  might r equ i re  some amount of 
b a t t e r y  s torage  ( t o  f l a t t e n  t r a n s i e n t s ) ,  and an inver te r ,  i f  the  system 
were t o  supply AC power from storage. A l a r g e  wind tu rb ine  system would 
be b a s i c a l l y  t h e  same, except t h a t  t h e  i n v e r t e r  would not  be used, s i n c e  
t h e  output of the  wind tu rb ine  a l ready is  constant  frequency power. 

For water pumping appl ica t ions ,  no s to rage  is  required,  which 
favors  t h e  economics of t h i s  applicat ion.  Even when t h e  wind tu rb ine  
generates e l e c t r i c i t y  (per  f i g u r e  36), t h e  amount of s to rage  can be 
decreased by assuming t h a t  t h e  conventional generat ing system takes over 
under prolonged low wind conditions. This is a l s o  t h e  operat ing philo- 
sophy associated with t h e  design of most grid-connected, large-scale 
wind power generat ion systems; 



Fig. 3 3 Mult i-blade, low-speed water pumping unit 
Source : Aeromotor., Inc . 



Fig* 34  100-kilowatt wind turbine generator 



Fig. 35 Vertical ax i s  wind turbine 



AC OUTPUT 

Fig. 36 Schematic of a wind power system 



3.4.3 Cost estimates and system economics: Table 15 lists some 
manufacturers of commercially a v a i l a b l e  wind turbines.  The design and 
performance c h a r a c t e r i s t i c s  of se lec ted  systems, along with t h e i r  cos t s ,  
are shown i n  t a b l e  16. The cos t  of t h e  wind tu rb ine  u n i t s  over the s i z e  
range of i n t e r e s t  is indicated  i n  f i g u r e  37. Small commercial u n i t s  
cos t  L.E.1,300 t o  3,30O/kW based on t h e i r  ra ted  wind speeds, which are 
genera l ly  i n  the  10 t o  15 m/s range. Costs based on average wind speeds 
of about 6 m / s  are c lose r  t o  L.E.3,300 t o  10,00O/kW. It is expected 
t h a t  these  equipment c o s t s  can be reduced by 20 t o  40 percent  through 
manufacture i n  production quan t i t i e s .  

A s  indica ted  i n  f i g u r e  37, t h e r e  are s u b s t a n t i a l  economics of scale 
associa ted  with wind turbines .  The l a r g e r  systems a r e  expected t o  have 
a c o s t  i n  the L.E. 530 t o  800/kW range, once they are made in s u b s t a n t i a l  
numbers, with some projectionw a s  low as L.E. 350/kW f o r  l a r g e  (2-5,000 
kW) systems, designed f o r  loca t ions  with high average wind v e l o c i t i e s .  

Figure 38 ind ica tes  the  power output c h a r a c t e r i s t i c s  of a t y p i c a l  
small wind generator. The s a l i e n t  f ea tu re  is t h a t  the  power output 
inc reases  with the  cube of the  wind v e l o c i t y  up t o  the  ra ted  output 
(which usua l ly  i s  l imi ted  by generator capacity f o r  cos t  optimization 
reasons). Further increases  i n  wind speed r e s u l t  i n  a ccmstant output 
by "feathering" the  blades. The ve ry  s t rong e f f e c t  of wind speed on 
output r e s u l t s  i n  wind generators being p r a c t i c a l  only i n  areas  with 
r a t h e r  high average wind v e l o c i t i e s ,  genera l ly  i n  excess of 4.5 nth. As 
previously ind ica ted ,  c o a s t a l  a reas  of both the  Red Sea and Mediter- 
ranean Sea have average wind v e l o c i t i e s  i n  the 5.5 t o  7 m/s range, which 
makes them s u i t a b l e  f o r  wind power appl ica t ions .  

Table 17 provides c o s t  summaries f o r  three  s i z e s  of wind turbines .  
The 6 kW system is cons i s t en t  with present  commercial equipment, assum- 
ing a 25 percent  reduction fn present  c o s t s  a s  a r e s u l t  of higher pro- 
duction levels. The two la rge r  systems a r e  based on s t u d i e s  of u t i l i t y -  
s ized systems produced i n  modest q u a n t i t i e s  and assuming no s i g n i f i c a n t  
improvements i n  technology. These cos t s  are r e l a t i v e l y  conservative,  
and could be reduced i f  improvements i n  blade design and manufacturing 
techniques, e t c  . , take  place. 

The f i r s t  series of c o s t s  represent  equipment purchased and i n s t a l -  
l ed  i n  the  United S t a t e s  (not  including land purchases, taxes ,  e tc . ) .  
The second s e r i e s  of c o s t s  assumes t h a t  only  t h e  r o t o r  blades,  generator ,  
and power conditioning equipment a r e  purchased; the  remaining cos t s  a r e  
based on the  s e l l i n g  p r i c e  of the  raw mate r i a l s  needed t o  make the other 
system components (which a r e  assumed t o  be made in-country) and do not 
inc lude labor.  Thus, t h e  second set of c o s t s  can b e  viewed as fore ign 
exchange cos t s ,  money t h a t  e i t h e r  leaves the  country o r  is s a c r i f i c e d  by 
the  i n t e r n a l  use of materials. 



TABLE 15 

* 
MANUFACTURERS OF COMMERCIAL W I N D  ENERGY CONVERTERS 

Amercian Wind Turb ine  Company 

E l e c t r o  G.m.b.H., Swi tze r land  

Grumman Energy Systems 

D u n l i t e  E l e c t r i c a l  Company PTY., A u s t r a l i a  

Domfnion Aluminum G a b r i c a t n g ,  Ltd. ,  Canada 

Lubing Masch inenfabr ik ,  Germany 

Sencenbaugh Wind E l e c t r i c  Company 

Aerowatt S.A., F rance  

Dyna Technology, Incorpora ted  

Aermotor Water Systems 

* 
S.evera1 more companies ( b o t h  l a r g e  and s m a l l )  have r e c e n t l y  e n t e r e d  

t h e  wind tu rb . ine  f i e l d .  It is  expec ted  t h a t  by 1985 many more s m a l l  
wind machines w i l l  be  a v a i l a b l e  than  today.  



TABLE 16 

COST OF WIND GENERATOR SYSTEMS 

PARTIAL LIST OF COMMERCIALLY .AVAILABLE W I N D  MACHINE,S 

OUT PUT RATED SWEPT EQUIPMENT 
1 

ESTIMATED OUT PUT 
. . RATING . WINDSPEED AREA COST " . . IN 6.25 m / s  WIND 

MANUFACTURER MODEL (kw) (m1.s) (ml s )  ( L . E ~  ' (kw) 

Aerowatt 150 FP7 0.1 7.2 3.27 2,375 0.08 

Wincharger 

Aerowat t 

Aerowatt 

. . Elec t r o  WV 15G 1.2 10.3 

Aerowatt 4100 FP7 4.1 

Elec t r o  WV 356 . 4.5 

Elec t r o  WV G50G 6.0 

Grumman WINDSTREAM 15 0 

Kedco 

Dunl i te  

DAF 
2 

1 . . 
Includes tower, genera to r ,  and con t ro l s .  e !a 

L 
V e r t i c a l  Axis Wind Tur.bine, a v a i l a b l e .  as  prototypes only. 

* 
l-3 

Sources: 1 )  J. Oberplier and H. Townes. "An Economic Evaluation of Small Scale Wind Powered E l e c t r i c  Power I r 
Generation Systems ,I1  American Society of Mechanical Engineers Paper No. 76-WAIENER-1, December, 1976. '2 
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Fig .  37 ! Cost of ,wind generators 
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Fig. 38- Effect  of wind speed on power output for  a commercially ava i lab le  wind turbine 



TABLE 17 

EXPECTED COST SUMMARY FOR 3 SIZE WIND TURBINES ( i n  L.E./kW) 

Nameplate Rat ing 

Rated Wind Speed 

Output i n  8 m / s  Wind 

Component Cost f o r  System 

Rotor (Blades,  P i t c h  Change, Hub) 

Mechanical (Gear Box, Bed P l a t e ,  
Yaw Cont ro l ,  Sha f t s )  

. . 

~ l e c t r i c ' a l  (Generator ,  Cont ro ls ,  
e t c . )  

Wind Turbine 

Tower and Foundation 

- - -  

100 kW 1 , 000 kW 

8 d e  8 d s *  

100 kW 1,000 kW 

T o t a l  Equipment Costs 1,230 1,025 590 

Transpo r t a t i on ,  S i t e  Prep., 
I n s t a l l a t i o n  & Tes t ing  670 500 75 

TOTAL COST 1,900 1,525 665 

COSTS, ASSUMING PURCHASE OF BLADES, ELECTRICAL EQUIPMENT, AND MATERIAL ONLY 

Blades 265 2 35 150 

E l e c t r i c a l  & Power ~ o n d  i t  ion ing  165 105 4 5 

S t e e l  65 4 5 25 

Concrete 35 2 0 5 

TOTAL EQUIPMENT COST 53 0 405 225 

* 
Measured a t  15 m h e i g h t .  

** 
Percent  of t o t a l  equipment c o s t s .  
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TABLE. 18  . 
8 . 3  

ECONOMIC PERFORMANCE OF 3 SIZES OF WIND TURBINES 

. Cost of Power i n  Hurghada pt/kWh 

I n s t a l l e d  Cost 
(USA) 

Cost of Power i n  Mersa Matruh pt/kWh 

I n s t a l l e d  Cost 
(USA) 

F.E. Cost* 

- .  . . 
L .  

ASSUMPTIONS : . , . .. . . 

o To ta l  c o s t s  shown in t a b l e  3 .4 .3 ' .  
o 4 .  pe rcen t .  annual opera t ion  and maintenance is 3 pe rcen t  l a b o r ,  

1 pe rcen t  m a t e r i a l s ;  l abo r  a p p l i e s  t o  i n s t a l l e d  system (USA) c o s t s  
only.  . . 

o 8 pe rcen t  mortgage. 
o 30-year l i f e  of equipment. 
o 6 kW system uses  no b a t t e r i e s  o r  i n v e r t e r s .  

a .  

. . I (  , * , , .  

F.E. Cost r e f e r s  t o  f o r e i g n  exchange c o s t s  a s soc i a t ed  wi th  m a t e r i a l s  and 
purchased components . 



Table 18 summarizes the eco"nomic performance of the wind turbine 
candidates outlined in table 17, when operating in the wind regimes of 
Hurghada on the Red Sea and Mersa Matruh on the Mediterranean. 

As .indicated, th,e higher average wind velocity available on the Red 
Sea coast favors the use of wind power in this area. The cost of power 
based on total installed system costs is about 6 .  pt/kWh for small 
systems and decreases to 2 pt/kWh for the larger systems. 

If only the cost of materials and purchased components is considered, 
the cost of power ranges from 0.5 pt/kWh to about 1.1 pt/kWh. The cost 
of power from wind systems of advanced design.appears to be very favor- 
able in these coastal regions, particularly based on the foreign exchange 
portion of overall system cost (materials and components). 

It should be noted that if storage and AC power are necessary (to 
run certain types of motors, etc.), extra components for the 6 kW system 
will be necessnry, and the cost of power will increase 15 to 50 percent, 
depending on the type and size of inverters and storage batteries 
needed. 

Table 19 indicates the use of materials and labor to fabricate and 
install wind energy systems. All figures have been normalized to 1 kW 
of capacity and use the 100 kW system and the 1,000 kW system for the 

TABLE 19 

MATERIAL AND LABOR REQUIREMENTS FOR MANUFACTURE AND INSTALLATION 

MATERIAL 100 kW '1,000 kW 

Steel 400 lbs/kW 200 lbs/kW 
Copper 5 lbs/kW 2 lbs/kW 
Concrete 1,500 lbs/kW . 650 lbs/kW 
Fiberglass & Resin 50 lbs/kW 25 lbs/kW 

* 
LABOR 

Manufacturing 137 person-hrs/kW 100 person-hrs/kW 
Foundat ion 5 person-hrs/kW 4 person-hrs/kW 
Site Preparation 2 person-hrs/kW 2 person-hrs/kW 
Transportation 1 person-hrslkW 1 person-hrs/kW 
Assembly & Installation 10 person-hrs/kW 8 person-hrs/kW 

155 person-hrs/kW 115 person-hrs/kW 

* 
Based on large quantity production and Egyptian labor practices. 



b a s e l i n e  des igns .  Wind gene ra to r s  a r e  p r i m a r i l y  an assemblage of 
f a b r i c a t e d  steel  p a r t s ,  which r e q u i r e  on ly  a ,modes t  technology inliut  f o r  
t h e i r  manufacture.  Exceptions may inc lude  the  l a r g e ,  h i g h  p r e c i s i o n  
b l a d e s  ( p r e s e n t l y  made mos t ly  of aluminum, wi th  f i b e r g l a s s  and r e s i n  
a l s o  being cons idered)  and the he rme t i ca l l y  s ea l ed  genera tor  subsystems. 
The b l ades  and hub f o r  t h e  WTG r e q u i r e  the most l a b o r  of a l l  t h e  compo- 
nen t s  of  t h e  system. The assembly and e r .ec t ion  would r e q u i r e  t r a ined  
crews, e s p e c i a l l y  f o r  t h e  f i n a l  assembly and checkout. It has  been 
es t imated  t h a t  a  United S t a t e s  crew would c o n s i s t  of 50 persons ;  and 
each crew would assemble,  e r e c t ,  and check . ou t  10.5 u n i t s  per year .  

3.4.4 Implementation s cena r io s :  The economics of  wind power u n i t s  
appear  t o  be reasonable  a s  compared t o  t h e  ope ra t i on  of small. engine- 
d r iven  g e n e r a t o r s  o r  pumping systems. With app rop r i a t e  government 
p o l i c i e s  and i n c e n t i v e s ,  s m a l l ,  i n t e r n a l l y  manufactured wind t u r b i n e s  of 
convent iona l  des ign  could be implemented i n  Egypt i n  an e a r l y  1980's 
t i m e  frame. The manufacture  and i n s t a l l a t i o n  of l a r g e r  wind t u r b i n e s  b f  
200 kW t o  1 MW c a p a c i t y  could be i n i t i a t e d  i n  t he  mid-19808s, once they 
have been f u l l y  developed and t e s t e d  i n  t he  United S t a t e s .  

The comparison case  s cena r io  (Case A) of t a b l e  20 assumes t h a t  on ly  
wind power u n i t s  of sma l l  c a p a c i t i e s  ( t y p i c a l  of p r e sen t  commercial 
p r a c t i c e  i n  remote a r e a s )  a r e  used u n t i l  t h e  mid-1980's. This  modest 
implementation r a t e  s t i l l  would r e q u i r e  t h a t  t h e  government subs id i ze  , 
wind power u n i t s  t o  t h e  same e x t e n t  a s  f u e l  used i n  engine d r iven  

*a  
gene ra t i ng  equipment. 

The a c c e l e r a t e d  wind power s cena r io  assumes t h a t  a  commitment is" 
made t o  use wind power on a  l a r g e  s c a l e  t o  supplement power from c o n v h -  
t i o n a l  sources .  I n  t h i s  s c e n a r i o ,  l a r g e  u n i t s  (500 t o  1,000 kW) a r d t i  
i n s t a l l e d  i n  s i g n i f i c a n t  numbers i n  f avo rab l e  a r e a s  of t he  Red Sea and - .  

d .  Mediterranean c o a s t s .  

The Case B implementation r a t e  of f i g u r e  39 r e s u l t s  i n  an instal-lled 
c a p a c i t y  f o r  an 8 m / s  wind s i t e  of about 32 MW i n  1985, 272 MWLi*"1990, 
and 1,048 MW i n  2000. The average capac i ty  f a c t o r  a t  t h i s  nameplate 
r a t i n g  i s  0.5 f o r  t h e  Red Sea a r e a  and 0.3 f o r  t he  Mediterranean coas t .  
Assuming a  213 t o  113 s p l i t  between these  l o c a t i o n s ,  t h e  annual power 
gene ra t i on  corresponding t o  t h e  implementation r a t e  of f i g u r e  39 is  , 
shown i n  f i g u r e  40. 

3.4.5 Resource requirements:  The implementation s cena r io s  
o u t l i n e d  above r e s u l t  i n  t he  annual resource  requirements  o u t l i n e d  -&I 
t a b l e  21. This  use of m a t e r i a l s  f o r  the acce l e r a t ed  op t ion  r e p r e s e n t s  
o n l y  0.5 pe rcen t  of p ro j ec t ed  s t e e l  and less than 0.1 pe rcen t  of cement 
product ion f o r  1990. The l a b o r  requirements  ind ica ted .  a r e  q u i t e  modest, 
even f o r  t h e  h igh  implementation r a t e  s cena r io ,  and t h e r e f o r e ,  l a b o r  
a v a i l a b i l i t y  should n o t  be  a  cons t r a in ing  f a c t o r .  



TABLE 20 

WIND TURB INE IMPLEMENTATION 1 SCENARIOS .. . 

- .  

CASg,A CASE 8, 
THROUGH THE YEAR: SMALL * LARGE TOTAL SMALL* LARGE TOTAL 

Number 
Capacity (kW i n  8m/ s wind) 

Number 
Capacity (kW i n  8 d s  wind) 

1990 - 
\ 

Number 92 0 155 , 1,075 2,000 570 2,570 
. . Capacity (kW in.  8m/s,wind) . . - . . 2,300 - .45;500 47,800 ' . . .  . .  . .9  ,'500 263.,000' ' ' . . .  272,500 ' ' 

2,420 Number .,. 1?,$25 .?, 545 7,800 ' -  2,160 9,'960 
Capacity .(kW i n  8mj.s win,*), 6,050. . 357,500 364,000. - . -  . 19,500 .- .1,029,000 - .  ' - 1,048,500 

* 
** Refers  to. u n i t s  t y p i c a l  of present  commerical s t a t u s  2 t o  3 kW i n  8 m / s  wind. 

Refers t o  u n i t s  i n  the 100 t o  1,000 kW capaci ty  range. 



Fig. 39  Accelerated wind turbine ins ta l la t ion  scenario 
i 
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The ope ra t i on  and maintenance requirements  a s s o c i a t e d  wi th  t h e  
i n s t a l l a t i o n  s cena r io s  a l s o  a r e  i n d i c a t e d  i n  t a b l e  21. For t h e  r ap id  
implementation s c e n a r i o  i n  t h e  y e a r  2000, a t o t a l  of 5,400 people  a r e  
needed t o  ope ra t e  and t ake  c a r e  of t h e  country's wind t u r b i n e  i n s t a l -  
l a t i o n s .  This  is  a s l i g h t l y  g r e a t e r  p o r t i o n  of t h e  l a b o r  force.  than 
w i l l  be  used t o  manufacture t h e  wind tub ines  i n s t a l l e d ' i n  t h a t  year .  
Th i s  is p r imar i l y  due t o  t h e  cumulat ive n a t u r e  of equipment i n s t a l l a -  
t i o n s ,  i.e., equipment i s  only f a b r i c a t e d  once, bu t  i t  must be  opera ted  
and maintained throughout i t s  u s e f u l  l i f e .  

Based on a commitment t o  l a rge - sca l e  use of wind power, a mbre . 
in-depth s tudy  of r e sou rce  requirements  should be implemented to- v e r i f y  
t h e  r e s u l t s  o u t l i n e d  above. 

3.4.6 Land use: F igure  41  i n d i c a t e s  t h e  t o t a l  area of land  used 
f o r  Case B wind energy conversion through t h e  year  2000. The wind 
t u r b i n e s  a r e  assumed t o  have a spac ing  of 15 r o t o r  d iameters  between 
u n i t s .  Based on t h e  d i s t r i b u t i  n of wind u n i t s  o u t l i n e d  i n  t h e  previous 9 s e c t i o q ,  approximately 1,430 km would be  u t i l i z e d  around Hurghada and 

0 830 km around Mersa Matruh. However, i t  i s  important  t o  n o t e  t h a t  
t h e  land  a t  t h e  base  of t h e  towers s t i l l  could be  used, f o r  example, f o r  
a g r i c u l t u r a l  purposes ,  i f  s u i t a b l e ,  s i n c e  t h e  wind t u r b i n e  w i l l  be  
placed a t  a h igh  enough a l t i t u d e  t o  a s s u r e  even wind f low,  and would no t  . s 

* ,  
pose a problem f o r  ground based a c t i v i t i e s .  

3.4.7 ~nstitutional/environmental cons ide ra t i ons :  Wind power i s  a 
r e l a t i v e l y  benign energy ' source .  There would be  no a i r  o r  water  po l lu-  
t i o n ,  e i t h e r  p a r t i c u l a t e  o r  thermal. A s  i nd i ca t ed  above, t h e  land  
around t h e  base  of t h e  tower s t i l l  is  a v a i l a b l e  f o r  o t h e r  purposes.  As . 

wi th  any l a r g e  s e r u c t u r e ,  wind t u r b i n e s  w i l l  have an impact on t h e  l o c a l  
scenery. In a d d i t i o n , ' c o n c e r n  has  been 'expressed  t h a t . t h e  l a r g e  r o t a t i n g  . 

b l a d e s  ( p a r t i c u l a r l y  i f  they a r e  of a l l  metal  cons t ruc t ion )  w i l l  have an 
adve r se  a f f e c t  on l o c a l  communications, such a s  r a d i o  and TV b roadcas t s ,  
e t c . ,  and a l s o  t h a t  such systems might have an e f f e c t  on migratory 
b i r d s .  Certainly, ,  such i s s u e s  deserve  a t t e n t i o n  b e f o r e  l a r g e  s c a l e  
implementation of wind power systems; however, i n  l i g h t  of c u r r e n t  
concerns over f o s s i l  and nuc l ea r  f u e l e d  power p l a n t s ,  t h e s e  considera-  
t i o n s  do not  seem t o  be of g r e a t  s i g n i f i c a n c e .  

Biomass U t i l i z a t i o n  

3.5.1 . ' I n t roduc t ion :  P r e s e n t l y ,  biomass i n  t h e  form of a g r i c u l t u r a l  
r e s i d u e s  i s  t h e  major energy form used i n  r u r a l  a r e a s  f o r  cooking and 
f o r  hea t ing  water.  I n  a sense ,  t h e r e f o r e ,  Egypt a l r e a d y  makes use of 
i t s  major biomass r e sou rce  a s  an energy form. However, t h e  p re sen t  use  



RESOURCE REQ~~IRE~ENTs FOR WIND WWER INSTALLATION SCENARIOS 
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1985 1990 2000 

CASE A CASE B CASE A CASE B CASE A CASE B 

Steel 
Copper 
Cement 
Fiberglass & Resin 

MATEf€IAL REQUIREMENTS (Short Tons) 

f l  

t FINANCIAL REQUIREMENTS (L .E. 10") 

Materials &I Purchased 
Components 

Labgr 
O&M 

- r 
MANPOWER REQUIREMENTS (Persons) 

,A&.. 
, 3 'is ' - ' *;J Technical/Management ' + 7 ,  

5 70 100 22 0 120 2 80 
.+ I ; Y. Manufacturing/ 

' I my Installation 30 1,210 1,730 3,920 2,180 4,960 
O&M 4 180 250 1,400 1,880 5,400 

* 
Includes both materials/components and labor. 



Fig- 41 Land area use for wi i la  energy conversion systems 
(accelerated installation case, year 2000) 



of biomass i n  Egypt o f t e n  involves open f i r e . s t o v e s  which a r e  inconven- 
i e n t  to  use and may pose a hea l th  hazard due to heavy concentra t ions  of 
smoke i n  the  building.  Consequently, people in r u r a l  a reas  a r e  tending 
t o  switch t o  kerosene or  butane s toves  a s  soon as f inances permit. 
Also, t h e  present  ways i n  which biomass is used (open f i r e  s toves;  'mud 
oven, e t c  .) a r e  very  thermally 'inef f i c i e a t  ,(probably 10 percent  -or  
l e s s ) .  The above f a c t o r s  provide an incent ive  to' consider the use of 
ag r i cu l tu ra l - r e s idue  biomass resources a s  feed s tocks  t o  systems which 
e i t h e r  burn the feedstock by e f f i c i e n t  power systems and/or convert the 
biomass t o  clean and convenient gaseous o r  l i q u i d  f u e l s  v i a  d iges t ion  or  
pyrolys is  processes. 

Sources of biomass i n  the  urban area  of 'Egypt include municipal 
s o l i d  wastes, which can be used t o  f i r e  inc inera tor /s team power u n i t s ,  
and municipal sewage, which can be used i n  d i g e s t e r s  t o  produce gas  f o r  
opera t ion  of I .C.  engine d r i v e r  power u n i t s .  

6 .  

The p r i n c i p l e  problems of biomass u t i l i z a t i o n  in c e n t r a l  f a c i l i t i e s  
a r e  i n  i ts  c o l l e c t i o n  and t r anspor ta t ion .  Providing the  i n f r a s t r u c t u r e  
f o r  t h i s  c o l l e c t i o n  funct ion  i n  r u r a l  a reas  could pose s i g n i f i c a n t  
i n s t i t u t i o n a l  problems. Where c o l l e c t i o n  is normally c a r r i e d  out (such 
a s  municipal wastes-garbage, municipal sewage, and sugar cane and r i c e  
process ing) ,  i t  can be a simple mat ter  to  u t i l i z e  these wastes a s  energy 
resources.  

The cur ren t  aggressive research .and development programs underway 
i n  the United S t a t e s  t o  b e t t e r  u t i l i z e  these res idues  have i d e n t i f i e d  
,various technology opt ions  a s  p resen t ly  competi t ive and o the r s  a s  l i k e l y  
. t o  be competi t ive in the near-term. Hence, biomass is being evaluated 
f o r  u t i l i z a t i o n  i n  Egypt. 

