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1.0 SUMMARY 

1 O b j e c t i v e s  

The p r i n c i p a l  o b j e c t i v e s  of Gordian A s s o c i a t e s  a s s i s t a n c e  t o  t h e  
U.S. Department of Energy's I n t e r n a t i o n a l  Cooperat ive  Energy Assessment 
f o r  Egypt were: 

1. To develop an  unders tanding of t h e  c u r r e n t  s t a t u s  of t h e  
p r i n c i p a l  energy u s e r s  i n  Egypt's i n d u s t r i a l  and a g r i c u l t u r a l  

. : s e c t o r s .  

2. To e s t i m a t e  t h e  energy demand and e f f i c i e n c y  f o r  each s e l e c t e d  
s u b s e c t o r  w i t h i n  t h e s e  major s e c t o r s .  

3. To i d e n t i f y  o p p o r t u n i t i e s  f o r  f u e l  type  changes,  technology 
s w i t c h e s  o r  p roduc t ion  p a t t e r n  changes which might i n c r e a s e  
t h e  e f f i c i e n c y  wi th  which Egypt's energy i s  used b o t h  now and 
i n  t h e  f u t u r e .  

4. Based on o p t i o n s  i d e n t i f i e d ,  t o  f o r e c a s t  energy e f f i c i e n c i e s  
f o r  s e l e c t e d  Egypt ian s u b s e c t o r s  f o r  t h e  y e a r s  1985 and 
2000. 

The p r i n c i p a l  a r e a s  f i n a l l y  s e l e c t e d  f o r  s t u d y  t o  meet t h e s e  
o b j e c t i v e s  were: 

For t h e  I n d u s t r i a l  S e c t o r  . . , .  

o I r o n  and S t e e l  o Petrochemicals  
o Aluminum o Cement 
o F e r t i l i z e r s  a o T e x t i l e s  
o Chemicals o Automotive Manufacture 

For t h e  A g r i c u l t u r a l  S e c t o r  

o Drainage and I r r i g a t i o n  o Food Process ing  
Mechanization 

.This s e l e c t i o n  was f i n a l i z e d  a f t e r  a p r e l i m i n a r y  assessment  of 
t h e i r  importance a s  energy u s e r s  and a f t e r  d i s c u s s i o n s  h e l d  i n  Egypt 
d u r i n g  which it became apparen t  t h a t ,  under t h e  s t r u c t u r e  being fol lowed,  
t h e  Petroleum Ref in ing  and Ut i l i t ies  s u b s e c t o r s  were more c l o s e l y  a l l i e d  
t o  t h e  f u n c t i o n  of t h e  Supply team than t o  t h e  Demand team. These two 
s u b s e c t o r s  were t h e r e f o r e  n o t  inc luded  i n  t h e  l ist  of s e l e c t e d  i n d u s t r i e s  
f o r  demand a n a l y s i s ,  a l though  t h e  pe t rochemica l s  s u b s e c t o r  was inc luded  
because ,  a l t h o u g h  c u r r e n t l y  on ly  a t  t h e  planning s t a g e  w i t h  r e s p e c t  t o  
most p r o d u c t s ,  t h i s  s u b s e c t o r  is  l i k e l y  t o  become a s i g n i f i c a n t  energy 
u s e r .  



The p r i n c i p a l  methodology used t o  r e a l i z e  t h e  o b j e c t i v e s  was t o  
d i s c u s s  wi th  a s  wide a  c r o s s  s e c t i o n  of Egyptian e x p e r t s  a s  p o s s i b l e  a l l  
energy t e c h n i c a l  and p r o d u c t i o n  a s p e c t s  f o r  t h e  s e l e c t e d  i n d u s t r i e s .  
Wherever p o s s i b l e ,  t h e s e  d i s c u s s i o n s  were r e i n f o r c e d  by a  p l a n t  v i s i t  
and a  meeting wi th  t h e  s i t e  t e c h n i c a l  s t a f f .  The d a t a  g a t h e r e d  i n  Egypt 
was then  used,  t o g e t h e r  w i t h  pub l i shed  d a t a ,  t o  e s t i m a t e  energy u s e  and 
e f f i c i e n c y  f i g u r e s .  

The development of o p t i o n s  and t h e . f o r e c a s t s  of energy e f f i c i e n c i e s  
were made by Gordi-dn s t a f f  f a m i l i a r  w i t h  t h e  s p e c i f i c  s u b s e c t o r s ;  t h i s  
was performed i n  New York and London. In o r d e r  t o  e n s u r e  t h a t  t h e  
o p t i o n s  so  developed were meaningful  i n  t h e  Egyptian c o n t e x t ,  Gordian 
pe r sonne l  t h a t  had v i s i t e d  Egypt were used t o  conduct c r i t i c a l  a p p r a i s a l s  
of t h e  exper t ' s  s u g g e s t i o n s .  Wherever p o s s i b l e ,  t h e  i d e a s  developed were 
a l s o  d i s c u s s e d  w i t h  o t h e r  members of t h e  U.S. team and U.S. and European 
i n d u s t r i a l  e x p e r t s  . 
1.2 P r i n c i p a l  Opt ions  and Observa t ions  

During t h e  c o u r s e  of t h i s  s t u d y ,  a  number of o p t i o n s  were developed 
which might s e r v e  t o  r educe  t h e  energy demand of t h e  i n d u s t r i a l  and 
a g r i c u l t u r a l  s e c t o r s ,  o r  a t  l e a s t  t o  reduce t h e i r  dependence on imported 
energy s o u r c e s .  I n  many c a s e s ,  q u a n t i t a t i v e  assessment  of t h e i r  energy 
e f f e c t s  cannot be  made wi thou t  f u r t h e r  d e t a i l e d  i n v e s t i g a t i o n .  It may 
happen,  t h e r e f o r e ,  t h a t  some of t h e  o p t i o n s  w i l l  p rove t o  b e  t r i v i a l  i n  
terms of energy s a v i n g s .  I n  a d d i t i o n ,  w h i l e  some o p t i o n s  may p rove  
a t t r a c t i v e  i n  energy t e rms ,  t h e  p o l i t i c a l  and economic a c c e p t a b i l i t y  of 
o p t i o n s  a r e  s e p a r a t e  i s s u e s  and a  m a t t e r  of Government p o l i c y .  Hence, 
any d e c i s i o n s  on o p t i o n s ,  which might t r a d e  o f f  energy e f f i c i e n c y  
f o r  o t h e r  s o c i a l  o r  environmental  g o a l s ,  w i l l  c l e a r l y  l i e  w i t h  t h e  
Egypt ian  Government. 

Over and above t h e s e  o p t i o n s ,  a  number of g e n e r a l  o b s e r v a t i o n s  were 
made, a l l  of which have a  d i r e c t  o r  i n d i r e c t  r e l a t i o n s h i p  t o  energy 
demand i n  t h e  i n d u s t r i a l  and a g r i c u l t u r a l  s e c t o r s .  These o b s e r v a t i o n s  
a r e  a s  fo l lows :  

1.2.1 Improved maintenance:  Eva lua t ion  of energy e f f i c i e n c y  and 
p l a n t  v i s i t s  s u g g e s t  t h a t  t h e r e  are many a r e a s  where p l a n t  maintenance,  
p a r t i c u l a r l y  planned o r  p r e v e n t i v e  maintenance,  i s  s u f f e r i n g .  The 
f a c t o r s  which c a u s e  t h i s  shou ld  b e  i d e n t i f i e d  and r e c t i f i e d .  They may 
i n c l u d e  such i t e m s - a s  l a c k  of scheduled downtime, need f o r  improvement 
i n  s p a r e  p a r t  i n v e n t o r y  c o n t r o l ,  need t o  maximize l o c a l  c a p a b i l i t y  f o r  
s p a r e  p a r t -  manufacture ,  and improved q u a l i t y  c o n t r o l  and s p e c i f i c a t i o n  
f o r  h igh  m o r t a l i t y  s p a r e  p a r t  i t ems .  With modern h i g h  throughput  
con t inuous  p r o c e s s e s ,  a  p r o d u c t i o n  s toppage ,  o f t e n . c a u s e d  by a  f a i r l y  
minor p i e c e  of equipment,  can mean a  l o s s  of p roduc t ion  f o r  l i t t l e  o r  no 
r e d u c t i o n  i n  energy usage.  The f requency and d u r a t i o n  of such s toppages  
a r e  a  f u n c t i o n  of maintenance,  and t h e r e f o r e  an  impor tan t  a r e a  of 
inves tment  f o r  energy e f f i c i e n c y  improvement i s  t h e  f i e l d  of planned 
p r e v e n t i v e  maintenance aimed a t  keeping downtime t o  a  minimum, Such a  
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program r e q u i r e s  investment  i n  c a p i t a l  s p a r e s  and personne l  bu t  h a s  
t h e , b e n e f i t  of improving p r o d u c t i v i t y ,  so  s e r v i n g  t h e  market b e t t e r  and 
reducing c o s t s .  A d d i t i o n a l l y ,  t h e  marginal  energy requirement  p e r u n i t  
of p roduc t ion  is o f t e n  v e r y  low, t h u s  r a i s i n g  o v e r a l l  energy e f f i c i e n c y .  

1.2.2 Improved management: A second a r e a  of "investment" which 
---would u t i l i z e  one of Egypt's g r e a t  a s s e t s  -- i t s  t r a i n e d  workforce  -- 
would be  t h e  development of an  improved middle management. P o l i c i e s  
shou ld  be sought t o  promote t h e  t r a i n i n g  and es tab l i shment  of an  e f f e c -  
t i v e  middle management l a y e r  w i t h i n  t h e  i n d u s t r y ,  which would r e l i e v e  
p r e s s u r e  on top  management. Th i s  middle management c a d r e  would b e  
charged wi th  implementing s p e c i a l i z e d  management t echn iques  and energy 
e f f i c i e n t  p r a c t i c e s .  

1.2.3 Energy e f f i c i e n c y  awareness:  A t  a l l  l e v e l s ,  t h e r e  appears  
t o  be  an o p p o r t u n i t y  f o r  i n c r e a s i n g  energy e f f i c i e n c y  through t h e  
c r e a t i o n  of a b e t t e r  awareness of t h e  need f o r  optimum energy r e s o u r c e  
u t i l i z a t i o n  and of t h e  t e c h n i c a l  means f o r  implementing improvements. 
P r a c t i c a l .  t r a i n i n g ,  bo th  b e f o r e  assignment t o  o p e r a t i n g  p o s i t i o n s  and 
from t i m e  t o  t ime t h e r e a f t e r ,  could  b e  of g r e a t  v a l u e  t o  p l a n t  o p e r a t o r s  
and t h e i r  s u p e r v i s o r s .  

1.2.4 Improved r e l i a b i l i t y  of e l e c t r i c a l  supply:  The p r e s e n t  
Government p o l i c y  of d i scourag ing  i n d u s t r i e s  from prov id ing  t h e i r  own 
s o u r c e  of power supply shou ld  be reviewed. Th is  o b s e r v a t i o n  should be  
cons idered  i n  l i g h t  of t h e  breakdowns i n  power supply exper ienced i n  
some a r e a s ,  and t h e  d i s p r o p o r t i o n a t e  c o s t  of r e - s t a r t i n g  p l a n t s  and t h e  
l o s s  of p roduc t ion  t h i s  e n t a i l s .  

1.2.5 Waste h e a t  recovery:  O p p o r t u n i t i e s  f o r  was te  h e a t  recovery 
shou ld  be sought .  For example, e x c e s s  medium- o r  low-pressure steam 
which i s  produced i n  one p l a n t  may f i n d  a use  i n  a n o t h e r  a d j a c e n t  p l a n t .  
S p e c i f i c  a p p l i c a t i o n s  of was te  h e a t  might i n c l u d e  t e x t i l e  f i n i s h i n g  
( e g g . ,  dyeing,  washing) and food p roces ing  (e.g. ,  washing down, s t e r -  
l i z i n g ) .  Options f o r  improved energy e f f i c i e n c y  f o r  most. of  t h e  indus- 
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d r i e s  covered i n  t h e  s t u d y  i n c l u d e  a "maximum conserva t ion"  c a s e ,  i n  
which waste  h e a t  recovery p l a y s  a u s e f u l  r o l e .  . 

1.2.6 Cogenerat ion The Government p o l i c y  of d i s c o u r a g i n g  p l a n t s  
t o  g e n e r a t e  t h e i r  own power is  a c o n s t r a i n t  t o  t h e  cogenera t ion  of 
e l e c t r i c i t y  and p rocess  steam by i n d u s t r y .  Such i n s t a l l a t i o n s  can o f f e r  
a major improvement i n  energy u t i l i z a t i o n ,  a s  t h e y  can r a i s e  t h e  thermal  
e f f i c i e n c y  from about 30 p e r c e n t  f o r  e l e c t r i c i t y  g e n e r a t i o n  a l o n e  t o  
perhaps  double t h i s  f i g u r e  f o r  cogenera t ion  systems. 

1.2.7 Development p r i o r i t i e s :  Development of energy- in tens ive  
, i n d u s t r i e s  o f t e n  r e q u i r e s  l a r g e  amounts of c a p i t a l  investment  a s  w e l l  a s  
a s i g n i f i c a n t  c a l l  upon n a t i o n a l  energy r e s o u r c e s ,  f o r  which t h e s e  
i n d u s t r i e s  may g e n e r a t e  r e l a t i v e l y  few d i r e c t  employment o p p o r t u n i t i e s .  
The assessment  of development p r i o r i t i e s  should  t h e r e f o r e  b a l a n c e  



c o n s i d e r a t i o n s  of energy u s e  a g a i n s t  n a t i o n a l  o b j e c t i v e s .  A n  i l l u s t r a -  
t i o n  of t h i s  s i t u a t i o n  may b e  drawn from t h e  pe t rochemica l s  s u b s e c t o r ,  
where a planned e t h y l e n e  c r a c k e r  is expected t o  re.quire an  investment  of 
a q u a r t e r  of a b i l l i o n  d o l l a r s  and g e n e r a t e  no more than  500 jobs .  In  
c o n t r a s t ,  a  PVC p l a n t  is  expected t o  c o s t  $100 m i l l i o n  and g e n e r a t e  t h e  
same number of jobs .  

1.2.8 Development of r e l a t e d  i n d u s t r i e s :  The p r a c t i c a l i t y  of 
i n t e g r a t i n g  complex i n d u s t r i e s ,  such a s  pe t rochemica l s ,  from b a s i c  
f e e d s t o c k  through i n t e r m e d i a t e s  t o  consumer p roduc t s  should  be  thoroughly 
reviewed. For example, i t  may prove advantageous from an  energy and 
employment viewpoint  t o  import  i n t e r m e d i a t e  p roduc t s  (e.g. ,  e t h y l e n e ,  
c h l o r i n e )  and t o  c o n c e n t r a t e  on t h e  es tab l i shment  of p l a n t s  t o  make 
f i n i s h e d  consumer p roduc t s .  P l a n t s  which w i l l  consume r e l a t i v e l y  l i t t l e  
energy w i l l  o f f e r  good employment o p p o r t u n i t i e s  and w i l l  p rov ide  h i g h  
added v a l u e  i n  t h e  manufactur ing sequence. An example of t h i s  s i t u a t i o n  
may b e  seen i n  t h e  pe t rochemica l s  a r e a ,  where Egypt p l a n s  t o  develop a  
completely i n t e g r a t e d  i n d u s t r y  encompassing a l l  manufacturing s t a g e s  
from naphtha c rack ing  t o  producing e t h y l e n e ,  through i n t e r m e d i a t e  p l a n t s  
(VCM, DMT, c h l o r i n e ,  e t c . )  t o  f i n a l  p roduc t  p l a n t s  (LDPE, HDPE, PVC, 
p o l y e s t e r  f i b e r s ,  e t c .  ) . The 'oppor tuni ty  appears  t o  e x i s t  t o  import  
b a s i c  m a t e r i a l s  such as e t h y l e n e  and propylene,  and perhaps  i n t e r m e d i a t e  
m a t e r i a l s  such a s  VCM and c h l o r i n e ,  from neighboring o i l - r i c h  s t a t e s  and 
t o  c o n c e n t r a t e  on t h e  development of consumer product  p l a n t s  w i t h i n  
Egypt. Chemicals w i t h i n  t h i s ,  ca tegory  i n c l u d e  pharmaceu t ica l s ,  d y e s t u f f s ,  
r e s i n s ,  d e t e r g e n t s ,  and rubber  p roduc t s .  

With r e s p e c t  t o  s p e c i f i c  i n d u s t r y  and a g r i c u l t u r a l  s u b s e c t o r s ,  t h e  
p r i n c i p a l  o p t i o n s  f o r  improving energy u t i l i z a t i o n  d i s c u s s e d  i n  t h e  main 
body of t h e  r e p o r t  a r e  t h e  fo l lowing :  

I r o n  a n d ' S t e e l  I n c r e a s e  use  of d i r e c t  r e d u c t i o n  ( fol lowed by t h e  e l e c t r i c  
f u r n a c e  r o u t e  o r  i n  t h e  open h e a r t h  system) 
Import s c r a p  
U s e  Egypt ian c o a l  i n  coking b lends  
Maximize energy c o n s e r v a t i o n  programs 

Aluminum 

Cement 

Reduce anode c u r r e n t  d e n s i t y  
I n c r e a s e  p o t  i n s u l a t i o n  
U s e  domest ic  pe t rocoke  f o r  anodes 

Maximize p roduc t ion  of blended cements 
Fue l  s w i t c h i n g  
Change cement s p e c i f i c a t i o n s  ( o r  o p e r a t e  c l o s e r  t o  
s p e c i f i c a t i o n s )  
S h i f t  t o  b u l k  t r a n s p o r t a t i o n  
Cl inker  i m p o r t a t i o n  
Load management and u s e  of ~ f f - ~ e a k  power 
Improve cement d i s t r i b u t i o n  
I n c r e a s e  use  of c o n c r e t e  



Chemicals Replace mercury c e l l s  w i t h  diaphragm c e l l s  
Import c h l o r i n e  
Vent hydrogen recovery  f o r  f u e l  use  
Use of  pe t rocoke  i n  l i n e  k i l n s  
Maximize energy c o n s e r v a t i o n  programs 

F e r t i l i z e r s  Phase o u t  Kima e l e c t r o l y t i c  p l a n t  
Maximize u s e  of n a t u r a l ,  g a s  a s  f e e d s t o c k  
Maximize energy c o n s e r v a t i o n  programs 
Promote phospha t i c  f e r t i l i z e r s  

Pe t rochemica l s  Appraise  p o s s i b i l i t i e s  f o r  import  o f .  i n t e r m e d i a t e s  
from energy-rich'  ne ighbor ing  c o u n t r i e s  r a t h e r  t h a n  
manufactur ing i n  Egypt (e.g. e t h y l e n e ,  c h l o r i n e )  

Promote more l a b o r  i n t e n s i v e  downstream p r o c e s s i n g  
Delay LDPE p l a n t  c o n s t r u c t i o n  pending development 

of improved Union Carbide  p r o c e s s  
Review paraxy lene  p r o j e c t  l o g i s t i c s  

T e x t i l e s  Maximize energy c o n s e r v a t i o n  programs (e.g.,  h e a t  
r ecovery)  

A g r i c u l t u r a l -  
Genera l  Use waste  m a t e r i a l s / s o l a r  energy 

A g r i c u l t u r e -  
Food 
P r o c e s s i n g  Maximize energy c o n s e r v a t i o n  programs 



2.0 INTRODUCTION TO THE MAIN REPORT 

2.1 I n t r o d u c t i o n  t o  t h e  Work Undertaken 

Egypt i n  1978 r e f l e c t s  t h e  c l a s s i c a l  problem of many of  t h e  world 's  
developing n a t i o n s ;  i t  h a s  a l a r g e ,  y o u t h f u l  p o p u l a t i o n  which is  growing 
a t  a r a t e  i n  excess  of t h a t  which t h e  f i n a n c e s  of t h e  coun t ry  can 
r e a d i l y  suppor t .  ~ e s ~ i t e  t h i s ,  t h e  coun t ry  i s  b e t t e r  p laced  than  many, 
having nemerous n a t t i r a l  r e s o u r c e s ,  a well-developed e d u c a t i o n a l  and 
a d m i n i s t r a t i v e  sys tem,  and many of  t h e  world's f i n e s t  a n t i q u i t i e s  
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prov id ing  t h e  b a s i s  f o r  a s t r o n g  t o u r i s t  t r a d e .  

The need t o  develop t h e s e  r e s o u r c e s  t o  s e r v e  t h e  popula t ion  is  w e l l  
understood and i s  be ing  pushed ahead as f a s t  as t h e  coun t ry ' s  l i m i t e d  
f i n a n c e s  w i l l  pe rmi t .  To ach ieve  i t s  p l a n s ,  t h e  country 's  own f i n a n c i a l  
r e s o u r c e s  a r e  being supplemented by a i d  from t h e  r i c h e r  Arab n a t i o n s  and 
most r e c e n t l y  through t h e  encouragement of f o r e i g n  investment  c a p i t a l .  

The n e t  e f f e c t  of t h e  p a s t  and planned d e ~ e l o ~ m e n t ' h a s  been t o  
conver t  Egypt's energy supply-demand ba lance  from a n e t  s u r p l u s  i n  t h e  
r e c e n t  p a s t  t o  a p r e d i c t e d  s h o r t f a l l  i n  t h e  n e a r  f u t u r e .  The Department 
o f  Energy's s t u d y ,  o f  which t h i s  r e p o r t  forms a p a r t ,  aims t o  c l a r i f y  
t h i s  supply-demand p i c t u r e  and i l l u s t r a t e  ways i n  which i n c r e a s e d  usage 
can b e  made of t h e  a v a i l a b l e  energy.  Two area's which form impor tan t  
p a r t s  of Egypt's economy and c o n s t i t u t e  a s i g n i f i c a n t  p o r t i o n  of t h e  
country 's  energy demand a r e  s t u d i e d  i n  t h i s  r e p o r t :  t h e  i n d u s t r i a l  
s e c t o r  and t h e  a g r i c u l t u r a l  s e c t o r .  The two s e c t o r s  a r e  b e s t  p laced i n  
p e r s p e c t i v e  w i t h i n  t h e  economy by knowledge of t h e  f a c t  t h a t  they 
account  f o r  more t h a n  h a l f  t h e  l a b o r  f o r c e ,  g e n e r a t e  48 p e r c e n t  of t h e  
g r o s s  domestic product  and account  f o r  n e a r l y  90 p e r c e n t  of t h e  country 's  
e x p o r t s .  T h e i r  growth and development a r e  t h e r e f o r e  c l e a r l y  important  t o  
Egypt and must be  expected t o  v i t a l l y  a f f e c t  t h e  coun t ry ' s  demand f o r  
energy.  

Th is  r e p o r t  s t u d i e s  t h e  c u r r e n t  s t a t e  of t h e s e  two s e c t o r s ,  e s t i m a t e s  
t h e i r  energy usage and e f f i c i e n c y  i n  1975 and wherever p o s s i b l e  p r e d i c t s  
energy e f f i c i e n c i e s  f o r  1985 and 2000. C l e a r l y  a comprehensive s t u d y  o f  
a l l  t h e  s u b s e c t o r s  w i t h i n  t h e  i n d u s t r i a l  and a g r i c u l t u r a l  s e c t o r s  would 
be a .massive t a s k ,  q u i t e  o u t s i d e  t h e  scope of t h i s  b r i e f  review. It was 
t h e r e f o r e  necessa ry  t o  s e l e c t  f o r  s tudy  a l i m i t e d  number of t h e  major 
energy u s e r s  w i t h i n  t h e  s e c t o r s  and s t u d y  them i n  some d e t a i l .  

While t h i s  was done i n  p r i n c i p l e ,  t h e  d i f f i c u l t i e s  encountered i n  
c o l l e c t i n g  and c o l l a t i n g  d a t a  f o r  even t h i s  l i m i t e d  number of p r o c e s s e s  
and p l a n t s  i n  t h e  s h o r t  t i m e  a v a i l a b l e ,  when superimposed upon t h e  
normal problems of d a t a  c o l l e c t i o n  and v e r i f i c a t i o n  i n  a developing 
coun t ry ,  made t h e  accuracy of some of t h e  d a t a  extremely ques t ionab le .  
Gordian h a s  a t tempted t o  conf i rm t h e  d a t a  wherever p o s s i b l e  by comparison 
wi th  s t a n d a r d  r e f e r e n c e  d a t a ;  however, t h i s  has  n o t  always been p o s s i b l e  



o r  meaningful.  The e s t i m a t e s  and f o r e c a s t s  w i t h i n  t h e  s t u d y  can the re -  
f o r e  on ly  b e  regarded a s  a f i r s t  e s t i m a t e  of energy demand, which i n  
aggrega te  r e f l e c t  t h e  s e c t o r a l  p i c t u r e  reasonab ly  b u t  can i n  no way b e  
regarded a s  d e f i n i t i v e  e s t i m a t e s  a t  t h e  s u b s e c t o r a l  l e v e l .  To ach ieve  a 
reasonab le  l e v e l  of accuracy a t  t h i s  d i saggrega ted  l e v e l ,  i t  would be 
necessa ry  t o  embark upon a much l a r g e r  and more d e t a i l e d  s t u d y  of each 
end-use. 