3 . 5 . 2  Resource base: 

3 . 5 . 2 . 1  Agr icu l tu ra l  and animal residues:  The l a r g e s t  
resources a r e  the  a g r i c u l t u r a l  res idues  such .as  g ra in  straws and 
cot tpg  stems. In 1974 t he  e n e r g y  value cfgps provided an estimated 690 
X 10 joules  ( J ) ,  of which some 230'X 10 J w e r e  estimated a s  
res idue  ( ingluding roo t s  not  harvested and estimated a s  an add i t iona l  
35 X loy5  J )  . The t o t a l i t y  of these res idues  appear t o  be u t i l i z e d  a s  
fodder f o r  farm animals, a s  f u e l  i n  r u r a l  a r e a s ,  a s  f u e l  f o r  some (sugar 
and r i c e  processing) i n d u s t r i e s ,  o r  returned t o  the s o i l .  The s p l i t  
between these  funct ions  is;.however, not  w e l l  quant i f ied  which compli- 
c a t e s  a s sess ing  the  p o t e n t i a l  of biomass a s  an energy form. 

* 
Rural biomass a v a i l a b i l i t y  e s t ima tes  obtained from, A Prel iminary 

Assessment of t h e  Egyptian Enefy Outlook, February, 1978. 



Animal r e s idues  a r e  u s u a l l y  c o l l e c t e d  l o c a l l y  and e i t h e r  d r i e d  and 
burned o r  re turned  t o  t h e  s o i l  f o r  f e r t i l i z e r .  lg"imal r e s i d u e s  a r e  
e s t ima ted  t o  be  t h e  equ iva l en t  of 40 t o  80 x 10 J, annual ly.  The 
combined energy a l u e  of a g r i c u l t u r a l  and animal r e s idues  is, t h e r e f o r e ,  
270 t o  310 x 10'' J. 

3.5.2.2 Urban biomass resources  (sewage and municipal s o l i d  
was tes ) :  Human wastes  contained i n  urban sewage systems a r e  a p o t e n t i a l  
sou rce  of energy. The p o i 3 n t i a l  annual energy a v a i l a b l e  would be 
approximately 2 t o  3 X 10 J assuming only  those  urban a r e a s  served . 
by c e n t r a l  sewage systems. 

Wastes of human a c t i v i t i e s  con ta in  o rgan ic  m a t e r i a l  a r i s i n g  f r o u  
food, newspaper, packaging, and s i m i l a r  sources.  In  t h e  United S t a t e s ,  
t h i s  resource  is  genera ted  a t  t h e  r a t e  of about 2.5 kg per  person per  
day. Assuming t h a t  Egypt is s u b s t a n t i a l l y  l e s s  was t e fu l  than  t h e  United 
S t a t e s ,  t h e  p e r  c a p i t a  a v a i l a b i l i t y  if Egypt may b e  about .25 kg/day pe r  
c a p i t a  which r e s u l t s  i n  about  17 X 10 J of energy va lue  from muni- 
c i p a l  wastes i n  urban areas .  

The biomass r e sou rces  i n  r u r a l  a r e a s ,  a s  a r e s u l t  of a g r i c u l t u r a l  . 

a c t i v i t i e s ,  a r e  seen  t o  b e  an o r d e r  of magnitude h ighe r  than  t h e  re- 
sou rces  i n  urban a reas .  However, t h e  sewage and municipal  wastes  
a l r e a d y  a r e  c o l l e c t e d  a t  c e n t r a l  l o c a t i o n s  a s  p a r t  of t h e  normal t r e a t -  
ment and/or  d i s p o s a l  procedures  t hus  g r e a t l y  f a c i l i t a t i n g  use  of t h e s e  
was tes  i n  energy conversion systems. 

It should be emphasized, however, t h a t  people i n  developing coun- 
tries c o l l e c t  and r e c y c l e  much of what i s  considered "urban wastes" i n  
i n d u s t r i a l i z e d  coun t r i e s .  Consequently, even t h e  r e l a t i v e l y  low per  
c a p i t a  waste gene ra t ion  i n d i c a t e d  above, w i l l  have t o  be  v e r i f i e d  be fo re  
a c c u r a t e  assessments  can be  made of t h e  p o t e n t i a l  of t h i s  energy source. 

3.5.3 Technology s t a t u s :  The two most p r a c t i c a l  ways of u t i l i z i n g  
biomass a s  an  energy resource  i n  Egypt a r e  d i r e c t  combustion and d iges t ion .  

3.5.3.1 D i r e c t  combustion: The p re sen t  u se  of a g r i c u l t u r a l  
r e s i d u e s  a s  f u e l  f o r  s t o v e s  and ovens is  one form of d i r e c t  combustion. 
An a l t e r n a t i v e  use  of ' the  energy va lue  of t h e  biomass would be  t o  u se  i t  ,.. 
i n  modern i n c i n e r a t o r / b o i l e r  systems. The steam s o  produced can be  used 
t o  o p e r a t e  steam t u r b i n e  systems t o  gene ra t e  e l e c t r i c  power. Such ' ,  

systems a r e  used i n c r e a s i n g l y  i n  l a r g e  c i t i e s  of i n d u s t r i a l i z e d  coun- 
t r i e s  a s  a means of d i spos ing  of municipal  s o l i d  was tes ,  and i n  conjunc- 
t i o n  wi th  l a r g e  pulp and paper  f a c i l i t i e s  where l a r g e  q u a n t i t i e s  of wood ' 

wastes  a r e  a v a i l a b l e  a s  pirt, of normal opera t ions .  

There are two types  of systems i n  gene ra l  u s e  i n  comparable num- 
b e r s ,  t h e  spreader  s t o k e r  and mass burning. The f i r s t  method re- 
q u i r e s  t he  s o r t i n g  and g r ind ing  of t h e  r e f u s e  be fo re  burning and there-  
f o r e  produces steam more e f f i c i e n t l y  b u t  r e q u i r e s  more o p e r a t i o n a l  
maintenance. These systems, however, u s u a l l y , u s e  some c o a l  t o  keep 



f i r i n g  wh i l e  t h e  mass burning method does not .  This  second mode of 
i n c i n e r a t i o n . r e q u i r e s  no r e f u s e  p r e p a r a t i o n  and s o  saves  on O&M, bu t  h a s  
a  lower r a t i o  of s t o v e  i npu t  t o  steam output .  

S imi l a r  systems a l s o  could he  used i n  Egypt us ing  municipal  was tes  
o r  a g r i c u l t u r a l  r e s idues  a s  feeds tocks .  There a r e  economics of s c a l e  
a s s o c i a t e d  w i th  i n c i n e r a t o r l s t e a m  t u r b i n e  systems which make i t  unecono- 
mica l  t o  o p e r a t e  very  sma l l  u n i t s .  The land  requirements  t o  supply 
r e l a t i v e l y  modest s i z e d  u n i t s  of 5  MW and 25 MW u s ing  a g r i c u l t u r a l  
r e s i d u e s  a r e  i n d i c a t e d  below assuming 5 t ons /y r  of biomass a v a i l a b i l i t y  
p e r  feddan, a  c a p a c i t y  f a c t o r  of 0.7, and t h a t  80 pe rcen t  of t h e  land  
i n  t h e  a r e a  is  producing biomass. 

5  MW 25 MW 
No. of Crops No. of Crops 

No. of f2ddans 8,720.0 
Area, km app. 36.0 
Radius,  km 3.3 
Dai ly  mass r equ i r ed  (kg)  86,700.0 

The r a d i a l  d i s t a n c e s ,  assuming t h e  p l a n t  t o  be  i n  t h e  c e n t e r  of t h e  
ded ica t ed  land  a r e a ,  a r e  reasonable  f o r  t h e  s i z e  of p l a n t  considered.  
Hence, c o l l e c t i o n  i n  a r e a s  wi th  a  h igh  concen t r a t i on  of  farm animals  and 
c rops  wi th  a  h igh  percentage  of r e s i d u e  appear  f e a s i b l e .  The c o l l e c t i o n  
problems remain formidable  a s  i n d i c a t e d  by t h e  l a r g e  mass of biomass 
r equ i r ed  p e r  day f o r  system opera t ion .  

The popula t ion  r equ i r ed  t o  supply municipal  s o l i d  wastes  t o  t h e  
above p l a n t s  would be  about  350,000 f o r  t h e  5 MW p l a n t  and 1,750,000 
f o r  t h e  25 MW p l an t .  It appears ,  t h e r e f o r e ,  t h a t  municipal  was tes  a r e  . 

l i m i t e d  t o  f i r i n g  p l a n t s  i n  t h e  c a p a c i t y  range of 10-40 MW. 

3.5.3.2 Diges t ion :  A g r i c u l t u r a l  r e s idues  and cow droppings 
can be  used a s  a  f eeds tock  f o r  an anaerobic  d i g e s t e r  ( e s s e n t i a l l y  an  
enclosed tank  con ta in ing  an aqueous s l u r r y  of biomass m a t e r i a l )  where 
t h e  decomposition of o rgan ic  m a t e r i a l s  r e s u l t s  i n  a gas  mix ture  of 
carbon d iox  de  and metha e. The r e s u l t a n t  gas  has  a  h e a t i n g  v a l u e  of 3 9 
18,600 kJ/m (500 B t u / f t  ), o r  about  h a l f  t h a t  of n a t u r a l  gas .  The 
gas  so  produced can b e  used t o  o p e r a t e  gas  s t o v e s  ( i n  p l a c e  of bu tagas  
o r  kerosene)  o r  could be used t o  ope ra t e  a  s p e c i a l l y  modified I .C .  
eng ine /  gene ra to r  (pe r  f i g u r e  42).  The o p e r a t i o n  of d i g e s t e r  u n i t s  f o r  
bo th  family and sma l l  v i l l a g e  use  has  been demonstrated u s ing  a  v a r i e t y  
of f eeds tocks  ( l i v e s t o c k  droppings,  n i g h t  s o i l ,  shredded a g r i c u l t u r a l  
r e s i d u e s ,  e t c . )  w i t h  t h e  l a r g e s t  use  occu r r ing  i n  China w i th  over  30,000 
fami ly-s ize  u n i t s .  



Fig- ' 4 2  Biomass fueled power system 
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An a l t e r n a t i v e  use  of t h e  gas is t o  p ipe  i t  (probably via p l a s t i c  
pipes)  t o  v i l l a g e r s '  homes f o r  use lu place of butagas or: kerosene i n  
stoves. This app l i ca t ion  has  advantages over t h e  generat ion of e l e c t r i c  
power i n  t h a t  t h e  o v e r a l l  system is considerably s impl i f ied ,  and t h e  
output is serving a r e a l  need now s a t i s f i e d  by expensive f o s s i l  fue l s .  
The disadvantages of t h i s  arrangement include the  r e l a t i v e l y  shor t  
d i s t ances  from the  d i g e s t e r  t h a t  t h e  gas can be piped (due t o  its low 
heat ing value) and i n s t i t u t i o n a l  camplications which may r e s u l t  from 
apportioning gas t o  d i f f e r e n t  households i n  a measurable and f a i r  
manner. 

There a r e  severa l  design options associa ted  with a biomass d i g e s t e r  
system. The d iges te r  tank i t s e l f  may be  b h i l t  of steel o r  concre te  and 
t h e  gas produced can be s to red  i n  an inver ted  steel tank over t h e  
d iges te r ,  ca l l ed  f l o a t i n g  top s torage ,  o r  can be compressed and s to red  
in  a small pressure  tank. The biomass i t s e l f  can a l s o  be  mixed peri-  
od ica l ly  by an a g i t a t o r - w i t h i n  the  d i g e s t e r  t o  speed gas production. 
In te rmi t t an t  a g i t a t i o n  (here, s t i r r i n g  t h e  biomass f o r  one hour twice 
da i ly )  can reduce t h e  d i g e s t e r  tank volume f o r  a given capacity system 
by 50 percent6 Also, a hammermill f o r  chopping l a r g e  chunks of res idues  
before  pu t t ing  it i n  t h e  d iges te r  is sometimes necessary t o  f a c i l i t a t e  
t h e  d iges t ion  of t h e  biomass. poss ib le  drawbacks t o  t h e  hammermill 
and a g i t a t i o n  are (1) addi t ion  t o  system costs ;  (2) an  increase  i n ,  
opera t ional  complexity; and (3) t h e  need f o r  power t o  operate. 

A design f o r  a v i l lage-s ize  biogas u n i t  u t i l f z i n g  a g r i c u l t u r a l  and 
c a t t l e  residue i s  presented i n  f i g u r e  43. TEie u n i t  shown would be 
capable of operat ing a 3 t o  6 kW power u n i t ~ o r  of supplying gas t o  over 
70 fami l i e s  f o r  cooking and l ight ing.  These p n i t s  a r e  constructed of 
concrete except f o r  a steel cover serving as a ' f l o a t i q  gas holder. The 
steel gas holder is  approximately one-third of t h e  matqr ia ls  cost.  This 
system would requ i re  about 500 kg of biomass per  day f a r  its operation. 

Figure 44 shows a schematic drawing of a s impler : l ioga* generator  
t y p i c a l  of designs used a s  family unf ts i n  China. Due , t o  t h e i r  consid- 
e rab le  s i z e ,  f l e x i b i l i t y  , and r e l a t i v e l y  s t r a i g h t f  orwarcl+operation, t h e  
use of such systems could be q u i t e  advantageous i n  Egypt, p a r t i c u l a r l y  
i f  vi l lage-sized u n i t s  a r e  developed and t h e  s o c i a l / i n s t i t u t i o n a l  i s sues  
associa ted  with providing t h e  feedstock and 'apportioning t h e  output (gas 
o r  e l e c t r i c  power) can be overcome. , .  

A major advantage of d iges t ion  is  t h a t  t h e  sludge r e s u l t i n g  from 
t h e  d iges t ion  process r e t a i n s  a l l  oG t h e  s o i l  conditioning value of t h e  
o r i g i n a l  biomass feedstock and can, the re fo re ,  be returned t o  t h e  s o i l .  
This is i n  con t ras t  t o  systems where t h e  biomass is consumed by combus- 
t i o n  processes ( including present  ude i n  open f i r e  s toves) .  The use of 
t h e  biomass a s  both an energy form and a s o i l  condit ioner can s i g n i f i -  
can t ly  enhance its value by reducing fore ign exchange losses  associa ted  
with f u e l  and f e r t i l i z e r  use. 
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Fig. 4 3  Conceptual process flow diagram for anaerobic jigestion of biomass wastes 



Fig. 4 4  Enclosed biogas plant section 
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Most d igesters  i n s t a l l e d  t o  da te  i n  developing countries have 
served individual  famil ies  and have used human and o r  animal wastes a s  
t h e i r  feedstock. The incent ive  behind such d iges te r s  has of ten included 
improved hygenic conditions as wel l  a s  generating gas f o r  household 
cooking use. The use of such individual  d iges te r  systems i n  Egypt may 
be complicated by t he  high densi ty  of dwellings i n  the  r u r a l  towns ( t o  
save valuable farm land f o r  productive purposes). The following discus- 
s ion,  therefore,  emphasizes v i l l a g e  s i z e  un i t s  which would have f l ex i -  
b i l i t y  a s  t o  location,  be  capable of accepting a var ie ty  of feedstocks 
(crop residues),  and instances where the  output could be used both f o r  
cooking and power generation purposes. The po ten t ia l  r o l e  of individual  
d iges te r s  should not,  however, be neglected i n  any follow-on a c t i v i t i e s  
since the  technical  advantages of community s ized systems may of ten be 
more than off-set  by t he  i n s t i t u t i o n a l  problems associated with operating 
cooperative f a c i l i t i e s .  

3.5.4 Cost est imates and system economics: 

3.5.4.1 Incinerator:  Large incinerator/steam turbine 
systems (1 t o  10 MW) make t h e  most economic use of construction mater- 
i a l s  such as steel and cement, bu t  t h e i r  demand f o r  l a rge  quan t i t i es  of 
biomass l i m i t s  t h e i r  f e a s i b i l i t y  t o  areas of concentrated biomass 
ava i l ab i l i t y .  Typically, these  i n s t a l l ed  systems cost  $30,00O/ton 
re fuse  burned dai ly ,  and t h e i r  present use i n  urban areas  ( a s  par t  of 
disposing of municipal s o l i d  wastes and sewage) is  ind ica t ive  t ha t  f o r  
urban appl icat ions  t he  combined power generation disposal  process can be 
nade economically a t t rac t ive .  

7 - 
.- 3.5.4.2 Digestion: Small family-sized d iges te r  systems a r e  

I r h ' i  

not economically favorable f o r  use  i n  conjunction with an i n t e rna l  
combustion engine-generator t o  produce e l e c t r i c  power. Alternatively,  

7.. l a rge r  systems i n  the  10 t o  100 kW range, may be i n  some cases feas- 
ib le .  Figure 45 shows cos t  estimates f o r  such combined digester-I.C. 
engine power systems composed of a concrete digester ,  in termit tent  
ag i t a to r ,  s t e e l  f l oa t i ng  top, and engine-generator. Such a system 
design is chosen because it  makes comparable demands on Egypt's cement 
and s t e e l  supplies at  an ove ra l l  minumum with in te rmi t ten t  agi ta t ion.  
Figure 46 demonstrates the  economics t o  s ca l e  of these  l a rger  systems. 
These cost  numbers do not ass ign an economic value t o  t he  biomass 
delivered to  the  s i t e  by t he  vi l lagers .  A s  indicated,  f o r  systems with 
capac i t i es  above 10 kW, t he  cost  of power is below 12b/kWh (9 pt .  /kwh) 
and reduces to  about 6LlkWh (4 pt./kWh) a t  a capacity of 100 kW. These 
power cos t s  could be reduced by t he  design and implementation of a 
manual ag i t a to r  which would el iminate the  e l e c t r i c a l  d ra in  on t h e  
sys tems outpu 
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Fig.  45 Installed, system cost vs.  capacity 



Fig. 46 Annual operating cost vs .  system capaclty 
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The c o s t  range of F igure  46 i s  w e l l  w i t h i n  t h a t  of d i e s e l  genera- 
t o r s  and i n d i c a t e s  t h e  p o t e n t i a l  of biomass gene ra to r s  i n  r u r a l  a r e a s  i f  
t h e  i n s t i t u t i o n a l  problems a s s o c i a t e d  wi th  biomass c o l l e c t i o n  can be 
s u c c e s s f u l l y  addressed. 

3.5.5 Implementation op t ions :  The p o t e n t i a l  of biomass a s  an 
energy source  is l a r g e  compared t o  Egypt's o v e r a l l  energy u t i l i z a t i o n .  
For example, i f  a l l  t h e  a g r i c u l t u r a l  and c a t t l e  r e s idues  were used t o  
o p e r a t e  power systems, t h e  r e s u l t a n t  i n s t a l l e d  capac i ty  would be about 
3,600 MW o r  comparable t o  convent iona l  ( h y d r o e l e c t r i c  and thermal)  
capac i ty .  As  a p r a c t i c a l  ma t t e r  on ly  a r e l a t i v e l y  sma l l  p o r t i o n  of t h e  
biomass probably can be  c o l l e c t e d  and used i n  biomass conversion systems, 
due t o  t h e  competing uses  f o r  a g r i c u l t u r a l  r e s idue  and t h e  s o c i a l / i n s t i -  
t u t i o n a l  problems a s s o c i a t e d  wi th  c o l l e c t i o n  and o p e r a t i o n  of v i l l a g e -  
o r  d i s t r i c t - s i z e d  un i t s .  

The implementation s c e n a r i o  of t a b l e  22 r e q u i r e s  t h e  c o l l e c t i o n  
r a t e  of a g r i c u l t u r a l  r e s i d u e  and manure i nd i ca t ed  i n  t a b l e  23 f o r  use  
of urban wastes  ( s o l i d  was tes  and sewage). These cont r ibu te .  up t o  25 
pe rcen t  of t h e  t o t a l ' b i o m a s s  f o r  t h e  a c c e l e r a t e d  case.  

The impact p o t e n t i a l  of biomass r e sou rces  ( t a b l e  24) is  seen  t o  
be  cons ide rab l e  even i f  t h e  pe rcen t  u t i l i z a t i o n  of a g r i c u l t u r a l  r e s i d  es 
i s  q u i t e  modest. For example, i n  t h e  a c c e l e r a t e d  ca se  about 4.5 X 10 B 
kwh of e l e c t r i c a l  energy could be genera ted ,  which i s  roughly 4 pe rcen t  
of t h e  t o t a l  requirements  of t h a t  t i m e .  F igure  47 shows t h e  capac i ty  
i n s t a l l e d  annual ly  and t h e  cumulat ive capac i ty  f o r  bo th  biomass i n s t a l -  
l a t i o n  s cena r io s .  The i r  r e s u l t a n t  power ou tput  i s  p l o t t e d  i n  f i g u r e  48. 

The s c e n a r i o  of f i g u r e  42 assumes a l l  t h e  ou tput  of d i g e s t e r s  i s  
used i n  e l e c t r i c i t y  producing func t ions .  As  p r ev ious ly  i n d i c a t e d ,  i t  
may be p r e f e r a b l e  t o  u s e  t h e  gas  f o r  cooking and water  h e a t i n g  func t ions  
thereby  reducing t h e  u se  of kerosene and butagas.  I f  a l l  t h e  gas  
produced i n  Case B i n  t h e  yea r  2000 were used f o r  t h e s e  f u n c t i o n s ,  t h e  
equ iva l en t  sav ings  i n  kerosene would be  108 j o u l e  quads (JQ). The b e s t  
way i n  which t o  use  t h e  ou tput  of d i g e s t e r s  w i l l  r e q u i r e  c a r e f u l  s t udy  
of t h e  needs of i n d i v i d u a l  v i l l a g e s  and a c c u r a t e  c o s t  comparisons of 
system op t ions  under Egypt ian condi t ions .  

The r e sou rce  requirements  f o r  t h e  iGplemcntaion s c e n a r i o s  a r e  
o u t l i n e d  i n  t a b l e  25. The m a t e r i a l  used f o q ~ t h e  a c c e l e r a t e d  op t ion  
c o n s t i t u t e s  about 0.46 pe rcen t  of p ro j ec t ed  s tge l .  and less than  0.19 
percent  of cement product ion f o r  1990, making t h e  implementation of 
biomass systems i n  Egypt a v i a b l e  energy opt ion.  



TABLE 2 2  

IMPLEMENTATION SCENARIOS 

I SIZE CAPACITY 1 SIZE CAPACITY 1 



AGRICULTURAL COLLECTION RATES 
( p e r c e n t  of a v a i l a b l e  r e s i d u e s )  

COMPARISON CASE A ACCELERATED BIOMASS CASE B 

. . .  
TABLE 24 

ENERGY IMPACT OF IMPLEMENTATION SCENARIO 

1985 1990 2000 
CASE A CASE B CASE A CASE B CASE A CASE B 

I n s t a l l e d  Capac i ty  - ., , , ,, 

(FfW) .42 2 1 33 180 240 680 
::, . . .I . .1 

Annual Power - ,  ). . 
< .  Gen r a t i o n  5 

'.>' : 

(10 kTJh) . . , '. . '  -003 . 0.14 0.21 1.2 1.5 4.5 

3.5.6 S o c i a l / i n s t i t u t i o n a l  c o n s i d e r a t i o n s :  The major  biomass 
r e s o u r c e s  are a g r i c u l t u r a l  and c a t t l e  r e s i d u e s  g e n e r a t e d  i n  r u r a l  a r e a s .  
The r u r a l  v i l l a g e  r e s i d e n t s  now have a n  i n c e n t i v e  t o  c o l l e c t  t h o s e  
r e s i d u e s  used w i t h i n  t h e i r  own household.  However, t h e  o p e r a t i o n  of a 

' v i l l a g e - s i z e d  i n c i n e r a t o r  o r  d i g e s t e r  sys tem w i l l  i n t r o d u c e  a  number of 
i n s t i t u t i o n a l  c o n s i d e r a t i o n s  such  a s  who pays  f o r  t h e  i n s t a l l a t i o n ,  how 
t o  compensate i n d i v i d u a l  v i l l a g e r s  f o r  d e l i v e r e d  biomass,  t r a i n i n g  and 
renumera t ion  of o p e r a t i n g  p e r s o n n e l ,  and appor t ionment  and rate s t r u c t u r e  
of d e l i v e r e d  o u t p u t s  ( g a s  o r  e l e c t r i c i t y ) .  

The u s e  of biomass c o n v e r s i o n  p r o c e s s e s  i n  urban a r e a s  w i l l  have 
t h e  p o s i t i v e  e f f e c t  of d i s p o s i n g  of munic ipa l  was te  and sewage i n  a n  
e n v i r o n m e n t a l l y  a c c e p t e d  manner i n  a d d i t i o n  t o  t h e  g e n e r a t i o n  of power. 
T h i s  advan tage  cou ld  become i n c r e a s i n g l y  impor tan t  as. t h e  p o p u l a t i o n  
i n c r e a s e s ,  t h e r e b y  p u t t i n g  more p r e s s u r e  on u rban  w a s t e  d i s p o s a l  f a c i l i t i e s .  

* 
Assumes i n c r e a s i n g  l e v e l s  of a g r i c u l t u r a l  p roduc t ion .  
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Fig. 48 Annual power output for biomass implementation scenarios 



TABLE 25 

RESOURCE REQUIREMENTS FOR BIOMASS INSTALLATION 

MATERIAL REQUIREMENTS (tons) 

Steel ., 150 4000 4200 8500 9000 12200 

Cement 160 5000 5400 10600 11400 . . 14800 

Cooper .9 2 5 2 5 55 55 8 0 

6 
FINANCIAL REQUIREMENTS .(L.E. X 10 ) 

Materials/ 
Purchased 
Components .5 14 15 3 1 3 6 60 

Labor .3 10 10 20 2 3 20 

MANPOWER REQUIREMENTS (person-yrs) 

7 c 

~echnical/ 
Management 2 8 4 9 0 184 240 320 

Manuf ac- 
turingl 
Ins talla- 
tion 6 0 1700 1740 , 3660 4800 6400 



3.5 - 7  Technical/economic i s s u e s :  Large-scale i n c i n e r a t o r s  and 
d i g e s t e r s  f o r  use i n  urban a r ea s  a r e  w e l l  developed and few 
t e c h n i c a l  o r  economic u n c e r t a i n t i e s .  

The use of a v a r i e t y  of a g r i c u l t u r a l  r e s idues  i n  d i g e s t e r s ,  on the  
o t h e r  hand, s t i l l  i s  n o t  demonstrated a t  t he  v i l l a g e  l e v e l  and d i g e s t e r  
de s igns  and opera t ing '  procedures  must be  developed which w i l l  a l l ow  f o r  
a v a r i e t y  of biomass i n p u t s  ( d i f f e r e n t  combinations of g r a i n  s t r aws ,  
s t a l k s ,  c a t t l e  d roppings ,  e t c  .) whi le  s t i l l  main ta in ing  e f f e c t i v e  
o p e r a t i o n  ( u s u a l l y  measured by average  r e t e n t i o n  time).  

A s  t h e  use of r u r a l  biomass r e sou rces  i n c r e a s e s ,  a p o r t i o n  of t h e  
u n i t s  which produce power w i l l  be connected i n t o  t he  u t i l i t y  g r i d  wi th  
t he  r e s u l t a n t  u t i l i t y  i n t e r f a c e  i s s u e s .  However, t h e  n a t u r e  of t h i s  
u t i l i t y  i n t e r f a c e  is d i f f e r e n t  than f o r  d i r e c t  s o l a r  o r  wind pQwer u n i t s  
s i n c e  biomass-fueled power systems can be  operated on demand, s i m i l a r l y  
t o  conventional '  systems. 

3 . 6  D e s a l i n a t i o n  

3 . 6 . 1  Background: Many communities remote from t h e  N i l e  Val ley 
f a c e  a s c a r c i t y  of f r e s h  w a t e r  fnr  hnmen rnns..mptinz L L ? ~  f3r czrr-,-icg 
on co-iie~cial  arid d g r i c u i ~ u r a i  a c ~ i v i ~ i e s .  i n  some c o a s t a l  a r e a s  
( p a r t i c u l a r l y  on the  Red Sea) f r e s h  water  is  brought  i n  by t a n k e r ,  
whi le  i n  o the r  a r e a s  f r e s h  water is t r anspo r t ed  by t a n k  t r u c k  o r  
produced by sma l l  o i l - f i r e d  d e s a l i n a t i o n  systems. A l l  t he se  approaches 
a r e  c o s t l y ;  t hus  they i n h i b i t  f u r t h e r  development i n  remote a r e a s .  

P r e s e n t l y ,  r e l a t i v e l y  l i t t l e  energy i s  used i n  d e s a l i n a t i o n  f a c i l -  
i t i e s  i n  Egypt, and l a rge - sca l e  d e s a l i n a t i o n  u n i t s  appear  t o  be consi-  
dered only  f o r  use i n  conjunc t ion  wi th  power p l a n t s  which a r e  planned 
f o r  t he  Mediterranean c o a s t .  However, t h e  p re sen t  emphasis of t h e  
government on developing new l ands  could r e s u l t  i n  i nc reas ing  needs f o r  
f r e s h  water  beyond t h a t  a v a i l a b l e  from l o c a l  resources  and, consequent ly ,  
d e s a l i n a t i o n  could be  an important  a s p e c t  of f u t u r e  development p lans .  

So l a r  energy i s  wel l - su i ted  f o r  d r i v i n g  d e s a l i n a t i o n  processes  due 
t o  i t s  u n i v e r s a l  a v a i l a b i l i t y  i n  Egypt and t h e  f avo rab l e  economics of 
being a b l e  t o  s t o r e  ou tput  i n  the  form of f r e s h  water .  

. . -  

The d i s t i l l i n g  of seawater  and b rack i sh  water  was one of t he  
e a r l i e s t  p r a c t i c a l  a p p l i c a t i o n s  of s o l a r  energy. A system was b u i l t  i n  
Ch i l e  i n  t he  l a t e  1800's and systems a r e  opera t ing  today i n  Greece , ' .  
Mexico, and A u s t r a l i a .  There s t i l l  i s  a g r e a t  d e a l  of i n t e r e s t  ' i n  ' t h i s  
s u b j e c t  and one of t he  groups .engaged i n  r e sea rch  and development is the  
Nat iona l  Research Center i n  Egypt. To d a t e ,  however, s o l a r  d e s a l i n a t i o n  
has  n o t  been used t o  any s i g n i f i c a n t  degree i n  'Egypt. , . '  

Most s o l a r  d i s t i l l a t i o n  u n i t s  ( s o l a r  s t i l l s )  have u t i l i z e d  some 
form of t h e  humid i f i ca t i on  process .  This  system arrangement is shown 
schema t i ca l l y  i n  f i g u r e  49. . The ope ra t i on  of t h i s  system i s  t h e  essence  



Fig.  49 A s i m p l e  s o l a r  s t i l l  



of s i m p l i c i t y  which h e l p s  e x p l a i n  i t s  predominant r o l e  i n  s o l a r  d e s a l i -  
na t ion .  So la r  energy pas se s  through t h e  g l a s s  (o r  p l a s t i c )  cover and is  
absorbed by t h e  water  conta ined  i n  a sha l low pond. 

The va o r  above t h e  s o l a r  hea ted  water  ( t y p i c a l l y  a t  a temperature  8 
of 45 t o  7 0  C) condenses on t h e  r e l a t i v e l y  cool  cover  p l a t e  and 
d r i b b l e s  down t o  a t rough and then  t o  a c o l l e c t i o n  poin t .  Much work has  
been done t o  lower t h e  c o s t  and improve t h e  e f f i c i e n c y  of t h e  s o l a r  
humid i f i ca t i on  process.  The performance of t h i s  arrangement is ,  however, 
s u b j e c t  t o  s e v e r a l  fundamental l i m i t a t i o n s .  

o S ince  t h e r e  is  one s t a g e  of evapora t ion ,  each ki logram 
of water  r e q u i r e s  over  555 k c a l  of energy i n p u t  f o r  
t h e  p u r i f i c a t i o n  p roces s ,  and 

o The b a s i c  hea t  t r a n s f e r  p rocesses  a r e  such t h a t  t h e  
thermal  e f f i c i e n c y  must be  i n  t h e  40 t o  60 pe rcen t  
range. 

As  a r e s u l t ,  t h e  humid i f i ca t i on  process  r e q u i r e s  a t  l e a s t  0.2 M 
2 

of  c o l l e c ~ o r  area f o r  each l i t e r  p e r  day of capac i ty .  Even wi th  t h e  
above l i m i t a t i o n s ,  d e s a l i n a t i o n  wi th  t h e  s o l a r  humid i f i ca t i on  process  
is  a reasonable  choice  f o r  systems of l i m i t e d  capac i ty ,  because o£ i t s  
s imple  c o n s t r u c t i o n  and opera t ion .  

For l a r g e r  systems, however, which might s e r v i c e , , e n t i r e  communities 
i t  may be  p r e f e r a b l e  t o  u t i l i z e  s o l a r  energy t o  dr ive .more  energy 

. e f f i c i e n t  d e s a l i n a t i o n ,  r e v e r s e  osmosis, and vapor compression of t h e  
s imple  d i s t i l l a t i o n  process  p rev ious ly  descr ibed .  

. a  

The mul t i - s tage  f l a s h  d i s t i l l a t i o n  process  requir-es h e a t  a s  t h e  
primary energy input .  This  h e a t  could be  suppl ied  d i r e c t l y  by a s o l a r  
c o l l e c t o r  f i e l d .  The primary energy i n p u t s  t o  t h e  r e v e r s e  osmosis and 
vapor compression processes  is  i n  t h e  form of mechanical power. This  
mechanical power can be  e a s i l y  supp l i ed  by i n t e r n a l  combustion engines  
o r  e l e c t r i c  motors when convent iona l  energy sou rces  a r e  used to  o p e r a t e  
t h e  d e s a l i n a t i o n  u n i t s .  With s o l a r  energy,  t h i s  power can be  supp l i ed  
by s o l a r  thermal ,  pho tovo l t a i c ,  and wind t u r b i n e  power systems. 

3.6.2 Technica l  d i scuss ion :  There are many d i f f e r e n t  p roces se s  f o r  
water  d e s a l i n a t i o n  e i t h e r  i n  u se  o r  i n  development. Three types  of 
systems which a r e  i n  g e n e r a l  commercial u se  a re :  

o ~ u l t i - s t a g e  F l a sh  D i s t i l l a t i o n  

o Vapor Compression 

o Reverse Osmosis 



I n  a d d i t i o n ,  s imple  s o l a r  s t i l l s  a r e  i n  l i m i t e d  use  f o r  smal l - sca le  
d e s a l i n a t i o n  func t ions .  These approaches t o  d e s a l i n a t i o n  a r e  desc r ibed  
b r i e f l y ,  below. 

So la r  S t i l l - ( S S ) .  A s o l a r  s t i l l  is t h e  s imp le s t  of a l l  t h e  
d e s a l i n a t i o n  processes .  The sun r ays  pass  through t h e  g l az ing  ( p l a s t i c  
o r  g l a s s ,  f i g u r e  49) wi thout  l o s i n g  a  s i g n i f i c a n t  amount of energy,  and 
t h e  absorber  s u r f a c e  a t  t h e  bottom of t h e  water  becomes warmer, and i n  
t u r n ,  h e a t s  ad j acen t  water. Some of t h e  water  evapora tes  and rises t o  
t h e  g laz ing ,  which i s  n o t  a s  h o t  a s  t h e  vapor ,  and condenses on t h e  
c o o l e r  sur face .  The condensate  then t r i c k l e s  down t h e  g l az ing  and is 
c o l l e c t e d  a t  t h e  s i d e s ,  l e av ing  a  more concent ra ted  b r i n e  s o l u t i o n  i n  
t h e  bottom of t h e  still.  Various des ign  c o n f i g u r a t i o n s  of s o l a r  s t i l ls  
a r e  shown i n  f i g u r e  50. The r a t e  of evapora t ion  of water  depends upon 
t h e  temperature  of t h e  water  and t h e  r e l a t i v e  humidity of t h e  a i r  space  
above t h e  water.  Therefore ,  . . t h e  c o n t r o l  of h e a t  and vapor l e a k s  i s  
important .  

A t y p i c a l  e f f i c i e n c y  curve  of SS i s  shoyn i n  f i g u r e  51. Aswan,Egypt 
h a s  an average s o l a r  r a d i a t i o n  of 592 ca l lcm -day, which corre2ponds 
t o  SS e f f i c i e n c y  of 38 pe rcen t  and p r o d u c t i v i t y  of 3.7 l i ter /m -day. 
This  i s  considered a  h igh  l e v e l  of p r o d u c t i v i t y  f o r  a  s i n g l e - e f f e c t  SS. 

Solar  s t i l ls  p r e s e n t l y  i n  o p e r a t i o n  have c a p a c i t i e s ' r a n g i n s  from 
400 t o  28,000 l i t e r / d a y .  The i r  s i z 9 s  range from 100 t o  8,000 m and 
average  product ion is..2.86 l i t e r /  .m -day. These a r e  found i n  indus- 
t r i a l  c o u n t r i e s ,  l i k e  t h e  USA and t h e  USSR, a s  w e l l  a s  i n  developing 
c o u n t r i e s  l i k e  Spain,  Greece, I n d i a ,  t h e  West I n d i e s ,  e t c .  Most of them 
were b u i l t  i n  t h e  s i x t i e s  o r  e a r l y  s e v e n t i e s  and a l l  a r e  s i n g l e - e f f e c t  
SS. Mul t i - e f f ec t  s o l a r  s t i l l s  have h ighe r  y i e l d ,  b u t  t h e s e  a r e  complex 
and expensive; and t h e  technology has  n o t  y e t  progressed beyond t h e  
l a b o r a t o r y  s t age .  , . 

Mult i -s tage F l a sh  D i s t i l l a t i o n  (MSFD). F igure  52 shows a  MSFD 
u n i t  coupled wi th  a  s o l a r  c o l l e c t o r  a r ray .  I n  t h e  u n i t  shown, seawater  
i s  preheated t o  about  80°c by t h e  vapor and f i n a l l y  hea ted  t o  about 
8 8 ' ~  by t h e  s o l a r  c o l l e c t o r  a r r ay .  %pica1  ope ra t i ng  temperatures  f o r  
f u e l - f i r e d  u n i t s  range from 88  t o  150 C. The seawater  e n t e r s  t h e  
f i r s t  chamber which is  maintained a t  a  p r e s s u r e  s l i g h t l y  below atmospheric.  
Some of t h e  water  bo%is i n s t a n t l y  o r  f l a s h e s  t o  vapor ,  and i n  so  doing 
c o o l s  t h e  remaining s a l t  so lu t i on .  This  s a l t  s o l u t i o n  is  then  pumped 
i n t o  another  chamber of lower p re s su re  and temperature ,  where aga in ,  
some of t h e  water  f l a s h e s  t o  vapor  and is  drawn o f f .  Severa l  s t a g e s  a r e  
used ( t y p i c a l l y  5  t o  20) a t  s u c c e s s i v e l y  lower p r e s s u r e s  t o  permit  
t h e  needed b o i l i n g  a t  lower temperatures .  The condensat ion of t h e  
f l a s h e d  vapor occurs  when i t  is  passed through .the condensers cooled by 
t h e  incoming ocean water .  As a r e s u l t  of us ing  m u l t i p l e  d i s t i l l a t i o n  
s t e p s ,  t h e s e  u n i t s  r e q u i r e  on ly  15 t o  40 pe rcen t  of t h e  h e a t  i npu t  pe r  
ki logram of water  d e s a l t e d  a s  do s imple s o l a r  s t i l l s  wi th  corresponding 
dec reases  i n  c o l l e c t o r  a r e a  requirements  i f  s u i t a b l y  designed c o l l e c t o r s  
a r e  used. A t  t h e  r e l a t i v e l y  modest t empera tures  r equ i r ed  of MSFD 
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systems,  c o l l e c t o r s  us ing  low l e v e l s  of concen t r a t i on  such a s  compound 
p a r a b o l i c  concen t r a to r s ,  p a r a b o l i c  t roughs,  o r  l i n e a r  F re sne l  l e n s e s  
could be used. Capac i t i e s  of mul t i - s tage  f l a s h  d i s t i l l a t i o n  u n i t s  run  
from 40,000 l i t e r l d a y  t o  4,000,000 l i t e r l d a y .  

Vapor Compression and Reverse Osmosis. I n  vapor compression 
u n i t s ,  water  vapor is compressed a d i a b a t i c a l l y ,  r e s u l t i n g  i n  a rise i n  
temperature  of t h e  vapor,  which provides  h e a t  f o r  d i s t i l l a t i o n  of 
incoming seawater ;  t h e  vapor ,  i n  t u r n ,  condenses t o  produce f r e s h  
water .  

I n  r e v e r s e  osmosis p roces se s ,  one s i d e  of a  membrane ( t y p i c a l l y  
c e l l u l o s e  ac  t a t e )  i s  supp l i ed  wi th  s a l i n e  water  a t  a  h igh  p r e s s u r e  (14 2 
t o  105 kglcm ). The membranes a r e  semi-permeable, r e s u l t i n g  i n  t h e  
d i f f u s i o n  of pure  water  l e av ing  t h e  s t r o n g  b r i n e  behind. The p r e s s u r e .  
d i f f e r e n c e  r equ i r ed  a c r o s s  t h e  membranes i n c r e a s e s  wi th  t h e  degree of 
s a l i n i t y ,  which is one reason  why r e v e r s e  osmosis systems u s u a l l y  a r e  
used wi th  b rack i sh  water  wi th  sal t  l e v e l s  w e l l  below t h a t  of ocean water  
(such a s  o f t e n  found i n  d e s e r t  w e l l s ) .  

Both vapor compression and r eve r se  osmosis systems r e q u i r e  power 
i n p u t  f o r  ope ra t i on ,  which could be suppl ied  by s o l a r  thermal  power 
u n i t s ,  pho tovo l t a i c  g e n e r a t o r s ,  o r  wind t u r b i n e  systems. Typica l  s i z e  
ranges f o r  t h e s e  types  of u n i t s  a r e  20,000 l i t e r l d a y  t o  4 ,0001000 
l i t e r l d a y .  

3.6.3 Cost  e s t i m a t e s  and ecoaomics: Actual  c o s t  of s o l a r  s t i l l s  i n  
t h e  2 i x t i e s  v a r i e d  from L.E.113 mL i n  developing c o u n t r i e s  t o  L.E. 
19/m i n  i n d u s t r i a l  c o u n t r i e s  accord ing  t o  a Bechtel  repor t .*  A t  
p r e s5n t  t h e s e  c o s t s  a r e  expected t o  be i n  t h e  range of L.E. 21 t o  
40/m . Based on t h e  lower end of t h i s  range, t h e  r e s u l t a n t  c o s t  of 
water  from s o l a r  s t i l l s  i s  e s t ima ted  t o  be about L.E. 1.9411000 l i te rs  
assuming a  u s e f u l  l i f e  of 20 y e a r s  and an i n t e r e s t  r a t e  of 8 percent .  

1 /' 

The c o s t  of wa te r , f rom s o l a r  f i r e d  MSFD.systems is shown .in f i g u r e  
, - ._' 53 a s  a  f u n c t i o n  of capac i ty .  This  a n a l y s i s  assumes: , , 

. . . . 

o C o l l e c t o r  Cost$+. ( 5 X  CPC) 

o  Cost of MSFD Uni t s .  

A s  i n d i c a t e d ,  the:MSFD u n i t s  a r e  more economical i n  l a r g e r  s i z e s  
p r i m a r i l y  due t o  t h e  energy e f f i c i e n c y  a s s o c i a t e d  w i th  m u l t i p l e  s t a g e s  
of  evapora t ion  a s  compared t o  a s i n g l e  evapora t ion  process  i n  a  s o l a r  
s t i l l .  

The c o s t  of water  from t h e  s o l a r - f i r e d  MSFD u n i t s  is  about t h e  same 
a s  from an o i l - f i r e d  system w i t h  an o i l  c o s t  of L.E. 0 . 0 7 l l i t e r  (about 
equa l  t o  world o i l  p r i c e s ) .  The economic advantages of t h e  s o l a r - f i r e d  
systems should,  t h e r e f o r e ,  i n c r e a s e  wi th  t ime a s  f u e l  p r i c e s  i nc rease ,  
p a r t i c u l a r l y  i n  remote r eg ions  where f u e l  t r a n s p o r t a t i o n  c o s t s  a l s o  must 
be  considered.  
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Most of t h e  f i g u r e s  i n  t h e  above s tudy  w e r e  ob ta ined  f o r  p re l iminary  
assessment and hence no r igorous  op t imiza t ion  of c o s t  o r  s o p h i s t i c a t e d  
a n a l y s i s  i n  economics were done. It i s  be l i eved  t h a t  f o r  MSFD-solar, 
l a b o r  c o s t  may be  50 pe rcen t  of t h e  t o t a l .  I f  Egypt dec ides  t o  f a b r i c a t e  
some po r t i ons  of t h e  s o l a r  c o l l e c t o r s  and t h e  s t o r a g e  t anks ,  c o s t  due t o  
l a b o r  w i l l  be cons iderab ly  lower. This  w i l l  decrease  f u r t h e r  t h e  c o s t  
of water  produced by MSFD-solar. 

In  a d d i t i o n ,  t h e  c o s t  of water  from so l a r -  o r  wind-operated r eve r se  
osmosis and vapor  compression u n i t s  should be  e s t a b l i s h e d ,  so  t h a t  t h e  
most economical approaches f o r  producing f r e s h  water  can be  i d e n t i f i e d  
f o r  a  v a r i e t y  of s i z e s ,  l o c a t i o n s ,  and water  character is ti.^^. 

3 . 7  So la r  A i r  Condi t ioning and R e f r i p e r a t i o n  

3 . 7 . 1  Background: U s e  of s o l a r  energy f o r  a i r  condi t ion ing  has  
been considered an a t t r a c t i v e  a p p l i c a t i o n  due, i n  p a r t ,  t o  t h e  tendency 
f o r  h igh  a i r  cond i t i on ing  load  t o  occur under cond i t i ons  of h igh  s o l a r  
flux. The equipment used t o  provide  a i r  cond i t i on ing  o f t e n  is  s i m i l a r -  
t o  t h a t  r equ i r ed  f o r  r e f r i g e r a t i o n  (both c h i l l i n g  of f r e s h  foods and 
f r e e z i n g )  s o  t h a t  developing s o l a r  a i r  cond i t i on ing  c a p a b i l i t y  should 
l e a d  t o  a  s o l a r  r e f r i g e r a t i o n  c a p a b i l i t y  (and v i c e  ve r sa ) .  

P re sen t ly ,  n e i t h e r  a i r  cond i t i on ing  nor  warehouse r e f r i g e r a t i o n  a r e  
l a r g e  energy u s e r s  in:Egypt.  This  s i t u a t i o n  probably w i l l  change a s  
l i v i n g  s t anda rds  i n c r e a s e  and t h e  use. of food p r e s e r v a t i o n  f a c i l i t i e s  t o  
reduce s t o r a g e  and t r a n s p o r t a t i o n  l o s s e s  become more widespread. 

A s  i n d i c a t e d  below, s o l a r  coo l ing  is b a s i c a l l y  a  s p e c i a l  a p p l i c a t i o n  
of one of t h e  s o l a r  power o r  hea t ing  op t ions  d i scussed  i n  previous 
s e c t i o n s .  This  app1:ication i s ,  however, d i s cus sed  a s  a  s e p a r a t e  i s s u e  
due both t o  t h e  s p e c i a l  i n t e r e s t  c o n s i s t e n t l y  shown i n  t h i s  s u b j e c t  and 
i t s  s p e c i a l  c h a f r a c t e r i s t i c s  which b e n e f i t  economic performance. 

3 . 7 . 2  Descript5on of system opt ions :  There a r e  a  number of approaches 
f o r  providing a  cool ing  e f f e c t  wi th  s o l a r  energy. These inc lude :  

o  Product ion of power v i a  a  s o l a r  power arrangement and 
ope ra t i on  of vapor compression u n i t s .  I n  t h i s  a r -  
rangement s h a f t  power may be  coupled d i r e c t l y  t o  a  
compressor ( f i g u r e  54) o r  e l e c t r i c i t y  can be genera ted  
which d r i v e s  a  motor opera ted  compressor ( f i g u r e  5 5 ; )  

o  Use of s o l a r  hea t  t o  ope ra t e  abso rp t ion  cool ing  u n i t s ;  and 

o  Use of evapora t ive  cool ing  arrangements.  



- - Flow for cooling cycle 

Solar collector system I Rankine cycle power I Air conditioning 
system m I 

F i g .  54 Schematic of a Rankine cycle engine-powered 
cooling system using a solar energy heat source 

Evaporator coil 



L-------l 
CONDENSER , 

. ! , . 

I Fig. 55. %&ar.. ce~1-~owexed cooling system 
1 ! 

I 

COOLING COILS 



SOLAR-EGYPT- 143 

The l a t t e r  arrangement commonly i s  used i n - a r i d  reg ions  wi th  low 
humidity t o  provide sour degree of cool ing  f o r  sma l l  bu i ld ings .  As 
'such, i t  may be  app rop r i a t e  f o r  use i n  many p a r t s  of Egypt. However, 
on ly  t h e  f i r s t  two arrangements a r e  amenable t o  provide cool ing  f o r  
l a r g e  bu ld ing  u n i t s  (which a r e  more l i k e l y  t o  be a i r  condi t ioned)  o r  t o  
provide  s u f f i c i e n t l y  low temperatures  f o r  r e f r i g e r a t i o n  a p p l i c a t i o n s .  

Both f i g u r e  54 and f i g u r e  55 i n d i c a t e  a  "cold s torage"  volume h ' ' i c h  
u s u a l l y  would be  c h i l l e d  water.  This  i s  an important  advantage of s o l a r  
cool ing  systems where power is  produced t o  ope ra t e  vapor compression 
u n i t s .  The a b i l i t y  t o  s t o r e  i n  t h e  form of c h i l l e d  water  e l i m i n a t e s  t h e  
need f o r  more c o s t l y  b a t t e r y  s t o r a g e  u n i t s  thus  favor ing  t h i s  a p p l i c a t i o n  
over power gene ra t i on  a p p l i c a t i o n s  i n  genera l .  

3.7.3 System c o s t s  and economics: 

3.7.3.1 S o l a r  d r iven  vapor compression: Those systems 
which u t i l i z e  s o l a r  power t o  d r i v e  convent iona l  vapor compression u n i t s  
have the  same b a s i c  economics a s  t h e  s o l a r  thermal ,  pho tovo l t a i c ,  and 
wind t u r b i n e  gene ra to r  arrangements d i scussed  i n  s e c t i o n s  3.2, 3.3, and 
3.4. That is ,  t h e  economics of t h e  s o l a r  power gene ra t i on  op t ions  i s  
un8ffected hy t h e  end use of t h e  power except  t o  t h e  degree t h a t  t h e  
need f o r  s t o r a g e  o r  o t h e r  a u x i l l i a r y  equipment ( i n v e r t e r s ,  swi tchgear ,  
e t c . )  can be reduced. The economic a n a l y s i s  s e c t i o n s  a l l  assumed t h a t  
a t t r a c t i v e  a p p l i c a t i o n s  (such a s  s o l a r  cool ing)  were s t r e s s e d  s o  t h a t  
t h e  need f o r  a u x i l i a r y  equipment was minimfzed. 

' A s  i nd i ca t ed  i n  t he se  s e c t i o n s ,  even t h e  near-term s o l a r  power 
systems could be  used t o  ope ra t e  convent iona l  cool ing  u n i t s  i n  remote 
a r e a s  a t  a  lower c o s t  than d i e s e l  genera tors .  This  could make s o l a r  
cool ing  f o r  remote h o t e l s ,  c l i n i c s ,  co ld  s t o r a g e  f a c i l i t i e s ,  e t c . ,  one 
of t h e  most a t t r a c t i v e  e a r l y  a p p l i c a t i o n s  of s o l a r  power. 