2.2 The I n d u s t r i a l  S e c t o r  

Unlike many of .  t h e  o t h e r  Middle Eas te rn  s t a t e s  and l e s s e r  developed 
c o u n t r i e s ,  Egypt has  a d i v e r s e ,  w e l l - e s t a b l i s h e d ,  and r e l a t i v e l y  o l d  
i n d u s t r i a l  s e c t o r .  Egypt's i n d u s t r y  h a s  developed s i n c e  t h e  t u r n  of t h e  
cen tury  from a s i n g l e  product  economy based on c o t t o n  t o  t h e  p o i n t  where 
i t  i s  w e l l  down t h e  road t o  becoming-a  m u l t i p r o d u c t ,  consumer-oriented 
economy. Although a g r i c u l t u r e  remains dominant i n  terms of p roduc t ion  
and employment, a n  i n d i c a t i o n  of t h e  p o s i t i o n  of t h e  i n d u s t r i a l  s e c t o r  
'w i th in  t h e  economy i s  g iven  by t h e  f a c t  t h a t  i n d u s t r y  h a s  accounted f o r  
some 20 p e r c e n t  of Egypt's GNP f o r  more than  a decade. I n  t h e  con tex t  
of t h i s  p a r t i c u l a r  s t u d y ,  t h e  i n d u s t r i a l  s e c t o r  i s  much more important  
rhan the a g r i c u l t u r a l ,  a s  i t  i s  a major energy u s e r  account ing f o r  some 
60 p e r c e n t  of t h e  e l e c t r i c  energy consumed i n  1976. It i s  t h u s  of 
paramount importance t h a t  i n  t h e  n e a r  f u t u r e ,  when energy might become a 
l i m i t i n g  f a c t o r  i n  Egypt's growth,  t h e  i n d u s t r i a l  s e c t o r  examine wi th  
g r e a t  c a r e  t h e  manner and e f f i c i e n c y  wi th  which i t  u t i l i z e s  energy.  I f  
Egypt is t o  con t inue  t o  grow and meet i t s  peoples '  needs and a s p i r a t i o n s ,  
i t  is e s s e n t i a l  t h a t  t h e  maximum outpu t  b e  a t t a i n e d  f o r  any given'  energy 
i n p u t .  

Some of t h e  more prominent p roduc t s  r e p r e s e n t i n g  h i g h e r  energy 
usage w i t h i n  Egypt's i n d u s t r i a l  s e c t o r  a r e  i d e n t i f i e d  below: 

Aluminum 
Bricks  
Cars 
Cement 
Chemicals 
Copper 
Ed ib le  O i l s  
F e r t i l i z e r s  

I r o n  and. S t e e l  
Petroleum Produc t s  
Pulp and Paper 
Refined Sugar 
Soaps and Dete rgen t s  
S y n t h e t i c  F i b e r s  
T e x t i l e s ,  
Trucks 

Th is  l i s t  i n d i c a t e s  t h e  d i v e r s i t y  of p roduc t s  and s u g g e s t s  t h e  l e v e l  of 
technology a l r e a d y  o p e r a t i o n a l  w i t h i n  t h e  country .  It must b e  noted 
t h a t  much of t h e  manufactur ing equipment used f o r  t h e  p roduc t ion  of 
t h e s e  p roduc t s ,  e s p e c i a l l y  t e x t i l e s ,  i s  o l d  and h a s  s u f f e r e d  a s  a r e s u l t  
of t h e  economic c o n s t r a i n t s  on t h e  i m p o r t a t i o n  of s p a r e s .  The f o r e i g n  
exchange burden of c a p i t a l  s p a r e s  and planned maintenance programs 
appears  t o  have l e d  t o  a s e v e r e  c u r t a i l m e n t  of e s s e n t i a l  revamping and 
r o u t i n e  overhau l s ,  and t h i s  i n  t u r n  has  r e s u l t e d  i n  p roduc t ion  f a l l i n g  
behind nominal throughputs .  Seen from t h e  p o i n t  of view of p l a n t  manage- 
ment, w e  would say  t h a t  t h e  maximum a t t a i n a b l e  p l a n t  throughput h a s  
d e c l i n e d  a s  a r e s u l t  of plant. aging and i n a d e q ~ ~ a t e  m a i n t ~ n a n r ~ .  



Afte r  t h e  r e v o l u t i o n  i n  1952, t h e  need f o r  massive i n d u s t r i a l i z a t i o n  
was i d e n t i f i e d  a s  a p r i n c i p a l  o b j e c t i v e  and t h i s  was t o  be  achieved by 
an  i n c r e a s i n g  p a r t i c i p a t i o n  b y . t h e  Government i n  a l l  bu t  t h e  most minor 
of i n d u s t r i a l  u n i t s .  The r e s u l t  of t h i s  approach i s  t h a t  some 80 p e r c e n t ,  
of t h e  v a l u e  of p roduc t ion  of t h e  i n d u s t r i a l  s e c t o r  i s  c o n t r o l l e d  by t h e  
M i n i s t r y  of I n d u s t r y ,  and even t h e n  t h i s  f i g u r e  l e a v e s  o u t  cement, 
b r i c k s ,  p u l p ,  and paper  which come under o t h e r  M i n i s t r i e s .  Thus a t  t h e  
p r e s e n t  t i m e ,  t h e  Government e f f e c t i v e l y  c o n t r o l s  a l l  i n d u s t r i a l  produc- 
t i o n .  Notwiths tanding t h e  c u r r e n t  s t a t u s ,  t h e  new "open door" p o l i c y  of 
t h e  Egyptian Government i s  a c t i v e l y  encouraging p r i v a t e  ownership,  
f o r e i g n  inves tment ,  and j o i n t  v e n t u r e s  and w i l l ,  i f  s u c c e s s f u l ,  undoubt- 
e d l y  a f f o r d  t h e  i n d u s t r i a l  s e c t o r  an  o p p o r t u n i t y  t o  renew i t s  c a p i t a l  
a s s e t s ,  a c q u i r e  new technology,  a n d - a d o p t  modern management t echn iques .  . 

The i n d u s t r i a l  s e c t o r  h a s  two major t a s k s  w i t h i n  Egypt's o v e r a l l  
development p lan :  f i r s t l y ,  t o  p rov ide  t h e  country  wi th  t h e  m a t e r i a l s ,  
goods,  and s e r v i c e s  needed t o  p rov ide  a  reasonab le  s t a n d a r d  of l i v i n g  
f o r  a r a p i d l y  growing p o p u l a t i o n ,  and secondly,  t o  p rov ide  employment 
o p p o r t u n i t i e s  f o r  a l a r g e ,  young popula t ion .  Remembering always t h a t  
t h e s e  t a s k s  w i l l  b e  under taken i n  an atmosphere of con t fnu ing  c a p i t a l  
s c a r c i t y ,  i t  i s  p a r t i c u l a r l y  important  i n  reviewing t h e  s t u d y  a t  hand t o  
remember t h a t  f a c t o r s  such a s  t h e  employment of peop le  and t h e  r e d u c t i o n  
of f o r e i g n  exchange requirements  may r a t e  w e l l  above t h e  e f f i c i e n t  use  
of energy as n a t i o n a l  p r i o r i t i e s .  Thus, i n  t h e  development of o p t i o n s  
which a r e  e s s e n t i a l l y  aimed a t  u t i l i z i n g  Egypt's energy r e s o u r c e s  more 
e f f i c i e n t l y ,  Gordian h a s  borne i n  mind Egypt's preoccupying d e s i r e  t o  
u t i l i z e  one of i ts  major r e s o u r c e s ,  people .  

Of Egypt's many r e s o u r c e s ,  t h e  two major ones  a r e  t h e  f e r t i l e  l a n d s  
of t h e  N i l e  Val ley and t h e  huge pool  of manpower. The coun t ry  h a s  a  
w e l l  e s t a b l i s h e d  e d u c a t i o n a l  system t h a t  has  a  long h i s t o r y  of p rov id ing  
t e c h n i c a l  and p r o f e s s i o n a l  pe rsonne l  t o  t h e  Arab world.  The a v a i l a b i l i t y  
of exper ienced t e c h n i c a l  pe rsonne l  might perhaps b e  a l i m i t i n g  f a c t o r  t o  
extremely r a p i d  growth bu t  cannot  be  regarded a s  such a  s e r i o u s  c o n s t r a i n t  
a s  t h e  g r e a t  l a c k  of middle management can.  Th is  s h o r t a g e ,  which h a s  
a l r e a d y  l e d  t o  a . g r o s s  overburdening of t h e  s e n i o r  t e c h n i c a l  and mana- 
g e r i a l  p e r s o n n e l ,  i s  u n l i k e l y  t o  b e  r e c t i f i e d  i n  t h e  immediate f u t u r e .  
A major p r e r e q u i s i t e  t o  t h e  expansion and r e j u v e n a t i o n  of Egypt's 
i n d u s t r i a l  s e c t o r  must t h e r e f o r e  be  t h e  t r a i n i n g  of middle managers and,  
through them, t h e  adop t ion  of b a s i c  modern management and c o n t r o l  
t echn iques .  Th is  d r i v e  t o  develop and i n v i g o r a t e  t h e  middle and lower 
management l e v e l s  w i l l  need t o  b e  supplemented by a  program which 
e n s u r e s  a good supp ly  o f  s k i l l e d  workers t o  what must i n c r e a s i n g l y  
become t e c h n o l ~ g i c a l l y  s o p h i s t i c a t e d  i n d u s t r i e s *  

I n d u s t r y ,  o r  r a t h e r  i ts geograph ica l  l o c a t i o n ,  can and w i l l  p l a y  a  
major r o l e  i n  meeting many of t h e  Government's o b j e c t i v e s ,  most p a r t i -  
c u l a r l y  by p rov id ing  n u c l e i  f o r  t h e  development of new communities. 
Notwiths tanding t h e  d e s i r a b i l i t y  of d e c e n t r a l i z i n g  both  t h e  p o p u l a t i o n  
and i n d u s t r y ,  i t  must b e  recognized t h a t  l o c a t i o n  d e c i s i o n s  based on 
po l i t i ca l - -and  n o t  merely technical-economic--premises may w e l l  a d v e r s e l y  
a f f e c t  t h e  energy e f f i c i e n c y  of a  p r o j e c t  and hence add t o  t h e  country 's  
energy burden.  



To d a t e ,  t h e  i n d u s t r i a l  development of Egypt h a s  been based upon 
i t s  comparat ive  advantages  i n  a g r i c u l t u r e ,  "endless"  supp ly  of cheap 
l a b o r ,  and a  need t o  r e p l a c e  impor t s  and s o  reduce  t h e  requirement  f o r  
f o r e i g n  exchange. Although such p o l i c i e s  seem l i k e l y  t o  p e r s i s t  i n  t h e  
n e a r  f u t u r e ,  t h e  growing e f f e c t i v e n e s s  of c e n t r a l i z e d  p lann ing  may tempt 
t h e  country  t o  shy away from t h e  s m a l l e r  p r o j e c t s  i n  f a v o r  of t h e  
l a r g e r ,  more p r e s t i g i o u s ,  and a lmost  c e r t a i n l y  h i g h e r  energy-consuming 
p r o j e c t s .  Because Egypt may w e l l  no longer  b e  a b l e  t o  accommodate 
energy- in tens ive  o r  e n e r g y - i n e f f i c i e n t  p r o j e c t s ,  t h e  p l a n n e r s  w i l l  
have t o  t h i n k  careful1 ,y  about  t h e  energy i m p l i c a t i o n s  of a l l  new schemes, 
even a l lowing  f o r  t h e  f a c t  t h a t  most energy i s  pa id  f o r  i n t e r n a l l y  and 
t h e r e f o r e  h a s  on ly  a  s m a l l  f o r e i g n  component. 

Thus t o  summarize: Egypt h a s  a . u s e f u 1 ,  d iv;erse  i n d u s t r i a l  base  
t h a t  i s  ag ing  r a t h e r  r a p i d l y ;  i t  h a s  an  ample supply  o f  pe r sonne l  and a  
mass ive  c a p t i v e  market .  It should  t h e r e f o r e  b e  able, t o  and renova te  
i n ' c o n f i d e n c e ,  provided s u f f i c i c n t  cognizance is  t a k e n  of energy impl i -  
c a t i o n s  s o  a s  t o  e n s u r e  t h e s e  do n o t  become a  l i m i t i n g  f a c t o r .  

2.3 The A g r i c u l t u r a l  S e c t o r  

The a g r i c u l t u r a l  s e c t o r  i n  Egypt accoun t s  f o r  approximate ly  30 
p e r c e n t  of t h e i r  GNP. It i s  t h e  dominant s e c t o r ,  employing j u s t  under 
h a l f  t h e  l a b o r  f o r c e ,  and i s  a  major e a r n e r  of f o r e i g n  exchange. 
Between 1955 and 1965 t h e  s e c t o r  grew approximate ly  3.5 p e r c e n t  t o  4.0 
p e r c e n t  p e r  annum; s i n c e  then  growth h a s  been around 2.0 p e r c e n t  p.a. 
and on ly  more r e c e n t l y  h a s  p icked up a s  a  r e s u l t  of Government programs 
f o r  improving p r o d u c t i v i t y .  

The t o t a l  c u l t i v a t e d  a r e a  is  e s t i m a t e d  t o  b e  about  6 m i l l i o n  . - 

feddan ,  5.5 mi l l . ion  i n  t h e  D e l t a  and N i l e  Val ley  a r e a  ( o l d  l and)  and 0.5 
m i l l i o n  o n . . t h e  f r i n g e s  (new l a n d ) .  Crops account  f o r  about  75 p e r c e n t  
of a g r i c u l t u r a l - o u t p u t ,  a s  opposed t o  l i v e s t o c k .  Grain  c r o p s  a r e  grown 
on one- th i rd  of t h e  cropping a r e a ,  w h i l e  c o t t o n ,  v e g e t a b l e s ,  f r u i t ,  
s u g a r  cane and berseem accoun t  f o r  t h e  o t h e r  major c r o p s  ( s e e  t a b l e  1 ) .  
L ives tock  p r o d u c t s  a r e  p l a y i n g  a n  i n c r e a s i n g l y  impor tan t  r o l e  i n  t h e  
s e c t o r .  . . 

The two main f a c t o r s  which u n d e r l i e  Egyptian a g r i c u l t u r e  a r e  an 
ample wa te r  supply  and a  r e s t r i c t e d  land a r e a .  Government p o l i c i e s  
aimed a t  i n c r e a s i n g  p r o d u c t i v i t y  and a t  overcoming t h e  c o n s t r a i n t s  i n  
t h e  s e c t o r  may b e  summarized under t h e  fo l lowing  broad c a t e g o r i e s :  

1. Drainage,  r e h a b i l i t a t i o n ,  and management of t h e  i r r i g a t i o n  
system. 

2. Reclamation of d e s e r t  . l a n d s .  

3. Mechanization.  

4. Development of t h e  a g r o - i n d u s t r i a l  s e c t o r .  
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TABLE 1 

EGYPT: PRODUCTION OF MAJOR CROPS, 1972-74 
AVERAGE AND 1975-77(1) 

Crop Average  1972-74 1975 - 1976 1977(2)  
1000 metric t o n s  

C o t t o n  ( l i n t )  483 383 412 425 

Major C e r e a l s  

Wheat 
R i c e  (paddy) 
Maize 
Sorghum 
B a r l e y  

T o t a l  

O i l  Seeds  

Cot  t onseed  
F l a x s e e d  
Sesame 
P e a n u t s  

T o t a l  

Horse  Beans 
L e n t i l s  

Maf o r  Vege tab le s  

Tomatoes 
P o t a t o e s  
Onions  
Cabbages 

T o t a l  

Major  F r u i t s  

Oranges 
Grapes  
Bananas 
D a t e s  

T o t a l  1,434 1 ,598  1 , 6 6 5  1 ,755 

( 1 )  M i n i s t r y  o f  A g r i c u l t u r e  and USDA, ERS estimates. 
( 2 )  P r e l i m i n a r y  



Drainage and ~ r r i ~ a t i o n  

In  o r d e r  t o  i n c r e a s e  t h e  cropped a r e a ,  Government p o l i c y  h a s  
concen t ra ted  on t h e  improvement of o l d  l a n d s  and t h e  c r e a t i o n  of new 
l a n d s .  

Where o l d  l a n d s  a r e  concerned,  p r o d u c t i v i t y  h a s  been f a l l i n g  due t o  
water logging and r i s i n g  s a l i n i t y .  The c r e a t i o n  of t h e  Aswan Dam i n  1965 , 
l e d  t o  t h e  s h i f t  t o  p e r e n n i a l  i r r i g a t i o n  r e s u l t i n g  i n  a r i s i n g  groundwater 
t a b l e .  The a d d i t i o n a l  i r r i g a t i o n  water  h a s  proven e x c e s s i v e  f o r  t h e  
e x i s t i n g  d ra inage  system. Seepage f om t h e  c a n a l s  and consumers' w a s t e f u l  5 
usage of water  of up t o  5 b i l l i o n  m p e r  y e a r  (water  i s  provided f r e e  
of charge)  have c r e a t e d  water  logging c o n d i t i o n s  which have s e r i o u s l y  
a f f e c t e d  a g r i c u l t u r a l  product ion.  T h e - r i s i n g  water  t a b l e s  have i n c r e a s e d  
s o i l  s a l i n i t y .  

k 

I n  1960 t h e  Government launched a program t o  improve d r a i n a g e  i n  5 
m i l l i o n  f d  of i r r i g a t e d  land.  However, between 1960 and 1970 on ly  
500,000 feddans  were d r a i n e d  i n  the D e l t a  a r e a ,  and 80,000 f d  i n  Upper 
Egypt. The World Bank and A I D  a r e  c u r r e n t l y  f i n a n c i n g  d r a i n a g e  p r o j e c t s  
b o t h  i n  t h e  D e l t a  a r e a  and i n  t h e  Upper Egypt. The Government p l a n s  t o  
complete i t s  d r a i n g e  program i n v o l v i n g  6 m i l l i o n  fd  by 1985. According 
t o  the .World  Bank t h i s  p r o j e c t  should  i n c r e a s e  crop y i e l d  by 30 p e r c e n t .  

Reclamation of Deser t  Land 

The "new lands"  p o l i c y  is  f o r  t h e  e x t e n s i o n  of t h e  c a n a l  network on 
t h e  one hand and t h e  development of groundwater r e s o u r c e s  on t h e  o t h e r .  
The new v a l l e y  p r o j e c t  u l t i m a t e l y  env i sages  t h e  c u l t i v a t i o n  of 3 m i l l i o n  
fd .  The o b j e c t i v e  of t h e  p o l i c y  i s  t o  r e c l a i m  250;OOO t o  300,000 f d pe r  
year .  Programs f o r  1978 cover  1.1 m i l l i o n  f d  of which 450,000 f d  w i l l  
u se  groundwater r e s o u r c e s  i n  t h e  wes te rn  d e s e r t .  

Mechanization 

Animal and manual power s t i l l  p l a y  an important  r o l e  i n  Egyptian 
a g r i c u l t u r e .  I n  a d d i t i o n ,  non-commercial energy (animal  dung, c rop  
r e s i d u e s ,  and some f i rewood)  c o n t r i b u t e  t o  about one- thi rd  of t o t a l  
energy consumption. Mechanization i n  Egypt h a s  been a slow process :  f o r  
example, from 5,000 u n i t s  i n  1950, t h e  t r a c t o r  i n v e n t o r y  of f u l l y  
o p e r a t i o n a l  machines is  e s t i m a t e d  t o  be  on ly  16,000 i n  1976. Other 
major i t ems  used a r e  c h i s e l  p loughs ,  s t a t i o n a r y  t h r e s h e r s ,  s p r a y e r s ,  and 
s p r i n k l e r s  . 

Development o f  Agro-Industr ies  

, The food p rocess ing  i n d u s t r i e s  a r e  es t imated  t o  c o n s i s t  of 1,000 
e s t a b l i s h m e n t s  employing about 80,000 persons .  Major emphasis h a s  been 
on developing t h e  sugar  i n d u s t r y ,  on o i l  p rocess ing ,  and on soap manu- 
f a c t u r e  (See t a b l e  2 ) .  



TABLE 2  

INVESTMENT I N  FOOD PROCESSING AND RELATED INDUSTRIES 
1960 - 1974 

M i l l i o n  Pounds X of T o t a l  

susar 

O i l  and Soap 

Tobacco and C i g a r e t t e s  

Dairy  Produce 

Canning 

B o t t l i n g  and Beverages 12.9 7.0 

2.4 Subsec to r  I d e n t i f i c a t i o n  

A s  d i s c u s s e d  above, i t  was necessa ry  w i t h i n  t h e  i n d u s t r i a l  and 
a g r i c u l t u r a l  s e c t o r s  t o  i d e n t i f y  a l i m i t e d  number of a r e a s  o r  s u b s e c t o r s  
which could  be reviewed i n  t h e  t ime a v a i l a b l e .  Th i s  s e l e c t i o n  w a s  done 
n i t h  due regard  t o  t h e  known high energy i n d u s t r i e s  and t h e  importance 
of an i n d u s t r y  i n  t h e  Egypt ian con tex t .  The i n i t i a l  s e l e c t i o n ,  made 
b e f o r e  t h e  team went t o  Egypt, was modif ied when t h e  demarcat ion between 
the  supply and demand teams was c l a r i f i e d .  

It i s  b e l i e v e d  t h a t  t h e  s u b s e c t o r s  cons idered  account  f o r  t h e  v a s t  
m a j o r i t y ,  probably  90 p e r c e n t  o r  more, of t h e  energy used w i t h i n  i n d u s t r y  
and a g r i c u l t u r e .  

2.5 Data C o l l e c t i o n  

The ' scope  of work invo lved  i n  t h i s  p a r t  of t h e  demand a n a l y s i s  
covered e i g h t  major i n d u s t r i a l  a u b s e c t o r s  and t h r e e  a g r i c u l t u r a l  subsec- 
torn. I n  c o l l e c t i n g  d a t a  of s u f f i c i e n t l y  good q u a l i t y  on  which t o  make 
reasoned judgements, t h e  team was c o n s t r a i n e d  by t h e  f a c t o r s  d e s c r i b e d  
below. 



2.5.1 L i m i t a t i o n s  

'1 
2.5.1.1 Inadequacy of time: A p e r i o d  of j u s t  over  3 week) 

had been a l l o c a t e d  f o r  d a t a  c o l l e c t i o n .  This  l e n g t h  of t ime would have 
on ly  proved s u f f i c i e n t  had t h e  d a t a  a l r e a a y  been c o l l e c t e d  and a n a l y t r d  
i n  t h e  v a r i o u s  Government m i n i s t r i e s  and i n d u s t r i a l  o r g a n i z a t i o n s .  In 
any e v e n t ,  t h i s  d a t a  was n o t  r e a d i l y  a v a i l a b l e  and t h e  team had t o  u s e  
whatever in format ion  could  be c o l l e c t e d  w i t h i n  t h e  t ime a v a i l a b l e .  In 
t h i s  r e s p e c t ,  t h e  team would l i k e  t o  thank D r .  Maksoud and Eng. El Anin 
of GOFI, wi thou t  whose a s s i s t a n c e  we would n o t  have been a b l e  t o  conduct 
t h e  number of i n t e r v i e w s  and v i s i t s  which took p l a c e .  Never the less ,  t h e  
t i m e  needed t o  a r r a n g e  i n t e r v i e w s ,  as w e l l  a s  t h e  l o g i s t i c s  of t r a v e l -  
l i n g  a c r o s s  Ca i ro  and t h e  non-operation of t h e  t e lephone  system, e f f e c -  
t i v e l y  c u t  down t h e  number of i n t e r v i e w s  and means of g a t h e r i n g  d a t a  
which might have been achieved elsewhere.  

2.5.1.2 Inadequacy of d a t a :  It should be noted t h a t  i n  
almost all ,  c a s e s  no d a t a ,  had been c o l l e c t e d  on energy consumption i n  t h e  
v a r i o u s  i n d i v i d u a l  s u b s e c t o r s .  Only a n  o v e r a l l  f i g u r e  w a s  a v a i l a b l e  on 
e l e c t r i c i t y  consumption f o r  t h e  i n d u s t r i a l  s e c t o r  as a  whole an.d f o r  t h e  
a g r i c u l t u r a l  s e c t o r .  

I n  a number of c a s e s ,  such b a s i c  d a t a  a s  t h e  number of p l a n t s  and 
ou tpu t  by p l a n t  o r  by s e c t o r  a s  a  whole was n o t  a v a i l a b l e .  