3.7.3.2 S o l a r  operated abso rp t ion  system: So la r  der ived  
a l s o  can be  used t o  d i r e c t l y  o p e r a t e  abso rp t ion  a i r  condi t ion ing  sys- 
tems, p a r t i c u l a r l y  t hose  us ing  lithium-bromide a s  t h e  working f l u i d .  
Commercially a v a i l a b l e  equipment can o p e r a t e  e f f e c t i v e l y  (COP 0.5-0.6) 
w i th  hea t  i npu t  temperatures  i n  t h e  190 t o  2 2 0 ' ~  range. These temper- 
a t u r e s  cannot be a t t a i n e d  e f f i c i e n t l y  and r e l i a b l y  wi th  t h e  s imple f l a t  
p l a t e  c o l l e c t o r s  normally used f o r  water  hea t ing .  However, e i t h e r  f l a t  
p l a t e  c o l l e c t o r s  of advanced des ign  (good s e l e c t i v e  coa t ings ,  h igh  
t ransmiss ion  covers ,  evacuated tubes ,  e t c . )  o r  those  us ing  some degree  
of s o l a r  concen t r a t i on  ( l i n e a r  F re sne l  l e n s e s ,  p a r a b o l i c  t roughs ,  e t c . )  
can e f f e c t i v e l y  ope ra t e  a t  t h e  r equ i r ed  temperatures .  Over 20 systems 
us ing  so la r -dr iven  abso rp t ion  uni ts- :have been b u i l t  and opera ted  i n  t h e  
United S t a t e s ,  thereby  demonstrat ing t h i s  approach t o  s o l a r  a i r  condi- 
tio'ning. F igure  56 shows an abso rp t ion  system scheme. 



Fig. 56 Absorption system schematic 
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A so la r -opera ted  abso rp t ion  cool ing  system is b a s i c a l l y  a  s o l a r  h o t  
water  system f i r i n g  a  commercial lithium-bromide abso rp t ion  un i t .  The 
abso rp t ion  u n i t  a l s o  could be  opera ted  wi th  a  gas- o r  o i l - f i r e d  burner.  
A s  such,  t h e  economics of t h e  s o l a r - f i r e d  u n i t  is  i n d i c a t e d  by t h e  c o s t  
of s o l a r  de l i ve red  h e a t  a s  compared t o  supplying h e a t  by convent iona l  
sources .  

The c o l l e c t o r  con f igu ra t i ons  which can supply h e a t  a t  t h e  r equ i r ed  
temperature  l e v e l  a r e  u s u a l l y  more c o s t l y  than s imple water  hea t e r s .  
Manufacturers of h  gh performance c o l l e c t o r s  p r o j e c t  a  p roduct ion  c o s t  3 
of about L.E. 72/m . The r e s u l t a n t  i n s t a l l e d  system c o s t  f o r  a  ho t  
water  d e l i v e r y  system capable  of ope ra t i ng  abso rp t ion  cool ing  systems 
would be  about L.E. 100 t o  120/m2. Using t h e  same economic 
of s e c t i o n  3.1, t h e  c o s t  of h e a t  de l i ve red  by t h e  h igh . t empera tu re  s o l a r  
water  gystem ( t o  d r i v e  t h e  abso rp t ion  u n i t )  would be L.E. 4 t o  L.E. 5 
p e r  10 J. By comparison, t h e  c o s t  of d e l i v e r e d  hea t  f r o m 6 . 8  
l i t e r  o i l  (approximate world p r i c e )  would be  about 3 .7 '  per 10 J., 
The c o s t  of so la r -dr iven  abso rp t ion  u n i t s ,  t h e r e f o r e ,  approaches being 
compet i t ive  wi th  f u e l  opera ted  systems wi th  t h e  breakeven c o s t  be ing  
about 10 p t l l i t e ' r .  This  f u e l  c o s t  probably is  a l r eady  t y p i c a l  of t h a t  
i n  remote a r e a s  i f  t h e  c o s t s  of t r a n s p o r t a t i o n  and s t o r a g e  a r e  considered.  

A s  wi th  t h e  s o l a r  hea r ing  systems of s e c t i o n  3.1, most of t h e  s o l a r  
c o l l e c t o r  con f igu ra t i ons  could be made i n  Egypt, f u r t h e r  improving t h e  
economics of s o l a r  cool ing.  

3.7.4 Comparison of op t ions :  The s o l a r  d r iven  vapor compression 
u n i t s  o f f e r  a  h ighe r  degree of f l e x i b i l i t y  than t h e  abso rp t ion  systems, 
s i n c e  any form of s o l a r  power (pho tovo l t a i c s ,  wind gene ra to r s ,  e t c . )  can 
be  used f o r  t h e i r  opera t ion .  Also, vapor compression cool ing  systems 
a r e  a l r eady  i n  wide use w i t h i n  Egypt, which would f a c i l i t a t e  t h e i r  
even tua l  manufacture,  i n s t a l l a t i o n ,  and r e p a i r .  

The performance of s o l a r  d r iven  abso rp t ion  u n i t s ,  on t h e  o t h e r  
hand, p r e s e n t l y  is  b e t t e r  demonstrated than t h e  o t h e r  s o l a r  op t ions  and 

I t h e  economics of t h i s  arrangement,  t h e r e f o r e ,  b e t t e r  def ined  than  
systems, such a s  those  us ing  pho tovo l t a i c s ,  which r e q u i r e  s i g n i f i c a n t  
c o s t  reduc t ions  t o  be p r a c t i c a l .  Drawbacks t o  t h e  abso rp t ion  u n i t s ,  
however, include:  

o  Their  r e l a t i v e l y  l i m i t e d  use  and r e s u l t a n t  l a c k  o f  in-country 
personnel  experienced wi th  t h e i r  ope ra t i on ;  and 

o  Their  requirement f o r  a  cool ing  tower f o r  r e l i a b l e  ope ra t i on ,  
which c o u l d S b e  a  s i g n i f i c a n t  problem i n  Egypt due t o  l a c k  o f r  

. ,  . 
water  and/or  h igh  maintenance requirements.  ;$ 



3.7.5 Institutional/environmental cons ide ra t i ons :  

3.7.5.1 I n s t i t u t i o n a l :  There a r e  s e v e r a l  i n s t i t u t i o n a l  
cons ide ra t i ons  f avo r ing  s o l a r  cool ing  a p p l i c a t i o n s  i n  Egypt, p a r t i c u -  
l a r l y  f o r  food p r e s e r v a t i o n  a p p l i c a t i o n s .  P r e s e n t l y ,  food p r e s e r v a t i o n  
f a c i l i t i e s  a r e  i n  very  l i m i t e d  use ;  t h i s  l e a d s  t o  s i g n i f i c a n t  spo i lage .  
Furthermore, t h e  need f o r  food p r e s e r v a t i o n  can be  p a r t i c u l a r l y  a c u t e  i n  
remote reg ions  where r ap id  acces s  t o  t r a n s p o r t a t i o n  e i t h e r  t o  expor t  o r  
import food i s  l imi t ed .  I n  t h e  near-term, s o l a r  r e f r i g e r a t i o n  could 
provide  much needed cold-s torage f a c i l i t i e s  i n  remote r eg ions ,  thereby 
enhancing l i v i n g  s t anda rds  i n  t h e s e  a r e a s  where t h e  government hopes t o  
s e t t l e  an i n c r e a s i n g  percentage  of t h e  populat ion.  

3.7.5.2 Environmental: A s  wi th  most s o l a r  a p p l i c a t i o n s ,  
t h e r e  a r e  no known nega t ive  environmental impacts. P o s i t i v e  impacts 
i nc lude  t h e  r educ t ion  i n  emissions from convent iona l  power f a c i l i t i e s .  

4.0 COST OF POWER FROM DIESEL ENGINES 

4.1 Background 
. . 

Where t h e  need f o r  smal l - sca le  power gene ra t i on  has  a r i s e n  i n  t h e  
p a s t ,  t h e  convent iona l  mode has  been t o  i n s t a l l  a  sma l l  f u e l - f i r e d  
engine  gene ra to r  o r  pump, g e n e r a l l y  a  d i e s e l  engine. It i s  wi th  t h e s e  
t echno log ica l ly  advanced engines  t h a t  renewable power gene ra t i ng  systems 
(pho tovo l t a i c s ,  s o l a r  thermal ,  biomass, and wind t u r b i n e s )  a r e  assumed 
t o  compete i n  a  19801s t i m e  frame, when t h e  p r i c e  of f o s s i l  f u e l s  rises 
and t h e  c o s t  of thesetnew t echno log ie s  f a l l s .  It would t h e r e f o r e  be  
i n s t r u c t i v e  t o  examine t h e  c o s t s  of .power a s s o c i a t e d  wi th  d i e s e l  engine 
gene ra to r s  f o r  comp-arison t o  t h e  c o s t s  of renewable energy gene ra to r s  
d i scussed  i n  Sectiont,3.0.  

,,; i*  
4.2 Economic~Performance 

The i n s t a l l e d  c o s t  of engine  powered gene ra t i ng  systems is  a  
f u n c t i o n  of t h e  system's l o c a t i o n ,  a p p l i c a t i o n  and s i z e .  A d i e s e l  
e l e c t r i c  gene ra to r  w i t h  backup i n  a  veryJremote a r e a ,  f o r  example, 
r e q u i r e s  f u e l  s t o r a g e ,  c i r c u i t  b r eake r s ,  r e l a y s ,  and a  p r o t e c t i v e  
b u i l d i n g  which can more than double t h e  i n s t a l l e d  system c o s t  over  t h e  
gene ra to r  cos t .  A l t e r n a t i v e l y ,  a  sinp1e:water pump 'can ope ra t e  i n  t h e  
open without  most oft t h e  a n c i l l a r y  equipment l i s t e d  above. 

. 4.7 ' .  
The cost of power from d i e s e l  power u n i t s  is  a f u n c t i o n  of many o t h e r  ' 

v a r i a b l e s  such a s  f u e l  e f f i c i ency ,  f u e l  c o s t ,  u s e f u l  l i f e ,  and mainten- 
ance  cos t s .  For purposes  of t h i s  a n a l y s i s  i t  was assumed t h a t ;  

o  Engine c o s t s  range , f rom $100/kW (L.E. 67/kW) f o r  very  
smal l  systems t o  less than  $300/kW (L.E. 200/kW) f o r  
very l a r g e  systems, 



o Engine c o s t s  have been mu-l t ipl ied by an  average f a c t o i  
of 1.5 t o  account f o r  i n s t a l l a t i o n  and subord ina te  
equipment, 

o  The engine runs .  a t  a  33 p e r c e n t .  capac i ty  f a c t o r .  
(equiva len t  t o  f u l l  capac i ty  o p e r a t i o n  f o r  8  hours lday) ,  

o  . A major overhaul is  needed every 5000 hours  wi th  c o s t s  
a t  30 pe rcen t  of i n i t i a l  engine c o s t ,  

o  Resul tan t  engine l i f e  is  10 y e a r s ,  

o  Engine e f f i c i e n c y  is  25 pe rcen t  f o r  sma l l e r  u n i t s  and 
30 pe rcen t  f o r  t h e  very  l a r g e  u n i t s ,  

o  D iese l  £ge l  has  a h e a t  conten t  of 140,000 Btu /ga l  
(39 x 10 j o u l e s / l i t e r ) ,  and 

o There is  an  8 percent  i n t e r e s t  rate on borrowed money. 

F igure  57 shows t h e  c o s t  of power ve r sus  d i e s e l  gene ra to r  s i z e  f o r  
t h r e e  d i e s e l  f u e l  cos ts .  h e  $0.50/gallon (8.7 p t . / l i t e r )  i s  c o n s i s t e n t  
w i th  t h e  world market c o s t  of f u e l ,  and $1.20/gallon (2.1 p t . / l i t e r )  i s  . 
p r e s e n t l y  app ropr i a t e  t o  remote a r e a s  where t h e  t r a n s p o r t a t i o n  c o s t s  
becone s i g n i f i c a n t ,  and i n  a  f u t u r e  t i m e  frame w i l l  b e  app ropr i a t e  t o  . 

world market o i l  p r i ce s .  

For many remote a r e a s  i n  Egypt, a de l ive red  f u e l  c o s t  of $0.80/gal- 
l o n  (14 p t . / l i t e r )  may b e  more app l i cab le .  'The a s s o c i a t e d  power c o s t  
f o r  a  smal l  pumping o r  e l e c t r i c i t y  gene ra t ing  system (10kW) i s  about  . . 
$0.14 t o  $O.l8/kWh (9  p t .  to 12 pt./kWh). Power from l a r g e r  d i e s e l  
gene ra to r s  and pumps c o s t  about  $0.10 t o  SO.12lkWh (6.7 p t .  t o  8 pt./kWh) 
wi th  c u r r e n t  f u e l  p r i c e s ,  b u t  can be  expected t o  r i s e  w i th  t h e  c o s t  
of f o s s i l  f u e l ,  s o  t h a t  t hese  p r i c e s  can be considered t h e  bottom l i n e  
f o r  f u t u r e  i n s t a l l a t i o n s .  For very  l a r g e  systems i n  t h e  MW range (used 
i n  some l a r g e r  towns) t h e  c o s t  of power reduces t o  about  $0.8 o r  $Oe9/kWh 
(5.3 p t .  o r  6, p t .  /kwh). Other cons ide ra t ions  a s soc i a t ed  wi th  fuel-f  i r e d  
engine gene ra to r s  i s  t h e i r  h igh  emission l e v e l s ,  no i se ,  and h igh  main- 
tenance requirements.  

IF. 

It should be noted t h a t  t h e  power c o s t s  of f i g u r e  57 . . a r e  r e l a t i v e l y  
o p t i m i s t i c .  . S i g n i f i c a n t l y  h ighe r  c o s t s  than  those  i n d i c a t e d  a r e  o f t e n  
experienced i n  remote a r e a s  where maintenance of systems is poor and 
s k i l l e d  r e p a i r  personnel  a r e  no t  r e a d i l y  a v a i l a b l e .  

The power c o s t  of f i g u r e  57 is cons iderably  h ighe r  than  those  
p ro j ec t ed  f o r  t h e  so l a r lw ind  op t ions  d iscussed  i n  Sec t ion  3.0 i f  t h e  
expected improvements i n  so la r lwind  technology ma te r i a l i ze .  
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Fig. 57 Cost of power from diesel generators , 



4.3 Impact . .... . on S o l a r  - o p t i o n s  

I n  t h e  implementation s c e n a r i o s  of Sec t ion  3.0 i t  was assumed t h a t  
i n  t h e  1980's s o l a r  power u n i t s  would be  used e i t h e r  t o  r e p l a c e  o r  
supplement power normally, produced by d iese l .  engines  and t o  provide 
power i n  remote a r e a s  where no power would o therwise  be  made a v a i l a b l e .  

Diesel engines  a r e  used e x t e n s i v e l y  in .Egypt  bo th  f o r  water  pumping 
f u n c t i o n s  and t o  provide  power i n  towns (such a s  a long  t h e  Red Sea 
Coast)  no t  connected w i th  . the u t i l i t y  g r id .  It is ,  however, d i f f i c u l t  
t o  e s t i m a t e  t h e  i n s t a l l e d  c a p a c i t y  of d i e s e l  pumps and g e n e r a t o r s  i n  
Egypt due t o  t h e  range  of a p p l i c a t i o n s ,  s i z e ,  and ownership of such 
s y s  t e m s .  

In format ion  obta ined  from t h e  M i n i s t r y  of I r r i g a t i o n  i n d i c a t e s  t h a t  
t h e  i n s t a l l e d  c a p a c i t y  of l a r g e  d i e s e l  power pumps o p e r a t i n g  under t h e i r  
c o n t r o l  i s  about  25 MW and t h a t  t h e r e  a r e  roughiy 40,000 sma l l e r  d i e s e l  
pumps (7  t o  15 hp) i n  o p e r a t i n g  cond i t i on  under p r i v a t e  ownership 
( capac i ty  roughly 280 MW). 

L i t t l e  in format ion  is  a v a i l a b l e  on d i e s e l  e l e c t r i c  gene ra t i ng  
i capac i ty ,  however, i t  is  known t h a t  s u b s t a n t i a l  amounts of power a r e  

genera ted  by d i e s e l  engines  i n  a r e a s  o t h e r  than  t h e  N i l e  Val ley,  where 
t h e  g r i d  is q u i t e  ex tens ive .  For example, t h e  p u b l i c  e l e c t r i c  power 
systems i n  t h e  towns a long  t h e  Mediterranean Coast (Mersa Matruk, Salum, 
e t c . )  have an i n s t a l l e d  d i e s e l  gene ra to r  capac i ty  of over  5 MW. 

. . 

Based on t h e  above, i t  is  apparen t  t h a t  t h e r e  is  a s u b s t a n t i a l  
near-term market p o t e n t i a l  f o r  so la r /wind  power gene ra t i on  even i f  t h e  
m a r k e t . i s  r e s t r i c t e d  t o  those  a p p l i c a t i o n s  now s e r v i c e d  by d i e s e l '  
g e n e r a t o r s  and pumps. 

* 
This  c o s t  l e v e l  is i n  agreement w i th  t hose  expe.rienced .on t h e  
towns of t h e  Mediterranean Coast as r epo r t ed  i n  "Regional P l an  f o r  t h e  
Coas t a l  Zone of t h e  Western Deser t ,"  August, 1976. 
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1.0 RESOURCES 

1.1 Resouces wi th  Temperatures above 1 8 0 ' ~  

The hea t  from these  waters  can gene ra t e  e l e c t r i c i t y .  Such 
r e sou rces  can be  used t o  d r i v e  steam t u r b i n e s  d i r e c t l y ,  and t h e  steam 
can,  i f  necessary ,  be  separa ted  a t  t he  wellhead. Costs  a r e  competi- 
t i v e  wi th  t h e  c u r r e n t  average world p r i c e s  of ' coa l ,  and e l e c t r i c i t y  
produced wi th  t h i s  geothermal resource  is less expensive than power 
produced from gas and o i l .  There a r e  two p r i n c i p a l  problems, however, 
wi th  such geothermal waters :  

o Because of t h e i r  concen t r a t i ons  of d i s so lved  s o l i d s ,  high- 
temperature  waters  o f t e n  cause s c a l i n g  problems. Exper- 
i ence  i n  a r e a s  wi th  p a r t i c u l a r l y  "d i r t y "  wa te r s ,  such a s  
t h e  Sa l ton  Sea i n  C a l i f o r n i a ,  h a s  no t  been encouraging. 

, Steam hea t  exchangers appear t o  be one p a r t  of a s o l u t i o n .  
The w e l l s  must a l s o  be cleaned p e r i o d i c a l l y  t o  remove s c a l e  
accumulation i f  f l a s h i n g  and/or  cool ing occurs  i n  t he  w e l l  
bore .  

o The high-temperature b r i n e s  a l s o  seem t o  con ta in  a g r e a t  
d e a l  of d i s so lved  non-condensable H S o .  Cont ro ls  de- 
veloped and used a t  t he  geyse r s  i n  S a l i f o r n i a  should be 
a p p l i c a b l e  a t  many o t h e r  l o c a t i o n s .  

Because of environmental concerns about d i s cha rg ing  t h e  used f l u i d ,  
t h e  i n j e c t i o n  of cooling-tower blow-down and o the r  used geothermal 
f l u i d s  appears  t o  be a n e c e s s i t y  f o r  long-term a p p l i c a t i o n s .  

1.2 Resources of from 150°to 1 8 0 ' ~  

These waters  a l s o  have the  p o t e n t i a l  f o r  economically producing 
- e l e c t r i c i t y .  With waters  i n  t h i s  range,  however, t h e  b i n a r y  organic-  

f l u i d  c y c l e  is g e n e r a l l y  r equ i r ed .  The process  has  y e t  t o  be proven i n  
long-term p i l o t  tests. Under c e r t a i n  c o n d i t i o n s ,  t h e  steam c y c l e  may b e  
used wi th  a double f l a s h .  The second f l a s h  would lower t he  steam t o  
atmospheric  p re s su re .  This  system must f l a s h  t he  steam a t  t h e  po.wer 
p l a n t ,  however, and a g r e a t  d e a l  of water  must b e  pumped. I n  e i t h e r '  
c a s e ,  i n  o rde r  t o  main ta in  r e s e r v o i r  p r e s s u r e  and minimize environmental 
impacts ,  t h e  used water should be i n j e c t e d  back i n t o  t h e  ground. 

1.3 Resources of from loo0 t o  1 5 0 ' ~  

I n  t h e  f o r e s e e a b l e  f u t u r e ,  i t  does n o t  seem t h a t  wa te r s  i n  t h i s  
range can economically gene ra t e  e l e c t r i c  power, except  where few a l t e r -  
n a t i v e s  a r e  a v a i l a b l e .  - There is p o t e n t i a l ,  however, f o r  us ing  waters  of 
t h i s  temperature  f o r  p rocess  h e a t ,  p r i m a r i l y  f o r  food process ing .  New 
p l a n t s  would be l oca t ed  near  such geothermal resources ;  t h i s  type of 
development might w e l l  f i t  Egypt's p lans .  



0 1.4 Resources w i th  Temperatures Below 100 C 
. . 

Because i t  l a c k s  t h e  disadvantages a s s o c i a t e d  wi th  high p re s su res ,  
water  below t h e  b o i l i n g  po in t  can be  used wi th  g r e a t e r  s a f e t y .  Its use 
a l s o  p re sen t s  fewer t echno log ica l  problems, and w e l l s  can be  d r i l l e d  
inexpensively.  Standard tube-and-shell h e a t  exchangers a r e  s u i t a b l e  i f  
a pump p res su re  head is maintained. A number of i n d u s t r i a l  ope ra t ions  
(such a s  food process ing ,  aga in)  could make good use  of t h e  hea t .  

The most important  worldwide p o t e n t i a l  f o r  t h i s  geothermal energy 
is f o r  space hea t ing .  However, because Egypt's c l ima te  would no t  
r e q u i r e  hea t ing  during most of t h e  yea r ,  l o c a l  economics may n o t  f avo r  
t h e  use of geothermal space  hea t ing .  

S tud ie s  i n  t h e  United S t a t e s  have i n d i c a t e d  t h a t  i f  geothermal 
energy i s  t o  compete wi th  convent iona l  f u e l s ,  t h e  space  hea t ing  system 
must be u t i l i z e d  a t  approximately 3 0 0 0 ~ ~  pe r  day pe r  year  i n  o rde r  t o  
amor t ize  t h e  l a r g e  c a p i t a l  investment.  This  r u l e  of thumb depends q u i t e  
h e a v i l y  on t h e  proximity and depth of h o t  water  and on t h e  c o s t  of 
u t i l i z i n g  t h e  energy a t  t h e  bu i ld ing  loca t ion .  These low-temperature 
h o t  waters  can o f t e n  be  b e n e f i c i a l l y  disposed of on t h e  s u r f a c e ,  i n  
a g r i c u l t u r a l  a p p l i c a t i o n s ,  w i th  minimum environmental impact. 

C: 

2.0 SUMMARY ' 

A t  p r e s e n t ,  i t  appears  t h a t  geothermal resources  i n  Egypt w i l l  
gene ra l ly  n o t  e x i s t  near  p re sen t  popula t ion  cen te r s .  However, i f  
p roduct ive  r e sou rces  a r e  found, t h e s e  could be considered as l o c a t i o n s  
f o r  new energy complexes, and t h e r e f o r e  new popula t ion  c e n t e r s .  The 
c o n t r i b u t i o n  t h a t  geothermally-generated e l e c t r i c i t y  might make t o  
Egypt's f u t u r e  needs i s  not  l i k e l y  t o  be  of major n a t i o n a l  s i g n i f i c a n c e  
b u t  could have l o c a l  importance, e s p e c i a l l y  i f  coupled wi th  i n d u s t r i a l  
a p p l i c a t i o n s  t h a t  could use geothermal h e a t  d i r e c t l y .  



TABLE 1 

'STEAM SYSTEM FOR ELECTRIC POWER GENERATION . 
FROM GEOTHERMAL RESERVOIR 

RESOURCE AND 
WELL COMBINATIONS GENERATION DISPOSAL 

Pure steam w e l l s  A) Non-Condensing 1. 
Geysers i n  C a l i f o r n i a ,  USA Turb i n e  s 
La rda re l lo ,  I t a l y  

B) Condensing Turbines 
. (not p r a c t i c a l  i f  

Wells t h a t  f l a s h  i n  we l l  high concen t r a t ion  2. 
bore ,  steam sepa ra to r  a t  of non-condens i b  l e  
wellhead gases)  

Cerro P r i e t o  , Mexico I) S ing le  e n t r y  t u r b i n e  
Wairakei,  New Zealand 11) Dual e n t r y t u r b i n e  ' 

(bes t  adapted t o  
Wells t h a t  a r e  maintained .No. 3 a t  l e f t )  - 3. 
i n  l i q u i d  s t a t e ,  de l ive red  , 

as  l i q u i d  t o  power p l a n t ,  . ,  
and t h e r e  f l a shed .  . I. :. 

" >F 

4 F. 

1- 

Only  lordow own" 
accumulation from 
bottom of cool ing  
tower is requi red  

Surface d ischarge  
Mexico . . 