A t  t h e  same t ime d a t a  h a s  i n  g e n e r a l  proven i n c o n s i s t e n t .  Es t imates  
of a c t u a l  p roduc t ion  g iven  by v a r i o u s  depar tments  h a s  d i f f e r e d  from 
publ i shed  da ta .  S t a t i s t i c s  g iven  by i n d i v i d u a l  p l a n t s  have proven t o  be  
d i f f e r e n t ,  b o t h  wi th  regard  t o  range of p roduc t s  manufactured and t o  
o u t p u t ,  from t h o s e - - a v a i l a b l e  e i t h e r  i n  pub l i shed  form o r  i n  v a r i o u s  
,Government departments.  

Where f u t u r e  p r o j e c t s  a r e  concerned,  t h e r e  appears  t o  be a  d ivergency 
among in format ion  i n  pub l i shed  p l a n s ,  t h e  s t a t e m e n t s  of p l a n n e r s ,  and 
t h e  i n t e n t i o n s  of i n d i v i d u a l  s e c t o r s  and f a c t o r i e s .  These incons i s -  
t e n c i e s  could n o t  b e  r e s o l v e d  i n  t h e  t ime a v a i l a b l e ,  and t h e  team h a s  
had t o  make i t s  own judgments on t h e  l i k e l y  outcome of f u t u r e  development. 

2.5.2 Approach t o  d a t a  c o l l e c t i o n :  I n  view of t h e  above f a c t o r s ,  
t h e  approach adopted was t o  submit a  d e t a i l e d  q u e s t i o n n a i r e  f o r  each 
i n d u s t r i a l  s u b s e c t o r  and f o r  a g r i c u l t u r e  t o  t h e  General  o r g a n i z a t i o n  f o r  
I n d u s t r y  (GOFI). These were t h e n  forwarded by GOFI t o  t h e  r e l e v a n t  
department and i n t e r v i e w s  were a r ranged  f o r  d a t a  c o l l e c t i o n .  

However, a s  noted above,  d a t a  r e q u i r e d  was n o t  g e n e r a l l y  a v a i l a b l e  
and even o b t a i n i n g  b a s i c  d a t a  sometimes r e q u i r e d  two v i s i t s .  I n  a  
number of c a s e s  (e.g., t e x t i l e s ,  cement) q u e s t i o n n a i r e s  were s e n t  o u t  t o  
f a c t o r i e s ,  b u t  had no t  been r e t u r n e d  by t h e  t i m e  t h e  team l e f t  Egypt. 



Data was c o l l e c t e d  from t h e  fo l lowing  sources :  

(1) O f f i c i a l  Government pub l i shed  s t a t i s t i c s ;  

(2 )  I n d u s t r y  s e c t o r a l  r e p o r t s  pub l i shed  by t h e  Government o r  by 
f o r e i g n  a i d  a g e n c i e s ;  

(3 )  F e a s i b i l i t y  s t u d i e s  (where a v a i l a b l e )  on i n d i v i d u a l  p l a n t s ;  

( 4 )  Discuss ions  wi th  s e c t o r a l  o r g a n i z a t i o n s ,  e.g. g e n e r a l  o r g a n i z a t i o n  
f o r  food i n d u s t r i e s ;  and 

(5 ) I n d i v i d u a l  p l a n t  v i s i t s .  
e 

Where p l a n t  v i s i t s  were concerned,  members of t h e  team at tempted t o  
v i s i t  those  p l a n t s  which were cons idered  t o  be  major u s e r s  of energy,  .. 

e.g. ,  Helwan I r o n  and S t e e l  P l a n t ,  Kima f e r t i l i z e r  p l a n t ,  e t c .  A l i s t  of 
meet ings  and p l a n t  v i s i t s  a t t e n d e d  by t h e  Gordian team is a t t a c h e d .  

An a t t empt  was a l s o  made t o  v i s i t  a t  l e a s t  one p l a n t  i n  each of t h e  
s e c t o r s .  F a c t o r i e s  were v i s i t e d  i n  i r o n  and steel,  aluminum, cement, 
chemicals ,  f e r t i l i z e r s ,  pe t rochemica l s  and t h e  automotive  i n d u s t r i e s  
s u b s e c t o r s .  However, t h e r e  was n o t  t ime t o  v i s i t  a  t e x t i l e  p l a n t  o r  any 
food p rocess ing  i n d u s t r i e s ,  a p a r t  from sugar .  The d a t a  c o l l e c t e d  dur ing  
t h e s e  v i s i t s  was o f t e n  a t  v a r i a n c e  wi th  i n f o r m a t i o n  c o l l e c t e d  e lsewhere .  
Data on energy consumption and e f f i c i e n c i e s  was i n  most c a s e s  n o t  
a v a i l a b l e .  

2.5.3 R e l i a b i l i t y  of d a t a :  For t h e  reasons  g iven  above,  t h e  d a t a  
on which t h e  assessment  of energy usage and e f f i c i e n c y  h a s  been based is 
considered t o  be  i n s u f f i c i e n t  i n  o r d e r  t o  a r r i v e  a t  a t r u l y  r e a l i s t i c  
pi$ture.  Guess e s t i m a t e s  have been made on t h e  p r e s e n t  s t a t u s  of many 

I 

p l a n t s  of Egyptian i n d u s t r y  and a g r i c u l t u r e .  Energy usage assessments  
have been based i n  some c a s e s  on t y p i c a l  u t i l i z a t i o n  f a c t o r s  i n  o t h e r  
c o u n t r i e s ,  and t h e  f i g u r e s  have been modified t o  t a k e  account  of Egyptian 
c o n d i t i o n s  based on t h e  p l a n t  v i s i t s .  

~ e ~ r e t t a b l y ,  t h e  l a c k  of d e t a i l e d  and a c c u r a t e  d a t a  on t h e  energy 
usage  i n  each p l a n t  broken down by f u e l  type  h a s  meant t h a t  i t  is n o t  
p o s s i b l e  t o  b reak  o u t  even t h e  1975 d a t a  by f u e l  type.  The n e c e s s i t y  t o  
use  t y p i c a l  d a t a  f r o m , o t h e r  p a r t s  of t h e  world where t h e  f u e l  type mix 
i s  d i f f e r e n t  has  f u r t h e r  aggravated t h e  s i t u a t i o n .  



MEETINGS HELD BY GORDIAN TEAM I N  EGYPT 
2 7 T H  A P R I L  1 9 7 8  - 1 7 T H  MAY 1 9 7 8  

DATE 
GORDIAN 

NAME/PURPOSE O F  MEETING EGYPTIAN CONTACT ATTENDEES 

U. S. DEMAND TEAM N I L  VK/CMM 
SUBCOMMITTEE - ENERGY G O F I  - DR. SHAFUS VK/CMM 

DEMAND 
DEMAND OPT I O N S  GROUP G O F I  - DR. MAKSOUD VK/CMM 

DEMAND P R O J E C T I O N S  GROUP N P I  - DR. S H A F I E  VK 
DEMAND OPTIONS GROUP G O F I  - DR. MAKSOUD CMM 
SUPPLY /DEMAND TEAM N I L  VK/CMM 

U.S. SUPPLY TEAM . N I L  CMM 
DEMAND OPT I O N S  GROUP G O F I  - DR. MAKSOUD CMM 

DEMAND P R O J E C T I O N S  N P I  - DR. S H A F I E  VK 
U. S.  e O U P  STATUS N I L  VK/CMM 
R E F I N E R Y  V I S I T  DR. KAROCOS VK/CMM 

DR. R I F A I  
CHEMICALS MEETING DR. EL HAM1 CMM 

DR. ROSHDY 

MIN. O F  I R R I G A T I O N  - ENG. SARWHAT FAHAMY VK 
WATER RESOURCES 

MIN. OF I R R I G A T I O N  - MR. ABDUL GHANI AASSAN VK 
MECH. DEPARTMENT 

HELWAN - I R O N / S T E E L  DR. E L  MAGHRABI CMM 

M I N I S T R Y  O F  HOUSING/ DR. EL KASHIF  CMM 
RECONSTRUCTION 

HELWAN - FERTILIZ w MR. SABRI IGALIYEHICE VK 
KOTB 

- COKER MR. FOUAD EL GUINDY' VK 
- CEMENT MR. FOUAD ABBAS VK 

I R R I G A T I O N  MR. ABDEL MOSHEM AZMY CMM 

EGYPT CHEMICAL COMPANY MR. ABU E L  FADL FARAG VK 
DR. TUSAN KAMEL 

T E X T I L E S / S Y N T H E T I C S  DR. HASSAN SALLAM CMM 

EGYPTIAN SUGAR COMPANY MR. ABDEL MEDGID E L  G I S H  VK 
NASCO DR. GAZARIN VK 
EGYPTIAN ALUMINUM COMPAY MR. GALAL VK 

U.S. A I D  ( R . J .  EDWARDS) N I L  VK 

B U S I N E S S  UNDERTAKEN 

INTRODUCTORY D I S C U S S I O N  
FORMAL REVIEW O F  REFER- 

ENCE ENERGY SYSTEMS . 

D I S C U S S E D  NEED FOR 
QUESTIONNAIRE 

PRELIMINARY D I S C U S S I O N S  
SUBMITTED QUESTIONNAIRES 
PREVENT DUPLICATION OF 

CONTACTS 
INFORMATION EXCHANGE 
IRON~STEEL INDUSTRY 

REVIEW 
METHODOLOGY AGREED 
F I R S T  REVIEW MEETING 
D I S C U S S E D  R E F I N E R I E S  

H I  STORY 
RECEIVED INSTALLED POWER 

C A P A C I T I E S ,  FUEL AND 
GAS USAGES 

D I S C U S S E D  I R R I G A T I O N ,  
LAND RECLAIMATION 

D I S C U S S E D  PUMPS, ETC. 

D I S C U S S E D  HELWAN 
COMPLEX 

MEETING ABORTED - 
TLME CHANGE 

1 
) D I S C U S S E D  F A C I L I T I E S  
1 

D I S C U S S E D  A V A I L A B I L I T Y  O F  
INFORMATION 

PRODUCTION S T A T I S T I C S  
MEETING 

DISCUSSED SYN. AND NAT- 
T E X T I L E  MANUFACTURE 

ARRANGED R E F I N E R Y  V I S I T  
ARRANGED APPOINTMENT 
D I S C U S S E D  MARKETING 

A S P E C T S  
D I S C U S S E D  I R R I G A T I O N  

PROGRAM 



MEETINGS HELD BY GORDIAN TEAM I N  EGYPT 
2 7 T H  A P R I L  1 9 7 8  - 1 7 T H  MAY 1 9 7 8  

GORDIAN 
DATE 

MINISTRY OF IRRIGATION DR. MOSHEM AZMY CMM 
DEMAND TEAM MEETING DR. SHARKOS CMM/VK 
TEXTILES DR. REDAN CMM 
CHEMICALS DR. EL HAM1 CMM 

MR. MOUNIR ABDEL MALEK 
MINISTRY OF AGRICULTURE HASSAN ABOULLAH VK 

MINISTRY OF AGRICULTURE VK 
RURAL DEVELOPMENT 

U. S. TEAM MEETING N I L  VK 
PETKOCHEM ICAL S ENG. F -  HASHAT CMM 

DR. HAMED AMER 
KIMA F E R T I L I Z E R  CO. ENG. OKAAL CMM 

MINISTRY OF AGRICULTURE ALI HOSSAIRY VK 
S T A T I S T I C  S~MECHANIZATION 

MINISTRY OF AGRICULTURE VK 
FOOD PROCESSING 

EGYPTIAN ALUMINUM COMPANY ENG.'HASSAN HALLAH CMM 

SUGAR REFINERY V I  S I T  VK 
HOWAMD J A  
IRON AND STEEL COMPLEX DR. MASSAWI VK 

ELECTRICITY AUTHORITY DR. SWIDAN VK 

GENERAL ORG. FOR FOOD MR. A L I  BEN A S I D I N  
INDUSTRY 

AMERIYA REF1NER.P - DR. WAULD SALEM 
ALEXANDRIA 

EGYPTIAN COPPER WORKS - ENG. MHD KHATTAS 
ALEXANDRIA 

MISR RAYON COMPANY - ENG. SHOKRI ELKALZA 
KAFR EL DAWAR 

IRON AND STEEL COMPLEX ENG. MASSAWI 

MINISTRY OF AGRICULTURE DR. A L I  HOSSHIRY 
S T A T I S T I C S  & MECHANIZATION 
NASCO ENG. ZAKI 
CHEMICALS WG. EL HAM1 

TOURAH CFMENT COMPANY - 
HELWAN 

CMM 

PMT 
VK 

REVIEWED PROGRESS 
SUBMITTED QUESTIONNAIRE 
ARRANGED FOR QUESTION- 

NAIRE TO BE SENT O F F  
DISCITSSED POWER CONSUMP- 

T I O N  
ARRANGED' CONTACT 

REVIEWED PROGRESS 
. DISCUSSED FUTURE PLANS 

DISCUSSED PLANT ENERGY 
USAGES 

DISCUSSED AGRICULTURAL 
MECHANIZATION 

ARRANGED CONTACT 

DISCUSSED PLANT AND 
ENERGY USAGES 

V I S I T E D  PLANT AND 
DISCUSSED SUGAR INDUSTRY 

DISCUSSED AVAILABILITY OF 
DATA AND RELATED 
PROBLEMS 

DISCUSSED POWER CONSUMP- 
TION I N  SECTORS 

ACQUIRED DATA ON FOOD 
PROCESSING INDUSTRIES 

COLLECTED DATA ON REFINERY 
DISCUSSED I T S  OPERATION 

COLLECTED DATA AND D I S -  
CUSSED OPERATIONS 

COLLECTED DATA AND D I S -  
CUSSED OPERATIONS 

DISCUSSED DATA ACQUIRED 
ON IRONISTEEL 

ACQUIRED DATA 

ACQUIRED DATA 
CONFIRMED DATA ON FUTURE 

PROJECTS 
DISCUSSED OPERATIONS, 

COLLECTED DATA 



MEETINGS HELD BY GORDIAN TEAM I N  EGYPT 
2 7 T H  A P R I L  1 9 7 8  - 1 7 T H  MAY 1 9 7 8  

GORDIAN ' 

DATE NAME/PURPOSE OF MEETING EGYPTIAN CONTACT ATTENDEES BUSINESS UNDERTAKEN 

4 1 1 7 1 7  8 ALEXANDRIA CEMENT PLANT ENG. RAMADAN PMT/VK l ) T S W S w  OPERATIONS 
4 / 1 7 / 7 8  M I S R  CHEMICALS - ENG. HELM1 M O W  PMT/VK DISCUSSED' OPERATIONS ' 

ALEXANDRIA AND V I S I T E D  PLANT 

NOTE 

G O F I  = GENERAL ORGANIZATION FOR INDUSTRY 
N P I  = NATIONAL PLANNING I N S T I T U T E  
VK = VICTOR KUMAR 
CMM = C H R I S  MOORE 
PMT = PAUL THORNF. 



3.0 INDUSTRIAL SUBSECTOR ENERGY ASSESSMENT 

3.1 I r o n  and ' s t e e l  I n d u s t r y  

3.1.1 Background: Within t h e  " M e t a l l u r g i c a l  Products" s e c t o r  of 
t h e  Egyptian economy, i r o n  and s t e e l  p roduc t ion  is  t h e  p r i n c i p a l  i n d u s t r y  
account ing f o r  almost a l l  t h e  o u t p u t  v a l u e ,  w i t h  t h e  non-ferrous meta l s  
making up t h e  ba lance .  The s e c t o r  i s  p r i n c i p a l l y  p u b l i c l y  own'ed wi th  
o n l y  some 10 p e r c e n t  of t h e  ou tpu t  v a l u e  i n  p r i v a t e  hands ,  and t h a t  
be ing  genera ted  mainly i n  small jobbing shops and f o u n d r i e s .  

The major i r o n  and steel f a c i l i t y ,  an i n t e g r a t e d  complex, be longs  
t o  t h e  Egyptian I r o n  and S t e e l  Company and is  s i t u a t e d  near  Helwan j u s t  
s o u t h  of Cairo.  There a r e  a  number of s m a l l e r  steel-making f a c i l i t i e s  
which produce r e i n f o r c i n g  rod u s i n g  open h e a r t h  f u r n a c e  technology. The 
p r i n c i p a l  companies h e r e  a r e :  

* 
Capaci ty  Met r ic  Tonnes Per  Year 

Steelmaking R o l l i n g  

Copper Works, Alexandria 
Abu Zaabel ,  Abu Zaabel 
D e l t a  S t e e l  Co., Ca i ro  

The Abu Zaabel f a c i l i t y  h a s  j u s t  opened a  new r o l l i n g  shop wi th  a  
c a p a c i t y  of 150,000 t o n s  pe r  annum. This  t a k e s  t h e  t o t a l  r o l l i n g  
c a p a c i t y  t o  250,000 t o n s l y r .  C l e a r l y ,  b o t h  t h e  Abu Zaabel complex and 
t h e  D e l t a  S t e e l  Company w i l l  have t o  buy s t e e l  f o r  r o l l i n g  from t h e  
Helwan complex f o r  t h e  t i m e  being u n t i l  and i f  t h e y  a r e  al lowed t o  r a i s e  
t h e i r  own s teelmaking c a p a c i t y .  Outs ide  of t h e s e  few r o l l i n g  f a c i l i t i e s ,  
t h e  e x i s t i n g  Egypt ian I r o n  and S t e e l  i n d u s t r y  c o n s i s t s  e n t i r e l y  of t h e  
complex a t  Helwan. ' 

The planning f o r  t h e  complex s t a r t e d  i n  1955; b l a s t  f u r n a c e  no. 1 
was commissioned i n  1958 and was followed by no. 2  i n  1960. The German 
made f u r n a c e s  were i d e n t i c a l ,  w i t h  a  nominal c a p a c i t y  of 150,000 t p a  
each when us ing  a  charge of Aswan o r e .  Table  3  l is ts  t h e  major f a c i l -  
i t i e s  which i n c l u d e  coke ovens ,  s i n t e r  p l a n t ,  s t e e l  f u r n a c e  and r o l l i n g  
and f i n i s h i n g  m i l l s  i n  a d d i t i o n  t o  t h e  b l a s t  fu rnaces  mentioned above. 
The p e r i o d  covered by t h e  f a c i l i t y  l i s t  is  1958 t o  1969, a t  which t i m e  a  
Russian s t r i p  m i l l  was added. 

* 
A l l  r e f e r e n c e  t o  tonnages i n  t h i s  s e c t i o n  mean m e t r i c  tonnes  (1.1023 s h o r t  
tons )  



TABLE 3 

MAJOR.FACILITIES AND CAPACITIES, 1958-1969: 
EGYPTIAN IRON AND STEEL COMPANY, HELWAN 

Coke ovens 1-50 oven b a t t e r y  wi th  annual  c a p a c i t y  of 380,000 
tonne9 

S i n t e r  P l a n t  1-50m s i n t e r i n g  machine producing 330,000 
tonnes lyear  of s e l f - f l u x i n g  s i n t e r  from Aswan o r e  
(42-43 F e ,  6% S i ,  1.1% P.) 

Blast f u r n a c e  3 2-550m German b u i l t  f u r n a c e s  producing 2 90,000 
t o n n e s l  year  of h o t  metal .  

St  e e l  f u r n a c e s  3-17 t o n  Thomas f u r n a c e s  ( b a s i c  Bessemer f u r n a c e s )  
w i t h  a n  annual  s t e e l  i n g o t  c a p a c i t y  of 265,000 
t o n n e s l y r  us ing  b l a s t  f u r n a c e  h o t  metal .  
2-12 t o n  e l e c t r i c  a r c  f u r n a c e s  wi th  a n  annual  
s t e e l  c a p a c i t y  of 40,000 t o n n e s l y r .  of  s t e e l  
i n g o t s  us ing  yard and imported sc rap .  

Tonnes /y r  
R o l l i n g  f a c i l i t i e s  Blooming m i i l  480,000 i n g o t s  

Heavy s e c t i o n  m i l l  125,000 t o t a l  ou tpu t  
Bar and rod m i l l  55,000 b a r s  and r o d s  
P l a t e  m i l l  35,000 p l a t e s  
S t r i p  m i l l  300,000 s t e e l  se tupa  

(a )  Russian s t r i p  m i l l  b u i l t  i n  1969. 

Aswan o r e  is r a t h e r  low i n  i r o n  c o n t e n t  (42-43 p e r c e n t )  and,  i n  
some i n s t a n c e s ,  h i g h  i n  s i l i c o n .  It i s  planned t o  phase o u t  t h e  use  of 
Aswan o r e  a s  t h e  El-Gedida o r e  d e p o s i t  a t  Bahariya Oas i s  i s  developed. 

The energy demand f o r  t h e  f a c i l i t y  was f u r n i s h e d  i n  i t s  e a r l y  days 
by a d e d i c a t e d  60  MWe power s t a t i o n ,  f u e l  o i l  and imported coke. S tee l -  
making was done i n  17 t o n  Thomas c o n v e r t e r s ,  of which f o u r  were, even- 
t u a l l y  i n s t a l l e d ,  tworwith each b l a s t  fu rnace .  Thomas c o n v e r t e r  techno- 
logy was s e l e c t e d  because of t h e  h i g h  phosphorous c o n t e n t  of t h e  Aswan 
o r e .  Th i s  phosphorous,  which remains i n  t h e  r e s i d u e  i n  t h e  con;verters,  
h a s  always been s o l d  a s  f e r t i l i z e r ;  however, due t o  i t s  u n s u i t a b i l i t y  
for most Egyptian s o i l  c o n d i t i o n s ,  a l a r g e  p o r t i o n  of i t  h a s  had t o  b e  
expor ted.  

As t h e  use  of imported coke r e p r e s e n t e d  a heavy d r a i n  on f o r e i g n  
exchange r e s o u r c e s ,  t h e  n e x t  major development a t  Helwan was t h e  i n s t a l -  
l a t i o n  of a coking p l a n t .  The o r i g i n a l  coking p l a n t ,  of Russian d e s i g n  # 

and o r i g i n ,  was a 50-oven b a t t e r y  wi th  a n  annua l  c a p a c i t y  of 380,000 
tonnes .  It was commissioned i n  1965 u s i n g  an  imported coke b l e n d , j a s  
t h e r e  was no c o a l  of coking q u a l i t y  i n  Egypt. Some of t h e  coke oven g a s  
from t h e  cokery w a s  used f o r  f i r i n g  i t s  own-ovens, a f t e r  which t h e  
s u r p l u s  was piped a c r o s s  t h e  road f o r  use  i n  t h e  steel works. A 
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second b a t t e r y  of coke ovens was i n s t a l l e d  i n  1972, r a i s i n g  t h e  coke 
: c a p a c i t y  t o  740,000 t o n s / y r .  Th i s  moved t h e  g a s  ba lance  i n t o  s u r p l u s  

and l e d  t o  t h e  es tab l i shment  of a  f e r t i l i z e r  p l a n t  (calc ium ammonium 
n i t r a t e )  t o  u t i l i z e  t h i s  e x c e s s  coke oven gas .  

The s i n g l e  power supp ly  of t h e  e a r l y  days had proven u n r e l i a b l e ,  
p a r t i c u l a r l y  on foggy days when e a r t h  l eakage  was a  major problem. To 
a l l e v i a t e  t h i s ,  t h e  management i n s t a l l e d  an a d d i t i o n a l  supp ly  l i n e  from 
a  second power s t a t i o n  b e f o r e  e v e h t u a l l y  having t h e  f a c i l i t y  connected 
t o  t h e  High Dam g r i d .  

A s  r e g a r d s  r o l l i n g  c a p a c i t y ,  f a c i l i t i e s  were commissioned i n  1958 
a long  w i t h  t h e  f i r s t  b l a s t  f u r n a c e  g i v i n g  an  a b i l i t y  t o  r o l l  p l a t e ,  
shee.t  and heavy s e c t i o n s  ( f o r  d e t a i l s  s e e  t a b l e  3 ) .  I n  1969, t h e  
r o l l i n g  c a p a b i l i t y  was f u r t h e r  extended by t h e  i n s t a l l a t i o n  of a Russian 
s t r i p  m i l l  w i th  a  c a p a c i t y  of 300,000 t p a .  This f a c i l i t y  had t,o b e  
s t a r t e d  us ing imported s l a b s  because  of s t e e l  p roduc t ion  s h o r t f a l l s  and 
f o r  q u a l i t y  reasons .  

N a t u r a l l y ,  some c a p a c i t y  was needed f o r  hand l ing  t h e  s t e e l  s c r a p  
g e n e r a t e d  i n  t h e  complex. This  was provided by two 12-ton e l e c t r i c  
a r c  f u r n a c e s  which were commissioned i n  1958. They u t i l i z e d  b o t h  
imported and l o c a l  s c r a p  t o  g i v e  a  p roduc t ion  of 40,000 t o n s l y r .  . 

Ear ly  energy c o n s e r v a t i o n  was achieved by u s i n g  t h e  b l a s t  f u r n a c e  
g a s  t o  d r i v e  a  Hungarian gas  t u r b i n e  power p l a n t  ( c a p a c i t y  45 MWe). ' 

This  power s t a t i o n ,  which can b e  run  on d i s t i l l a t e  f u e l  o i l  a s  w e l l  a s  
b l a s t  f u r n a c e  gas ,  was s t a r t e d  up i n  t h e  1960's. 