I n j  e c t  ion  
Japan 

F u l l  water f low t o  
p l a n t  w i l l  r e q u i r e  
i n j e c t i o n  in most 
a p p l i c a t i o n s .  
. . 



coolant Water From 
Cooling Towers 

Fig.  1. Binary  Cycle  Geothermal Power P l a n t  



Fig. 2 .  Typical Multiple Purpose Application f o r  Moderate Temperature . Geothermal . Wells 
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1.0 INTRODUCTION 

Before 1959 a l l  of t h e  e l e c t r i c a l  energy was genera ted  a t  power 
p l a n t s  us ing  o i l  as t h e  primary f u e l .  A t  t h e  p r e s e n t  t i m e ,  two-thirds  
of t h e  e l e c t r i c a l - e n e r g y  is  suppl ied  by h y d r o e l e c t r i c  gen 'erat ing s t a -  
t i o n s  l o c a t e d  i n  Upper Egypt. The remaining one-third of t h e  e l e c t r i c a l  
energy i s  genera ted  by steam e l e c t r i c  and gas  t u r b i n e  gene ra t i ng  p l a n t s .  
The primary f u e l  f o r  t h e s e  p l a n t s  is  heavy and l i g h t  o i l .  Some of t h e  - 
f u t u r e  f o s s i l  thermal  power p l a n t s  and combustion t u r b i n e  gene ra to r s  . 
w i l l  be designed t o  burn e i t h e r  o i l  o r  n a t u r a l  gas .  Most.of t h e  n a t u r a l  
gas  p r e s e n t l y  a v a i l a b l e  i s  a s s o c i a t e d  wi th  product ion  of o i l  from w e l l s  
l o c a t e d  i n  Egypt. 

Beyond 1985, and up t o  year  2000, gene ra t i on  planning and t ransmis-  
s i o n  system planning s t u d i e s  have n o t  been done o r  completed t o  t h e  same 
e x t e n t  a s  planning done up t o  1985. The Egyptian E l e c t r i c i t y  Author i ty  
(EEA) supp l i ed  a  copy of a  p re l iminary  schedule  of gene ra t i on  expansion 
up t o  year  2000. The p r o j e c t i o n  f o r  c a p a c i t y  and energy was used i n  t h e  
p repa ra t i on  of drawings t o  roughly show t h e  expanded power system t o  
2000. The i n £  ormation was used t o  prepare  order-of-magnitude c o s t  
e s t i m a t e s  f o r  power gene ra t i ng  s t a t i o n s ,  t r ansmis s ion  l i n e s ,  subs ta -  
t i o n s ,  and power system c o n t r o l  f a c i l i t i e s .  

The informat ion  used i n  prepar ing  t h i s  r e p o r t  on E l e c t r i c a l  Power 
Systems was ob ta ined  from people  named i n  Appendix A. 

2.0 SUMMARY 

Data on t h e  Unif ied Power system has been c o l l e c t e d  and documented. 
P e r t i n e n t  a s p e c t s  of t h e  e x i s t i n g  e l e c t r i c a l  power system presen ted  and 
d iscussed  a r e :  (a)  e l e c t r i c a l  gene ra t i on ;  (b) h i s t o r i c a l ,  e x i s t i n g ,  
and p ro j ec t ed  r a t e  of load  growth; (c)  c h a r a c t e r i s t i c s  of t h e  High Aswan 
Dam P r o j e c t  and power t r a n s f e r  c a p a b i l i t y  of t h e  500-kV t r ansmis s ion  
l i n e s ;  (d) r e l i a b i l i t y  and ope ra t i ng  exper iences ;  and ( e )  power system 
c o n t r o l .  Information is  a l s o  presen ted  on t ransmiss ion  l i n e s ,  d i s t r i b u -  
t i o n  f a c i l i t i e s ,  gene ra t i ng  s t a t i o n s  under c o n s t r u c t i o n ,  EEA's p l ans  f o r  
a d d i t i o n a l  t ransmiss ion  l i n e s ,  new gene ra t i ng  s t a t i o n s ,  and a  new power 
system c o n t r o l  c e n t e r  p ro j ec t ed  f o r  s e r v i c e  by 1985. 

S tud ie s  and p l ans  f o r  a  system from 1985 t o  2000 have no t  been 
completed by EEA and i ts  consu l t an t s .  However, p r o j e c t i o n s  of power 
system expansion were made and drawings were prepared t o  show an  ap- 
proximation of how a  power system could be developed t o  year  2000. EEA 
supp l i ed  in format ion  f o r  t h e  e l e c t r i c a l  c apac i ty  and energy t h a t  would 
be r equ i r ed  f o r  each year  t o  2000. EEA assumed t h a t  t h e  e l e c t r i c a l  load 
requirements  would be supp l i ed  by o i l l g a s ,  n u c l e a r ,  hydro,  and hydropump 
gene ra t i ng  p l a n t s .  The e x i s t i n g  500-kV and 220-kV t r ansmis s ion  system 
would be en la rged  t o  t r ansmi t  t h e  bu lk  power' from t h e  gene ra t i ng  s t a -  
t i o n s  t o  s e r v e  t h e  expanded loads  i n  t h e  e x i s t i n g  c i t ies  and r u r a l  
a r e a s ,  new i n d u s t r y ,  and new c i t i e s .  Order-of-magnitude c o s t  e s t i m a t e s  
were compiled f o r  t h e  e l e c t r i c a l  power, c o n t r o l ,  and communication 
f a c i l i t i e s  r equ i r ed  f o r  development from 1985 t o  2000. 
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2.1 P re sen t  E l e c t r i c a l  Power System 

.Construct ion of t h e  High Aswan Dam P r o j e c t  i n  t h e  l a t e  1960's ,with 
t h e  l a s t  . t u rb ine  gene ra t i ng  u n i t  placed i n t o  s e r v i c e  i n  1970 provided 
t h e  EEA with a  Unif ied Power System (UPS). The independent e l e c t r i c a l  
power systems of Cairo,  Upper Egypt, t h e  mid-Nile Val ley ,  Alexandria ,  
and De l t a  became e l e c t r i c a l l y  i n t e g r a t e d .  The system was c o n t r o l l e d  and 
power d i spa tched  from a new Power System Control  Center equipped wi th  a  
computer t o  a s s i s t  t h e  d i s p a t c h e r s .  The Power System Cont ro l  Center i s  
l o c a t e d  a t  t h e  Cairo 51' ,-kV Subs ta t ion .  

The e x i s t i n g  thermal  and hydro gene ra t i ng  name p l a t e  c a p a c i t y  i s  
a s  fol lows:  

Name p l a t e  E f f e c t i v e  
Rat ing ,  MWe Capac i ty ,  MWe 

High Aswan Dam 
Aswan Dam 

S u b t o t a l  

F o s s i l  Thermal 1,265 
Combust i o n  Turbine 137 

Sub to t a l  1,402 
Total .  3,847 

Not a l l  of t h e  c a p a c i t y  i s  a v a i l a b l e  o r  e f f e c t i v e  enough t o  s e r v e  
t h e  load  i n  t h e  UPS.. For example, t h e  c a p a c i t y  of Aswan Dam, 7 km 
downstream from the .H igh  Dam, h a s  been reduced t o  260 MWe due t o  reduced 
hydrau l i c  head caused by encroachment of t h e  t a i l  water a t  t h e  High Dam 
by t h e  Aswan Dam r e s e r v o i r .  Also, a t  least one gene ra t i ng  u n i t  gener- 
a l l y  is  no t  a v a i l a b l e  due t o  maintenance; t h e r e f o r e ,  t h e  e f f e c t i v e  
c a p a c i t y  is  usua l ly .  225 MWe. A t  t h e  High Dam t h e  twelve hydro turb ines  
o p e r a t e  i n  p a i r s  wi th  one common penstock supplying water  t o  two 
hydro turb ines .  When one u n i t  i s  down f o r  maintenance, two u n i t s ,  o r  350 
MWe,  a r e  n o t  a v a i l a b l e .  A t  l e a s t  one u n i t  is  down throughout t h e  year .  
The e f f e c t i v e  h y d r o e l e c t r i c  c a p a c i t y  is  accepted t o  be  1,750 MWe + 225 
M W e ,  o r  1,975 MWe t ob t a l .  The p re sen t  load i n  Upper Egypt i s  approximately 
600 MWe.  Not a l l  o i  t h e  remaining gene ra t i ng  c a p a c i t y  of 1,375 M W e  (1,975 
MWe - '600 MWe) can. be  d e l i v e r e d  n o r t h  ( t r ansmis s ion  d i s t a n c e  of 788 km) 
because of t h e  l i m i t e d  power t r a n s f e r  c a p a b i l i t y  of t h e  two 500-kV 
t r ansmis s ion  l i n e s .  The l i n e s  have been loaded i n  t h e  p a s t  t o  d e l i v e r  a  
peak load  of 950 MWe t o  t h e  Cai ro  500 s u b s t a t i o n .  

In  t he  e a r l y  yea r s  (1968-1973) of ope ra t i ng  t h e  500-kV system, 
numerous " f lashovers"  o r  l i n e  t r i p o u t s  occurred due t o  contaminated 
i n s u l a t o r s .  A t  t i m e s ,  t h e s e  r equ i r ed  shedding of load .  S ince  then,  t h e  
i n s u l a t i o n  l e v e l  of t h e  500-kV t r ansmis s ion  l i n e s  h a s  been increased  and 
t h e  number of ou tages  due t o  i n s u l a t o r  f l a s h o v e r s  h a s  decreased.  



Peak loads  occur  during t h e  win te r  months. During t h e  months of 
December and January t h e  water r e l ea sed  a t  t h e  High Aswan Dam i s  he ld  t o  
a  minimum. I r r i g a t i o n  requirements  a r e  less dur ing  t h i s  pe r iod ,  which 
i s  a l s o  t h e  t ime t h a t  work on t h e  c a n a l s  t akes  p lace .  EEA i s  apprehen- 
s i v e  about i t s  a b i l i t y  t o  meet t h e  load  f o r  t h e  win te r  of 1978-79. The 
usua l  p r a c t i c e  f o r  t h e  w in t e r  of 1977-78 was t o  reduce t h e  v o l t a g e  and 
frequency . 

The Min i s t ry  of E l e c t r i c i t y  and Energy has  experienced unprecedented 
system load growth dur ing  r ecen t  years .  During t h e  l a s t  f ou r  yea r s  t h e  
annual  growth i n  load  has  v a r i e d  from between . l 2  t o  19 pe rcen t .  The 
lowest  has  been dur ing  t h e  war of 1973. The per  c a p i t a  annual  energy 
consumption i s  approximately 300 kWh. This  i nc ludes  t o t a l  n a t i o n a l  
energy used---industry, commercial, and domestic. The domestic annual  
consumption per  person has  been l e s s  than  20 pe rcen t  of 300 o r  l e s s  than 
60 kWh. The Rural  E l e c t r i c i t y  Author i ty  (REA) p l ans  t o  extend d i s t r i b u -  
t i o n  systems dur ing  t h e  next  f i v e  yea r s  t o  6,000,000 people  l i v i n g  i n  
v i l l a g e s .  The e l e c t r i c i t y  would be  used p r imar i l y  f o r  l i g h t i n g  and 
r a d i o ,  and poss ib ly  f o r  cooking. 

2.2 E l e c t r i c a l  Power System - Year 1985 

The gene ra t i ng  power p l a n t s  now under c o n s t r u c t i o n  w i l l  provide 
1,420 MWe of a d d i t i o n a l  capac i ty ;  o i l / g a s  steam e l e c t r i c  gene ra t i ng  
s t a t i o n s  w i l l  provide 1,120 MWe of t h e  new capac i ty  and gas  t u r b i n e  
gene ra to r s  w i l l  provide 300 MWe. These power p l a n t s  a r e  scheduled t o  be  
completed by 1985. Approximately 630 km of 220-kV tr 'ansmission l i n e s  
a r e  under c o n s t r u c t i o n  and an a d d i t i o n a l  220-km a r e  planned f o r  con- 
s t r u c t i o n  by 1985. 

A new Power System Control  Center ,  es t imated  t o  c o s t  approximately 
$48 m i l l i o n ,  w i l l  be  designed,  cons t ruc t ed ,  and placed i n t o  o p e r a t i o n  
b e f o r e  1985. 

This  i s  being funded by USAID and w i l l  provide f o r  a  Power System 
Control  Center wi th  an advanced computer, a  new powerl ine c a r r i e r  
communications system between Cairo and Aswan, and a  microwave commun- 
i c a t i o n  system i n  Lower Egypt. REA's d i s t r i b u t i o n  system w i l l  be 
r econs t ruc t ed  and expanded i n  four  c i t i e s  and i n  n ine  provinces .  

By 1985 t h e  system d a i l y  load  c y c l e  on t h e  UPS w r l l  have changed 
and power flows on t h e  two 500-kV t r ansmis s ion  l i n e s  between Cairo and 
Upper Egypt probably w i l l  reverse*, p a r t i c u l a r l y  dur ing '  t h e  months of 
December and January.  This  assumes t h a t  t h e  l oads  i n  Upper Egypt 
i n c r e a s e  a s  pred ic ted .  F igures  1  and 2  i l l u s t r a t e  peak power flows f o r  
1985 based on t h e  assumption. I 
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Fig.  1 ' P e a k  load  power flows-December and January ,  1985-86 
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F i g .  2 Peak l o a d  power f l o w s - I r r i g a t i o n  season,1985-86,  
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The a n t i c i p a t e d  system improvements w i l l  provide a  much higher  
degree of power sys  t e m  r e l i a b i l i t y  due t o  the  a d d i t i o n a l  genera t ing  
capac i ty ,  more t ransmiss ion  l i n e s ,  a  new Power System Control  Center and. 
an upgraded communication system. Indus t ry  w i l l  then  have no need f o r  
on-s i te  power genera t ing  u n i t s  t o  s e r v e  a s  backup t o  the  UPS power 
supply*  

2.3 E l e c t r i c a l  Power System - Year 2000 

The annual growth i n  e l e c t r i c a l  energy i n  Egypt has been fore- 
ca s t ed  by t h e  Minis t ry  of E l e c t r i c i t y  and Energy t o  be approximately 8 
t o  9 percent .  Based on t h i s  assumption a  pro jec ted  schedule t o  2000 f o r  
capac i ty  and energy was prepared t o  by EEA. The added new capac i ty  
between 1985 and 2000 is  ind ica t ed  below: 

Capacity 
MWe 

F o s s i l  Thermal, MWe 3,385 

Hydroe lec t r ic ,  W e  34 7 

Nuclear,  MWe 12,600 

Hydro Pump Storage,  W e  

To ta l  

The t ransmission l i n e s  t o  s e r v e  new loads  ( inc luding  f i v e  new 
c i t i e s )  and t r ansmi t  the bulk  power from the  power genera t ing  s t a t i o n s  
a r e  shown i n  f i g u r e s  3 and 4. The two nuclear  power gene ra t ing  com- 
p l exes  a r e  assumed t o  be loca t ed  on s a l t  water  coas t  l i n e s ,  one along 
the  Mediterranean Sea and another  along t h e  Gulf of Suez. Deta i led  
planning s t u d i e s  w i l l  need t o  be prepared t o  determine the  optimum 
system. One way of reducing t h e  investment i n  t ransmission l i n e s  by 
some increment and a l s o  reduce t ransmiss ion  l o s s e s  would be t o  s i t e  some 
of t he  gene ra t ing  s t a t i o n s  nea r  the  new c i t i e s  l oca t ed  i n  t he  d e s e r t .  
This  would need t o  be eva lua ted  along with higher  p l a n t  cons t ruc t ion  
c o s t s ,  h ighe r  cool ing water c o s t s ,  lower thermal p l a n t  ope ra t ing  ef f  i- 
ciency ,  and o the r  t e c h n i c a l  and non-technical f a c t o r s .  I f  the  l oads  i n  
Upper Egypt i nc rease  t o  approximately 3,500 MWe by 2000, then  the  in- 
c reased  load i n  Upper Egypt could support  one o r  more two-unit thermal 
power genera t ing  p l a n t s  which could b e  loca t ed  t h e r e .  I f  one of the 
p l a n t s  were t o  be s i t e d  on Lake Nasser,  i t  could employ a  once-through 
cool ing  system which would obv ia t e  the need f o r  cool ing towers; 
as a r e s u l t ,  p l a n t  ope ra t ing  e f f i c i e n c y  would be h igher .  I f  one of t he  
p l a n t s  was s i t e d  near  Nag Hammadi, and i n t e g r a t e d  e l e c t r i c a l l y  a t  500 kV 
t o  t h e  e x i s t i n g  500-kV/230 kV s u b s t a t i o n ,  t h e r e  could be  some b e n e f i t s  
t o  t h e  500 kV t ransmiss ion  system. Power f low a n d ' t r a n s i e n t  s t a b i l i t y  
s t u d i e s  w i l l  need t o  be made and p e r i o d i c a l l y  updated t o  determine the  
optimum system a s  it is expanded out t o  year  2000. F igures  5 and 6 
i l l u s t r a t e  peak power flows based on the  assumed condi t ions  f o r  2000. 



NOTES: / 
1. Thh schematic mrp wrr prepand for study purp0l4 only. 
2 SI. fig. 2 for schematic m w  of powor s y m n ~  in lowor Egypt 

MAY 1978 - DOEIBPA 

Fig. 3. Schematic Map of 500-kV and 220-kV network in Upper Egypt - 1980 
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EXIWIWG AND PUNNED OlUGW WWER PLANT 

Pig. 4 Schematic map of unified parer swtem in  lower Egypt - 

planned for 1980 and projected t o  the year 2000 
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Fig. 6 Peakload power flows-irrigation seasons, year 2000 



The Power System Control  Center planned f o r  completion by 1985 
could b e  rep laced  be fo re  2000 because of p a r t i a l  o r  complete obsole- 
scence.  The communication system will be enlarged a s  the  power system 
expands f u r t h e r .  The communication c i r c u i t s  w i l l  be needed f o r  c o n t r o l  
and p r o t e c t i o n  of power f a c i l i t i e s ,  d a t a  t ransmiss ion ,  and telecommun- 
i c a t i o n  f o r  power d i spa t ch ing ,  ope ra t i ons ,  and maintenance. 

The order-of -magnitude est imated cos t  f o r  the  e l e c t r i c a l  power 
f a c i l i t i e s  cons t ruc t ed  during t h e  per iod  of 1985 t o  2000, based on 1978 
d o l l a r s ,  is  approximately $34 b i l l i o n ,  a s  fo l lows:  

F a c i l i t y  
Amount 

$ Mil l ion  

500-kV and 220-kV Transmission Systems 1,588 

'- D i s  t,r i b u t  i on  Sys t e m s  

Control  and Communication 

Thermal and Hydro Generat ion 30,915 

' I  TOTAL $33,653 

-The equ iva l en t  i n  Egyptian pounds is L.E. 22.7 b i l l i o n .  

3.0 EXISTING ELECTRICAL POWER SYSTEM 

3.1 Independent Power Systems i n  Upper and Lower E g y p t  

A s  of  1962, and p r i o r  t o  t he  completion of the  High Aswan Dam 
P r o j e c t  on t he  N i l e ,  t h e  power system of Egypt was c h a r a c t e r i z e d  by t h e  
e x i s t e n c e  of a number of independent power d i s t r i c t s  wi th  networks of 66 
kV, 33 kV, 11 kV, and low v o l t a g e  d i s t r i b u t i o n  l i n e s .  The main t ransmiss ion  
l i n e s  a t  Aswan w e r e  132 kV. These were i n  s e r v i c e  in 1960 upon completion 
of t he  Aswan h y d r o e l e c t r i c  p r o j e c t ,  which cons.isted of seven u n i t s  wi th  
a c a p a c i t y  of.  46 MWe each, and two u n i t s  wi th  a capac i ty  of 11.5 MWe, o r  
a t o t a l  nameplate capac i ty  of 345 MWe. Most of t he  power i s  used by t h e  
Kima Company f e r t i l i z e r  manufacturing p l a n t  i n  Aswan. 

The f e r t i l i z e r  manufacturing process  beg ins  wi th  t he  e l e c t r o l y s i s  
of water  i n t o  hydrogen and, oxygen. The f e r t i l i z e r  product  c o n t a i n s  30 
percent  n i t r o g e n  i n  the  form of calcium ammonium n i t r a t e .  F e r r o s i l i c o n  
s t e e l  is  a l s o  manufactured a t  the  Kima p l a n t .  The power consumption is 
200 MWe f o r  f e r t i l i z e r  and 20 MWe f o r  f e r r o s i l i c o n  s t e e l ,  o r  220 MWe t o t a l  
f o r  t he  p l a n t .  The High Aswan Dam, completed in,  1970, i s  l o c a t e d  7 km 
south of Aswan. The e f f e c t i v e  capac i ty  of Aswan has  been reduced t o  260 
me because 'of reduced head upon completion of the  High Aswan Dam. 



3.2 Uni f ied  Power System - UPS 

Many independent power d i s t r i c t s  and low v o l t a g e  networks were 
e l e c t r i c a l l y  in te rconnec ted  and opera ted  a s  one main power system upon 
completion of t h e  High Aswan Dam P r o j e c t .  The Unif ied Power System i s  
planned, main ta ined ,  and opera ted  by t h e  EEA. Power i s  d ispa tched  and 
t h e  power system i s  c o n t r o l l e d  from t h e  Power System c o n t r o l  Center 
l oca t ed  a t  t h e  Cairo 500 Subs t a t i on .  

3.3 High Aswan Dam P r o j e c t  

The High Aswan Dam increased  t h e  h y d r o e l e c t r i c  gene ra t i ng  capac i ty  
by 2,100 MWe. The power house c o n s i s t s  of twelve h y d r o e l e c t r i c  t u r b i n e  
gene ra to r  u n i t s  each r a t e d  a t  175 MWe.  The t u r b  ne  des ign  head is  57.5 3 meters  wi th  a  water  d i s cha rge  f low r a t e  of 346 m /sec.  The f i r s t  175 
MWe u n i t  was placed i n t o  s e r v i c e  on October 15, 1967, and t h e  t w e l f t h  
u n i t  was placed i n t o  s e r v i c e  on J u l y  7, 1970. Appendix B c o n t a i n s  
f u r t h e r  d e t a i l s  on t h a t  High Aswan Dam P r o j e c t ,  i nc lud ing  p r i n c i p a l  
des ign  d a t a  and ope ra t i ng  exper iences  of t h e  500-kV t r ansmis s ion  l i n e s .  

The major e l e c t r i = a l  f a c i l i t i e s  t h a t  were cons t ruc t ed  a s  p a r t  of 
t h e  High Aswan Dam P r o j e c t  inc lude :  

o  500-kV T. L. t o  Cai ro ,  2  c i r c u i t s  788 km each; 

o ,220-kV T. L. Cairo-Alexandria,  2  c i r c u i t s ,  241 km t o t a l ;  

o  132-kV T. L. Upper Egypt, 508 km t o t a l ;  

o 500-kV S e c t i o n a l i z i n g  S t a t i o n s  a t  Nag Hammadi and ~ a m a l u t  wi th  
165 MVA shunt  r e a c t o r  connected t o  t h e  500-kV bus by 500-kV 
a i r - b l a s t  power c i r c u i t  b r eake r s ;  and 

o  t h r e e  80 MVA synchronous condensers a t  Cairo 500 Subs t a t i on .  

3:4 E x i s t i n g  Generat ing Capaci ty  

The e x i s t i n g  gene ra t i ng  s t a t i o n s ,  bo th  hydro and thermal e l e c t r i c ,  
a r e  l i s t e d  i n  t a b l e  1. The t o t a l  i n s t a l l e d  thermal capac i ty  i s  1,402 MWe 
and hydro c a p a c i t y  i s  2,445 MWe, o r  3,847 MWe t o t a l  f o r  t h e  Unif ied 
Power System. 

For v a r i o u s  reasons ,  no t  a l l  t h i s  c a p a c i t y ,  however, is  a v a i l a b l e  
o r  e f f e c t i v e  f o r  supplying load requirements  i n  Lower Egypt. A l l  of t h e  
thermal power gene ra t i ng  u n i t s  a r e  from f o r e i g n  manufacturers ;  some have 
e f f i c i e n t  b o i l e r s  wi th  good c o n t r o l  of combustion and o t h e r s  a r e  poor,  
r e q u i r i n g  f r equen t  shutdowns f o r  maintenance. The o l d e s t  u n i t s  were 
i n s t a l l e d  about 30 y e a r s  ago and t h e  newest u n i t s  went i n t o  s e r v i c e  
approximately 9  y e a r s  ago. Replacement p a r t s  have been d i f f i c u l t  t o  
o b t a i n  f o r  some of t h e  u n i t s ,  r e s u l t i n g  i n  long shutdown per iods .  



TABLE 1 

EXISTING GEmRATTNG STATIONS 2 

Un i t s  6 T o t a l  Name 
P l a n t s  Type S i z e  (We)  P l a t e  Capaci ty ( W e )  

Upper Egypt 
High Dam H 
Aswan Dam H 
Ass iu t  T 

Cai ro  
Cairo North T 2 x 10 

1 x 20 
2 x 30 100 

Cairo South T 4 x 60 24 0 
Cairo West T 3 x 87 261 
Teb b i n  T 3 x 15 45 
Cairo North GT 1 x 17 17 

De l t a  . - 
Tal ka T 

Damanho ur  T 

Alexandria  
Sio uf T 

Max 
Karmouz 

Canal Area 
Suez GT 
Ismai l  i a  GT 
Por t  Said GT 
Suez* T 

To ta l  Thermal Uni t s  37 
T o t a l  Gas Turbine Units  7 
To ta l  Name P l a t e  Rating - Thermal P l a n t  (T) 1,265 MW 
Tota l  Name P l a t e  Rating - Gas Turbine P lan t '  (GT) 137 MW 
To ta l  Name P l a t e  Rating - Hydro P lan t  (H)  2,445 MW 

* I n  the  process  of be ing  r e s to red  t o  opera t ion  a f t e r  having 
been s e r i o u s l y  damaged during t h e  wars. 

2 ~ g y p t i a n  E l e c t r i c i t ?  Author i ty ,  s t u d i e s  and Research Sector .  
~ e p b r t  on Review and Analysis  of t h e  United Power System Network 
and Expected Energy and Load Requirements up t o  1985. December, 1976. 