I n  1964, t h e  d e c i s i o n  was t a k e n  t o  embark upon 8 major expansion of 
t h e  Helwan complex t o  r a i s e  t h e  c a p a c i t y  t o  1.5 x  10 t p a  of steel 

6  
(1.75 x 10 t p a  p i g  i r o y ) .  Th i s  w a s . ' t o  b e  acheived by t h e  i n s t a l l a -  
t i o n  of two new 1 ,033  m Russkan b l a s t  f u r n a c e s  each w i t h  a c a p a c i t y  
of 670,000 t o n s l y r .  T h i s ,  t o g e t h e r  w i t h  an  expansion of t h e  two 
e x i s t i n g  fu rnaces  t o  300,000 t o n s / y r  s t e e l  (410,000 t o n s l y r  p i g  i r o n ) ,  
would g i v e  t h e  fo l lowing  t o t a l  c a p a c i t y :  

Annual Capac i ty  ( t o n n e s )  

' B l a s t  f u r n a c e s  1 & 2  
B l a s t  f u r n a c e  3  
B l a s t  f u r n a c e  4  

The i n c r e a s e  i n  t h e  c a p a c i t y  of t h e  o l d  b l a s t  f u r n a c e s  was t o  b e  
achieved by changing t o  Bahariya o r e  and us ing  a 100 p e r c e n t  s i n t e r e d  
feed .  The necessa ry  s i n t e r i n g  c a p a c i t y  w a s  achieved i n  1968 when a  
Russ ian  s i n t e r i n g  p l a n t  wi th  a  c a p a c i t y  of 30,000 t p a  came on stream. A 
d e t a i l e d  d e s c r i p t i o n  of t h e  expanded f a c i l i t y  a t  t h e  f i r s t  s t a g e  and a t  
f u l l  development i s  shown i n  t a b l e  4. 



TABLE 4 

Coke ovens 

MAJUK FACILITIES AND CAPACITIES (1980) 
AND PLANNED 2nd STAGE EXPANSION 

EGYPTIAN IRON AND STEEL COMPANY, HELWAN 

1st Stage:  2-50 oven b a t t e r i e s  w i t h  annual  c a p a c i t y  of 
683,000 tonnes  of coke from 964,000 tonnes  of 
imported coking c o a l .  

2nd Stage: w i l l  add 1-65 oven b a t t e r y .  Coke c a p a c i t y  
a t  t h i s  s t a g e  w i l l  be 1.244 m i l l i o n  t o n n e s l  
y r  from 1.756 m i l l i o n  t o n n e s l y r  of imported 
c o a l .  

S i n t e r  p l a n t  1st Stage:  
2  2  

1-50m and 2-75m s i n t e r  machines wi th  
annual  c a p a c i t y  of 2.2 m i l l i o n  tonnes  of s e l f -  
f l u x i n g  s i n - t e r  from El-Gedida o r e  (52% Fe,  9-10% 
S i ,  0.3% P) t o  supply  1.7 m i l l i o n  tonnes  of 

, s i n t e r ;  77% average o p e r a t i n g  r a t i o .  

2nd Stage:  
2  

w i l l  add 2-75m s i n t e r  machines t o  above 
complement. Annual c a p a c i t y  w i l l  be 3.530 
m i l l i o n  tonnes  of s e l f - f l u x i n g  s i n t e r  and 
p roduc t ion  w i l l  b e  3.147 m i l l i o n  tonnes .  

B l a s t  f u r n a c e  1st Stage:  
3  3  

2-550m and 1-1033m f u r n a c e s  producing 
960,000 tonnes  of h o t  meta l .  

2nd Stage: 
3  

w i l l  add ano ther  1033m furnaces. T o t a l  h o t  
meta l  c a p a c i t y  w i l l  be  i n c r e a s e d  t o  1.75 m i l l i o n  
tonnes ly r .  

S t e e l  f u r n a c e s  1st Stage:  3-17 t o n  Thomas f u r n a c e s  producing 230,000 
annual  tonnes  of ingo t  s t e e l .  2-80 tonne 
b a s i c  oxygen f u r n a c e s  producing 600,000 annual  
tonnes  of con t inuous ly  c a s t  s l a b s  and b i l l e t s .  

2-12 tonne e l e c t r i c  f u r n a c e s  w i t h  an annual  
s t e e l  c a p a c i t y  of 40,000 tonnes .  T o t a l  s t e e l  
c a p a c i t y  a t  t h i s  s t a g e  i s  870,000 t o n n e s l y r .  

2nd Stage:  w i l l  add ano ther  80 tonne b a s i c  oxygen f u r n a c e  
and cont inuous  c a s t e r s .  T o t a l  annual  BOF 
c a p a c i t y  w i l l  be 1.2 m i l l i o n  tonnes .  Thomas 
f u r n a c e  c a p a c i t y  w i l l  be  i n c r e a s e d  t o  260,000 
t o n n e s l y r .  T o t a l  m i l l  s t e e l  c a p a c i t y  w i l l  be 
1.75 m i l l i o n  tonnes ly r .  

R o l l i n g  f a c i l i t i e s :  1st S tage  2nd S t a g e  
Hot r o l l e d  p r o d u c t s  210,000 . 210,000 
Cold r o l l e d  p r o d u c t s  110,000 250,000 
Medium s e c t i o n s  40,000 240,000 

T o t a l  360,000 700,000 



Curren t  p lanning i s  aimed a t  e v e n t u a l l y  s h u t t i n g  down t h e  Aswan 
i r o n  o r e  mine and r e l y i n g  s o l e l y  upon t h e  b e t t e r  q u a l i t y  Bahariya o r e  
(Fe 5 2  p e r c e n t ,  S i  8 p e r c e n t ,  lower P ) .  It should b e  noted t h a t  t h e  
i r o n  o r e  mines b u t  n o t  t h e  cokery a r e  owned by t h e  Egyptian I r o n  and 
S t e e l  Company. The new mine a t  E l  Gedida n e a r  t h e  Bahariya Oasis is an  
open p i t  o p e r a t i o n  which s t a r t e d  f u n c t i o n i n g  i n  1974. It appears  t h a t  
r e s e r v e s  a r e  s u f f i c i e n t  f o r  approximately  15 y e a r s  a t  c u r r e n t  consumption 
r a t e s .  It has a  d e d i c a t e d  ra i lway  l i n e  t o  t h e  Helwan complex, a l though  
i t  uses  normal s h u n t i n g  and m a r s h a l l i n g  t echn iques  and noL t h e  u n i t  
t r a i n  method. The expansion of t h e  i r o n  and s t e e l  making c a p a c i t y  i s  
be ing  implemented i n  two s t a g e s ,  t h e  f i r s t  of which was complered when 
no. 3  b l a s t  fu rnace  commenced o p e r a t i o n s  i n  b974. A t  t h i s  s t a g e ,  h a l f  . 
t h e  new s i n t e r  p l a n t  ( f u l l  c a p a c i t y  3.3 x  1 0  t o n s / y r ) ,  no. 3  b l a s t  
f u r n a c e ,  and t h r e e  of t h e  s i x  cont inuous  c a s t e r s  were o p e r a t i o n a l .  The 
second s t a g e ,  which w i l l  i n c l u d e  t h e  no. 4  b l a s t  f u r n a c e ,  is  scheduled 
f o r  s t a r t - u p  i n  l a t e  1978. 

, 
As r e g a r d s  t h e  s teelmaking c a p a c i t y  i n  t h e  expanded p l a n t ,  t h i s  

w i l l  be provided by t h r e e  8 0 - t o n - b a s i c  oxygen fu rnaces .  One of t h e s e  
was s t a r t e d  i n  1974 a long  wi th  t h e  no. 3  b l a s t  f u r n a c e ,  and t h e  remaining 
two w i l l  be commissioned wi th  t h e  no. 4 b l a s t  fu rnace .  Addi t iona l  coke 
p roduc t ion  w i l l  be  provided by a new 65-oven b a t t e r y  w i t h  a  c a p a c i t y  of 
550,000 t p a ,  r a i s i n g  t h e  t o t a l  coking c a p a c i t y  t o  1.25 mil l . ion t o n s / y r .  

The swi tch  t o  Bahariya o r e  h a s  caused some d i f f i c u l t i e s  wi th  t h e  
o l d  Thomas c o n v e r t e r s  and i t  h a s  been found necessa ry  t o  add phosphate 
r o c k  t o  t h e  f e e d  t o  raise t h e  phosphorous l e v e l .  A d e c i s i o n  on t h e  
f u t u r e  of t h e  Thomas c o n v e r t e r s  w i l l  be made on r e c e i p t  of U.S. S t e e l ' s  
s t u d y  of t h e  whole Helwan complex. 

3.1.2 Energy c o n s i d e r a t i o n s :  I n  t h e  e a r l y  days  of t h e  Helwan 
complex, energy c o n s e r v a t i o n  was achieved by u t i l i z a t i o n  of b l a s t  
f u r n a c e  g a s  t o  g e n e r a t e  power. A t  t h i s  s t a g e ,  t h e  o n l y  energy s o u r c e s  
a v a i l a b l e  t o  t h e  complex were f u e l  o i l ,  power and coke. 

With t h e  advent  of t h e  coking p l a n t ,  coke oven g a s  was added t o  t h e  
a v a i l a b l e  energy sources .  However, i t  was found t h a t  t h e  supply became 
somewhat e r r a t i c  a f t e r  t h e  ammonium n i t r a t e  p l a n t  was s t a r t e d  up a d j a c e n t  
t o  t h e  cokery; and s i n c e  t h e  a r r i v a l  a t  t h e  s i t e  of n a t u r a l  g a s  i n  
October 1977, t h e r e  h a s  been a  concer ted  e f f o r t  t o  swi tch  t h e  complex 
f a c i l i t i e s  away from coke oven gas .  Th i s  p r o c e s s  is  s t i l l  under way. 

The emphasis i n  t h e  Helwan complex h a s  been more towards reducing 
t h e  coke r a t e  than on p u r e  energy c o n s e r v a t i o n  because  of t h e  e f f e c t  of 
coke imports  on t h e  f o r e i g n  exchange p o s i t i o n .  To t h i s  end t h e  coking 
p l a n t s  were i n s t a l l e d ,  a l lowing  coke impor t s  t o  be  rep laced  by cheaper  
coking blends .  Although i t  w a s  s t a t e d  above t h a t  t h e r e  is  no coking 
c o a l  i n  Egypt, t h e r e  is  i n  f a c t  a  poor q u a l i t y  d e p o s i t  i n  t h e  S i n a i .  It 
i s  a high-ash,  h i g h - v o l a t i l i t y  c o a l  which, i t  is  b e l i e v e d ,  might b e  used 
i n  a 1:3 mix w i t h  h igh-qua l i ty ,  imported coke blend.  Plans  under 
c o n s i d e r a t i o n  b e f o r e  t h e  1967 war were t o  mine t h i s  d e p o s i t  a t  300,000 
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t o n s / y r .  There h a s  been a  l o t  of d i s c u s s i o n  about t h e  use  of l o c a l  
pe t rocoke  i n  t h e  coking b lend ,  b u t  t h i s  i s  s t i l l  i n  t h e  e a r l y  exper i -  
mental  s t a g e .  The high-sulphur l e v e l s  i n  t h e  coke may w e l l  d i scourage  
i t s  e v e n t u a l  use.  

As mentioned above,  t h e  c a p a c i t y  of t h e  o l d  b l a s t  f u r n a c e s  nos .  1 
and 2  were t o  be  r a i s e d  by i n j e c t i n g  f u e l  o i l  i n t o  t h e  t u y e r e s .  Th i s  
was, i n  f a c t ,  superceded by t h e  i n j e c t i o n  of oxygen enr iched  n a t u r a l  
g a s .  The oxygen c o n c e n t r a t i o n  i s  c u r r e n t l y  23 p e r c e n t ,  b u t  t h e  t a r g e t  
i s  f o r  27 p e r c e n t  as t h e  maximum. No. 3 b l a s t  fu rnace  was swi tched t o  . 
unenr iched n a t u r a l  g a s  i n  March 1978, and t h i s  h a s  l e d  t o  an immediate 
r e d u c t i o n  i n  t h e  coke r a t e  from 750 kg per  tonne when i n j e c t i n g  f u e l  o i l  
t o  620 kg per  tonne w i t h  n a t u r a l  gas .  Oxygen a t  Helwan h a s  been provided 
t o  d a t e  by e l e c t r i c  d r i v e n  a i r  compression and s e p a r a t i o n  u n i t .  The 
f i n a l  phase of t h e  expansion w i l l  i n c l u d e  an  a d d i t i o n a l  new oxygen 
p l a n t ,  p o s s i b l y  t o  b e  based on steam t u r b i n e  technology. 

With t h e  commissioning of t h e  no. 3 b l a s t  f u r n a c e  and t h e  a r r i v a l  
of n a t u r a l  g a s  i n  1977, t h e  complex had a c c e s s  t o  a d i v e r s e  range of 
energy s o u r c e s ,  namely: 

'o coke oven g a s  
o  n a t u r a l  g a s  
o  waste h e a t  from t h e  c o n v e r t e r s  
o  b l a s t  f u r n a c e  g a s  
o  f u e l  o i l  
o  coke 
o  e l e c t r i c  power 

They were thus  a b l e  t o  -- and i n  most i n s t a n c e s  d i d  -- t a k e  t h e  
o p p o r t u n i t y  t o  maximize t h e i r  energy u t i l i z a t i o n  e f f i c i e n c y .  However, 
a l l  energy c o n s i d e r a t i o n s  a t  t h e  Helwan complex have t o  r e f l e c t  t h e  h igh  
f o r e i g n  exchange component of coke r e g a r d l e s s  of i t s  r e l a t i v e  m e r i t s  i n  
terms of o v e r a l l  energy e f f i c i e n c y  terms.  

The two new b l a s t  f u r n a c e s  (nos  3  and 4 )  w i l l  be accompanied by 
s i x  new cont inuous  c a s t e r s ,  t h r e e  f o r  s l a b s  and t h r e e  f o r  b i l l e t s .  
While cont inuous  c a s t i n g  i s  energy e f f i c i e n t ,  a  u t i l i z a t i o n  l e v e l  of t h e  
t h r e e  commissioned c a s t e r s  of 25 p e r c e n t  i n  1976 i s  v e r y  low and may 
r e f l e c t  an o p p o r t u n i t y  f o r  improvement. 

B l a s t  f u r n a c e  s l a g  w i l l  con t inue  t o  be  quenched, g r a n u l a t e d ,  and 
s e n t  t o  t h e  nearby cement works f o r  convers ion  t o  b l a s t  f u r n a c e  cement. 
I n  a d d i t i o n ,  r e s e a r c h  i s  c u r r e n t l y  under way i n t o  t h e  p r a c t i c a l i t y  of 
c o n v e r t i n g  t h e  b l a s t  f u r n a c e  s l a g  i n t o  s l a g  wool f o r  i n s u l a t i o n  purposes .  

A s  r e g a r d s  maintenance p r a c t i c e s ,  t h e s e  a r e  extremely d i f f i c u l t  t o  
a s s e s s ;  however, i n  view of t h e  s h o r t a g e  of c a p i t a l ,  t h e  p l a n t  machinery 
a p p e a r s  t o  be  w e l l  looked a f t e r  and t h e  g e n e r a l  housekeeping i s  f a i r .  
I n d i c a t i v e  of t h e  q u a l i t y  of t h e  pe rsonne l  was t h e i r  a b i l i t y  t o  r e b r i c k  
one of t h e  o l d  b l a s t  f u r n a c e s  i n  less t h a n  3 months. Opinions v a r y  as 



t o  t h e  l i f e  of t h e  f i r s t  s e t  of r e f r a c t o r y  b r i c k s ,  bu t  7 t o  9 y e a r s  
would appear t o  be probable .  The r e f r a c t o r y  b r i c k s  a r e  c u r r e n t l y  
imported,  a l though  s t u d i e s  a r e  f n  hand which w i l l  a s s e s s  t h e  f e a s i b i l i t y  
of l o c a l  product ion.  The complex h a s  major maintenance f a c i l i t i e s  and 
looks  a f t e r  n e a r l y  a l l  i t s  own r e p a i r  and s p a r e s  requirements .  

3.1.3 Assessment of c u r r e n t  demand and e f f i c i e n c y :  A d i s c u s s i o n  
of energy consumption p r e s e n t l y  used f o r  t h e  p roduc t ion  of i r o n  and 
s t e e l  i n  Egypt, and t h e  e f f i c i e n c y  w i t h  which t h i s  energy is  used,  
cannot  be  based on a c t u a l  o p e r a t i n g  d a t a .  S u f f i c i e n t  d a t a  on which t o  
b a s e  an a n a l y s i s  i s  simply n o t  a v a i l a b l e .  I n  i t s  p l a c e ,  d e s i g n  d a t a  f o r  
t h e  f i r s t -  and second-stage developments of t h e  Helwan i r o n  and s t e e l  
works were used. A t  t h e  v e r y  l e a s t ,  t h i s  d a t a  w i l l  permit  an  e s t i m a t i o n  
o f  t h e  k inds  of energy s o u r c e s  and t h e  minimum q u a n t i t i e s  t h a t  could  be 
used,  provided t h e  p l a n t  o p e r a t e s  a t  d e s i g n  c o n d i t i o n s .  Depar tu res  from 
d e s i g n  c o n d i t i o n s  and some of t h e i r  causes  w i l l  .be t r e a t e d  l a t e r .  

The Helwan i r o n  and s t e e l  m i l l  was o r i g i n a l l y  des igned t o  o p e r a t e  
on  t h r e e  energy sources :  coking c o a l ,  f u e l  o i l ,  and e l e c t r i c i t y .  
A c t u a l l y ,  f u e l s  such a s  coke oven g a s  and b l a s t  f u r n a c e  g a s  are a l s o  
used,  b u t  t h e s e  r e p r e s e n t  f u e l s  d e r i v e d  from c o a l  ( o r  coke) .  Table  5 
shows t h e  q u a n t i t i e s  of each energy s o u r c e  used i n  t h e  i n t e g r a t e d  
p roduc t ion  of i r o n  and s t e e l  and t h e  t o t a l  thermal  energy e q u i v a l e n t  of 
each.  To ta l  energy i n p u t  t o  t h e  m i l l  is seen t o  be  34.98 m i l l i o n  
G J  o r  39.89 G J  p e r  tonne of steel produced. In  a d d i t i o n  t o  t h e  877,000 
tonnes  of steel c a p a c i t y ,  t h e  energy shown a l s o  accounts  f o r  83,000 
tonnes  of s u r p l u s  p ig  i r o n  which is s o l d .  Also shown i n  t a b l e  5 a r e  
f u e l  and energy s o u r c e s  r e q u i r e d  p e r  tonne of product  s t e e l ;  t h e  major 
convers ion  f a c t o r s  are recorded i n  t a b l e  6 .  These s p e c i f i c  q u a n t i t i e s  
w i l l  be used l a t e r  t o  p r o j e c t  t o t a l  energy consumption by f u e l  type  f o r  
s t e e l  produced from b l a s t  f u r n a c e  h o t  metal .  

Conversion f u e l s ,  which l e a v e  t h e  p l a n t  f o r  consumption e lsewhere  
o r  a r e  used i n t e r n a l l y  t o  g e n e r a t e  e l e c t r i c  energy,  a r e  shown a s  c r e d i t s  
f o r  t h e  process .  The t o t a l  energy c r e d i t  of 3.54 G J  r educes  t h e  energy 
consumed t o  a n e t  t o t a l  of 31.44 m i l l i o n  G J  o r  35.85 GJ/tonne s t e e l .  

It i s  d i f f i c u l t  t o  compare t h i s  n e t  s p e c i f i c  energy consumptton 
w i t h  U.S. p r a c t i c e ,  because  energy usage  i s  s e n s i t i v e  t o  t h e  mix of 
f i n a l  p roduc t s  produced. However, U.S. energy consumption f o r  a l l  s t a g e s  
through t o  f i n i s h e d  p roduc t s  can v a r y  anywhere from a low of 35 GJ/tonne 

' o f  s t r u c t u r a l  m i l l  p roduc t s" to  a h i g h  of 49 GJ/tonne of t i n - p l a t e d  steel 
s t r i p .  On t h i s  b a s i s  t h e  energy consumption shown f o r  Egypt ian steel 
based on . d e s i g n  d a t a  is  q u i t e  good. 

Actual  energy consumption is probably  c o n s i d e r a b l y  above t h a t  
c a l c u l a t e d  from des ign  d a t a .  Actual  p roduc t ion  of steel i n  1976 was 
700,000 t o n s  compared t o  a lmost  900,000 of c a p a c i t y .  Operat ing a m i l l  
below i t s  r a t e d  c a p a c i t y  w i l l  always l e a d  t o  less e f f i c i e n t  use  of 
energy.  Also,  t h e  cont inuous  c a s t i n g  equipment, which should s e r v e  t o  
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TABLE 5 

FUELS AND ENEKGY SOURCES USED TO PRODUCE 
IRON AND STEEL AT HELWAN I N  1978 

Quant i ty  Tota l  
Per  Tonne of S t e e l  Quant i ty  Energy + ( ~ o ~ G J )  (a)  

Input  Fuels  and 
Energy Sources 

Coking coa l  1.099 t / t  964,000 tonnes 29.34 
Fuel  o i l  0.136 t / t  118 ,90gtonnes  5.14 
E l e c t r i c i t y  158.5 kWh/t 139(10 ) kwh 0.50 

To ta l  Consumption 34 98 

3 52.2 N m 3 / t  
6 3 

B la s t  fu rnace  gas  b 51 (1o6)Nm3 0.18 
Coke oven gas  b 122.0 Nm / t  107(10 )Nm 1.99 
Tars  and p i t c h  0.035 t / t  31,000 tonnes 1.08 
Light  o i l  0.008 t / t  7,000 tonnes 0.29 

To ta l  Cred i t s  3.54 

6 
T o t a l  energy;consumption = 34.98 x 10 GJ = 39.89 GJ/tonne 

877,000 tonnes of steel 

N e t  energy consumption = 31.44 x lo6 GJ = 35.85 GJ/tonne 
877,000 tonnes of s t e e l  

( a )  Fuel hea t ing  va lues  and thermal equiva len t  of energy sources  w i l l  
be found i n  t a b l e  6. 

(b )  Surplus  gases  d ive r t ed  t o  t he  f e r t i l i z e r  p l an t .  



TABLE 6  

FUEL HEATING VALUES AND ENERGY SOURCE 
EQUIVALENT THERMAL VALUES 

Coal ,  bituminous 
Fue l  o i l ,  r e s i d u a l  
Coke oven gas 
N a t u r a l  g a s  
B l a s t  fu rnace  g a s  
T a r s  and p i t c h  
Crude l i g h t  o i l  
Oxygen 

E l e c t r i c  energy 
E l e c t r i c  energy g e n e r a t i o n  

Engl i sh  Engineer ing u n i t s a  S I  u n i t s U  

26.2 m Btu/ ton 
149,600 Btu /ga l  
500 Btu/Ncft  
1,000 Btu/Ncf t 
95 Btu/Ncft  
150,000 B t u / g a l  
130,000 B t u / g a l  
500 kWh/ton 
25.5 kWh/1000 Ncf t  
3,413 Btu/kWh 
10,500 Btu/kWh 

a 
Mass u n i t s  i n  s h o r t  t o n s  (2000 l b ) .  

Mass u n i t s  i n  m e t r i c  tonnes  (1000 kg) .  



produce 600,000 tonnes  of BOF s t e e l ,  i s  r e p o r t e d  t o  have been used on ly  
. 2 5  p e r c e n t  of t h e  t ime. The use  of t h e  c a s t  i n g o t  r o u t e  w i l l  consider-  
a b l y  i n c r e a s e  a c t u a l  energy used r e l a t i v e  t o  d e s i g n  e s t i m a t e s .  Apparent ly  
t h e r e  a l s o  h a s  been some d i f f i c u l t y  wi th  t h e  h igh  s a l t  and s i l i c o n  
c o n t e n t  i n  t h e  El-Gedida o r e ,  which h a s  caused some u p s e t s  i n  t h e  
o p e r a t i o n  of t h e  b l a s t  f u r n a c e s .  F i n a l l y ,  t h e  low phosphorus El-Gedida 
o r e  has  r e q u i r e d ' t h a t  t h i s  element be a r t i f i c i a l l y  added t o  t h e  Thomas 
f u r n a c e s  i n  o r d e r  t o  produce good q u a l i t y  s t e e l .  