A l l  of t h e  i n s t a l l e d  h y d r o e l e c t r i c  capac i ty  of 2,445 MWe (Aswan 345 
MWe and High Dam 2,100 MWe) is n o t  e f f e c t i v e  or a v a i l a b l e .  H i s t o r i c a l l y ,  
s i n c e  t h e  High Dam went i n t o  f u l l  s e r v i c e  i n  1970, not  more than 10 out 
of t h e  12 u n i t s  have been a v a i l a b l e  f o r  s e r v i c e .  Each of the  s i x  
penstocks s u p p l i e s  water  t o  two 175 MWe u n i t s .  When one u n i t  is down f o r  
maintenance t he  o the r  u n i t  is a l s o  shu t  down. The gene ra t i ng  capac i ty  
a t  t h e  Aswan Dam was reduced from 345 MWe t o  260 MWe when the  High Dam 
went i n t o  s e r v i c e .  Because a t  l e a s t  one of the u n i t s  is down f o r  
maintenance, t h e  a v a i l a b l e  dependable capac i ty  i s  about 225 MWe. There- 
f o r e ,  1,975 MWe of gene ra t i ng  capac i ty  i s  about the  maximum. Because of 
power system s t a b i l i t y  l i m i t s  under s t eady  s t a t e  or  t r a n s i e n t  condi- 
t i o n s ,  t h e  power t r a n s f e r  c a p a b i l i t y  from the  High Dam t o  the  Cairo 
500-kV Subs t a t i on  is  l e s s  than 1,975 MWe. S tud ie s  by t h e  Russians 
and o t h e r s  have shown t h a t  the maximum through power t r a n s f e r  c a p a b i l i t y  
under s t eady  s t a t e  cond i t i ons  is of t he  order  of 1,700 t o  1,800 MWe. 

1 
S tud ie s  prepared by Sanderson and. P o r t e r  , c o n s u l t a n t s  f o r  the  

World Bank, have ind i ca t ed  t h a t  under normal opera t ion  t h e  l i m i t  of 
power t r a n s f e r  c a p a b i l i t y  would be i n  t he  order  of 1,420 t o  1,500 
W e .  

Peak load  i n  Upper Egypt now i s  approximately 600 MWe. With t en  
u n i t s  ca r ry ing  f u l l  load a t  the  High Dam, and assuming 225 MWe a t  Aswan, 
t h e  power received a t  Ca i ro  500-kV Subs t a t i on  would be 1,975 MWe minus 
600 MWe, o r  1,375 MWe. By.1983, the.EEA f o r e c a s t s  the  load i n  Upper Egypt 
t o  be approximately 1,240 MWe. Hydro power a v a i l a b l e  a t  Cairo 500-kV 
Subs t a t i on  i n  1983, assuming t h e s e  condi t ions  develop,  would be 1,975 MWe 
l e s s  1,240 We, o r  735 MWe. Th i s ,  of cou r se ,  i s  wi th in  t he  s a f e  normal 
ope ra t i ng  dynamic s t a b i l i t y  l i m i t  of  t he  500-kV T.L. For t he  19808s,: 
EEA and o t h e r s  f e e l  t h a t  t h e  upgrading of the  500-kV t ransmiss ion  
system, by adding s e r i e s  compensation o r  a  t h i r d  500-kV T.L. t o  Nag- - 
Hammadi o r  a l l  t h e  way t o  Cai ro ,  i s  not  necessary.  

The Surge Impedance Loading (SIL) of the  t h r e e  bundle  conductor ; 

400-kV T.L. ope ra t i ng  a t  50 H i s  900 y e ,  o r  1,800 MWe f o r  both l i n e s .  
Each l i n e  could handle  200 MVg wi th  90 C maximum conductor tempera- 
t u r e  i n  50' C ambient,  o r  4,000 MVA f o r  both 500-kV l i n e s .  According 
t o  t h e  D i r ec to r  a t  t he  High Dam, t h e  maximum power genera ted  a s  of Apr i l  
1978 a t  t he  High Dam was 1,400 MWe. 

* >  .. 
3.5 Operat inp Experience 

The number of " t r i p  ou t s "  o r  " f lashovers"  on the  500-kV transmis- 
s i o n  l i n e s  has  decreased s i n c e  the  system.was energ ized  e i g h t  yea r s  
ago. The EEA experienced f l a shove r  problems on lower v o l t a g e  l i n e s  
b e f o r e  t h e  High Aswan P r o j e c t  was s t a r t e d .  Based on E E A 8 s  pa s t  exper- 
i e n c e  wi th  33-kV and 66-kV l i n e s ,  c lean ing  o r  washing of i n s u l a t o r s  once 
o r  tw ice  a  yea r  was envis ioned .  

I 
Sanderson and P o r t e r ,  Inc.  Power Sec to r  Survey, Arab Republ ic  

of Egypt System Planning Diagnos t ic  Report S e c t i o n  I ,  Cai ro ,  
A p r i l ,  1977. 
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Russian des ign  f o r  t h e  500-kV t r ansmis s ion  l i n e s  provided f o r  a  
minimum leng th  of i n s u l a t i o n  leakage  pa th  of no t  less than  1.7 cm/kV 
(525 kV maximum wurking v o l t a g e ) ,  which was 30 pe rcen t  h igher  than  t h e  
i n s u l a t i o n  l e v e l  f o r  500-kV t r ansmis s ion  l i n e s  i n  t h e  U.S.S.K. The 
ope ra t ing  experience of t h e  500-kV, 220-kV, and 132-kV t r ansmis s ion  
l i n e s  showed t h a t  t h e  i n s u l a t i o n  l e v e l  a t  some t ransmiss ion  l i n e  sec- 
t i o n s  was no t  s u f f i c i e n t  because of h igh  concen t r a t ion  of s a l t s  i n  t h e  
s o i l s  and i n t e n s i v e  contaminat ion and moistening of i n s u l a t o r s  wi th  
dew. 

During t h e  period of November 1967 t o  February 1969, a group of 
Sovie t  s p e c i a l i s t s  on i n s u l a t i o n ,  w i th  t h e  h e l p  of Arab s p e c i a l i s t s ,  
c o n d u c t e d . ~ e s e a r c h  inc luding  s t u d i e s  on t h e  process  of i n s u l a t i o n  
contaminat ion and e f f e c t i v e n e s s  of c leaning ,  a n a l y s i s  of s a l t  concentra- 
t i o n  'in s o i l s ,  measurement of s a l t  con ten t  and s p e c i f i c  s u r f a c e  conduc- 
t i v i t y  of contaminat ion on t h e  s u r f a c e  of i n s u l a t o r s ,  measurement of 
d i scha rge  v o l t a g e s  of i n s u l a t o r s  dismantled from a l a r g e  number of 
towers ,  and i n v e s t i g a t i o n  of v i b r a t i o n  of 3-bundled conductors  a t  10 t o  
20 pe rcen t  increased  average tens ion .  

More i n s u l a t o r s  were added a t  d i f f e r e n t  l o c a t i o n s ;  i n s u l a t o r s  were 
washed twice a  year  between Samalut t o  b i r o ,  once a  year  between 
Nag-Hammadi t o  Samalut , and once every two yea r s  between Aswan t o  
Nag-Hammadi. Thei number of i n s t l l a t o r s  between Samalut and Cairo on some 
towers was increased  t o  40 b e l l s  o r  u n i t s  i n  a  s t r i n g .  The minimum 
number of i n s u l a t o r  u n i t s  i n  a l l  of t h e  s t r i n g s  was increased  from 2'3 t o  
27 u n i t s .  

During t h e  f ive-year  per iod  from 1971 t o  1975, Upper. Egypt became 
sepa ra t ed  from Lower Egypt 16 times. Load shedding is  i n i t i a t e d  automa- 
t i c a l l y  by under-frequency r e l a y s .  The f i r s t  s e t  of underfrequency 
r e l a y s  i s  s e t  t o  t r i p  a t  49.2 H which removes 65 pe rcen t  of t h e  load 

z  
on t h e  power system. A complete c o l l a p s e  of t h e  system has  occurred 
once dur ing  t h e  l a s t  s i x  yea r s  because a l l  t h e  zones d i d  no t  proper ly  
shed load. 

. , 

Table 2 shows t h e  number of t h e s e  sepa ra t ions  and t h e  accumulated 
t o t a l  . t imes . f o r  t h e  year  i n  hours  and minutes.  

TABLE 2 
SYSTEN DISTURBANCES RESULTING I N  SEPARATION OF LOWER AND UPPER EGYPT 

Year Number Hour/Min . 
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4.0 ELECTRICAL POWER FACILITIES UNDER CONSTRUCTION OR PLANNED FOR' 
CONSTRUCTION BY 1985 

4.1 Thermal Power Generat ing S t a t i o n s  

Table 3  i s  a  l i s t  of thermal power gene ra t ing  s t a t i o n s  under cons t ruc t ion .  

TABLE 3  
THERMAL POWER GENERATING STATIONS UNDER CONSTRUCTICN 

S t a t i o n  Name Type Units/MWe MWe Financed By 

Kafr E l  Dauwar FT 2x1 10 220 EEA 
Abu Qir FT 2x1 50 300 EEA 
Suez I FT 2x1 50 3  00 West Germany 
I sma i l i a  FT 2x1 50 300 USAID 
He lwan GT 4x3 0  120 US A I D  
Ta lkaha GT 6x3 0  180 US AID 

d 

FT - F o s s i l  Thermal Steam E l e c t r i c  Powerplant 
GT - Gas Turbine Powerplant 

Not included i n  t h e  above l i s t  is  a  proposed l a r g e  (+ 600 MWe) p l a n t  
p r e s e n t l y  being s tud ied  by Sanderson and P o r t e r  f o r  EEA. The gene ra t ion  
planning s t u d i e s  w i l l  determine t h e  p l a n t  c a p a c i t y ,  number of u n i t s ,  and 
l o c a t i o n  of t h e  p l a n t  s i t e .  E a r l i e r  s t u d i e s  i nd ica t ed  t h a t  a  600 MWe 
p l a n t  (2  x  300 MWe) would be needed by 1984. It now appears  t h a t  a  1984 
schedule  cannot be  met and t h a t  a  l a r g e  p l a n t  w i l l  be  needed by 1984 o r  
1985. The new p l a n t  w i l l  probably b e  designed t o  burn e i t h e r  o i l  o r  gas  
because of s h o r t  t ime schedule  and f o r  o t h e r  reasons.  The S&P s t u d y i i s  . 
scheduled t o  be completed by October 1978. 

. - 
4.2 Transmission L ines  

V 

c, 

Table 4  l ists t h e  220-kV l i n e s  under cons t ruc t ion  and l i n e s  planned 
f o r  cons t ruc t ion  wi th in  t h e  next  year.  The es t imated  l e n g t h  of l i n e S ' i s  
a l s o  tabula ted .  

TABLE 4  

220-kV TRANSMISSION LINES UNDER CONSTRUCTION 3U - 
Line  Distance/km Remarks ' . . 

. . .  
Nag Hammadi-Abutar t u r  UC 250 New Western Deser t  Phosphate m+ne 
Cairo-Ain Sukhna UC 100 On Gulf of Suez 
Cairo-Suez UC 120 On Gulf of Suez 
Cairo-Ismail ia  UC 100 
Ismailia-Suez UC 60 
Suez-Ain Sukhna PC 40 Th i s  l i n e  w i l l  c l o s e  a loop 
Nag Harnmadi-Safafa PC 180 Alumina and aluminum shipping  p o r t  

on t h e  Red Sea 
UC - Transmission l i n e  under cons t ruc t ion  
PC - Planned f o r  c o n s t r u c t i o n  t o  s t a r t  w i th in  one year  



Figures  3  and 4  a r e  maps showing t h e  e x i s t i n g ,  under c o n s t r u c t i o n ,  and 
p ro j ec t ed  gene ra t i ng  s t a t i o n s  and 500-kV, 220-kV, and 132-kV t r ansmis s ion  
l i n e s .  

4.3 Hydroe l ec t r i c  Power Genera t ing  S t a t i o n s  

Addi t iona l  p o t e n t i a l  h y d r o e l e c t r i c  capac i ty  i n  Upper Egypt is  i n  v a r i o u s  
s t a g e s  of planning. A second power house a t  Aswan would i n c r e a s e  t h e  c a p a c i t j  
by 160 MWe wi th  t h e  a d d i t i o n  of four  u n i t s  r a t e d  40 MWe. Power houses added 
t o  t h e  t h r e e  e x i s t i n g  ba r r ages  downstream from Aswan would provide  some addi- 
t i o n a l  energy. The p o t e n t i a l  a d d i t i o n a l  h y d r o e l e c t r i c  c a p a c i t y  i s  l i s t e d  i n  
t a b l e  5. It is  p o s s i b l e  some of t h i s  c a p a c i t y  could be  b u i l t  and a v a i l a b l e  
f o r  s e r v i c e  by 1985. 

TABLE 5  

POTENTIAL ADDITIONAL HYDROELECTRIC CAPACITY I N  UPPER EGYPT ON THE NILE 

P r o j e c t  UnitsIMWe Capaci ty/MWe 

Aswan, 2ud P. H. 

I.* 

Es na 
Nag Hammadi 
As s i u t  

In format ion  on h y d r o e l e c t r i c  p o t e n t i a l ,  i nc lud ing  Q a t t a r a  Depres- ' 

s i o n ,  and:pump s t o r a g e  is covered by t h e  Supply Team f o r  Hydro Power. 
r 

Two 5 0 0 - k ~  t r ansmis s ion  l i n e s  would probably be  extended from t h e  
Unif ied Power System t o  Q a t t a r a  Depression f o r  t h e  f i r s t  phase,  which 
would have a  h y d r o e l e c t r i c  gene ra t i ng  capac i ty  of 640 MWe dur ing  t h e  
f i r s t  t e n  y e a r s  whi le  t h e  dep re s s ion  i s  be ing  f i l l e d .  Af t e r  t h e  l e v e l  
i n  t h e  dep re s s ion  reaches  minus 60 m below s e a  l e v e l  from minus 131 m, 
t h e  gene ra t i ng  c a p a c i t y  would be  reduced t o  340 MWe. 

4.4 Power System Cont ro l  Center  

The e x i s t i n g  Power System Cont ro l  Center i s  l o c a t e d  a t  t h e  Cairo 
500-kV Subs t a t i on ;  i t  was b u i l t  as p a r t  of f h e  High Aswan Dam P r o j e c t .  
Under a  USAID g r a n t  of $48 m i l l i o n ,  a  new Power System Cont ro l  Center 
w i l l  be cons t ruc t ed .  The Computer Data Corporation-(CDC) was awarded t h e  
c o n t r a c t  t o  supply and i n s t a l l  t h e  l a t e s t  automated computer-assis t  
power d i spa t ch ing  system. The p r e s e n t  multi-channel power l i n e  c a r r i e r  
communication system between t h e  Cairo 500-kV Subs t a t i on  and t h e  High 
Dam w i l l  be  rep laced .  The General E l e c t r i c  Company w i l l  r e p l a c e  t h e  
power l i n e  c a r r i e r  system and provide a  microwave r a d i o  communications 
system f o r  c o n t r o l  and p r o t e c t i o n  of power f a c i l i t i e s  i n  Cairo,  Alexan- 
d r i a ,  and i n  t h e  Del ta .  G i l b e r t  Assoc ia tes  of Reading, Pennsylvania ,  
have been engaged a s  a r ch i t ec t - eng inee r s  f o r  t h e  p r o j e c t  . 
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5.0 PAST AND PROJECTED GROWTH OF ELECTRICAL ENERGY 

. It is w e l l  recognized t h a t  making long-range e l e c t r i c a l  load 
, 

f o r e c a s t s  wi th  reasonable  accuracy out  t o  year  2000 is  d i f f i c u l t .  The 
EEA h a s  undertaken s e v e r a l  load f o r e c a s t s  t o  year  1985 and p r o j e c t i o n s  
out  t o  year  2000. Accurate f o r e c a s t s  a r e  p a r t i c u l a r l y  d i f f i c u l t  i n  
Egypt because of p a s t  and p r e s e n t  economic condi t ions .  A sudden h igh  
r a t e  of l oad  growth has  occurred during t h e  l a s t  5 y e a r s  s i n c e  the war 
of 1973 - 
5.1 H i s t o r i c a l  Data 

Table  6 shows t h e  i n s t a l l e d  c a p a c i t y  and energy genera ted  by 
thermal  and hydro from 1952 t o  1976. Information f o r  Table  6 was taken 
from t h e  EEA "Annual Report o f  E l e c t r i c a l  S t a t i s t i c s  - 1976". 3 

TABLE 6 

HYDRO AND THERMAL CAPACITY AND ENERGY 1952 - 1976 

Thermal Hydro T o t a l  
Year MWe k ~ h x l  o6 me kWhxlO me k m k l o 6  

5.2 Forecas ted  Growth t o  1985 

Table  7 is  a t a b u l a t i o n  of t h e  i n s t a l l e d  e f f e c t i v e  capac i ty ,  
maximum demand, and genera ted  energy and t h e  annual load f a c t o r  .4 The 
annual  r a t e  of load  growth from 1970 t o  1976 va r i ed  over a wide range. 
The annual  load f a c t o r ,  h ighe r  than f o r  most e l e c t r i c a l  power systems 
throughout t h e  world,  is  expected t o  decrease  a f t e r  1983. 

t 

3 ~ i n i s t r y  of E l e c t r i c i t y  and Energy, EEA. Annual Report  of 
E l e c t r i c  S t a t i s t i c s ,  1976. 

4 ~ g y p t i a n  E l e c t r i c i t y  ~ u t h 0 r i . t ~ .  Report  on  Review and 
- -- -- 

Analysis  of t h e  United Power System ~ e t w o r k  and Expected Energy 
and Load Requirements up t o  1985. December, 'l976. 



TABLE 7  . 

PROJECTED GROWTH OF TOTAL INSTALLED EFFECTIV! GENERATING CAPACITY, 
MAXIMlTM DEMAND, AND GENERATED ENERGY , 1970 - 1985 

. . 

I n s t a l l e d  Maximum Demand Generated Energy Annual 
e f f e c t i v e  Annual Annual load 
genera t ing  MWe i n c r e a s e  GWH i n c r e a s e  f a c t o r  a  

Year capac i ty  . ( W ) .  ( %  (% 7 .. 

. . .  

. . Maximum Demand Generated. Energy 
Compound Rate  X Compound Rate  % 

a  
T o t a l  i n s t a l l e d  e f f e c t i v e  gene ra t i ng  capac i ty  = combined c o n t r i b u t i o n s  

of Aswan Dam and High Dam towards meeting annual  maximum demand + in- 
s t a l l e d  and p ro j ec t ed  e f f e c t i v e  c a p a c i t y  of a l l  o the r  p l a n t s .  (Does 
no t  account f o r  scheduled or  unscheduled equipment outages.)  

b  
H i s t o r i c a l  da t a .  

E m ,  December,, 1976 
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6 
A s tudy  prepared by EEA dated December 1976 shows the forecas ted  

peak load and energy demand f o r  the  period of 1980 t o  1985. The infor -  
mation i s  reproduced i n  t a b l e  8. 

TABLE 8 

PEAK LOAD AM) ENERGY DEMAND 1980 TO 1 9 8 5 ~  

Year 
Peak Load 

W e  
Annual Energy 

B i l l i o n  kWh 

1985, 
added 

In  order  t o  meet the  energy requirements i n  t he  period from 1981 t o  :i' . . , h' 
. 

t h e  EEA planned t o  have the  thermal power genera t ing  s t a t i o n s  . .. 
t o  UPS a s  shown i n  t a b l e  9. 

TABLE 9 

PROPOSED THERMAL POWER GENERATING STATIONS FOR PERIOD 1981 t o  1 9 8 5 ~  

Tota l  Scheduled 
S t a t i o n  Units/MWe W e  t o  Operate 

Ab u-Kir 2 x 150 
I s m a i l i a  2 x 150 
Sue'z I 2 x 150 
Suez I1 2 x 150 
Nuc ( S i d i  K r i r )  1 x 600 
Nuclear 1 x 600 

The EEA s t u d y  of December 1976 a l s o  showed a d d i t i o n a l  220-kV 
t ransmiss ion  l i n e s  t h a t  would be needed by 1985 (no 500-kV T. L. addi- 
t i o n s ) .  F igures  3 and 4 a r e  maps showing the  e x i s t i n g ,  proposed 1985, 
and .pro jec ted  Unif ied Power System a s  it might develop ou t  t o  year 
2000. 

6 
Min i s t ry  of. ~ l e c t r i c i t ~  and Energy, Egypt. O a t t a r a  Depression. 



5.3 P ro j ec t ed  Growth from 1985 t o  2000 

Future  p l ans  f o r  power system expansion from 1985 t o  2000 were no t  
a s  f a r  a long a s  those  up t o  1985. EEA i n d i c a t e d  p l a n s  f o r  1985 t o  2000 
would be  completed by October 1978. However, EEA d i d  supply a  tabula-  
t i o n  prepared f o r  a  system r e s e r v e  a n a l y s i s  t o  year  2000 and i n d i c a t e d  
t h e  in format ion  could be  used f o r  s tudy  purposes  i n  t h e  in te r im.  The 
p ro j ec t ed  added c a p a c i t y ,  a v a i l a b l e  system capac i ty ,  peak demand, and 
r e s e r v e  percentages  a r e  shown i n  t a b l e  10. 

TABLE 10 

PROJECTED SYSTEM CAPACITY AND RESERVES TO YEAR 2000 
. . 

Ad ded Re t i r ed  To ta l  Avail .  Peak Reserves Reserves 
Year Capaci ty  MWe Cap. MWe Cap. MWe Demand MWe MWe ' % 

0 
4 5 0 ~ + 5 9 ~ ~  
4.5OT+30S S 
600N+59E S  
600T+33NH 
600~+66AS 
600N+150PS 
600N+150PS 
600N+150PS 
6OON+150PS 
600N+300PS 
90 ON+3 OOPS 

. '  900N+300PS 
-' 9OON+3OOPS 

2  x  900N 
, 2 x . 9 0 0 ~  
" ~ O O N + ~ O O P S  
1,20ON+450PS 

Notes: The p ro j ec t ed  energy requirement  f o r  2000 i s  97.79 kWh x 1 0  
9  

Abbreviat ions : .. . 

AS - Aswan ( ~ o w e r '  Aswan, Dam) . SS - Assiu t  (An Exi s t i ng  Barrage) 
ES - Esna (An Ex i s t i ng  Barrage) NH - Nag Hammadi (An E x i s t i n g  Barrage) 
PS - Hydro ~ u m ~ . '  Storage T  - Thermal Power Generat ing S t a t i o n  

N - Nuclear '  power Generat'ing S t a t i o n  

Most of t h e  e l e c t r i c a l  loads  and people  a r e  concent ra ted  i n  t h e  
c i t i e s  of Cairo and Alexandria  and i n  . the immediate suburban a r ea .  The 
popula t ion  of Egypt is  about  40 m i l l i o n  and approximately 10 m i l l i o n  a r e  
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i n  Cairo.  The popula t ion  is r a p i d l y  expanding i n  Cairo and Ale landr ia .  
Most of t h e  count ry  of  Egypt wi th  an a r e a  of  about 1 m i l l i o n  km * i s  
d e s e r t  and less than 4 pe rcen t  of t he  land  i s  used f o r  farming. 

Egypt has  been prepar ing  p l a n s  t o  improve the  economic s o c i a l  w e l l  
being of i ts  people .  The p l ans  inc lude  development of f i v e  new c i t i e s  
i n  t h e  d e s e r t ,  wi th  i n d u s t r y  t o  reduce the  popula t ion  p re s su re  on the  l a r g e  
c i t i e s  and t o  provide  more and b e t t e r  employment. The c i t i e s  would provide 
f a c i l i t i e s  and amen i t i e s  f o r  500,000 people  i n  each c i t y .  The power require-  
ments f o r  i ndus t ry ,  commercial, and domestic loads  have been es t imated  a t  
about 250 MWe f o r  each of t he  f i v e  c i t ies .  Table 11 l is ts  the  new c i t ies  
and t h e i r  approximate l o c a t i o n s .  

TABLE 11 

LIST OF FIVE NEW PROPOSED DESERT CITIES 

C i ty  Locat i on  

1. Sadat C i t y  Approximately 75 km NW of Cairo 

2. New Amiriya Approximately 75 km SW of Alexandria 

3. Tenth of  Ramadan Between Cairo and I s m a i l i a  

4. E l  Obor See Note 

5. King Kahald See Note 

Note: The sites f o r  E l  Obor and King Kahald a r e  near  El Faiyum, which 
is approximately 110 km south  of Cairo.  El Faiyum i s  loca t ed  
near  an o a s i s  which is w e s t  of t h e  N i l e  R iver ,  approximately 37 
km by a n  e x i s t i n g  highway. 

The p e r  c a p i t a  e l e c t r i c a l  energy consumption a f t e r  t h e  popula t ion  
i n  t h e  c i t i e s  has  grown to  500,000 people  i n  25 y e a r s  is  expec t ed? to  be  
about 1,16g kWh pe r  year .  This  is  based on, f o r  example, 583.7 GWH (or  
583.7 x 10  kWh) t o t a l  use of e l e c t r i c a l  energy f o r  a l l  services--  
i n d u s t r y ,  commercial, and domestic. Alexandria  used about twice t h i s  
much i n  1976. 

9 
Alexandria 's  popula t ion  of 2,300,000 used 1.162 x 10 kWh i n  1976 

o r  505 kWh/year/capita.  It has  been es t imated  t h a t . d o m e s t i c  consumption 
i s  about 17 pe rcen t  of t h e  t o t a l  org86 kWhlyearlperson. Nat ional  usage 
by 38 m i l l i o n  people  was 11.64 x 10 kWh i n  1976 o r  approximately 305 
kWh/year/capita.  