3.1.4 Discuss ion  of o p t i o n s :  A s  mentioned p r e v i o u s l y ,  t e n t a t i v e l y  
planned new s t e e l  c a p a c i t y  h a s  been proposed us ing  two technolog ies :  
t h e  t r a d i t i o n a l  b l a s t  furnace-BOF s t e e l  c o n v e r t o r  r o u t e  and t h e  emerging 
d i r e c t  r e d u c t i o n - e l e c t r i c  f u r n a c e  r o u t e .  Although t h e r e  i s  g e n e r a l  
agreement t h a t  t h e  d i r e c t  r e d u c t i o n - e l e c t r i c  f u r n a c e  r o u t e  does  n o t  
n e c e s s a r i l y  reduce t o t a l  energy consumption i n  s teelmaking,  i t  does have 
one s i g n i f i c a n t  v i r t u e  f o r  Egypt's emerging i r o n  and steel i n d u s t r y .  
Most d i r e c t  r e d u c t i o n  p r o c e s s e s  f o r  t h e  p roduc t ion  of sponge i r o n  
s u b s t i t u t e  a reducing gas  -- g e n e r a l l y  reformed n a t u r a l  g a s  -- f o r  t h e  
coke used i n  t h e  b l a s t  f u r n a c e  p rocess .  T h i s ,  of c o u r s e ,  i s  an important  
c o n s i d e r a t i o n  due t o  t h e  l a c k  of m e t a l l u r g i c a l  coke i n  Egypt and t h e  
g e n e r a l  a v a i l a b i l i t y  of n a t u r a l  gas .  

It i s  l o g i c a l  t h a t  any a l t e r n a t i v e  t o  steel produc t ion  by t h e  
p r e s e n t l y  e x i s t i n g  technology shou ld  invo lve  e x p l o i t i n g  f u e l s  and energy 
s o u r c e s  r e a d i l y  a v a i l a b l e  i n  Egypt. These energy s o u r c e s  i n c l u d e  
n a t u r a l  g a s ,  f u e l  o i l  and e l e c t r i c i t y ,  a l though  t h e r e  is some concern 
about t h e  f u t u r e  a v a i l a b i l i t y  of e l e c t r i c i t y .  T r a d i t i o n a l  t h i n k i n g  
i n v a r i a b l y  coup les  d i r e c t  r e d u c t i o n  i r o n  w i t h  s t e e l  produced i n  t h e  
e l e c t r i c  f u r n a c e ,  because o f  t h e  view t h a t  sponge i r o n  i s  t h e  equivalent?  
of s c r a p  s t e e l .  However, i t  is  e n t i r e l y  p o s s i b l e  t o  produce s t e e l . f r o m  
sponge i r o n  by t h e  open h e a r t h  p r o c e s s  and the reby  r e p l a c e  e l e c t r i c  , 

energy used by t h e  e l e c t r i c  f u r n a c e  w i t h  f o s s i l  f u e l s .  Although a 
g r e a t e r  amount of t o t a l  energy p e r  t o n  of s t e e l  produced i s  r e q u i r e d  by 
t h e  open h e a r t h  p rocess  than  by t h e  e l e c t r i c  f u r n a c e ,  a  r e d u c t i o n  i n  
e l e c t r i c  energy usage would r e s u l t  i f  open h e a r t h  technology i s  p r i n c i -  
p a l l y  used.  

Based on t h e s e  c o n s i d e r a t i o n s ,  t h e r e  a r e  f o u r  o p t i o n s  t h a t  should  
b e  explored w i t h  r e s p e c t  t o  developing t h e  Egyptian steel i n d u s t r y .  

1. A major expansion of s t e e l  p roduc t ion  through t h e  d i r e c t  
r e d u c t i o n - e l e c t r i c  f u r n a c e  r o u t e  and a minimizat ion of i r o n  
produced by b l a s t  f u r n a c e s .  This  o p t i o n  w i l l  reduce t h e  
i n d u s t r y ' s  dependence on coking c o a l ,  which must be imported,  
and r e q u i r e  t h e  use  of energy r e s o u r c e s  a v a i l a b l e ,  namely, 
n a t u r a l  g a s ,  f u e l  o i l  and e l e c t r i c i t y .  

2. A s i m i l a r  p rocess ing  sequence cou ld  be  based on d i r e c t  r e d u c t i o n  
followed by t h e  use  of an  open h e a r t h  s t e e l  f u r n a c e  f i r e d  by 
f u e l  o i l  and o p e r a t i n g  i n  100 p e r c e n t  co ld  charge.  This  o p t i o n  



i s  compared w i t h  ( 1 )  i n  S e c t i o n  3.1.5 below. 

3. A l a r g e  p a r t  of t h e  burden t o  produce i r o n  by import ing major 
q u a n t i t i e s  of i r o n  and s t e e l  s c r a p  can b e  avoided.  This  o p t i o n  
w i l l  reduce f u e l  o i l  and n a t u r a l  g a s  consumption and r e q u i r e  no 
more e l e c t r i c i t y  t h a n  would be used by e l e c t r i c  s t e e l  f u r n a c e s  
o p e r a t i n g  on i r o n  made by d i r e c t  r e d u c t i o n .  

4. The p o s s i b i l i t y  e x i s t s  of reducing t h e  s t e e l  i n d u s t r i e s  depen- 
dence on imported coking c o a l  by f i n d i n g  s u i t a b l e  a l t e r n a t i v e s  
more r e a d i l y  a v a i l a b l e .  A s  mentfnn-ed b e f o r e ,  i n  t h e  S i n a i  a  
po.or q u a l i t y  c o a l  e x i s t s  and could be  blended wi th  imported 
c o a l  f o r  t h e  p roduc t ion  of coke. Also,  t h e r e  is t h e  p o s s i b i l i t y  
t h a t  petroleum coke, i f  i t  could  be  produced i n  s u f f i c i e n t  
q u a n t i t y  and of t h e  a p p r o p r i a t e  q u a l i t y ,  could  be used t o  
r e p l a c e  o r  diminish  t h e  need f o r  imported coking c o a l  t o  
s u p p o r t  b l a s t  f u r n a c e  o p e r a t i o n s .  

In  a d d i t i o n ,  t h e r e  is a  f i f t h  o p t i o n  f o r  improving energy e f f i c i e n c y .  
That i s  t h e  promotion of r i g o r o u s  energy c o n s e r v a t i o n  programs i n  a l l  
p l a n t s .  Among t h e  measures which may prove e f f e c t i v e  i n  reducing energy 
consumption a r e  b e t t e r  combustion o p e r a t i o n s  (minimum excess  a i r ,  
combustion a i r  p r e h e a t ,  e t c . ) ,  s c r a p  p r e h e a t i n g ,  maximum use of con t in -  
uous c a s t e r s ,  i n s u l a t i o n  of r e h e a t  f u r n a c e s  and soaking p i t s ,  and 
i n s t a l l a t i o n  of f u r n a c e  r e c u p e r a t o r s .  A t a r g e t  f o r  energy e f f i c i e n c y  
improvement of 9  p e r c e n t  from 1972 t o  1980 h a s  been s e t  f o r  t h e  U.S. 
pr imary m e t a l s  i n d u s t r y ,  of which 3  p e r c e n t  h a s  been achieved.  It 
is  r e a s o n a b l e  t o  expect  t h a t  a 5  p e r c e n t  improvement i s  a c h i e v a b l e  by 
','oldn p l a n t s  i n  Egypt by 1985, and a  f u r t h e r  10 p e r c e n t  by t h e  y e a r  
2000. The c a p a c i t y  of t h e s e  o l d  p l a n t s  corresponds t o  about 300,000 
t o n s l y r  s t e e l  product ion.  It i s  n o t  b e l i e v e d  l i k e l y  t h a t  major energy 
e f f i c i e n c y  s a v i n g s  can b e  achieved from t h e  newest p l a n t s ,  and t h e r e f o r e  
p o t e n t i a l  energy s a v i n g s ,  based e n t i r e l y  on 300,000 t o n s / y r  s t e e l  
p roduc t ion ,  are e s t i m a t e d  as fo l lows :  

Addi t iona l  
"Old P lan t"  Annual Savings Annual Savings 

Energy Consumptions f o r  1985 (5%) by 2000 (10%) 

Coking c o a l  t o n s l y r  330,000 
Fue l  o i l  t o n s l y r  40,800 
E l e c t r i c i t y  m i l l i o n  kWh 47,500 

I n  t h e  p r o j e c t i o n s  of energy e f f i c i e n c y  f o r  1985 and 2000 which 
f o l l o w ,  t h e s e  s a v i n g s  have n o t  been included.  Sec t ion  3.1.5 i s  concerned 
p r i m a r i l y  w i t h  energy consumptions based on d e s i g n  d a t a  f o r  t h e  newer 
p l a n t s  i n  t h e  Egyptian s t e e l  i n d u s t r y .  



3.1.5 P r o j e c t i o n  of energy e f f i c i e n c y  f o r  1985 and 2000:  The 
energy e f f i c i e n c i e s  of t h r e e  s teelmaking p r o c e s s e s  need t o  b e  q u a n t i f i e d  
f o r  p r o j e c t i o n  t o  1985 and 2000. These-a re  t h e  b l a s t  furnace-BOF r o u t e ,  
t h e  d i r e c t  r e d u c t i o n - e l e c t r i c  f u r n a c e  r o u t e ,  and d i r e c t  reduction-open 
h e a r t h  p rocess .  

P r o j e c t e d  energy e f f e c t i v e n e s s  f o r  making s t e e l  from b l a s t  f u r n a c e  
p i g  i r o n ,  BOF s t e e l  p roduc t ion ,  and cont inuous  c a s t i n g  t o  f i n i s h e d  
p r o d u c t s  must be t aken  a s  about  36 GJ/tonne a s  developed p rev ious ly .  
Although t h e r e  is some i n d i c a t i o n  t h a t  by manipula t ion of f u e l  i n j e c t a n t s  
i n t o  t h e  b l a s t  f u r n a c e ,  coke r a t e  h a s  s i g n i f i c a n t l y  decreased ,  t h e r e  i s  
t o o  l i t t l e  evidence t o  reduce t h e  es t imated  coking c o a l  energy consump- 
t i o n  per t o n  of mixed f i n i s h e d  s t e e l  p roduc t s  from t h e  o r i g i n a l  d e s i g n  
g o a l .  The s p e c i f i c  f u e l s  and energy s o u r c e s  c u r r e n t l y  used i n  Egypt t o  
produce 1 t o n  of mixed s t e e l  p roduc t s  a r e  shown i n  t a b l e  5. These same 
f u e l  r a t e s  a r e  used t o  e s t i m a t e  p r o j e c t e d  energy requirements  f o r  
f u t u r e  s t e e l  i n d u s t r y  growth i n  Egypt, when t h e  s o u r c e  of i r o n  f o r  s t e e l  
p roduc t ion  i s  from b l a s t  f u r n a c e  h o t  m e t a l .  

For t h e  p roduc t ion  of s t e e l  by t h e  d i r e c t  r e d u c t i o n  sponge i r o n  
r o u t e  followed by t h e  e l e c t r i c  f u r n a c e  o r  open h e a r t h  (assuming i n  bo th  
c a s e s  cont inuous  c a s t i n g  and f i n i s h i n g  of mixed p r o d u c t s ) ,  e s t i m a t e s  are 
shown i n  t a b l e  7 of s p e c i f i c  f u e l s  and t o t a l  energy consumed. The f u e l  
consumption f o r  t h e  d i r e c t  r e d u c t i o n  of i r o n  o r e  a p p l i e s  t o  e i t h e r  t h e  
Midrex o r  HyL processes .  

Fue l s  and energy s o u r c e s  f o r  producing s t e e l  i n  t h e  open h e a r t h  are 
shown i n  t a b l e  7 w i t h  and wi thout  oxygen lanc ing .  The use  of oxygen 
l a n c i n g  i n  open h e a r t h  technology is  f o r  t h e  purpose of i n c r e a s i n g  
p r o d u c t i v i t y  by r e p l a c i n g  t h e  s low d i f f u s i o n  of oxygen i n  a i r  i n t o  t h e  
molten i r o n  wi th  high p u r i f i e d  oxygen i n j e c t e d  d i r e c t l y .  It is  n o t  
mandatory t h a t  oxygen l a n c i n g  be used b u t ,  a s  s t a t e d  above, p r o d u c t i v i t y  
i s  i n c r e a s e d  by reducing t h e  t i m e  t o  produce s t e e l .  However, oxygen 
produc t ion  i s  e l e c t r i c  energy i n t e n s i v e ,  consuming about 6 0 0  kWh/tonne* 
oxygen. Because open h e a r t h  s teelmaking i s  being considered a s  an 
a l t e r n a t e  t o  e l e c t r i c  f u r n a c e  s t e e l  i n  o rder  t o  reduce e l e c t r i c i t y  
consumption, i t  is conce ivab le  t h a t  t h e  e l e c t r i c  energy burden t o  
produce oxygen f o r  l a n c i n g  i n  t h e  open h e a r t h  p rocess  might n o t  b e  
d e s i r a b l e .  

* Based on steam t u r b i n e  d r i v e n  compressors,  t h i s  r e p r e s e n t s  a f u e l  
requirement  of 4.2 GJ/tonne oxygen. 



, 

TABLE 7 

FUELS AND ENERGY CONSUMED FOR THE PRODUCTION OF ONE TONNE OF STEEL PRODUCTS BY 
D ~ ~ E C T  REDUCTION, ELECTRIC FURNACE, OPEN HEARTH STEEL, AND CONTIWOUS CASTING 

Natur 1 Gas Fue l  O i l  
b 

9 E l e c t r i c i t y  Oxy en T o t a l  Energy 
(Nm - (kg 1 (kwh) (Nm) (GJ) 

3 

D i r e c t  Reduction I r o n  469 - - 17.5 

E l e c t r c c  Furnace 
st eela - 2.8 

Open Hear th  S t e e l a  - 9 0 17 38 3.8 (3.9)' 
Continuous C a s t i n g ,  
Reheat Furnace,  

d F i n i s h i n g  . 
- 90 2 4 3.7 

T o t a l  ( E l e c t r i c  
.Furnace Route) 469 92.8 

T o t a l  (Open 
Hear th  Route) 469 180 

a 
Assumes 100% co ld  charge f o r  e l e c t r i c  f u r n a c e  and open h e a r t h  s t e e l .  

It is  assumed t h a t  a l l  energy f o r  thermal  h e a t i n g  comes from f u e l  o i l .  I f  
a m i x t u r e  of n a t u r a l . g a s  and f u e l  0'1 is  t o  be assumed, t h e  s u b s t i t u t i o n  3 
r a t e  should be  eva lua ted  a s  1.16 Nm of n a t u r a l  g a s  p e r  kg of r e s i d u a l  
f u e l  o i l .  

C 
Q u a n t i t i e s  i n  b r a c k e t s  i n d i c a t e  oxygen q u a n t i t y  o r  energy assuming oxygen 
l a n c i n g  ( e l e c t r i c  compressors);  wi thou t  b r a c k e t s  assume no oxygen lanc ing .  
For steam compressors,  3.9 becomes 4.0 G J .  

A l l  new s t e e l  pour ing c a p a c i t y  a t  Helwan employs cont inuous  c a s t i n g .  It is  
assumed throughout t h i s  r e p o r t  t h a t  a l l  f u t u r e  s t e e l  c a p a c i t y  w i l l  a l s o  use  
cont inuous  c a s t i n g .  I f  t h e  i n g o t  r o u t e  is  used ( i n g o t  c a s t i n g ,  soaking 
p i t ,  primary r o l l i n g ,  r e h e a t  fu rnace ,  f i n i s h i n g )  t h e n  f u e l s  and energy used 
p e r  t o n  of steel a r e  a s  fol lows:  f u e l  o i l ,  114 kg; e l e c t r i c i t y ,  37 kwh 

Nm3; t o t a l  energy,  5.09 G J .  



3.1.6 F o r e c a s t  of energy requ i rements ,  1985 and 2000: 

3.1.6.1 P r o j e c t i n g  of i r o n  and s t e e l  i n d u s t r y  growth: In 
a d d i t i o n  t o  t h e  p r e v i o u s l y  d e s c r i b e d  planned expansion a t  Helwan, which 
i s  expected t o  b e  completed by 1982, t h e r e  is a t e n t a t i v e  schedu le  of 
new i r o n  and steel f a c i l i t i e s  i n  Egypt t o  t h e  y e a r  2000. Although t h e r e  
i s  no commitment t o  l o c a t i o n s  o r  t h e  type  of f a c i l i t i e s ,  p r e s e n t  concep t s  
i n d i c a t e  t h e  r a t e  of growth and t h e  a n t i c i p a t e d  technology which might 
b e  employed. A summary of t h e  t e n t a t i v e  expansion is shown below and i n  
g r e a t e r  d e t a i l  i n  t a b l e  8. 

Year S i t e  - Technology S t e e l  Capac i ty  

6 .  
(1  0  t o n s )  

1982 Helwan Blast f u r n a c e ,  BOF steel 0.8 
E l  Dekhela,  

Alexandr ia  * D i r e c t  r e d u c t i o n ,  e l e c t r i c  s t e e l  0  .'8 
E l  Sadat  C i ty  D i r e c t  r e d u c t i o n ,  e l e c t r i c  s t e e l  0.8 

* 
1987 Nubi r i a  Canal B l a s t  f u r n a c e ,  BOF s t e e l  

1990 E l  Dekhela* * D i r e c t  r e d u c t i o n ,  e l e c t r i c  s t e e l  1.6 
E l  Sadas  Ci ty  D i r e c t  r e d u c t i o n ,  e l e c t r i c  s t e e l  1. 6  

-- D i r e c t  r e d u c t i o n ,  e l e c t r i c  s t e e l  1.8 

* 
2000 Helwan * B l a s t  f u r n a c e ,  BOF s t e e l  1.5 

Nubiria*Canal Blast f u r n a c e ,  BOF s t e e l  2.0 
-- D i r e c t  r e d u c t i o n ,  e l e c t r i c  s t e e l  1.8 

T o t a l  i n c r e a s e  

* 
( T e n t a t i v e )  

6  14.7 x  1 0  t o n s  

The d e c i s i o n  t o  inc lude .  d i r e c t  r e d u c t i o n  f o r  i r o n  p roduc t ion  and 
e l e c t r i c  f u r n a c e  steel technology i s  due t o  t h e  expected a v a i l a b i l i t y  of 
n a t u r a l  g a s  and e l e c t r i c i t y ,  compared wi th  t h e  need t o  import  coking 
c o a l  t o  suppor t  s t e e l  p roduc t ion  from b l a s t  f u r n a c e  r e d u c t i o n  of i r o n  
o r e .  The p r i o r i t y  a c c e s s  t o  n a t u r a l  gas  by t h e  i r o n  and s t e e l  i n d u s t r y  
(and f o r  f e r t i l i z e r  p roduc t ion)  is  a p b l i c y  d e c i s i o n  t h a t  makes d i r e c t  
r e d u c t i o n  an a t t r a c t i v e  a l t e r n a t i v e  f o r  producing i r o n .  

A d i r e c t  r e d u c t i o n  s t e e l  p l a n t  i s  scheduled f o r  t h e  El  Dekhela 
s i t e  w i t h  i n i t i a l  o p e r a t i o n  us ing  imported sponge i r o n  p e l l e t s  from 

. B r a z i l .  To accompany t h i s ,  development of a  r e i n f o r c i n g  b a r  p l a n t  i s  
planned f o r  Samelout wi th  a  c a p a c i t y  of 400,000 tonnes .  This  p l a n t  w i l l  
u se  340,000 tonnes  of sponge i r o n  and 160,000 tonnes  of s c r a p  a n n u a l l y .  

3.1.6.2 P r o j e c t e d  energy requ i rements ,  1985 and 2000: 
Planned c a p a c i t y  a d d i t i o n s  f o r  steel produced from i r o n  by t h e  b l a s t  



TABLE 8 

INCREMENTAL AND TOTAL IRON AND STEEL CAPACITY FOR THE PERIOD 1978-~OOO* 

- 
C 

T o t a l  I r o n  by Process  Incremental  I r o n  Capaci ty  

Inc rementa l  T o t a l  S t e e l  T o t a l  I r o n  : B l a s t  D i r e c t  B l a s t  Furnace I r o n  by D i r e c t  
Year. S t e e l  C a p a c i t l  Capaci ty  Capaci ty  Furnace Reduction P i g  1'ron Reduct i o n  

1978 - 1 , 1 2 7 ~  960a 960b 0 - - 

1982 2,225 3,352 3,350 1,750 1,600 790 1,600 

F a c i l i t y  
3 

S t e e l  Capaci ty  (10 m e t r i c  tonnes )  

H e  lwan 877 
Copper Works, Alexandr ia  . 100 
Abu Zaabel  100 
D e l t a  S t e e l .  Ca i ro  

3 * A l l  d a t a  i n  1 0  m e t r i c  tonnes.  

a 
T o t a l . e x i s t i n g  steel making c a p a c i t y  i s  d i s t r i b u t e d  as fo l lows :  

b 
I r o n  making c a p a c i t y  ( b l a s t  fu rnace)  c u r r e n t l y  e x i s t s  on ly  a t  Helwan. 

C 
New c a p a c i t y  based on h i g h l y  t e n t a t i v e  da ta .  
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f u r n a c e  r o u t e  and d i r e c t  r e d u c t i o n  r o u t e ,  d e s c r i b e d  i n  t a b l e  8 ,  were 
combined wi th  f u e l s  and energy s o u r c e s  r e q u i r e d  by each r o u t e ,  a s  shown 
i n  t a b l e  5 and 7. For each r o u t e ,  t h e  q u a n t i t i e s  and energy v a l u e  of 
f u e l  s o u r c e s  a r e  m u l t i p l i e d  by a n t i c i p a t e d  capac i ty .  f o r  1985 and 2000. 
The r e s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  shown i n  t a b l e  9 and 9a. With t h e  
excep t ion  of e l e c , t r i c  energy,  i t  is seen  t h a t  a l l  o t h e r  energy s o u r c e s  
a r e  g r e a t e r  f o r  t h e ' b l a s t  f u r n a c e  r o u t e  than  f o r  s t e e l  produced from 
d i r e c t  r e d u c t i o n - e l e c t r i c  f u r n a c e  r o u t e .  Of c o u r s e ,  t h e  conven t iona l  
d i r e c t  r e d u c t i o n  r o u t e  is h i g h l y  e l e c t r i c - e n e r g y  i n t e n s i v e  because  of 
s tee lmaking i n  t h e  e l e c t r i c  f u r n a c e  and t h e r e f o r e ,  should  t h e  o p t i o n  t o  
u t i l i z e  a v a r i a t i o n  of t h e  open h e a r t h  technology b e  developed, t h e n  t h e  

* 

demand f o r  e l e c t r i c i t y  can b e  reduced a s  i n d i c a t e d  i n  t a b l e  9a.  



TABLE 9 

PROJECTED FUELS AND ENERGY CONSUMED FOR STEEL.PRODUCTION, 1985 and 2000 
(combination of B l a s t  Furnace/BOF S t e e l  and Direct'Reductiok/Electric Furnace S t e e l )  

B l a s t  Furnace D i r e c t  Reduction B l a s t  Furnace D i r e c t  Reduction 
Route Route T o t a l  Route Route T o t a l  

S t e  1 Capaci ty  5 
(10 tonnes)  

F u e l s  & Energy 
Consumed ' 

I 
3 Coking Coal 10 tonnes )  1 ,923  

F u e l  O i l  (10 tgnneg) , 238 
N a t u r a l  Gas ( l o 6  Nm ) - 
E l e c t r i c i t g  (19 kwh) 227 
Oxygen (10 Nm ) - 
Energy C r e d i t  (10 GJ) 7 

6 
T o t a l  Energy (10 G J )  6 3 

S p e c i f i c  Energy 
$ 

(GJ/tonne) 3 6 24 3oa 3 6 2 3 2ga 
5 
C] 
c 
I? 

a 
Weighted average s p e c i f i c  energy. 