Table  12 d a t a  is based on informat ion  provided by EEA and a s  
t abu la t ed  i n  t a b l e  10. The annual  growth i n  peak demand is  p ro j ec t ed  a t  
about 8 t o  9 percent .  Table  12 assumes t h i s  e l e c t r i c a l  energy and 
c a p a c i t y  requirements  w i l l  be  served p r i m a r i l y  by convent iona l  sources .  



TABLE 12* 

PROJECTED LOADS AND RESOURCES WITH OPTIONS TO YEAR 2000 

\ 

Option 1 Option 2 Option 3 Option 4 

C a p a b i l i t y ,  MWe 3,789 3,789 20,785 20,785 20,785 20,785 

Hydro 1,500 2,130 2,200 2,200 2,200 2,200 

P. S. 0 0 2,900 4,300 2,900 4,300 

F. Thermal 2,289 4,540 3,385 3,985 4,415 8,015 

Nuclear 0 0 12,600 10,600 10,600 5,600 

Q a t t a r a  Depr. 0 0 0 0 640 640 

Peak Demand, MWe 1,909 5,045 17,395 17,395 17,395 17,395 

Energy, B kWh: 

Lo ad 

Pumping 
H 
cn 
cn 

*Prepared i n  c o l l a b o r a t i o n  wi th  t h e  Supply Team during t h e  d e b r i e f i n g  on Apr i l  25 and 26, 1978, !3 
i n  Washington, D.C. z I 

M 

2 



By year  2000 i t  is expected t h a t  s o l a r  energy w i l l  be used,  particularly 
f o r  supply ing  some of t h e  energy needs ,  such a s  f o r  hea t ing  h o t  water  
and f o r  c e n t r a l  a i r  condi t ion ing .  Space hea t ing  requirements  a r e  
minor. There may a l s o  be o t h e r  new renewable types of r e sou rces  em- 
ployed f o r  gene ra t i on  of e l e c t r i c a l  energy, such a s  wind, geothermal,  
and pho tovo l t a i c .  I f  t he se  sources  become a v a i l a b l e  f o r  gene ra t i on  of 
e l e c t r i c a l  energy, t hey  w i l l  make c o n t r i b u t i o n s  t o  supply ing  some p a r t  
of e l e c t r i c a l  energy needs by  year 2000. 

The use of d i r e c t  s o l a r  hea t ing  of wa te r ,  of cou r se ,  would reduce 
the 'consumption of bu tagas .  Cooking and l i g h t i n g  with e l e c t r i c i t y  i n  
t h e  v i l l a g e s  would reduce consumption of kerosene and i n c r e a s e  use of 
e l e c t r i c i t y .  

6:0. DISTRIBUTION 

D i s t r i b u t i o n  f a c i l i t i e s  i n  most of Egypt a r e  run-down and over- ' 

loaded.  The subt ransmiss ion  network a t  66 kV (2600 km) and 33 kV (1600 
km) s u p p l i e s  11 kV, 6.6 kV, and 3 kV d i s t r i b u t i o n  f a c i l i t i e s .  Low 
v o l t a g e  d i s t r i b u t i o n  is 3801220 v o l t s ,  p a t t e r n e d  a f t e r  European prac- 
t i c e s .  System frequency i s  50 H . 

Z 

Two major e f f o r t s  a r e  in p rog re s s  t o  r e h a b i l i t a t e  and ,expand t h e  
d i s t r i b u t i o n  f a c i l i t i e s .  One under EEA is  a  d i s t r i b u t i o n  p r o j e c t  f o r  
Ca i ro ,  Alxandr ia ,  Beni Suef ,  and Shibin7El-Kom by Harza Overseas Engi- 
nee r ing  Company and Sabbour Assoc ia tes .  Th i s  work i s  funded by 
USAID, $50 m i l l i o n .  The o t h e r  by t h e  Rural E l e c t r i f i c a t i o n  Author i ty  . 
(REA) covers  a  r eg iona l  popula t ion  of 6  m i l l i o n  people  i n  about 32 , 
zones. The World Bank is  f inanc ing  work f o r  about 1.8 pe rcen t  of REA's 
Nat iona l  Rural E l e c t r i f  i c i a t i o n  Plan which was s t a r t e d  i n  1971 wi th  the 
h e l p  of  govie t  c o n s u l t a n t s .  The World Bank loan  is i n  t he  amount of $48 
m i l l i o n .  

C 

The t o t a l  cos t  of the  REA p o r t i o n  of t he  d i s t r i b u t i o n  r e h a b i l i t a -  
t i o n  and expansion p r o j e c t  (1978-80) i n  32 REA zones is. es t imated  a t  
$70.6 m i l l i o n  ( a  p o r t i o n ;  $48 m i l l i o n ,  was loaned by t h e  World Bank).. . 
The p r o j e c t  c o n s i s t s  o f  approximately 3,400 km of 11-kV and 380/220 V 
overhead and underground d i s t r i b u t i o n  l i n e s  and r e l a t e d  equipment, 230; 
MVA of s u b s t a t i o n  and d i s t r i b u t i o n  t ransformer  capac i ty ,  and 100 km of 
66-kV and 33-kV subt ransmiss ion  l i n e s  and r e l a t e d  f a c i l i t i e s ,  t ra in ing . ,  
and consu l t i ng  s e r v i c e s .  

7 
Harza Overseas Engineering Company and Sabbour .Assoc ia tes .  

E l e c t r i c a l  D i s t r i b u t i o n  System R e h a b i l i t a t i o n  and Expansion f o r  Cai ro ,  
Alexandr ia ,  Beni Suef ,  and Sh ib in  E l  Kom. Phase I Report .  February, 
1978. (Funded by A.I.D.) 

8  
Harza Overseas Engineering Company and Sabbour Assoc ia tes .  E l e c t r i c a l  

D i s t r i b u t i o n  System R e h a b i l i t a t i o n  f o r  Expansion f o r  Nine P r o v i n c i a l ,  
C i t i e s :  Ass iu t .  Aswan, Damiet ta ,  E l  Minya, Fayoum, Fuwa, Mahalla. 
Mansoura and Tata .  Phase I-A Report.  February, 1978. (Funded by IBRD.) 



7.0 ELECTRICAL POWER SYSTEM PROJECTED FROM.1985 TO 2000 

7.1 Thermal Power Generat ing S t a t i o n s  

Generation planning and t ransmiss ion  system planning out  t o  year  
2000 have not  been completed by EEA and its consu l t an t s .  The l o c a t i o n  
of f u t u r e  convent ional  thermal power gene ra t ing  s t a t i o n s  ( o i l ,  gas ,  and'  
nuc l ea r )  a r e  based on t y p i c a l  c r i t e r i a  f o r  p l a n t  s i t i n g  f a c t o r s  and 
system loads .  S i t i n g  s t u d i e s  f o r  nuc lear  p l a n t s  a r e  be ing  conducted by 
French consu l t i ng  engineers .  

F igures  3 and 4 ,  which show a p ro j ec t ed  layout  of gene ra t ing  
s t a t i o n s ,  t ransmiss ion  l i n e s ,  and s u b s t a t i o n s  were prepared f o r  making 
order-of-magnitude e s t ima te s .  The f i g u r e s  do not  r ep re sen t  r e s u l t s  of 
load f low o r  t r a n s i e n t  s t a b i l i t y  s t u d i e s .  

Table 13 is a l i s t  of thermal power gene ra t ing  s t a t i o n s  pro jec ted  
f o r  t h e  per iod  from 1985 t o  2000. 

7.2 Hydroe lec t r i c  Power Generat ina S t a t i o n  

Table 12 shows the  hydroe lec t r i c  c a p a b i l i t y  o r  e f f e c t i v e  capac i ty  
f o r  t he  y e a r s  1976, 1985, and 2000. The c a p a b i l i t y  of t h e  i n s t a l l e d  
h y d r o e l e c t r i c  capac i ty  which i s  loca t ed  i n  Upper Egypt t o  supply load i n  
Cairo depends on water  supply a v a i l a b l e  f o r  genera t ion  of power, t h e  
load i n  Upper Egypt, power t r a n s f e r  c a p a b i l i t y  of the  two 500-kV t rans-  
mission l i n e s  t o  Cairo,  and the  a v a i l a b i l i t y  of t h e  hydroturbine genera- 
t o r  u n i t s .  Table 14 lists the  e x i s t i n g  and proposed a d d i t i o n a l  hydro 
c a p a c i t y  t h a t  could b e  i n s t a l l e d  i n  Upper Egypt. 

. Table 15 l ists the  p o t e n t i a l  hydro pump s t o r a g e  p r o j e c t s  along the  
Gulf of Suez and the  Qa t t a r a  Depression. 

7.3 Transmission Lines  and Subs t a t ions  
z. 

During t h e  per iod  between 1985 t o  2000 t h e  500-kV t ransmiss ion  
system would be extended from Cairo t o  Alexandria and t o  the l a r g e  
thermal  power gene ra t ing  s t a t i o n s  loca t ed  along t h e  Mediterranean Sea. 
Also, 500-kV t ransmiss ion  l i n e s  would be extended from Cairo t o  the  
power p r o j e c t s  (power p l a n t s  and pump s to rage )  l oca t ed  south  of SUL: -n 
the  Red Sea. 

Table 16 i s  an  order-of-magnitude type of p r o j e c t i o n  f o r  a d d i t i o n a l  
500-kV and 220-kV t ransmiss ion  l i n e s  f o r  t he  1985-2000 per iod .  

7.4 Power System Cont ro l  and Communication 

Power system, c o n t r o l ,  p r o t e c t i o n ,  and communication f a c i l i t i e s  
w i l l  be  expanded wi th  the  expanded power f a c i l i t i e s  f o r  the  period of 
1985 t o  2000. Bas i ca l ly ,  both' microwave and powerline c a r r i e r  w i l l  
p rovide  the  e s s e n t i a l  communications f o r  t ransmiss ion  of d a t a ,  protec-  
t i o n  of t ransmiss ion  l i n e s ,  t ransformers  and o t h e r  e l e c t r i c a l  appara tus ,  
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c o n t r o l ,  and telecommunications.  In  Upper Egypt mul t ichannel  c a r r i e r s  
on t h e  220-kV t r ansmis s ion  l i n e s  could provide  communication c i r c u i t s  
extended t o  Safaga on t h e  Red Sea. In Lower Egypt t h e  microwave commun- 
i c a t i o n  system could be  extended t o  t h e  l a r g e  power gene ra t i ng  complexes 
on t h e  Mediterranean Sea and Gulf of Suez. 

The new power system c o n t r o l  c e n t e r  and communication systems 
p r e s e n t l y  i n  t h e  des ign  s t a g e  and placed i n  o p e r a t i o n  b e f o r e  1983 w i l l  
be  expanded during t h e  next  decade. The c a r r i e r  and microwave system 
i n s t a l l e d  i n  1983 probably w i l l  be  i n  s e r v i c e  by 1995 but  w i l l  be 
g r a d u a l l y  rep laced  due t o  obsolescence.  The high  technology computers,  
d i spa t ch ing  t e r m i n a l s ,  and o the r  p e r i p h e r a l  f a c i l i t i e s  i n  t h e  power 
system c o n t r o l  could be  rep laced  sometime b e f o r e  1995 due t o  obsole- 
scence  and d i f f i c u l t i e s  i n  ob t a in ing  s p a r e  p a r t s .  

7.5 Order-of-Magnitude Cost Es t imates  

A summary of t h e  order-of-magnitude c o s t  e s t i m a t e s  f o r  e l e c t r i c a l  
power system f a c i l i t i e s  b u i l t  f o r  and dur ing  t h e  per iod  of 1985 t o  2000 
is  i n d i c a t e d  i n  t a b l e  17. The c o s t s  a r e  based on 1978 p r i c e  l e v e l s  
i nc lud ing  e s c a l a t i o n  and i n t e r e s t  during t h e  c o n s t r u c t i o n  per iod .  

TABLE 13 

THERMAL GENERATING STATIONS PROJECTED FOR PERIOD 1985 - 2000 

Type No Size  MWe T o t a l  Cap. MWe 

Oil/Gas 2  
Oil /Gas 1 
Nuclear 7  
Nuclear 8  
Nuclear 1 



TABLE 14  

EXISTING AND PROPOSED ADDITIONAL HYDROELECTRIC CAPACITY AND ENERGY 
I N  UPPER EGYPT 

Power House 

Conventional 
Max. Cap. Annual Capacity Factor  

MWe Gen. GWH W 

Exi s t i ng :  
High ljalu 

> .  As wan 
Sub to t a l  

Proposed : 
Aswaq 2nd P.H. 
Esna 
Nag Haymadi 

2  

As s i u t  
S u b t o t a l  

. T o t a l  

The i n s t a l l e d  capac i ty  a t  t h e  Aswan Hydroe lec t r ic  Power House is 345 MW?. 
A f t e r  completion of t h e  High Aswan D a m  t h e  c a p a b i l i t y  was reduced t o  260 MWe 
because of lower. hyd rau l i c  head. 

Ex i s t i ng  Barrages.  P o t e n t i a l  hydro c a p a c i t y  a t  f o u r  o t h e r  Barrages f u r t h e r  
down s t ream have been s t u d i e d  but  t h e s e  p r o j e c t s  do n o t  appear t o  be  economi- 
c a l l y  f e a s i b l e  a t  t h i s  t i m e  un l e s s  a  l a r g e  s h a r e  of t h e  c o n s t r u c t i o n  c o s t s  is  
o f f s e t  and a l l o c a t e d  f o r  b e n e f i t s  t o  i r r i g a t i o n .  



POTENTIAL HYDRO PUMP STORAGE PROJECTS AND QATTARA. DEPRESSION 

Conven t iona l  
Max. Cap. Annual 

Power Mouse MWe Gen. WH 

Suez 81 ( E l  Bahar iya)  
Suez. 82 ( E l  Bahar iya)  
Suez /I3 (At iga )  

Q a t t a r a :  
1 

Phase I 
Phase I1 
Phase I11 

1 
Q a t t a r a  Depress ion  w i t h  an  open c a n a l .  

2 
Combined c o n v e n t i o n a l  h y d r o g e n e r a t o r  and pumped s t o r a g e .  
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TABLE 16 

ADDITIONAL 500-kV AND 220-kV TRANSMISSION LINES PROJECTED FOR PERIOD 
--.- 1985 t o  2000 

500-kV Transmission Line 
No. of Tota l  No. of 

C i r c u i t s  Length,km Terminals 

Cairo 500 - El Amiriya 7 

Cairo 500 - Cairo Sbf Cairo 500 - Cairo S 
Cairo SW - E l  F a i y m  
Cairo SW - Cairo S 7 
Cairo SW - Med 500 82 
Med 500 ill - E+ Amiriya 
Cairo S -lSuez 
El  Faiyum 
Suez Hydro P. S. 

2 
3 

GOS P l a n t  #1 P.H. Lines3 
GOS P lan t  #2 P.H. Lines 

2' 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
3 

To ta l  

i Med 500 #1 - S i d i  Krir 
-GOS 500 kVl220 5 V  Sub. S ta .  4 

'Suez Hydro P. S. 
.Sadat C i ty  5 

i Tenth, of  Ramadan 6 

Cairo 500 - Cairo N 
E l  Faiyum - E l  Obor 
El  Faiyum - King Kahald 
Aswan - New Valley 
Hydro P.S. P.H. Lines 

To ta l  

One of t he  e x i s t i n g  Cairo-Asvan High Dam 500-kV l i n e s  looped i n t o  new El 
Faiyum 500-kV Subs ta t ion .  

Hydro pump s t o r a g e  p l a n t  near  Suez i n t e g r a t e d  with 500-kV and 220-kV 
t ransmiss ion  l i n e s .  

Gulf of Suez Nuclear Power P lan t   umber 1 and 2 x 600 MW pdwer house l i n e  
t o  Gulf of Suez 500-kVl220-kV Subs ta t ion .  

TWO e x i s t i n g  Ain Suknna-Suez 220-kV t ransmiss ion  l i n e s  looped i n t o  Gulf  
of Suez 500-kV/220-k~ Subs ta t ion .  

Two e x i s t i n g  Cairo-Tohrir I1 (Abon E l  Matamir) 220-kV l i n e s  looped i n t o  
new Sadat City.  

TWO e x i s t i n g  220-kV t ransmiss ion  l i n e s  looped i n t o  new Tenth of Ramaden 
C i ty*  

High c a p a c i t y  500-kV t ransmiss ion  l i n e s  (4000 MW pe r  c i r c u i t ) .  



TABLE 17 
..N 

A SUMMARY OF ORDER-OF-MAGNITUDE ESTIMATED COSTS OF ELECTRICAL POWER. 
FACILITIES 1985 - 2000 

F a c i l i t y  
Unit  Cost Amount 
$ M i l l i o n  Quant i ty  $ M i l l i o n  . . .  

500 k~ T.L., $106/mi 6 
500 kV T.L. High Cap. $10 / m i  
500 kV Terminal $10 each 
220 kV T.L., $10 / m i  
220 kV Terminal $10 each 
D i s t r i b u t i o n  Lump Sum 6 
Power System Cont ro l  + Cgmm $10 / ~ u m p  
0 i l l G a s  Power Un i t s ,  $10~ ' /450  MW ' 

Oil/Gas Power P l a n t ,  $106/600 .MW 
Nuclear Power Un i t s ,  $106/600 MW 
Nuclear Power P l a n t ,  $106/900 MW 
Nuclear Power P l a n t ,  $10 ./1,200 MW 

Sub to t a l  . 

6 
Hydro Pump Storage  $10 /p . ' 

Hydroe l ec t r i c  P l a n t s  $10 /MW 
T o t a l  Generat ion 

Summary : 

F a c i l i t y  

. .50 2 20 
60 1,370 

8 37 
.3  614 

4 4 4 
1000 Lump 

Lump 
200 2 
270 1 
85 0 7 

1,206 8 
1,400 1 

Amount 
$ M i l l i o n  

Transmission 1,588 
D i s t r i b u t i o n  1,000 
Cont ro l  and Communication 150 
Generat ion 30,915 

T o t a l  $33,653 

. *1 

O r  approximately $34 B i l l i o n ,  o r  L.E. 22.7 B i l l i o n  Egyptian Pounds 
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8.0 OBSERVATIONS AND OPTIONS 

.-.* The r e l i a b i l i t y  of  t h e  UPS t r ansmis s ion  sys  t e m  has  improved s i g n i -  
f i c a n t l y  s i n c e  1970. The r e l i a b i l i t y  and q u a l i t y  of s e r v i c e  is expected 
t o  f u r t h e r  i n c r e a s e  by 1985 wi th  t he  a d d i t i o n  of s u f f i c i e n t  gene ra t i ng  
c a p a c i t y ,  t r ansmis s ion  l i n e s ,  t h e  new Power Sys tem Control  Center ,  and 
wi th  adequate  numbers of a p p r o p r i a t e l y  t r a i n e d  ope ra t i ng  and maintenance 
personnel .  

The planned expansion and upgrading of t h e  d i s t r i b u t i o n  f a c i l i t i e s  
combined with a  sys temat ized  maintenance program (procedures  and s t o c k  
c o n t r o l  bf replacement  p a r t s  and m a t e r i a l )  and adequate ly  t r a i n e d  and 
equipped crews w i l l  improve the  a v a i l a b i l i t y  of h ighe r  q u a l i t y  e l e c t r i c  
s e r v i c e  t o  a l l  s e c t o r s  of consumers. 

Generat ion planning s t u d i e s  a r e  be ing  prepared f o r  t h e  near-term 
gene ra t i on  requirement .  It would be a p p r o p r i a t e  t o  i nc lude  s t u d i e s  t o  
determine the  c o s t  and b e n e f i t s  of  i n c r e a s i n g  t h e  power t ransmiss ion  
c a p a b i l i t y  of t h e  e x i s t i n g  two. 500-kV t r ansmis s ion  l i n e s  between Cairo 
500 and t h e  High Dam. It is p o s s i b l e  t h a t  t h e  i n c r e a s e  i n  t ransmiss ion  
c a p a c i t y  from 1,000 MWe t o  2,000 MWe would be of s i g n i f i c a n t  b e n e f i t  not  
on ly  from south  t o  no r th  bu t  a l s o  power t r a n s f e r s  from no r th  t o  south .  

P repa ra t i on  of an accurat:e,  comprehensive s tudy  of f u t u r e  load  
' 

growth f o r  each year  t o  2000 J-s a  d i f f i c u l t  t a sk .  The information .w i th  
r e s p e c t  t o  p r o j e c t e d  c a p a c i t y  and energy requiqrements , load du ra t i on ,  
d a i l y  load  c y c l e ,  and l o c a t i o n , o f  l o a d s  is needed f o r  gene ra t i on  and 
t ransmiss ion  system planning s t u d i e s .  The load  growth s t u d i e s  a r e  a l s o  
needed :for p lanning  f o r  d i ~ t r i t ~ u t i o n  f a c i l i t i e s .  

An op t ion  wi th  r e s p e c t  t o  t h e  e x i s t i n g  o i l - f i r e d  power gene ra t i ng  
s t a t i o n s  would be  t o  e s t a b l i s h  3 vigorous  power p l a n t  ope ra t i ng  e f f i -  
c i ency  improvement program. The o the r  op t ions  a r e  t o  shu t  down the  
sma l l ,  o l d ,  i n e f f i c i e n t  p l a n t s  and main ta in  them on a  co ld  s tandby b a s i s  
o r  d i sman t l e  t he  power p l a n t s  and use the  s i te  f o r  a  new p l a n t  o r  f o r  
o t h e r  purposes .  

9.0 APPENDICES 

9.1 Appendix A - Contact  L i s t  

Discuss ions  wi th  Egyptian o f f : i c i a l s  i n  Egypt were he ld  from March 
23 t o  A p r i l  19,  1978. 

March 25: Harza Engineering Company, Vaugh J. Andres, P.E., 
Resident  Manager; Thomas E. Horkay, P.E., Res ident  Manager; Herber t  
Barton,  Senior  E l e c t r i c a l  Engineer;  Lawrence E. Rodewald, P.E., Senior  
U t i l i t i e s  Engineer;  and D r .  Zahedanl:, Economist. Harza has  prepared 
s t u d i e s  of e x i s t i n g  d i s t r i b u t i o n  f a c i l i t i e s  and requirements  f o r  re- 
h a b i l i t a t i o n  and expansion of e1ec t r : t ca l  d i s t r i b u t i o n  f a c i l i t i e s  f inanc- 
ed by t h e  U.S. Agency f o r  I n t e r n a t i o r i ~ a l  Development (USAID) and t h e  



I n t e r n a t i o n a l  Bank f o r  Reconstruct ion and ~ e v e l o ~ m e n t  (IBRD). The Phase 
I s tudy ,  f inanced  by USAID, was f o r  Cairo,  Alexandria ,  Beni Suef ,  and 
Shib in  El-Kom. Phase I-A s tudy ,  f inanced  by IBRD, was prepared f o r  
n ine  p r o v i n c i a l  c i t i e s  with a combined popula t ion  of 6 mi l l i on .  

March 29, A p r i l  1 and 15: Engineer Adly Kame1 Yakan, P r i n c i p a l  
Executive Chairman, and Undersecretary of S t a t e  Minis t ry  of E l e c t r i c i t y ,  
Engineer Naguib Ibrahim Rizk and Mohamed Caha El-Safty,  Undersecretary 
of S t a t e  Minis t ry  of E l e c t r i c i t y .  A l l  a r e  wi th  the  Qa t t a r a  Depression 
P r o j e c t  Authori ty .  The Qa t t a r a  Author i ty  also is r e s p o n s i b l e  f o r  
planning and engineering work f o r  h y d r o e l e c t r i c  and pump s t o r a g e  pro- 
j e c t s  a s  w e l l  as f o r  t h e  Q a t t a r a  Depression P r o j e c t .  Tel .  28621. 

A p r i l  2: Egyptian I ron  and S t e e l  Company loca t ed  i n  Helwan. 
Engineeer Tawakol E l  Maghrabi, Vice Chairman. Tel. 38523. 

A p r i l  4 and 17: D r .  Mostafa Swidan, D i r e c t o r ,  Power System Plan- 
n ing ,  Egyptian E l e c t r i c i t y  Author i ty  (EEA). Tel.  831-525. 

A p r i l  6: D r .  Eng. Hamdy M. El-Shaer, General D i rec to r  of Operating 
Condit ions and Computing Center Dispatching I n s p e c t o r a t e  EEA, and Yehia 
Abu-Alam, P r o j e c t  Control  Manager, Nat iona l  'Energy Control  Center.  The 
Power Control  Center is loca t ed  near  t he  West Cairo Steam-Electric 
Generat ing S t a t i o n  on the  Ni l e  River  near  Euibaba, a suburb of Cairo.  
Te l .  971260 and 91252. 

A p r i l  8: Mohamed A. E lne fe ly ,  General D i rec to r ,  High Aswan Dam and 
Sayed Grad, Head of Publ ic  Re la t ions ,  Kima Co. a t  Aswan. The Kima Co. 
produces hydrogen and oxygen by e l e c t r o l y s i s  of water .  The hydrogen is  
combined with n i t r o g e n ,  t h r e e  p a r t s  of  hydl-ogen t o  one p a r t  n i t rogen , '  t o  
make ammonia a s  p a r t  of the  f e r t i l i z e r  mantlfacturing process .  The 
f e r t i l i z e r  is i n  s o l i d  form a s  calcium ammonium n i t r a t e .  The Kima 
f e r t i l i z e r  p l a n t ,  which was b u i l t  be fo re  High Aswan was cons t ruc t ed ,  
u ses  220 MWe of power, of which 20 MWe is  used f o r  t h e  manufacture of 
f e r r o s i l i c o n .  Most of t he  oxygen which is produced a s  a by-product (300 
tons  per  day) is wasted by ven t ing  t o  the ,atmosphere. 

A p r i l  9: Aluminum p l a n t  i n  Nag Hammidi. Design capac i ty  i s  
100,000 t o n s  per  year .  E l e c t r i c a l  power r equ i r ed  is  240 MWe. The energy 
consumed f o r  reduct ion  of aluminum is  16,1500 kWh per  ton. The t o t a l  
energy consumed by t h e  aluminum p l a n t  i nc lud ing  f o r  c a s t i n g  and f o r  the  
rod m i l l  i s  18,000 kWh per  ton of aluminiun. Cons t ruc t ion  is underway t o  
i n c r e a s e  t h e  capac i ty  t o  166,000 tons  pex year  which w i l l  r e q u i r e  an 
i n c r e a s e  i n  power requirements  from 240 MWe t o  400 MWe t o t a l .  

A p r i l  11 : NASR O i l  Refinery i n  E l .  Ameriya which is  near  Alexandria.  

A p r i l  12: El  Siouf E l e c t r i c  Generat ing S t a t i o n ,  Abdel Aziz, Power 
P l a n t  Superintendent ;  MISR Rayon Co., Shoku Elkalya,  Deputy Di rec to r ,  
l oca t ed  i n  Kafr Ed Dauwar. 



A p r i l  18: John W. Cal lahan,  P.E., Power Engineer,  U.S. Agency f o r  
I n t e r n a t i o n a l  Development (USAID), American Embassy, Cai ro ,  Egypt. Tel.  

- ,. 28219. 

Discuss ions  were a l s o  he ld  i n  Washington, D.C. on Monday and 
Tuesday, A p r i l  24 and 25 wi th  t he  fo l lowing  people  from t h e  world Bank 
and USAID on E l e c t r i c a l  Power Systems: 

A p r i l  24: M r .  Auturo Roa, t h e  World Bank. 

A p r i l  25: M r .  Thomas S t e r n e r ,  USAID. 

9.2 Appendix B - H i ~ h  Aswan Dam P r o j e c t  

9.2.1 H i s to ry :  The c o n s t r u c t i o n  elf t he  High Aswan Dam on the  
N i l e  i n  Upper Egypt was a  f u l f i l l e d  goal  of P re s iden t  Nasser and t h e  
people  of Egypt t o  c o n t r o l  t h e  d e v a s t a t i n g  f l o o d s  of t he  N i l e ,  p rovide  
i r r i g a t i o n  water  dur ing  pe r iods  of d rought ,  and gene ra t e  a  r e l a t i v e l y  
l a r g e  b lock  of power. Planning and n e g o t i a t i o n s  f o r  t h i s  p r o j e c t  were 
conducted during t h e  1950's and 1960's. P re s iden t  Nasser s u c c e s s f u l l y  
concluded agreements w%th Russia  f o r  f i n a n c i a l  loans  t o  des ign  and 
c o n s t r u c t  t h e  High Aswan P r o j e c t .  The p r o j e c t  was a  major undertaking 
and inc luded  des ign  and cons t ruc t ion  of ,(a) the  e a r t h - f i l l e d  h igh  dam, 
(b) 500-kV t r ansmis s ion  l i n e s  t o  Cairo,  ( c )  220-kV t ransmiss ion  l i n e s  
from Cai ro  t o  Alexandr ia ,  (d )  two 500-kt" s e c t i o n a l i z i n g  s t a t i o n s  with 
500-kVl132-kV t r ans fo rma t ion ,  ( e )  1 '32-k~ t ransmiss ion  l i n e s  and substa-  
t i o n s  i n  Upper Egypt, and ( f )  500-kV s u l ~ s t a t i o n  a t  Ca i ro  wi th  500-kV/220-kV 
t r ans fo rma t ion  and t h r e e  80 MVA synchronpus condensers .  

.: I n  1959 an agreement was concluded 'with the  Sudanese 
Republic which s t i p u l a t e s  t h a t :  

1. The n e t  l i v e  s t o r a g e  of the  Aswan High Dam i s  ca lcu-  
l a t e d  on t h e  b a s i s  of t he  average N i l e  annual  d i s -  
charge a t  Aswan. A f t e r  ensur fhg  t h e  p r i g r  r i g h t s  of 
both c o u n t r i e s  amounting t o  4ll b i l l i on jm t o  t h e  
Sudan, t h e  ne t  b e n e f i t  of 22 b i l l i o n  m r e s u l t i n g  
from t h e  High Dam is t o  be d iv ided  between bgth  
c o u n t r i e s  a t  t he  p ropor t i on  of 7.3 b i l l i o n  m 
f o r  t h e  U.A.R. and 14.5 b i l l i o n  m f o r  t h e  Sudanese 
Republic.  

2. The U.A.R. Government pays 15 m i l l i o n  S t e r l i n g s  t o  t he  
Sudanese Government a s  an indemnity f o r  t he  p r o p e r t i e s  
which w i l l  be inundated by t h e  s t o r a g e  water  w i t h i n  
t h e  Sundanese Boundaries , and t h e  Sudanese Govern- 
ment t akes  the  necessary  measures f o r  t r a n s f e r r i n g  t h e  
i n h a b i t a n t s  of  t h a t  reg ion  be fo re  t he  end of J u l y  
1963. 
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The l eng th  of t he  Nasser r e s e r v o i r  i g  500 km with an  average width 
of 10 km a n d  t h e  s u r f a c e  area is 5,000 km . The maximum s t o r g g e  l e v e l  , 

above s e a  l e v e l  is  182 y, r e s e r v o i r  capac i ty  i s  157 b i l l i o n  m , dead 
s fo rage  i s  30 b i l l i o n  m , f l o o d  c e n t r a l  g to rage  capac i ty  i s  37 b i l l i o n  ._,- 

m , o p e r a t i o n a l  capac i tg  i s  90 b i l l i o n  m , and guaranteed l i v e  
s t o r a g e  is 84 b i 3 l i o n  m . The annual evapora t ion  and s e e  a  e  l o s s e s  

9 g  a r e  10 b i l l i o n  m wi th  a  n e t  l i v e  s t o r a g e . o f  10 b i l l i o n  m . 
The es t imated  c o s t  o f  .the p r o j e c t  amounted t o  415 m i l l i o n  Egyptian ,' 

pounds. /' 

9.2.2 Power house: The f i r s t  175 MWe h y d r o e l e c t r i c  genera t ing  
u n i t  was placed i n t o  s e r v i c e  on October 15, 1967. The t w e l f t h  and l a s t  
u n i t  was energ ized  on J u l y  7, 1970. The t o t a l  i n s t a l l e d  nameplate 
capac i ty  a t  the High Dam is  2,100 MWe. Each u n i t  has  a  gene ra to r  
step-up t r a n s f  ormer . The 500-kV s i d e  of t h r e e  step-up t r a n s f  ormers 
a r e  connected toge the r  t o  form a group of 2  x 175 MWe u n i t s .  Each 
group i s  connected t o  two s t tpara te  500-kV buses by means of two 500-kV 
a i r - b l a s t  power c i r c u i t  brea.kers .  There a r e  fou r  groups of t h r e e  
u n i t s  connected t o  t h e  two s e p a r a t e  500-kV buses.  This  is an economical 
and a  f l e x i b l e  arrangement. . A  500-kV PCB can be  taken out of s e r v i c e  
f o r  maintenance without  t h e  l o s s  of gene ra t ion  from the  group of t h r e e  
u n i t s .  

Six penstocks supply wat:er t o  . the twelve hydrau l i c  t u rb ines .  I f  
maintenance is  requ i r ed  on a  u n i t  the  common u n i t  a l s o  must be  shut  
down, which can r e s u l t  i n  a  r e s t r i c t i o n  on a v a i l a b l e  gene ra t ion  during 
per iods  of  maximum water  flow.. 

3  The des ign  head i s  57.5 m with a  t u r b i n e  d i scha rge  of 346 m / 
sec .  Turbine c a p a c i t y  a t  des ign  head is  180 MWe. The head va r i a -  
t i o n  is  77-35 M and speed i s  LOO rpm. 

9.2.3 Transmission: Thtl p ro toco l  of agreement f o r  the  cons t ruc t ion  
of 500, 220, and 132-kV t r a n s ~ l i s s i o n  l i n e s ,  t h e  des ign  of which was by t h e  
Sovie ts  and agreed t o  by t h e  G.A.R., w a s  completed on June 8 ,  1969. 

The major e l e c t r i c a l  f a c i l i t i e s  t h a t  were cons t ruc ted  included the  
fol lowing : 

1. Two 500-kV l i n e s  from High Dam t o  Cairo;  t o t a l  l ength  
of both c i r c u i t s :  1,576 km (788 km each) .  

2. A two-c i rcu i t  220-kV l i n e  from Cairo t o  Alexandria and 
i n  t h e  Cairo r eg ion ,  t o t a l  l ength  241 km. 

3. A two-c i rcu i t  132-kV l i n e  from Quena s u b s t a t i o n  
through Nag-Hammadi-Ass iut-Samalut up t o  Beni-Suef , 
t o t a l  l ength  508 km. 
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. 4 .  Three 500-kV s u b s t a t i o n s ,  Nag-Hammadi, Samalut , and 
Cairo 500. Nag-Hammadi and Samalut served a s  500-kV 
s e c t i o n a l i z i n g  swi tch ing  s t a t i o n s  wi th  two main 500-kV 
buses.  The 500-kV l i n e s  a r e  terminated with two 
500-kV a i r - b l a s t  power c i r c u i t  b r eake r s  pe rmi t t i ng  ' 
each l i n e  t o  be connected t o  both buses  o r  t o  e i t h e r  
bus. 

5. Six 220-kV s u b s t a t i o n s ,  Helwan, He l iopo l i s ,  Tahrir-11, 
Alexandria-11, Zagazig, and Tana. 

6. F ive  132-kV s u b s t a t i o n s ,  Sohag, Mallawi, El-Minia, 
Naghagha, and Beni-Suef f . 

7. . C e n t r a l  d i spa t che r  o f f i c e ,  computer, c a r r i e r  commun-. . 
i c a t i o n ,  and te lemet ry .  

8. Three 80 MVA synchronous condensers  a t  t he  Cairo 500 
Subs ta t ion .  

9. Shunt r e a c t o r s  a t  High Dam, Nag-Hammadi, and Samalut, 
s i x  r e a c t o r s  each r a t e d  165 MVA. F igure  3 shows the  
5UU-kV, 220-kV, and 132-kV t ransmiss ion  l i n e s  of t h e  
Unif ied E l e c t r i c a l  Power System. F igure  4 i s  e lec-  
t r i c a l  one l i n e  diagram of t h e  500-kV, 220-kV, and * 

132-kV t ransmiss ion  l i n e s  and s u b s t a t  i ons .  Continuous 
overhead s i n g l e  s t a t i c  gene ra to r  p rovides  d i s cha rge  
pa th  f o r  l i g h t n i n g  s t r o k e s  and is i n s t a l l e d  on the  
500-kV. The s t a t i c  wi re  o r  ground wire  a l s o  s e r v e s  t o  
reduce t he  tower ground . r e s i s t a n c e .  S ing l e  po l e  

. switching is  employed f o r  c l e a r i n g  l i n e  f a u l t s .  These 
subconductors a r e  used i n  each base  and t h e  two 550-kV 
l i n e s  a r e  b u i l t  on s e p a r a t e  towers. (Double c i r c u i t  
500-kV towers a r e  no t  employed.) 

Data on t h e  500-kV conductors  and c h a r a c t e r i s t i c s  of  t he  transmis- 
s i o n  l i n e  a r e  a s  fo l lows:  

ASO-500 fjype conductors ,  ACSR 3 conductors  . . 

1,450 mm t o t a l  c ro s s  s e c t i o n a l  a r e a  
2,000 MVA f o r  90'C max conductor temp. (50' C ambient) 
40 cm spacing between the  t h r e e  conductors  i n  a -  bundle.  
24.8 kV/cm (peak) e l e c t r i c  f i e l d  i n t e n s i t y  on the  
conductors 
0.3 ohmlkm i n d u c t i v e  reac tance  
280 ohms c h a r a c t e r i s t i c  impedance 
900 MW s u r g e  impedance loading  



The adopted l i n e  i n s u l a t i o n  des ign  has the fol lowing c h a r a c t e r i s t i c s :  

1. The minimum l eng th  of  l eakage  pa th  equa l led  no t  less 
than 1.7 cm/kV (525 kV maximum working vo l t age )  which d 

was 30 pe rcen t  h igher  than the  i n s u l a t i o n  l e v e l  f o r  
500-kV t ransmiss ion  l i n e s  i n  t he  U. S. S.R. 

2. Spec i a l  PFE-type p o r c e l a i n  i n s u l a t o r s  wi th  increased  
leakage  path were recommended. 

3. I n  a r e a s  wi th  h igher  contamination near cement f ac to r -  
. ies and near  t h e  Mediterranean Sea, t h e  220-kV l i n e s  

had leakage pa ths  of 2.5 kV/cm and 3.5 kV/cm r e s p e c t i v e l y .  

4. The i n s u l a t o r s  and leakage path d i s t a n c e  f o r  the  
500-kV l i n e s  i n i t i a l l y  were a s  fo l lows:  

L ine  Sec t ion  
Suspension Leakage 
No. & Type kV/cm 

32xPFE-11 2.45 Samalut-Cairo, ang le  5  
angle  11 36xPF-11 2.75 

Other l i n e s  23xOF-11 1.75 . . 

Based on p a s t  exper ience  with 33-kV and 66-kV l i n e s ,  c lean ing  o r  
washing of i n s u l a t o r s  once o r  twice a  year  was envis ioned.  

9.2.4 Operat ing experience:  The opera t ing  exper ience  of t he  
500-kV, 220-kV, and 132-kV t ransmiss ion  l i n e s  showed t h a t  the  i n s u l a t i o n  
l e v e l  a t  some t ransmiss ion  l i n e  s e c t i o n s  was n o t  s u f f i c i e n t  due t o  h igh  
concent ra t  i on  of s a l t s  i n  t h e  s o i l s  and i n t e n s i v e  contamination and 
moistening of i n s u l a t o r s  with dew. 

During t h e  per iod  of November 1967 t o  February 1969, a  group of 
Sovie t  s p e c i a l i s t s  on i n s u l a t i o n  with t he  he lp  of  Arab s p e c i a l -  
ists conducted r e sea rch  inc luding:  p rocess  of  i n s u l a t i o n  p o l l u t i o n  
and e f f e c t i v e n e s s  of  c l ean ing ,  s a l t  concen t r a t i on  i n  s o i l s ,  measuring 
s a l t  con ten t  and s p e c i f i c  s u r f a c e  conduc t iv i t y  of  contaminat ion of 
s u r f a c e  of i n s u l a t o r s ,  measuring d ischarge  v o l t a g e s  of i n s u l a t o r s  
dismantled from a l a r g e  number of towers ,  and i n v e s t i g a t i o n  of v i b r a t i o n  
of 3-bundled conductors  a t  10 t o  20 percent  increased  average tens ion .  

More i n s u l a t o r s  were added a t  d i f f e r e n t  l o c a t i o n s  and i n s u l a t o r s  
were washed twice  a  year  between Samalut t o  Cai ro ,  once a  year  between 
Nag-Hammadi t o  S a l a l u t  , and once every two years  between Aswan t o  
Nag-Hammadi. The number of i n s u l a t o r s  between Samalut and Cairo on 
some towers was increased  t o  40 b e l l s  o r  u n i t s  i n  a  s t r i n g .  The 
minimum number of i n s u l a t o r  u n i t s  i n  a  s t r i n g  was increased  from 23 
t o  27. 
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9.2.5 Hydro penera t ion  and 500-kV t r ansmis s ion  l i n e  t r a n s f e r  
c a p a b i l i t y :  The 500-kV t ransmiss ion  l i n e  cannot a t  the  p re sen t  t i m e  
d e l i v e r  t h e  ou tput  p f  a l l  twelve u n i t s  (2,100 MWe) t h a t  could be gener- 

, a t e d  a t  the  High Aswan Dam. The maximum water  flows occur during t h e  
i r r i g a t i o n  season ,  p r i m a r i l y  during t h e  s p r i n g ,  summer, and f a l l  
seasons .  During December and January  t h e  c o n t r o l l e d  outf low i s  gen- 
e r a l l y  reduced,  r e s u l t i n g  i n  t o t a l  output from both of t he  Aswan and 
High Aswan Dam powerhouses of 600 MWe. 

The ope ra t i on  of t h e  High Dam is l i m i t e d  by water  d i s cha rge  
requirements  f o r  i r r i g a t i o n  which is determined by t h e  Min i s t ry  of  
I r r i g a t i o n .  During the  i r r i g a t i o n  seasons i n  t h e  spr ingg  summer, and 
f a l l  seasons  of  t h e  y e a r ,  t h e  d i s cha rge  i s  100,000,000 m /day. The 
pe rmis s ib l e  f l uc+ua t ion  of water re leased  from the  High Dam i s  l i m i t e d  
t o  no more than -lM a t  t he  forebay of Aswan Dam. Aswan Dam i s  l o c a t e d  
7 km downstream from the  High Dam. The l i m i t  on pe rmis s ib l e  water  f l u c t -  
ua t i on  i s  because of p o s s i b l e  s t r u c t u r a l  damage t o  Aswan Dam due t o  
temperature  v a r i a t i o n  and hydrau l i c  e f f e c t s .  

The annual  average  d i s cha rge  of the  N i l e  is 84 b i l l i o n  m3 which 
i s  p r e s e n t l y  s u f f i c i e n t  t o  meet t he  i r r i g a t i o n  3equirements of bo th  
t he  U.A.R. and Sudan, amounting t o  52 b i l l i o n  m . Th5 annual  
d i s cha rge  can v a r y  f r o 3  a  low drought of 45 b i l l i o n  m t o  a  d i s a s t r o u s  
f lood  of 150 b i l l i o m  m . 

t The fo l lowing  d i scus s ion  wi th  r e s p e c t  t o  t he  power t rans-  

f e r  c a p a b i l i t y  of  t he  two 500-kV t ransmiss ion  l i n e s  i s  r epo r t ed  by 
Sanderson and P o r t e r .  

9  

Previous s t u d i e s  by t h e  Russians and o the r  have shown t h a t  t h e  
maximum through t r a n s f e r  c a p a b i l i t y  governed by s t e a d y  s t a t e  s t a b i l i t y  
cons ide ra t i ons  of t h e  two 500-kV t ransmiss ion  l i n e s  between the  High Dam 
and Cairo i s  of t h e  o rde r  of 1,700-1,800 MWe. This  assumes no interme- 
d i a t e  l oads  between the  High Dam 500-kV bus and the  Cairo 500-kV bus,  
and i s  the  maximum capable  s t a b l e  power t ransmiss ion  l i m i t  between the  
High.Dam sou rce  and the  Lower Egypt load  when t h e  system is  sub jec t ed  t o  
smal l  d i s tu rbances .  A t  t h i s  p o i n t  t he  i n t e r n a l  ang le  between the  hydro 
g e n e r a t o r s  i n  Upper Egypt and gene ra to r s  i n  Lower Egypt would be  t h e  
maximum p o s s i b l e  with the  system on the  ve rge  of i n s t a b i l i t y .  

A cu r so ry  check of  such s t eady  s t a t e  s t a b i l i t y  l i m i t  u t i l i z i n g  
a  power c i r c l e  diagram with t e n  of t h e  High Dam hydro u n i t s  and a l l  
of t h e  Aswan hydro u n i t s  i n  ope ra t i on  has  i nd i ca t ed  a  maximum l i m i t  of 
t h e  o rde r  of 1,540 MWe. This a n a l y s i s ,  however, d i s regarded  l i n e  
capac i t ance ,  synchronous condensers ,  e t c . ,  s o  the  1,700-1,800 MWe 
maximum t r a n s f e r  c a p a b i l i t y  i s  be l i eved  t o  be a  r e a l i s t i c  value.  

'sanderson and ~ o r c e r  , 1977. 
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The' phi losophy of t h e  EEA i n  ope ra t i ng  t h e  500-kV t r ans -  
mission system is  t o  a l l o w ' a  reasonable  s a f e t y  margin. The s a f e t y  
f a c t o r  normally cons idered  is  expressed a s  fo l lows:  

K s  = Pmax - P t r  x 100 
P t r  

where: Pmax = maximum power t r ansmi t t ed  
P t r  = normal t r ansmi t t ed  power 

K s  must be  equa l  o r  g r e a t e r  than: 
20% f o r  normal ope ra t i on  

8% f o r  short- term cond i t i on  
a f t e r  f a u l t  c l e a r a n c e  

Normal u t i l i t y  p r a c t i c e  is  t o  ope ra t e  w i th in  a  "safe  a rea"  where 
system s t a b i l i t y  i s  assured .  A u sua l  p r a c t i c e  is  t o  a l l ow  a 20 
percent  s a f e t y  margin with t he  l i m i t  extended by t h e  use  of automatic  
v o l t a g e  r e g u l a t o r s  p a r t i c u l a r l y  when f a s t  a c t i n g  r e g u l a t o r s  such a s  
those  of t h e  e l e c t r o n i c  type  a r e  used. When app l i ed  t o  t he  UPS, t h i s  
can be. i n t e r p r e t e d  t o  mean t h a t  f o r  normal ope ra t i on  the  through 
t r a n s f e r  power l i m i t  between the  High Dam 500-kV switchyard and the  
Cai ro  500-kV switchyard would be  of t he  o rde r  of 1,420-1,500 MWe. 

Such l i m i t i n g  va lues  were considered i n  determining t h e  u sab l e  
peak hydro gene ra t i on  c a p a b i l i t y  on a  y e a r l y  b a s i s  t o  employ i n  
t h e  gene ra t i on  expansion s tudy.  The o t h e r  l i m i t a t i o n  was t h a t  of 
l i m i t i n g  t h e  Aswan hydro dam t o  a  c a p a b i l i t y  of 260 MWe because of t he  
r educ t ion  i n  head experienced by t h e  Aswan Dam a f t e r  the  cons t ruc t ion  
of t h e  High Dam. 

By t h e  year  1983, t h e  fol lowing l a r g e  i n d u s t r i a l  loads  a r e  A p e c t e d  
, " 

t o  be ope ra t i ng  i n  Upper ~ g y p t :  

INDUSTRY 

1. Ras Gharib N i t r a t e s  SO MWe 
2. Kima F e r t i l i z e r  250 MWe 
3. Fer ro  S i l i c o n  a t  Edfu 120 MWe 
4. Mining a t  Esna 10 MWe 
5. Mine F e r t i l i z e r  a t  Abu Ta r tu r  90 MWe 
6. Aluminium Smelter a t  Nag Hammadi 400 MWe 
7. Cement P l a n t  a t  Ass iu t  35 MWe 

T o t a l  955 MWe 

These l o a d s  coupled with the  normal growth of  t h e  o t h e r  , 

s e c t o r s  of  Upper Egypt b r i n g s  the  fo recas t ed  load i n  t h a t  a r e a  
t o . app rox ima te ly  1,240 MWe f o r  t he  year  1983. 

Assuming t e n  of t h e  twelve 175 MWe hydro u n i t s  a t  t h e  High Dam i n  
o p e r a t i o n  (two u n i t s  ou t  because of maintenance work) and a l l  but one 
of t h e  Aswan Dam hydro u n i t s  i n  ope ra t i on ,  t h e  expected approximate 
maximum power f low i n  t he  two c i r c u i t  500-kV t ransmiss ion  l i n e s  a s  
shown i n  f i g u r e  7 "Load Flow Diagram - Upper Egypt" would be: 



FIGURE 7  

LOAD FLOW DIAGRAM - UPPER EGYPT (1983) 

High Dam Nag Hammadi Samal u t  Cairo 
I I I .  I 

I---------- ' 1- I .  I I 
225 ' ----------------------$---> <---+------- " , 3 0  MW 

I I ' I 
I I ' I 

Aswan Ass iu t  

Note: A l l  5 0 0 - k ~  t ransmiss ion  l i n e  l o s s e s  (normally 5 t o  6 pe rcen t  
of t r ansmi t t ed  power) have been neglec ted .  

It can be seen from t h e  above load f low diagram t h a t  the  system 
i s  ope ra t i ng  w e l l  o u t s i d e  the  20 pe rcen t  s a f e t y  margin t ha t .  the  EEA 
r e q u i r e s  f o r  normal opera t ion .  An AC Network a n a l y z e r  s tudy  has  
v e r i f i e d  t h e  above load, f low normal s t a b i l i t y . s a f e t y  l i m i t  t r a n s f e r  
c a p a b i l i t y  of the 500-kV t ransmiss ion  l i n e s .  

It is on t h i s  b a s i s  t h a t  the  f u l l  opera t ing  c a p a b i l i t y  of the  High 
and Aswan Dams complex of 1,975 MWe (1,750 MWe H.D. and 225 MWe Aswan 
Dam) was cons idered  a s  be ing  e a s i l y  w i th in  the  s a f e  t ransmiss ion  
c a p a b i l i t y  l i m i t  i n  t he  1980's. It is a l s o  f o r  t h i s  reason  t h a t  any 
s e r i e s  c a p a c i t o r  l i n e  compensation o r  the  b u i l d i n g  of a  t h i r d  500-kV 
t ransmiss ion  l i n e  i s  be l i eved  unnecessary under t he  p r e s e n t l y  a n t i c i -  
pated f u t u r e  load cond i t i ons .  However, improvement i n  r e l i a b i l i t y  of 
t h e  two e x i s t i n g  500-kV t ransmiss ion  l i n e s  is necessary  i f  t he  f u l l  
c a p a b i l i t y  of such l i n e s  is to  be a v a i l a b l e  on an adequate ly  dependable 
b a s i s .  

The c a p a b i l i t y  of the  hydro complex f o r  t h e  yea r s  preceding 1983 
has  been roughly determined cons ider ing  both ' t ransmiss ion  l i n e  s t a b i l i t y  
and system dynamic s t a b i l i t y  a s  r e s t r a i n t s  l i m i t i n g  t h e  hydro output  
a t  peak t ime.  

* US. GOVERNMENT PRINTING OFFICE : 1979 0--297-550 
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