TABLE 9a 

S t e  1 Capacity 5 
( 1  0 tonnes)  

F u e l s  & Energy 
C o n s u ~ e d  

PROJECTED FUELS AND ENERGY CONSUMED FOR STEEL PRODUCTION, 1985 and 2000 
(Combination of B l a s t  FurnacelBOF S t e e l  and D i r e c t  Reduction/Open Hear th  S t e e l )  

- 
1985 . 2000 

D i r e c t  Reduction D i r e c t  Reduct ion 
B l a s t  Furnace Open Hegrth - B l a s t  Furnace Open He 

Route Route T o t a l  Route Route T o t a l  
Th 

3 
Coking Coal 410 tonnes )  1,923 ' 
F u e l  Oil (10 tgnneg) 238 
N a t u r a l  Gas ( l o 6  Nm ) - 
E l e c t r i c i t g  (19 kwh) 227 
Oxygen (10 Nm ) - 
Energy C r e d i t  (10 GJ) 7 

6 
T o t a l  Energy (10 GJ) 63 

Spec<£ i c  Energy 
(GJ/tonne) 

a 
Weighted average s p e c i f i c  energy. 

b 
Q u a n t i t i e s  i n  b r a c k e t s  i n d i c a t e  e i t h e r  q u a n t i t y  of oxygen o r  e n e r g i e s  i n c l u d i n g  t h e  use of oxygen lanc ing .  
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3.2 Aluminum 

3.2.1 Back~,round:  Aluminum product ion technology i s  new t o  Egypt, 
w i t h  t h e  o n l y  p roduc t ion  f a c i l i t y  b u i l t  a t  Nag Hammadi i"n 1976. This  
f a c i l i t y  w a s  developed a long wi th  t h e  K i m a  F e r t i l i z e r  P l a n t  t o  t a k e  
advantage of t h e  h y d r o e l e c t r i c  c a p a b i l i t i e s  of t h e  Aswan and High D a m s .  
The i n d u s t r y  i s  dominated by t h e  Aluminum Company 'of Egypt, which 
o p e r a t e s  t h e  s m e l t e r  a t  Nag Hammadi based on imported alumina,  producing 
raw unf in i shed  meta l  i n  a v a r i e t y  of shapes  f o r  f i n a l  s a l e .  The Arab 
Aluminum Company i s  planning t o  b u i l d  a  f u l l  range of e x t r u d i n g ,  f a b r i -  
c a t i n g ,  and f i n i s h i n g  f a c i l i t i e s  f o r  s t a r t - u p  i n  1978. Egypt h a s  no 
economic d e p o s i t s  f o r  b a u x i t e ;  t h e r e f o r e ,  i t  is most l i k e l y  t h a t  t h e  
i n d u s t r y  w i l l  con t inue  t o  import  i t s  raw m a t e r i a l s .  

A t  p r e s e n t ,  t h e  company impor t s  i n t e r n a t i o n a l  g rade  alumina from 
. A u s t r a l i a ;  i t  is  landed a t  t h e  Red Sea p o r t  of Safaga and then t rucked 
some 250 km t o  Nag Hamnadi i n  t h e  N i l e  Valley.  The p l a n t ' s  l o c a t i o n  
was chosen on t h e  b a s i s  of i t s  r e l a t i v e  proximity  t o  t h e  Red Sea c o a s t ,  
t h e  N i l e ,  afid t h e  hydropower from Aswan, w i t h  t h e  p r i o r  e x i s t e n c e  of t h e  
road from t h e  c o a s t  t o  t h e  town be ing  t h e  f i n a l  dec id ing  f a c t o r .  A 
r a i lway  is  c u r r e n t l y  planned t o  c a r r y  phosphate  rock  from t h e  New Val ley 
i n  t h e  Western d e s e r t  through Nag Hammadi t o  Safaga.  When o p e r a t i o n a l ,  
i t  is  intended t h a t  i t  w i l l  c a r r y  t h e  alumina t o  t h e  p l a n t  £rom t h e  
p o r t  on i t s  r e t u r n  t r i p .  The.aluminum produced by t h e  p l a n t  is  t r a n s -  
p o r t e d  by barge  o r  r a i l  t o  Alexandr ia  . f o r  e x p o r t  t o  Europe, a l though  a  
p o r t i o n  is r e t u r n e d  t o  A u s t r a l i a  o r  a t  least s o l d  on t h e i r  beha l f  i n  
payment f o  r t h e  alumina.  

The f a c i l i t y  i s  c u r r e n t l y  r a t e d  a t  100,000 t o n s / y r ,  w i t h  l o c a l  
demand r e p r e s e n t i n g  some 20,000 tonnes  of t h e  t o t a l  p roduc t ion  of 75,000 
tonnes  i n  1977. Thus, t h e  company is e s s e n t i a l l y  e x p o r t  o r i e n t e d .  The 
b u l k  of p roduc t ion  is  s o l d  i n  t h e  i n g o t  and T-sect ion form, s i n c e  t h e y  
p r e s e n t l y  have no e x t r u d i n g ,  r o l l i n g ,  o r  wiredrawing f a c i l i t i e s  excep t  
f o r  a  cont inuous  c a s t e r  f o r  9mm-diameter w i r e ,  which is  shipped t o  Ca i ro  
f o r  cold  drawing down t o  4mm. 

A s  a n  a s i d e ,  i t  should be  noted t h a t  t h e  s m e l t i n g  of imported 
alumina i s  n o t  unusual  provided:  

1. t h e  r e a l  c o s t  of e l e c t r i c i t y  is  low enough a t  t h e  p l a n t  s i t e ;  
and 

2. t h e  t r a n s p o r t  and t ransshipment  p a t t e r n  is a t t r a c t i v e  ( t h i s  may 
no t  be  so  f o r  Nag Hammadi) . 

The r e a s o n  is t h a t  b a u x i t e  convers ion  t o  alumina ( t h e  Bayer p rocess )  
must be c a r r i e d  o u t  on a  v e r y  l a r g e  s c a l e  t o  be  economic, i . e . ,  i n  t h e  
r e g i o n  of 1 m i l l i o n  t o n s l y r ,  a  s i z e  c o n s i d e r a b l y  g r e a t e r  than  could  be 
j u s t i f i e d  f o r  Egypt even i f  domestic b a u x i t e  were a v a i l a b l e .  



3.2.2 Assessment of current  enerny demand and e f f i c i ency :  The 
l e v e l  of energy u t i l i z a t i o n  i n  the  aluminum f a c i l i t y  is  i l l u s t r a t e d  i n  

' t a b l e  10. A s  shown, t h e  primary use  of energy is  f o r  e l e c t r o l y s i s ,  with 
a s m a l l  amount of energy used f o r  miscellaneous p lan t  operat ions (e-g., 
ven t i l a t ion)  and f o r  melting p i t ch ,  which is used t o  make prebaked 
anodes. For reference,  a s impl i f ied  i l l u s t r a t i o n  of an aluminum reduc- 
t i o n  c e l l  appears i n  f-ig. 1. 

TABLE 10 

ENERGY CONSUMPTION I N  ALUMINUM PRODUCTION 

E l e c t r i c  Power Ueagq: 

Steam Usage* 

16,500 kWh/metric ton f o r  e l e c t r o l y s i s  
1,500 kWhlmetric ton  f o r  o ther  operat ions 

1.23 tonnesltonne of product; 13  atmospheres 

Carbon Usage 600 kglmetric ton 

* Steam is ra ised  i n  f u e l  o i l  f i r e d  b o i l e r s  and is used primari ly t o  
meet p i t ch  used f o r  anodes. 

The quant i ty  of e l ec t r i cZ tg  used f o r  e l e c t r o l y s i s  (7.5 kWh per 
pound of aluminum) is r e f l e c t i v e  of a typ ica l  modern f a c i l i t y  and is  
q u i t e  comparable t o  present  u t i l i za t io 'n  l e v e l s  i n  the  United S t a t e s  and 
other  countr ies .  Ancil lary uses of e l e c t r i c i t y  and steam a r e  a l s o  a t  a 
level corresponding t o  a typ ica l  modern f a c i l i t y  I n  the  United S ta tes ,  
and the  reported consumption of coke f o t  anode mater ia l  i s . n o t  unusually 
high. 

3.2.3 Discussion of options: Because the  c o s t  of power is always 
a s ign i f i can t  p a r t  of the  operat ing expense i n  an aluminum smelter, 
opera tors  continually s t r i v e  t o  optimize power consumption. One effec- 
t i v e  way of doing t h i s  is t o  reduce anode current  dens i ty ,  which results 
i n  a proport ionate reduction i n  heat  l o s s  through t h e  e x t e r i o r  surface  
of t h e  pot. Figure 2 i l l u s t r a t e s  t h e  e f f e c t  of t h i s  option f o r  p r ~ b a k e d  
anode pot90 A reduction i n  anode current  dens i ty  from 7.5 amps/in t o  
7 Damp/in , f o r  example, reduces power consumption by about 0.5 
kWh/lb, o r  about 6.7 percent of present  e l e c t r i c i t y  consumption i n  the  
Nag Hammadi plant.  Of course, the  production rate drops accordingly, 
but  at  the  plant 's present l e v e l  of 75 percent  capacity u t i l i z a t i o n ,  
t h i s  should present  no major supply problems. 

I 

An addi t ional  p o s s i b i l i t y  is  increasing the  quant i ty  of insu la t ion  
on the  pots. Levels of thermal inau la t ion  vary a s  a function of p lan t  
s i z e ,  but  f o r  a 100,000 t ns/yr  p lan t ,  i n su la t ion  l e v e l s  should typ ica l ly  9 mount  t o  about 18,000 d t  . 
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ANODE CURRENT DENSITY, AMPISQ. IN. 

F i g .  2. Pot-Room Power Consumption a s  a Func t ion  of Anode C u r r e n t  Dens i ty  

Source:  J. R. Chapman, "Aluminum," Symposium on Abundant Nuc lea r  Energy,  
CFSTI, may 1969, p. 150. 



A t  p r e s e n t ,  t h e  company i s  buying anode p a s t e  from I t a l y  and 
Swi tze r land  and then baking anodes on-s i t e .  However, t h e y  a r e  plannlng 
t o  i n s t a l l  equipment which w i l l  a l l o w  them t o  i n t e g r a t e  backwards. When 
t h e  p l a n t  is a v a i l a b l e  (scheduled f o r  1979) they  w i l l  be buying c a l c i n e d  
coke and e v e n t u a l l y  (about  1981) unca lc ined  coke. Thus, t h e  Egyptian 
pet roleum i n d u s t r y  w i l l  be  r e q u i r e d  t o  supply a  s u i t a b l e  pet rocoke i n  
o r d e r  t o  avoid import ing t h e  m a t e r i a l .  However, t h e  problem w i t h  t h i s  
( a s  with a l l  of Egypt's o i l  p roduc t s )  i s  t h e  p resence  of s u l f u r  and 
vanadium i n  t h e  c rude ,  which accumulates  i n  t h e  pet rocoke.  Although t h e  
s u l f u r  can be p a r t i a l l y  removed by c a l c i n i n g  raw coke,  t h e  vanadium and 
n i c k e l  is i n t i m a t e l y  h e l d  i n  t h e  coke and h a s  so  f a r  proven imposs ib le  
t o  remove s a t i s f a c t o r i l y .  This  no twi ths tand ing ,  i f  t h e  aluminum were 
produced s o l e l y  f o r  l o c a l  consumption, a  r e d u c t i o n  i n  t h e  s p e c i f i c a t i o n  
and use of l o c a l  pet rocoke might have been p o s s i b l e .  However, s i n c e  t h e  
i n d u s t r y  is e x p o r t  o r i e n t e d ,  i t  is  n e c e s s a r y  t o  e n f o r c e  t i g h t  i n t e r n a -  
t i o n a l  s p e c i f i c a t i o n s ,  and local ly-produced petrocoke cannot  b e  used 
u n t i l  t h e  c u r r e n t  h i g h  l e v e l s  of s u l f u r  and vanadium can be reduced. 
Th is  p u t s  Egypt i n  t h e  u n d e s i r a b l e  p o s i t i o n  of import ing coke,  y e t  
"expor t ing"  hydropower i n  t h e  form of aluminum metal .  

A t  p r e s e n t ,  t h e r e  appears  t o  b e  no waste  h e a t  recovery except  f o r  
some minor p r e h e a t i n g  of t h e  b o i l e r  feedwater  by running t h e  p i p e s  
around some of t h e  p o t s .  The e x i t  g a s  from t h e  p o t s  i s  c leaned by 
e l e c t r o s t a t i c  p r e c i p i t a t o r s  and scrubbed w i t h  c a u s t i c  soda i n  cyc lones  
b e f o r e  l e a v i n g  t h e  s t a c k  a t  40-50'~. The e f f l u e n t  s t ream from t h e  

. cyclone washers goes  t o  an  aspha l t - l ined 'mud  l a k e  f o r  s o l a r  e v a p o r a t i o n  
and c o n c e n t r a t i o n .  The p o s s i b l i t y  e x i s t s ,  t h e r e f o r e ,  f o r  u t i l i z i n g  t h e 7  
s e n s i b l e  h e a t  con ta ined  i n  t h e s e  s t reams  i n  o r d e r  t o  p r e h e a t  combustion 
a i r  i n  mel t ing  o r  ho ld ing  fu rnaces .  Although no q u a n t i t a t i v e  e s t i m a t e s  
of t h e  energy s a v i n g s  a s s o c i a t e d  w i t h  t h i s  o p t i o n  a r e  a v a i l a b l e ,  t h e  
p o t e n t i a l  s a v i n g  is  thought  t o  be  v e r y  s m a l l  and perhaps  i n s i g n i f i c a n t  
i n  comparison t o  t h e  t o t a l  q u a n t i t y  consumed i n  smel t ing  o p e r a t i d n s .  
Th i s  o p t i o n  must t h e r e f o r e  be  exp lored  i n  d e t a i l  o n - s i t e  t o  determine 
t h e  cost-benef i t  . s i t u a t i o n .  

3.2.4 P r o j e c t i o n  of energy e f f i c i e n c y  A s  s t a t e d  i n  t h e  p rev ious  
s e c t i o n ,  c u r r e n t  l e v e l s  of energy consumption i n  t h e  alumina p l a n t  a r e  
comparable t o  world l e v e l s  i n  l a r g e  modern f a c i l i t i e s .  New techn iques ,  
such a s  t h e  use  of s i l i c o n  r e c t i f i e r s  f o r  conver t ing  AC t o  DC, have 
a l r e a d y  been b u i l t  i n t o  t h e  p l a n t  and r e l a t i v e l y  few o p t i o n s  remain f o r  
e f f e c t i v e l y  reducing energy consumption. Furthermore,  t h e  p l a n t  u t i l i z e s  
power genera ted  from h y d r o e l e c t r i c  s o u r c e s ,  s o  t h a t  t h e  c o s t  of power is  
a s m a l l e r  p a r t  of t h e  o p e r a t i n g  expense than  i t  o r d i n a r i l y  would b e  i n  a  
l o c a t i o n  us ing  thermal ly-generated power. Hence, a t  t h e  p r e s e n t  t ime ,  
l i t t l e  i n c e n t i v e  e x i s t s  f o r  e f f o r t s  aimed a t  conserving energy i n  
p roduc t ion  o p e r a t i o n s ,  a s  i t  is  v e r y  u n l i k e l y  t h a t  t h e  r e s u l t a n t  s a v i n g s  
would outweigh t h e  c o s t s  involved i n  c o n s e r v a t i o n  a c t  i o n s .  

Given e x t e r n a l  i n c e n t i v e s  t o  a l t e r  t h e  cost-benef i t  e q u i l i b r i u m  
p o i n t ,  t h e  aluminum company would probably  cons ider  a  r e d u c t i o n  i n  
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anode c u r r e n t  d e n s i t y .  A s  d e s c r i b e d  i n  t h e  preceding s e c t i o n ,  a t y p i c a l  
r e d u c t i o n  would probably  d e c r e a s e  u n i t  energy consumption by 6.5 t o  7.0 
p e r c e n t ,  a l though  i t  would a l s o  d e c r e a s e  t h e  p roduc t ion  r a t e .  Because 
t h e  p l a n t  is n o t  o p e r a t i n g  a t  c a p a c i t y ,  and w i t h  scheduled a d d i t i o n s ,  
w i l l  be o p e r a t i n g  below c a p a c i t y  f o r  a t  l e a s t  t h e  nex t  decade,  t h i s  
l a t t e r  e f f e c t  should  n o t  be  d e t r i m e n t a l .  

Addi t ion of more po t  i n s u l a t i o n  w i l l  a l s o  reduce energy consumption 
by a s m a l l  amount,.depending on t h e  p r e s e n t l y  e x i s t i n g  i n s u l a t i o n  
l e v e l .  A rough f i g u r e  of 0.5 t o  1.0 p e r c e n t  of t h e  energy p r e s e n t l y  
consumed is  es t imated  t o  be  t h e  c o n s e r v a t i o n  p o t e n t i a l  of adding insu-  
l a t i o n  a t  t h e  l e v e l  d e s c r i b e d  i n  t h e  p rev ious  s e c t i o n ,  b r i n g i n g  t h e  
t o t a l  c o n s e r v a t i o n  p o t e n t i a l  t o  about 7.5 p e r c e n t  on a u n i t  b a s i s .  

An a d d i t i o n a l  important  i s s u e  is  t h e  use  of locally-produced coke 
v e r s u s  imported coke f o r  anode product ion.  Coke consumption amounts t o  
about 0.6 l b  pe r  l b  of meta l  produced; w i t h  a c a l o r i f i c  v a l u e  of about  
14,000 B t u / l b ,  t h i s  t r a n s l a t e s  i n t o  8,499 Btu of imported coke per  pound 
of aluminum produced, o r  about 1.4 x 1 0  Btu per  year  t o  suppor t  t h e  
present-day p roduc t ion  of 75,000 m e t r i c  t o n s / y r .  With f u t u r e  p l a n t  
expansion planned t o  i n c r e a s e  p roduc t ion  c a p a c i t y  t o  166,000 m e t r i c  
t o n s / y r  ( s e e  nex t  s e c t i o n ) ,  t h e  t o t a l  coke requirement  w i l l  t o t a l  200 
m i l l i o n  pounds annua l ly  -- over  3 t r i l l i o n  Btu/yr .  In o r d e r  t o  avoid 
import ing t h i s  energy,  i t  i s  v i t a l  t h a t  a method b e  developed f o r  
r e d u c i n g ' s u l f u r  and meta l s  l e v e l s  i n  Egyptian pet rocoke t o  a c c e p t a b l e  
l e v e l s .  Although t h i s  i s  n o t  energy c o n s e r v a t i o n  i n  t h e  s t r i c t  s e n s e ,  
i t  w i l l  have a s i g n i f i c a n t  e f f e c t  on t h e  Egyptian demand f o r  imported 
energy.  

Taking i n t o  account  t h e  p o s s i b l e  energy e f f i c i e n c y ,  improvements, 
and assuming t h a t  t h e s e  o p t i o n s  a r e  implemented by 1985, t h e  d a t a  below 
i l l u s t r a t e s  c u r r e n t  and p r o j e c t e d  f u t u r e  l e v e l s  of energy consumption 
per  pound of aluminum produced. 

ENERGY CONSUMED PER POUND OF ALUMINUM 

E l e c t r i c i t y  F u e l  Coke T o t a l  

kWh Btu 
1 

Btu 
2 

l b s .  Btu 3 Btu 

Kilowatt-hours of e l e c t r i c i t y  conver ted  t o  Btu a t  3412 ~ t u / k W h .  2 
Represen t s  f u e l  f i r e d  i n  b o i l e r s  f o r  steam produc t ion ,  assuming a 
b o i l e r  e f f i c i e n c y  of 80 p e r c e n t .  
C a l o r i f i c  v a l u e  of coke taken t o  be 14,000 Btu / lb .  
Although a d d i t i o n a l  r e d u c t i o n s  i n  energy consumption a r e  p o s s i b l e  
i n  t h e  1985-2000 t ime  frame v i a  t h e  anode c u r r e n t  d e n s i t y  r e d u c t i o n  

1 o p t i o n ,  t h e  r e s u l t a n t  drop i n  p roduc t ion  p rec ludes  i t s  c o n s i d e r a t i o n .  
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3.2.5 P r o j e c t i o n  of i n d u s t r i a l  development: A s  p r e v i o u s l y  s t a t e d ,  
t h e  only  aluminum produc t ion  f a c i l i t y  i n  Egypt i s  owned by t h e  Aluminum 
Company of Egypt and p r e s e n t l y  h a s  a p roduc t ion  c a p a c i t y  of 100,000 
m e t r i c  t o n s I y r .  Local demand, i n  c o n t r a s t ,  t o t a l s  on ly  20,000 t o n s / y r .  
and t h e  i n d u s t r y  i s  p r i m a r i l y  e x p o r t  o r i e n t e d .  Power f o r  t h e  f a c i l i t y  
i s  s u p p l i e d  from a v a i l a b l e  hydropower of 240 MWe. 

Cons t ruc t ion  is  c u r r e n t l y  underway t o  r a i s e  t h e  c a p a c i t y  of t h e  
p l a n t  t o  166,000 t o n s / y r .  by 1981. E l e c t r i c  power requirements  w i l l ,  a t  
t h a t  t ime, t o t a l  400 we and w i l l  exhaus t  remaining hydro r e s e r v e s .  
F u t u r e  expansions  must t h e n  be based  on expens ive  Ll~ermally-generated 
power I 

Local aluminum demand, p r e s e n t l y  a t  20,000 t o n s l y r ,  h a s  been 
f o r e c a s t e d  t o  r i s e  t o  50,000 t o n s / y r  by 1985, b u t  even a t  t h i s  l e v e l  i t  
w i l l  r e p r e s e n t  less t h a n  a  t h i r d  of a v a i l a b l e  p roduc t ion  c a p a c i t y .  
There fore ,  i t  can be  s a f e l y  assumed t h a t  t h e  company w i l l  remain expor t -  
o r i e n t e d .  Because of l i m i t e d  l o c a l  demand and t h e  exhaus t ion  of a v a i l -  
a b l e  hydropower, it is u n l i k e l y  t h a t  f u r t h e r  p l a n t  expansions  w i l l  t a k e  
p l a c e  through t h e  y e a r  2000. Tab le  11 i l l u s t r a t e s  a v a i l a b l e  and pro- 
j e c t e d  p roduc t ion  and c a p a c i t y  d a t a .  

3.2.6 F o r e c a s t  energy requirements  f o r  1985 and 2000: A s  was 
shown i n  t a b l e  10,  c u r r e n t  aluminum produc t ion  o p e r a t i o n s  consume a  
t o t a l  of 18,000 kWh of e l e c t r i c i t y ;  1.23 tonnes  of steam a t . 1 3  atmo- 
s p h e r e s ,  and 600 kg of carbon p e r  m e t r i c  ton  of aluminum. Based on a  
b o i l e r  e f f i c i e n c y  of 80 p e r c e n t ,  and a  c a l o r i f i c  v a l u e  of 14,000 B t u l l b  
f o r  coke, t h i s  t r a n s l a t e s  i n t o  a requirement  of 18,000 kVh of e l e c t r i c i t y  6 
p l u s  22 6  x  10 Btu  of f u e l  p roduc t s  per  m e t r i c  t o n  of aluminum. 
There fore ,  t h e  t o t a l  amount of energy consumed i n  1977 f o r  aluminum 
produc t ion  i n  Egypt,  based on i n d u s t r y  o u t p u t  of 75,000 m e t r i c  t o n s ,  
t o t a l e d :  

E l e c t r i c i t y :  1.35 x  l o 9  kWh 

Fuel p roduc t s :  1.7 x  1012 Btu 

Note t h a t  t h  h y d r o e l e c t r i c  Btu's consumed ( i . e .  a t  3413 Btu/kWh) !? 2 
t o t a l l e d  4.6 x 1 0  B t u ,  b u t  i f  t h e  e l e c t r i c i t y  were genera ted  i n  a  
thermal  power s t a t i o n  ( i . e . ,  a t  a  h e a t  r a t e  of about  10,500 BtulljWh) t h e  
Btu's of f u e l  r e q u i r e d  f o r  i t s  g e n e r a t i o n  would t o t a l  14 2  x  12 
Btu. The p r a c t i c e  of e x p o r t i n g  over  two-thi rds  of t h e  aluminum produced, 
i n  a  s e n s e ,  is  tantamount t o  e x p o r t i n g  a corresponding amount of hydro- 
power, y e t  the rmal ly  g e n e r a t i n g  an  e q u i v a l e n t  amount f o r  use  e lsewhere .  
I n  o t h e r  words, f o r  e v e r y  k i l o w a t t  hour of h y d r o e l e c t r i c  power used t o  
make aluminum f o r  e x p o r t ,  t h e  coun t ry  must g e n e r a t e  a  k i l o w a t t  hour from 
f o s s i l  f u e l s  i n  o r d e r  t o  p rov ide  e l e c t r i c i t y  t o  o t h e r  use rs .  I n  t h i s  
s e n s e ,  t h e  aluminum i n d u s t r y  is a d r a i n  on t h e  country 's  a v a i l a b l e  cheap 
energy resource .  I n  a d d i t i o n ,  t h e  p rev ious  s e c t i o n  p o i n t s  o u t  t h a t  t h e  
u n s u i t a b f $ i t y , o f  l o c a l l y  produced coke r e s u l t s  i n  import ing 1.4 of t h e  
1.7 x 10 Btu o f  f u e l  p roduc t s  r e q u i r e d  p e r  y e a r  a t  p r e s e n t  p roduc t iog  
l e v e l s .  



A t  a  p roduc t ion  r a t e  of 166,000 m e t r i c  t o n s l y r ,  which i s  f o r e c a s t  
f o r  t h e  middle 1980's unward, assuming a  7.5 p e r c e n t  decreasg  i n  u n i t  
e l e c t r i c i t y  requ i rements ,  h e  i n d u s t r y  w i l l  consume 2.8 x 10 kWh of 15 e l e c t r i c i t y  p l u s  3.8 x 10 .B tu  of f u e l  f o r  steam g e n e r a t i o n  and 
anode m a t e r i a l s .  Presumably, by t h a t  t i m e ,  t h e  s u l f u r ' a n d  vanadium 
pryqlems w i l l  be so lved ,  and t h e  coke requirement  (3.1 out  of t h e  3.8 x 
1 0  Btu of f u e l  p roduc t s )  w i l l  be s a t i s f i e d  l o c a l l y .  

TABLE 11 

ALUMINUM PRODUCTION AND CAPACITY 
(met r i c  t o n s l y r )  

Ac tua l  Product ion I n s t a l l e d  Capaci ty  

3.3 Cement 

3.3.1 Background: The cement i n d u s t r y  i s  a  w e l l  e s t a b l i s h e d  
. s u b s e c t o r  of Egyptian i n d u s t r y ,  having been producing r e g u l a r l y  s i n c e  

t h e  beginning of t h e  cen tury .  The f i r s t  u n i t s  were two v e r t i c a l  s h a f t  
k i l n s  wi th  a  t o t a l  c a p a c i t y  of 100,000 t o n n e s l y r .  These were superseded 
i n  1929 by t h e  i n t r o d u c t i o n  of t h e  f i r s t  modern wet p r o c e s s  r o t a r y  
k i l n s .  

There a r e  c u r r e n t l y  f o u r  cement p l a n t s  i n  Egypt, commonly c a l l e d  
Tourah, Helwan, Na t iona l ,  and Alexandr ia .  Of t h e s e ,  a l l  b u t  t h e  las t  
a r e  i n  t h e  Helwan a r e a  n e a r  Cairo .  T o t a l  c a p a c i t y  of t h e  f o u r  p l a n t s ,  
which use  w e t  p rocess  technology,  was 3.85 m i l l i o n  metric t o n s l y r  i n  
1975. I n s t a l l a t i o n  of major new f a c i l i t i e s  i s  planned a t  o r  a d j a c e n t  t o  ' 

Nat iona l ,  Tourah, and Alexandr i a ,  i n  a d d i t  i o n  t o  much needed revamping 
of t h e  o l d e r  k i l n s  and equipment. A l l  t h e  new k i l n s  w i l l  u t i l i z e  d r y  
p r o c e s s  technology and,  where k i l n s  a r e  be ing  revamped, t h e y  w i l l  e i t h e r  
b e  conver ted  t o  d r y  p r o c e s s  o r  p r o v i s i o n  w i l l  be made( f o r  a  f u t u r e  
changeover t o  dry .  

With r e s p e c t  t o  c u r r e n t  o p e r a t i n g  e f f i c i e n c y ,  t h e  i n d u s t r y  h a s  n o t  
renewed equipment a s  i t  should have because ,  a s  i s  common wi th  much of 
Egypt's i n f r a s t r u c t u r e ,  expansion has  used up a l l  a v a i l a b l e  f i n a n c i a l  
r esources .  However, w i t h i n  t h i s  l i m i t a t i o n ,  t h e  i o u r  p l a n t s  appear  t o  

0 
- b e  opera ted  r e l a t i v e l y  e f f  i c i e n ' t l y  and competently.  
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The s a l e  of cement, b o t h  i n  d i s t r i b u t i v e  and p r i c i n g  terms, i s  
c o n t r o l l e d  by t h e  Government. S a l e s  a r e  a lmost  e x c l u s i v e l y  i n  bags ,  
w i t h  bu lk  t r a n s p o r t a t i o n  u s e d ' o n l y  f o r  a few major p r o j e c t s .  Although 
i t  was s t a t e d  t h a t  b u l k  t r a n s p o r t a t i o n  was d e s i r a b l e ,  t h e  h i g h l y  d i s p e r -  
sed and s m a l l  usage p o i n t s  do n o t  a l l o w  a complete changeover t o  b u l k ,  
even supposing adequate  f o r e i g n  exchange were t o  b e  made a v a i l a b l e  f o r  
equipment purchase.  

With t h e  heavy emphasis i n  t h e  Government's p lanning on recons t ruc-  
tion and t h e  c r e a t i o n  of new ci t !es ,  t h e  cement i n d u s t r y  w i l l  undoubtedly 
con t inue  t o  be v e r y  impor tan t .  The c o u n t r y  h a s  an abundance of raw 
m a t e r i a l s  and is planning t o  meet a l l  l o c a l  demand from domestic produc- 
t i o n .  To a c h i e v e  t h i s ,  t h e  previously-mentioned major i n c r e a s e s  i n  
manufactur ing c a p a c i t y  a r e  planned. Table  12 summarizes t h e  a n t i c i p a t e d  
cement p roduc t ion  c a p a c i t y ,  accord ing  t o  d a t a  developed i n  Egypt. 

3.3.1.1 Tourah: The Tourah Cement Company began p roduc t ion  
i n  1929 and was t h e  f i r s t  company t o  i n t r o d u c e  modern wet p rocess  
manufacture  i n t o  Egypt. There a r e  c u r r e n t l y  two p l a n t  a r e a s  des igna ted  
"old" and "new" f o r  convenience.  A l l  k i l n s  use  t h e  wet p rocess .  The 
"old" f a c i l i t y  c o n t a i n s  f o u r  k i l n s  rang ing  i n  c a p a c i t y  from 300 t o  600 
tonnes/day,  d a t i n g  from 1929 t o  1948. These k i l n s  a r e  equipped wi th  
e l e c t r o s t a t i c  p r e c i p i t a t o r s  t o  reduce d u s t  l o s s e s .  

The "new" p l a n t  h a s  two k i l n s  d a t i n g  from 1956 and 1967, and a  
t h i r d  k i l n  p r e s e n t l y  under c o n s t r u c t i o n .  A l l  a r e  f i t t e d  w i t h  e l e c t r o -  
s t a t i c  p r e c i p i t a t o r s .  The newest k i l n  h a s  a  g r a t e  c o o l e r  whi le  t h e  
o t h e r s  have p l a n e t a r y  o r  i n t e r n a l  c o o l e r s .  One of t h e  k i l n s  (by Fives- 
L i l l e - C a i l )  appears  t o  s u f f e r  from des ign  d e f i c i e n c i e s  and on ly  works a t  
75 p e r c e n t  c a p a c i t y .  S i m i l a r  problems have been m e t  by t h e  same type  of 
k i l n  a t  Helwan. 

I'he p l a n t  has  i t s  own power s t a t i o n , .  b u t  t h i s  h a s  g r a d u a l l y  been 
r u n  down a s  Government p o l i c y  h a s  been t o  encourage use  of t h e  n a t i o n a l  
g r i d .  However, breakdowns i n  supp ly  have l e d  t o  l o s s  of p roduc t ion ,  
e s t i m a t e d  at 6,000 tonnes  i n  March 1978 a l o n e ,  f o r  example. The p l a n t  
uses  3  t o  4  MWe from i t s  own s t a t i o n  and draws on 15 t o  17  MWe from t h e  
g r i d .  

The Tourah p l a n t  makes a  range  of seven d i f f e r e n t  cement p roduc t s .  
The t o t a l  c a p a c i t y  is 1.35 m i l l i o n  t o n n e s l y r .  The planned expansion of 
700,000 t o n n e s / y r  w i l l  u se  suspens ion  p r e h e a t e r  d r y  p r o c e s s  technology. 
A subsequent  expansion of about  1 m i l l i o n  t o n n e s l y r  c a p a c i t y  is planned 
p r i o r  t o  1985. 

The Tourah Cement Company o p e r a t e s  a f a c t o r y  f o r  t h e  manufacture  of 
paper  sacks  imported from K r a f t  paper .  



TABLE 12 

PRODUCTION CAPACITY SUMMARY 

Capacity 
U t i l i z a t i o n  

i n  1973 

Alexandria 102% 

Helwan 93% 

National  95% 

Tour ah 92% 

Alexandria 
New P lan t  - 
Assui t  
New P l a n t  - 
Cairo 
New P lan t  
( a t  Tourah) - 
Suez 
New P l an t  

Subto ta l s  W 
Subto ta l s  D - 

Tota l s  

Estimated Capac i t ies ,  
Mi l l ion  Tonnes Cement per  Year 

1975 1980 1985 Renarks 

0.50 W 0.50 W 0.45 W 0.3 expansion f u l l y  ope ra t i ona l  by 1980 
0.30 D 0.30 D 

0.70 W 0.65 W 0.60 W 0.5 expansion f u l l y  opera t ion  by 1980 
0.85 D 2.05 D and l a t e r  expansion (1.2) by .1985. 

1.35W 1.30 W 1.25 W F i r s t  expansion (0.7) f u l l y  ope ra t i ona l  
0.70 D 2.05 D by 1980. 

- - 0.5 D Operat ional  by 1983-84. 

- .- 0.5 D Operat ional  by 1983-84. 

- - 1.0 D To be ope ra t i ona l  by e a r l y  1980's. 

- - 1.0 D To be op-erational by e a r l y  1980's. 

3.85 3.70 . 3.50 No :onversion of w e t  t o  dry p r i o r  t o  1985. 
- 1.85 6.05 

W = Wet Process 
D = Dry Process  
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3.3.1.2 Na t iona l :  The Nat iona l  Cement Company was es tab-  
l i s h e d  i n  1956 f o r  s p e c i a l i z i n g  i n  t h e  p roduc t ion  of b l a s t  f u r n a c e  s l a g  
cement and is  s i t e d  near  t h e  Helwan s t e e l  works. The p l a n t  c u r r e n t l y  
u s e s  wet p r o c e s s  technology t o  make 700,000 t o n n e s l y r ;  two k i l n s  were 
commissioned i n  1960 w i t h  a  c a p a c i t y  of 360,000 t o n n e s ,  and a t h i r d  i n  
2969 w i t h  a c a p a c i t y  of 340,000 tonnes .  The p l a n t  produces b l a s t  
f u r n a c e  s l a g  cement, t y p i c a l l y  6 5  p e r c e n t  c l i n k e r  and 3 5  p e r c e n t  s l a g .  

A new expansion t o  t h e  ~ a t i o n a l  p l a n t  based o n ' t h e  d r y  p r o c e s s  w i l l  
add c a p a c i t y  e q u i v a l e n t  t o  850,000 t o n n e s l y r  of s l a g  cement. Th i s  i s  
expected t o  be i n  o p e r a t i o n  p r i o r  t o  1980, and a  f u r t h e r  expansion of 
1.2 m i l l i o n  t o n n e s l y r  by 1985. 

3.3.1.3 Alexandr ia :  The Alexandr ia  Por t l and  Cement Company 
s t a r t e d  p roduc t ion  i n  1950 w i t h  a s i n g l e  k i l n  of 120,000 t o n n e s l y r  
c a p a c i t y .  A second k i l n  was added i n  1963 and a t h i r d  i n  1966. P r e s e n t  
i n s t a l l e d  c a p a c i t y  i s  about 500,000 t o n n e s l y r .  With t h e  i n s t a l l a t i o n  of 
a  new l ,OOOtonnes/day k i l n ,  p roduc t ion  i s  expected t o  reach  850,000 
t o n n e s l y r  by about 1981. Capaci ty  i s ,  however, l i k e l y  t o  f a l l  back t o  
perhaps  600,000 t o n n e s l y r  by 2000 due t o  i n e f f i c i e n t  o p e r a t i o n  of k i l n  
No. 1. The range of cements manufactured i n c l u d e s  o r d i n a r y  p o r t l a n d  
cement, rapid-hardening cement and b l a s t  f u r n a c e  cement. 

A new d r y  p r o c e s s  p l a n t  i s  planned i n  t h e  Alexandr ia  a r e a  w i t h  a  
nominal c a p a c i t y  of 1 m i l l i o n  t o n n e s l y r ,  and t h i s  i s  expected t o  be  
commissioned by about  1983. 

3.3.1.4 Helwan: Th is  company s t a r t e d  p roduc t ion  i n  1930 
w i t h  a  c a p a c i t y  of 100,000 t o n n e s l y r .  Major a d d i t i o n s  have r a i s e d  
c a p a c i t y  t o  about 1.3 m i l l i o n  t o n n e s l y r .  In  a d d i t i o n ,  a  whi te  cement 
p l a n t  w a s  i n s t a l l e d  i n  1967 w i t h  a  c a p a c i t y  of 40,000 tonnes  y r .  Like ' 

t h e  Tourah p l a n t ,  t h e  Helwan f a c i l i t y  produces  a  range of seven d i f f e r e n t  
t y p e s  of cement. The p l a n t  has  i t s  own power s t a t i o n  a s  w e l l  a s  drawing 
e l e c t r i c i t y  from t h e  n a t i o n a l  g r i d .  

The Helwan Cement Company o p e r a t e s  a  f a c t o r y  f o r  t h e  manufacture  of 
paper  sacks  from imported K r a f t  paper .  The t o t a l  i n d u s t r y  needs f o r  
paper sacks  a r e  met by t h e  Helwan and Tourah f a c t o r i e s  (a l though  con- 
s t r a i n t s  on paper sack  manufacture have been known t o  r e s t r i c t  cement 
o u t p u t ) .  

3.3.2 Assessment of ' cu r ren t  energy demand and e f f i c i e n c y :  

3.3.2.1 Energy e f f i c i e n c y  of cement manufactur ing p rocesses :  
The p roduc t ion  sequence f o r  t h e  manufacture  of p o r t l a n d  cement can b e  
d i v i d e d  i n t o  t h e  fo l lowing  a c t i v i t i e s :  

1. a c q u i r i n g  raw m a t e r i a l s ,  
2. p r e p a r i n g  raw m a t e r i a l s ,  
3. producing c l i n k e r ,  and 
4. g r i n d i n g  and mixing p roduc t  cement. 



There a r e  two common process ing  sequences  based on t h e s e  s t e p s ,  t h e  
wet and t h e  d ry  process .  In t h e  d r y  p r o c e s s ,  r a w  m a t e r i a l s  a r e  ground 
and blended'  dry.  . I n  t h e  wet p r o c e s s ,  t h e s e  o p e r a t i o n s  a r e  c a r r i e d  ou t  
u s i n g  a s l u r r y  of t h e  m a t e r i a l s  i n  water .  I n  o t h e r  r e s p e c t s  t h e  p rocesses  
a r e  e s s e n t i a l l y  t h e  same. There  are a l s o  v a r i a t i o n s  of t h e  b a s i c  
p r o c e s s  such a s  semiwet o r  semidry sys tems,  i n  which raw m a t e r i a l s  a r e  
f e d  i n t o  t h e  k i l n  i n  t h e  form of nodules  o r  p e l l e t s .  These p r o c e s s e s ,  
however, a r e  g e n e r a l l y  less common than  t h e  wet o r  d r y  p rocesses .  
C u r r e n t l y ,  a l l  Egyptian cement p l a n t s  use  t h e  wet p r o c e s s ,  w h i l e  a l l  new 
p l a n t s  a r e  expected t o  use  t h e  d r y  p rocess .  

The energy consumed w i t h i n  a cement p l a n t  i$ p r i m a r i l y  i n  t h e  form 
of f o s s i l  f u e l ,  s i n c e  t h e  key p r o c e s s  i n  making cement is t h e  "burning" 
of t h e  raw m a t e r i a l s  i n  a r o t a r y  k i l n .  The k i l n  is  a long ,  c y l i n d r i c a l  
b r ick- l ined  fu rnace ,  mounted a t  a s l i g h t  i n c l i n e  t o  t h e  h o r i z o n t a l ,  
which r o t a t e s  s lowly on i t s  a x i s .  Heat is provided by t h e  f i r i n g  of 
c o a l ,  o i l ,  o r  g a s ,  o r  combinat ions  of t h e s e  f u e l s .  It is  a l s o  p o s s i b l e  
t o  u t i l i z e  o t h e r  f u e l s  such a s  pet roleum coke i n  combination w i t h  
conven t iona l  f u e l s .  

Raw m a t e r i a l s  a r e  in t roduced  a t  t h e  top  of t h e  k i l n  and t h e  pro- 
cessed  m a t e r i a l s  l e a v e  t h e  k i l n  a t  t h e  lower end a s  c l i n k e r ,  rough-tex- 
tu red  lumps o r  p e l l e t s  ranging from about 0.1 t o  2 i n c h e s  i n  diameter .  
The outgoing c l i n k e r  is  coo led ,  t h e  h e a t  removed normally being used t o  
p r e h e a t  incoming combustion a i r .  A number of d i f f e r e n t  c l i n k e r  c o o l e r s  
a r e  commercially a v a i l a b l e .  Some a r e  based on moving-grate systems; 
o t h e r s  c o n s i s t  of t u b e s  mounted e x t e r n a l l y  a long t h e  k i l n  p e r i p h e r y  n e a r  
t h e  c l i n k e r  o u t i e t  ( "p lane ta ry"  c o o l e r s ) .  C l inker  f a l l s  i n t o  t h e s e  
t u b e s  and tumbles a long them toward t h e  o u t l e t .  Air, in t roduced  i n t o  
t h e  tubes  normally through induced d r a f t  , is  prehea ted  b e f o r e  being used 
i n  t h e  combustion of k i l n  f u e l .  It i s  important  f o r  o v e r a l l  energy 
e f f i c i e n c y  t h a t  h e a t  r ecovery  b e  maximized. Indeed,  most modern k i l n s  
(such a s  t h o s e  proposed f o r  Egypt) a r e  preceded by a p r e h e a t e r  system i n  
which h o t  e x i t  g a s e s  g i v e  up h e a t  t o  t h e  c o l d  incoming raw m a t e r i a l s .  

Of t h e  energy used i n  cement manufacture,  t y p i c a l l y  80 p e r c e n t  is  
consumed a s  k i l n  f u e l ,  and t h e  remaining 20 p e r c e n t  i s  s u p p l i e d  a s  
e l e c t r i c i t y  f o r  r a w  m a t e r i a l  g r i n d i n g ,  c l i n k e r  g r i n d i n g ,  k i l n  r o t a t i o n ,  
e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  and o t h e r  miscel laneous  a p p l i c a t i o n s .  

In  terms of energy e f f i c i e n c y ,  t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  
among t h e  p rocesses  mentioned p rev ious ly .  The energy consumption of a 
cement p l a n t  is a f u n c t i o n  of parameters  such a s  t h e  age  and s i z e  of t h e  
p l a n t ,  c h a r a c t e r i s t i c s  of t h e  raw m a t e r i a l s ,  s t e a d i n e s s  of o p e r a t i o n  and 
o p e r a t o r  exper ience  -- a l l  of which a r e  p e c u l i a r  t o  a p a r t i c u l a r  p l a n t .  
On t h e  b a s i s  of "best  p r a c t i c e l l a r g e  p l a n t s , "  however, i t  i s  p o s s i b l e  t o  
g e n e r a l i z e  energy consumption by p r o c e s s  category.* 

* Gordian Assoc ia tes  Inc .  " I n t e r n a t i o n a l  Data Base: The Cement 
Indus t ry , "  NATO/CCMS No. 46, 1976. 



INDUSTRY /AGRICULTURE-EGYPT-48 

ENERGY  CONSUMPTION^ FOR "HIGH EFFICIENCY OPERATIONII 
( F o s s i l  Fuel  Only) 

, P r o c e s s  Kcal lkg cement mmbtu/tonne 

Dry ( l o n g  k i l n )  860 3.42 
Wet (long k i l n )  1,300 5.16 
Semidry ( g r a t e  p r e h e a t e r  

Lepol type)  850 3.37 
Dry (suspension p r e h e a t e r  ) 790 3.13 

With r e s p e c t  t o  e l e c t r i c i t y  consumption, t h i s  w i l l  be a f u n c t i o n  of 
such parameters  as t h e  e x t e n t  of f i n a l  product  g r i n d i n g  ( f i n e n e s s  of t h e  
cement p r o d u c t ) ,  t h e  ha rdness  and 'compos i t ion  of raw m a t e r i a l s ,  the .  
l e v e l  of d u s t  removal demanded from e l e c t r o s t a t i c  p r e c i p i t a t o r s , . a n d  t h e  
extent of mechanical  conveying ( v e r s u s  manual l a b o r  f o r  m a t e r i a l s  
hand l ing  throughout t h e  p l a n t ) .  A r e p r e s e n t a t i v e  f i g u r e *  f o r  h igh  
e f f i c i e n c y  o p e r a t i o n  of 'modern p l a n t s  would be  about  100 kWhltonne of 
cement, as achieved i n  t y p i c a l  modern European p l a n t s .  However, t h e r e  
may b e  c o n s i d e r a b l e  v a r i a b i l i t y  i n  e l e c t r i c i t y  consumption from p l a n t  t o  
p l a n t .  For example, d i f f e r e n c e s  i n  t h e  f i n e n e s s  of t h e  f i n a l  cement 
product  can account  f o r  15 t o  20 kWh/tonne f o r  cement' g r i n d i n g  a l o n e ,  
w h i l e  t h e  t y p e  of c l i n k e r  c o o l e r  may a l s o  have a n o t i c e a b l e '  e f f e c t .  

kWh PER TONNE OF CLINKER 

.P lane ta ry  
S h a f t  
Grate Cooler 

Indeed,  f o r  a v a r i e t y  of r e a s o n s ,  t h e  average  e l e c t r i c i t y  consump- 
t i o n  f o r  t h e  U.S. i n d u s t r y  i s  about  140 kWh p e r  tonne of cement 'produced. 

3.3.2.2 Reported energy consumption d a t a :  The d a t a  rece ived  
on energy consumption f o r  t h e  e x i s t i n g  p l a n t s  was organized i n t o  a 
c o n s i s t e n t  format  and is  summarized below f o r  1975. Where d a t a  was n o t  
a v a i l a b l e ,  o r ' w h e r e  d a t a  appeared i n a p p r o p r i a t e  f o r  t h e  type  of p l a n t  
be ing  o p e r a t e d ,  e s t i m a t e s  were made based on i n d u s t r y  p r a c t i c e  i n  Europe 
o r  t h e  Uni ted S t a t e s .  In  a d d i t i o n ,  p l a n t  c a p a c i t i e s  a r e  shown below, 
and a weighted average  f o r  t h e  energy e f f i c i e n c y  of t h e  cement i n d u s t r y  - 
was der ived  from t h e  b a s i c  d a t a  l i s t e d .  

Fuel  Use E l e c t r i c i t y  
kWh /T onne Cement Capac i ty  MTPY Kcal lkg Ceme& -.. 

Alexandria  .0.50 1500 2 3 
100 

He lwan 1.30. 1800 
N a t i o n a l  0.70 1485 

:;; 2 3 

Tour ah 1.35 1565 
*I 

9  5 - 
1620 105 T o t a l s  , 3.85 

1 
2 

Fuel u s e  based on lower h e a t i n g  v a l u e s .  A l l  p l a n t s  o p e r a t e  wet p rocess .  
Estimated.  
F i g u r e s  r e p o r t e d  a r e  v e r y  low by i n d u s t r y  s t a n d a r d s :  67 f o r  
Alexandr ia  and 79 f o r  Na t iona l .  



The t o t a l  annual  energy demand f o r  t h e  cement i n f y s t r y  s u b s e c t o r ,  
based on 1975 d a t a ,  i s  t h u s  es t imated  t o  be  6.24 x  1 0  Kcal i n  terms 

6  of f o s s i l  f u e l  and 404 B 10 kWh a s  e l e c t r i c i t y .  

With r e s p e c t  t o  f u e l  t y p e s ,  d a t a  is  n o t  comprehensive. However, 
Tourah burns  f u e l  o i l  (mazout) predominant ly ,  w h i l e  Na t iona l  appears  t o  
burn most ly  gas .  It i s  b e l i e v e d  t h a t  f u e l  o i l  i s  t h e  favored f u e l  f o r  
most of t h e  e x i s t i n g  p l a n t s .  - 

To put  t h e  Egyptian energy consumption d a t a  i n  p e r s p e c t i v e ,  t h e  
fo l lowing  f i g u r e s  a r e  t aken  from a r e c e n t  comparison of energy e f f i c i e n c y  
i n  t h e  United S t a t e s  and v a r i o u s  European coun t r i es .*  A l l  d a t a  r e f e r s  
t o  wet p rocess  p l a n t s  only:  

F u e l ,  Kcal lkn Cement E l e c t r i c i t y  kWh/tonne Cement 

Egypt (1975) 1620 105 

Germany (1974) 1440-1 330 
I t a l y  (1974) 1410 
UK (1974) 1516 
US 1614 

I n d u s t r y  average  about  112. 

. 3.3.3 Discuss ion  of op t ions :  Based on t h e  r e p o r t e d  d a t a  on energy 
e f f i c i e n c y ,  i t  appears  t h a t  t h e  e x i s t i n g  p l a n t s  a r e  opera ted  a t  an  
a c c e p t a b l e  l e v e l  of e f f i c i e n c y .  Th is  i n d i c a t e s  t h a t  o p e r a t i n g  personne l  
and management a r e  g e n e r a l l y  aware of a l l  t h e  "standard" measures t o  
reduce  energy consumption .such a s  : 

use  of improved r e f r a c t o r i e s  
proper  c l i n k e r  c o a t i n g  of r e f r a c t o r i e s  
opt imal  u s e  of c h a i n s  
main tenance / repa i r  of k i l n  s e a l s  
r i g o r o u s  combustion c o n t r o l  ( c o n t r o l  of excess  a i r )  
r e d u c t i o n  of water  c o n t e n t  of s l u r r y  ( c a r e f u l  o p e r a t i o n ,  

" 

t h i n n e r s ,  f i l t e r ,  e t c . )  
use of waste  h e a t  f o r  p r e h e a t i n g  s l u r r y  
i n s t a l l a t i o n  of waste  h e a t  b o i l e r s  
enlargement of feed end of k i l n  ( t o  reduce g a s  v e l o c i t i e s ,  
c u t  d u s t  l o s s e s ,  e t c .  
use  of g r i n d i n g  a i d s  i n  c l i n k e r  g r i n d i n g  
use of s u p e r i o r  raw m a t e r i a l s  (where c h o i c e  is  a v a i l a b l e )  
use  of r o l l e r  m i l l s  f o r  r a w  meal g r i n d i n g  

* 
~ o r d i a n  A s s o c i a t e s  Inc .  , " I n t e r n a t i o n a l  Data Base: The Cement 
I n d u s t r y , "  NATO/CCMS No. 4b, 1916 .  



The p o t e n t i a l  f o r  w e t  t o  d r y  convers ion is a l s o  c l e a r l y  apprec ia ted .  
I n  f a c t ,  however, t h e  economics of convers ion may w e l l  be q u i t e  unfavor-. 
a b l e ,  e s p e c i a l l y  bear ing  i n  mind t h e  low f u e l  r p r i c e s  c u r r e n t  i n  Egypt. 
S ince  a l l  new p l a n t s  a r e  expected t o  employ t h e  l a t e s t  suspens ion  
p r e h e a t e r l p r e c a l c i n e r  technology,  t h e  remaining o p t i o n s  f o r  improving 
e f f i c i e n c y  i n  t h e  cement i n d u s t r y  s u b s e c t o r  appear  somewhat l i m i t e d .  
However t h e  fo l lowing  i d e a s  shou ld  be  cons idered :  

3.3.3.1 Maximize produ,ction of blended cements: Slag 
cements a r e  a l r e a d y  be ing  produced i n  Egypt. Presumably, a s  s t e e l  
p roduc t ion  expands, more s l a g s  w i l l  be  a v a i l a b l e  and thus  i n c r e a s i n g  
q u a n t i t i e s  of s l a g  cement w i l l  be produced. There is a l s o  t h e  poss i -  
b i l i t y  t h a t  o t h e r  "waste" m a t e r i a l s  might be  a v a i l a b l e  f o r  blended 
cement manufacture,  such a s  f l y  a s h  and na tu ra l ly -occur r ing  pozzolans ,  
a l though  a v a i l a b i l i t y  of t h e s e  m a t e r i a l s  may be l i m i t e d  i n  Egypt. I n  
view of t h i s  and t h e  f a c t  t h a t  Egypt i s  a l r e a d y  producing blended 
cements, we would e s t i m a t e  t h a t  no more than a  10 p e r c e n t  improvement i n  
i n d u s t r y  energy e f f i c i e n c y  i s  a t t a i n a b l e  through maximum adopt ion  of 
blended cements (over  and above c u r r e n t  l e v e l s ) .  

3.3.3.2 Fue l  swi tch ing :  The use of premium q u a l i t y  g a s  a s  
a  k i l n  f u e l  should  be d i scouraged ,  a s  i t  would appear more l o g i c a l  f o r  
g a s  t o  b e  rese rved  f o r  f e e d s t o c k  u s e s ,  o r  a t  l e a s t  f o r  f u e l  u s e s  r e q u i r -  
i n g  a  c l e a n  f u e l .  A cement k i l n  can b e  opera ted  s u c c e s s f u l l y  on a  broad 
range of f u e l s ,  i n c l u d i n g  low-grade l i g n i t e s ,  high-ash c o a l s ,  h igh-su l fu r  
c o a l  and o i l ,  low-grade pet roleum coke,  and even on waste  m a t e r i a l s  such 
a s  municipal  garbage and a g r i c u l t u r a l  r e s i d u e s  (e.g. ,  r i c e  husks ) .  , 

There a r e  l i m i t a t i o n s  on t h e  amounts o f  low-grade f u e l  and "contaminants" 
( s u l f u r  and m e t a l s ,  f o r  example) t h a t  can b e  in t roduced .  Thus, a  
low-sulfur petroleum coke might r e p r e s e n t  up t o  90 p e r c e n t  of k i l n  f u e l ,  
w i t h  10 p e r c e n t  provided by o i l  o r  g a s  t o  p rov ide  v o l a t i l e s  f o r  maintain- 
i n g  combustion. On t h e  o t h e r  hand, a h igh-su l fu r  pet roleum coke (over  5 
p e r c e n t  s u l f u r )  might have t o  b e  l i m i t e d  t o  say  40 p e r c e n t  of t h e  f u e l  
i n t a k e .  A s  a  g e n e r a l  r u l e ,  no more t h a n  about 2.5 p e r c e n t  by weight of 
s u l f a t e  should  be in t roduced  i n t o  t h e  c l i n k e r  from t h e  f u e l ,  a s  t h e  raw 
m a t e r i a l s  a l s o  i n t r o d u c e  s u l f a t e  and t h e  f i n a l  cement product  s p e c i f i c a -  
t i o n  w i l l  undoubtedly l i m i t  t h e  amount of gypsum t h a t  can b e  added f o r  
s e t  c o n t r o l .  

* 
With- respec t  t o  t h e  heavy meta l s  con ten t  of coke,  i t  

may be d e s i r a b l e  t o  l i m i t  t h e  q u a n t i t y  in t roduced  i n t o  t h e  c l i n k e r  t o  
about  0.2 p e r c e n t  f o r  r easons  of cement q u a l i t y .  

The e f f e c t  of f u e l  swi tch ing  on energy e f f i c i e n c y  i s  i n  p r i n c i p l e  
n i l ;  however, i t  is  p o s s i b l e  t h a t  t h e  use  of low-grade f u e l s  could  
i n c r e a s e  t h e  energy needed per  tonne of cement ou tpu t ,  because  of poorer  
f i r i n g  c o n d i t i o n s  i n  t h e  k i l n .  On t h e  o t h e r  hand, t h e  use  of waste  
m a t e r i a l s  (e .g . ,  r e f u s e  d e r i v e d  f u e l s ,  was te  l u b r i c a t i n g  o i l s ,  r i c e  

* 
P r i m a r i l y  t i n ,  l e a d ,  z i n c  and copper.  



husks )  could c o n t r i b u t e  t o  reducing t h e  q u a n t i t y  of conven t iona l  f u e l s  
used t o  make cement. For t h i s  r e a s o n ,  we judge t h a t  t h i s  o p t i o n  w i l l  
have a  s m a l l  e f f e c t  on o v e r a l l  energy e f f i c i e n c y ,  perhaps  up t o  5 
p e r c e n t  by 2000. 

3 . 3 . 3 . 3  Change cement s p e c i f i c a t i o n  ( o r  o p e r a t e  c l o s e r  t o  
s p e c i f i c a t i o n s ) :  There was no d a t a  provided on t h e  a c t u a l  p r o p e r t i e s  of 
cement made t o  BS 1958 . .  With r e g a r d  t o  f i n e n e s s ,  i t  i s  p o s s i b l e  t h a t  a  
less f i n e  cement could be  produced, o r  t h a t  g r i n d i n g  a i d s  could  a l low 
some r e d u c t i o n  i n  t h e  energy needed f o r  f i n a l  product  g r i n d i n g .  I n  t h e  
absence  of s p e c i f i c  d a t a ,  we would judge t h a t  a  5  p e r c e n t  r e d u c t i o n  i n  
e l e c t r i c i t y  consumption might b e  a t t a i n a b l e  through c a r e f u l  "con t ro l "  of 
g r i n d i n g ;  t h i s  would amount t o  about  5 kWh per  tonne of cement, o r  about 
4  t o  5  Kcal lkg cement. 

3 . 3 . 3 . 4  S h i f t  t o  b u l k  t r a n s p o r t a t i o n  of cement: Most 
cement is  s o l d  i n  bags;  a n d , \ t h e r e f o r e ,  t h e r e  i s  a scope f o r  a  r a t i o n a -  
l i z a t i o n  of t h e  d i s t r i b u t i o n  system t o  u t i l i z e  more b u l k  d e l i v e r i e s .  
There  w i l l ,  of c o u r s e ,  remain t h e  need t o  d e l i v e r  smal l  q u a n t i t i e s  of 
cement i n  bags  t o  t h e  s m a l l e r  c o n s t r u c t i o n  s i t e s ,  b u t  a move towards 
b u l k  d e l i v e r i e s  should  l e a d  t o :  

(a)  s a v i n g s  o f  t h e  energy used i n  making bags and i n  t h e  bagging 
o p e r a t i o n  i t s e l f ;  

(b) s a v i n g s  of t h e  paper imported t o  make b a g s ;  and 

( c )  removal of a  p o t e n t i a l  c o n s t r a i n t  to,c'ement p roduc t ion ,  t h a t  
i s ,  a  s t o r a g e  of cement bags.  

I n  terms of energy s a v i n g s ,  t h i s  o p t i o n  is d i f f i c u l t  t o  q u a n t i f y .  
Much of t h e  s a v i n g  r e s u l t i n g  from improved d i s t r i b u t i o n  w i l l  acc rue  t o  
t h e  t r a n s p o r t a t i o n  s e c t o r ,  w h i l e  t h e  energy used t o  make bags  and i n  
bagging is  r e l a t i v e l y  s m a l l  and c e r t a i n l y  i s  u n q u a n t i f i e d  a t  t h e  p r e s e n t  
t ime. We cannot ,  t h e r e f o r e ,  a t t r i b u t e  a s p e c i f i c  energy s a v i n g  t o  t h i s  
op t ion .  . . 

3 . 3 . 3 . 5  C l i n k e r  impor ta t ion :  S h o u l d ' a  p a r t i c u l a r l y  r a p i d  
i n c r e a s e  i n  cement demand n o t  be  m e t  by i n c r e a s i n g  domest ic  p roduc t ion ,  
i t  may prove economic f o r  c l i n k e r  t o  b e  imported and l o c a l l y  ground t o  
cement, i n c o r p o r a t i n g  domestically-mined gypsum. Cl inker  i s  more 
r e a d i l y  shipped a n d , s t o r e d  than  cement, and gypsum is  abundant ly  a v a i l -  
a b l e  i n  Egypt. The e f f e c t  of t h i s  s t r a t e g y  on energy u s e  p a t t e r n s  w i l l  
be t o  d e l a y  consumption of k i l n  f u e l s  u n t i l  domestic p l a n t  capacdty  
c a t c h e s  up wi th  demand, w h i l e  e l e c t r i c i t y  consumption would rise i n  
p r o p o r t i o n  t o  t h e  amount of c l i n k e r  be ing  ground i n  Egypt ( r e q u i r i n g  
about 60 kWh p e r  tonne of cement).  A s  a shor t - term s t r a t e g y ,  c l i n k e r  
imports  may o b v i a t e  energy o r  equipment b o t t l e n e c k s  which might o t h e r w i s e  
c o n s t r a i n  cement product ion.  
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Regarding t h e  t r a n s p o r t a t i o n  of c l i n k e r  from t h e  cement p l a n t s  t o  
l o c a l  sites f o r  l o c a l  g r ind ing ,  we s e e  l i t t l e  energy advantage i n  t h i s  
a c t i v i t y ,  a l though  t h e r e  may b e  advantages  i n  terms of s t o r a g e  and 
handl ing.  .However, i n  view of t h e  many grades  of cement produced, 
i n c l u d i n g  s l a g  cements, t h e r e  is  a  danger t h a t  q u a l i t y  c o n t r o l  might 
s u f f e r  were cements t o  b e  produced at  a  number of d i f f e r e n t  s i t e s  
throughout t h e  country .  h f a c t ,  s i n c e  most of t h e  c o n s t r u c t i o n  a c t i v i t y  
i s  i n  t h e  D e l t a  a r e a  (between t h e  Alexandr ia  and Helwan p l a n t  a r e a s )  
d i s t a n c e s  a r e  q u i t e  s h o r t  and t h e r e f o r e  any " t r a n s p o r t a t i o n  ga ins"  
r e s u l t i n g  from cheaper t r a n s p o r t  of c l i n k e r  i n  b u l k  t o  l o c a l  markets  a r e  
u n l i k e l y  t o  o f f s e t  t o  any r e a l  e x t e n t  t h e  energy c u r r e n t l y  used i n  
bagging cement. 

3.3.3.6 Load management and use  of , .off -peak power: Th is  
o p t i o n  w i l l  have l i t t l e  o r  no e f f e c t  on t h e  energy e f f i c i e n c y  of cement 
manufacture ,  b u t  may a l low s i g n i f i c a n t  s a v i n g s  of c a p i t a l  investment  t o  
b e  made i n  e l e c t r i c a l  g e n e r a t i n g  capac i ty .  By schedu l ing  c e r t a i n  
o p e r a t i o n s  a t  a  cement p l a n t  t o  off-peak h o u r s ,  t h e  most e f f e c t i v e  use  
of e l e c t r i c a l  g e n e r a t i n g  c a p a c i t y  can b e  made, avo id ing  t h e  need f o r  
e x c e s s  c a p a c i t y  and t h e  need t o  o p e r a t e  i n e f f i c i e n t  peaking u n i t s .  
A c t i v i t i e s  amenable t o  r e s c h e d u l i n g  i n c l u d e  raw m a t e r i a l  and c l i n k e r  
g r i n d i n g ;  provided adequate  g r i n d i n g  and s t o r a g e  c a p a c i t y  a r e  a v a i l a b l e ,  
t h e s e  can b e  performed p r i m a r i l y  d u r i n g  t h e  n i g h t .  Th i s  o p t i o n  may be  
impor tan t  f o r  t h e  o v e r a l l  management of t h e  Egyptian e l e c t r i c a l  generat -  
i n g  system. 

3.3.3.7 Improve cement d i s t r i b u t i o n :  It i s  r e p o r t e d  t h a t  
t h e  Egypt ian cement d i s t r i b u t i o n  system i s  i n e f f i c i e n t  (e.g. World Bank 
r e p o r t  608-EGT). C u r r e n t l y ,  about 95 p e r c e n t  of cement d e l i v e r i e s  a r e  
made by road,  3  p e r c e n t  by r a i l  and 2  p e r c e n t  by barge.  Inc reased  u s e  
of b a r g e  t r a n s p o r t  may a l l o w  u s e f u l  energy s a v i n g s  ' to b e  made i n  t h e  
t r a n s p o r t a t i o n  s e c t o r ,  a l though  t h e r e  i s  n o t  l i k e l y  t o  be  any e f f e c t  on 
t h e  energy e f f i c i e n c y  of cement manufacture.  

3.3..3.8 I n c r e a s e  u s e  o f , , c o n c r e t e :  The i n c r e a s e d  use  of 
c o n c r e t e  a s  a  c o n s t r u c t i o n  m a t e r i a l  shou ld  be  encouraged due t o  i t s  
r e l a t i v e l y  low-energy content ."  A comparison of t h e  energy c o n t e n t  of 
common b u i l d i n g  m a t e r i a l s  i s  g iven  as t a b l e  13. 

Again, t h i s  o p t i o n  w i l l  have no impact on energy e f f i c i e n c y  i n  t h e  
manufactur ing o p e r a t i o n ,  b u t  could  have s i g n i f i c a n t  b e n e f i c i a l  e f f e c t s  
on  t h e  energy s i t u a t i o n  of t h e  Nation.  

* 
Gordian A s s o c i a t e s  Inc .  " I n t e r n a t i o n a l  Data Base: The Cement 
Indus t ry , "  NATO/CCMS No. 46, 1976.  



TABLE 13  

M a t e r i a l  - 

Mass/ Energy Cost/  
Energy Cost ,  Cons t ruc t ion  Cons t ruc t ion  Cons t ruc t  i o n  

kJ  /kg Uni t  Uni t  Uni t  /kJ 

Concrete  
Lightweight  538.0  
Ordinary  538.0 

B r i c k s  2.81  x 1 
P l a s t e r  (10mrn) 1 . 8  x 1 0  g3 
Wo od 
G l a s s ,  window ( 3  mrn) 3 15 .0  x lo3  
Glass  wool ( 2 5  mm) : 15.0  x l o3  
P l a s t i c  P i p e s ,  PVC 115.6 x 1 0  
Thermoplas t ic  f l o o r i n g ,  3 40% PVC, ( 2  mm) 115.6 x lo3  
Cas t - i ron  P ipes  ( 1 0  mm) 2 2 . 8  x 1 0  
Asphal t  ( 1 0  mm) 210.0  

m run 

* 
Data a r e  from D. Barnes and L. Rankin, t h e  
8: 31 (1975) .  

Energy Economics Bui lc ing  Cons t ruc t ion ,  

3 138.7 x lo3  
342 .0  x 1 0  

4 . 2  x 103 E/ 
5 

- 4 e 
\ 

Build  I n t e r n a t i o n a l ,  (3 + 
w 
H 



3.3.4 P ro j ec t i on  of energy e f f i c i ency :  

3.3.4.1 Base l ine  Pro jec t ions :  Energy e f f i c i e n c y  d a t a  f o r  
e x i s t i n g  p l a n t s  and es t imates  of t h e  expected e f f i c i e n c y  of capac i ty  
add i t i ons  through 2000 were compiled and a r e  shown i n  t a b l e  14. I n  
add i t i on ,  e s t ima te s  were made of t h e  l i k e l y  e f f e c t s  of e f f i c i e n c y  of 
conversions from w e t  t o  dry process  conf igura t ions  ( o r  of t h e  phasing 
out  of wet process  p l a n t s ,  which would have much t h e  same e f f e c t ) .  The 
impact of o the r  op t ions  t o  improve energy e f f i c i e n c y  a r e  no t  included i n  
t h e  "Base Case" of t a b l e  14. 

P lan t  capac i ty  d a t a  a l s o  a r e  shown i n  t a b l e  14, based on e x i s t i n g  
p l a n t . c a p a b i l i t i e s ,  planned expansions,  and on e s t ima te s  of capac i ty  . 

add i t i ons  through 2000. These e s t ima te s  were based on the  approximate 
p ro j ec t i ons  shown i n  f i g u r e  3. 

By combining the  capac i ty  and energy e f f i c i e n c y  d a t a  of t a b l e  14, 
weighted averages f o r  t he  energy e f f i c i e n c y  of t h e  cement indus t ry  a s  a  
whole were ca l cu l a t ed  through 2000. In summary, t he se  a r e  a s  follows: 

Fuel Kcallkg cement 1620 1410 . 1180 885 
E l e c t r i c i t y  kWh/tonne 105 112 114 108 
To ta l  Kcallkg cement 1710 1506 1278 978 

The t rend 'towards t he  h igh ly  e f f i c i e n t  ope ra t i on  ind ica ted  f o r  2000 
is  i l l u s t r a t e d  c l e a r l y  i n  f i g u r e  4. 

In  terms of f u e l  types ,  t he  d a t a  on cu r r en t  energy consumption is 
not  complete, nor  a r e  pro jec ted  f u e l  use d a t a  genera l ly  ava i l ab l e .  
Exis t ing  p l a n t s  use gas  and f u e l  o i l ;  i n  f a c t ,  cement k i l n s  may usua l ly  
be  f i r e d  by any a v a i l a b l e  f o s s i l  f u e l  o r  combinations of f u e l s  and may 
a l s o  burn a  propor t ion  of petroleum coke o r  var ious  r e fuse .de r ived  f u e l s  
(e.g., p l a n t  wastes ,  municipal re fuse) .  Both new p l a n t s  and e x i s t i n g  
p l a n t s  a r e  l i k e l y  t o  cont inue  t o  burn o i l  o r  gas ,  o r  combinations of 
both,  with small  amounts of petroleum' coke i f  t h i s  i s  ava i l ab l e .  A s  
d iscussed i n  t he  previous s e c t i o n ,  coke of a  high q u a l i t y  could represen t  
up t o  90 percent  of t h e  f u e l  i n t ake  i n  any given k i l n ,  whi le  high s u l f u r  
coke might be  l im i t ed  t o  about 40 pe rcen t ,  depending on t h e  s u l f u r  
conten t  of t h e  raw ma te r i a l s .  

3.3.4.2 E f f e c t  of opt ions:  Completely new technologies ,  
such a s  t h e  use of plasma a r c s  f o r  k i l n  f i r i n g  o r  f l u i d i z e d  beds f o r  
c l i n k e r  manufacture, a r e  n o t  expected t o  have any impact on t he  Egyptian 
i ndus t ry  p r i o r  t o  2000. However, with r e spec t  t o  t h e  op t ions  f o r  
improving energy e f f i c i e n c y  discussed i n  Sec t  ion 3.3.3, i t  is bel ieved 
t h a t  some energy sav ings  can indeed be achieved over t h e  s h o r t  t o  medium 
term fu tu re .  We es t ima te  t h e  following e f f e c t s : '  



TABLE 14 
ENERGY EFFICIENCY PROJECTIONS (BASE CASE) 

1975 1980 1985 2000. 
P l a n t s  Cap F u e l  E l e c  .Cap F u e l  E l e c  Cap ~ u e l  E l e c '  Cap F u e l  E l e c  
Alexand r ia  0.5 W . 1500 100 0.5 W 1600 110 0.45 W 1700 1 2 0 ;  0 . 5 D  950 ' 100 

- 0.3,D-SP 850 110 0.3 D-SP 850 110 0.3 D-SP 900 11 0 
. . 

1 .3  W 1800 120 1.'25W' 1850 125 1.2 W 1'900 130 " 1.0 D ' 950 , 100 Helwan 

0.7 W 1485 100' 0.65 W 1150 110 0.6W 1600 120 0.6 D 950 100 N a t i o n a l  
0.85 D-SP 850 l i b  2.05 D-SP 850 110 . 2.0 D-SP 900 110 

Tour ah  . 1.35 W 1565 95 1 3  1625 105 1.25 W 1675 115 1.0 D 95 0 100 
0,7 D-SP 870 1 1 0 0.7 D-SP 870 110 0.7 D-SP 920 110 

A 1  exand r i a  - .  - - - - - 0.5 D-SP 850 110 0.5 D-SP 900 110 

(New) .. . . 

A s s u i t  (Neb-) - - .  - - - - 0.5 D-SP 850 110 - 0.5 D-SP 900 110 

C a i r o  (New) - - - - - - 1.0D-SP 850 110 1.0 D-SP 900 110 

Suez (New) - - - - - 1.0 S-SP 900 110 - 
. . 

1.0D-SP , 8 5 0  110 
. . z 

A l l  O the r  New 
C a p a c i t y  Z * 
( E x i s t i n g  2nd \ 

New L o c a t i o n s  - - - - - - - - - 8.9 D-SP 850 110 % z 
ij 

T o t a l s  3.85 . 1620 105 5.55 1410 112 9.55 1180 114 18.0 885 108 C 
F 
e 

Rey 

Cap - C a p a c i t y ,  m i l l i o n  t o n n e s  of ,.cement/yr. 
F u e l  = F u e l  u s e ,  Kca l lkg  cement . 

E l e c  = E l e c t r i c i t y  consumpt ion  kWhItonne cement 
W = W e t  p r o c e s s  
D = Dry p r o c e s s  
SP = Suspens ion  p r e h e a t e r  k i l n  sys t em 
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Cumulative e f f e c t s  ( k c a l l k g )  

B a s e l i n e  e f f i c i e n c y  1278 978 
Inc reased  use  of b lended cements 1214 880 
Fuel s w i t c h i n g l u s e  of was tes  1214 840 
Less f i n e  g r i n d i n g  of c l i n k e r  12.10 ., . ,  835 

3.3.5 F o r e c a s t  energy requirements  f o r  1985 and 2000: I n  t h e  
absence of d e t a i l e d  d a t a  on proposed p roduc t ion  l e v e l s ,  t h e  fo l lowing  
e s t i m a t e s  of energy requirements  a r e  based on p r o j e c t e d  p l a n t  c a p a c i t i e s :  

F o s s i l  f u e l ,  1 0 i 2  Kcal 
E l e c t r i c i t y ,  10  kwh 
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3 . 4  Chemicals 

3 . 4 . 1  Background: I n  t h e  s t r i c t e s t  s e n s e ,  t h i s  s u b s e c t o r  would 
expect  t o  i n c l u d e  t h e  whole range of Egypt's g e n e r a l  o rgan ic  and inor-  
gan ic  chemical  p roduc t ion ,  w i t h  perhaps  a n  e x c e p t i o n  be ing  made i n  t h e  
c a s e  of t h e  pet rochemical  i n d u s t r y ,  which i s  o f t e n  cons idered  a s e p a r a t e  
a r e a .  However, due t o  t h e  unusual  s t r u c t u r e  of ~ ~ ~ ~ t ' s - c h e m i c a l  s e c t o r  
and i t s  overwhelming dominance by f e r t i l i z e r s  and f e r t i l i z e r  p roduc t ion ,  
i t  was decided t o  s tudy  f e r t i l i z e r s  a s  a s u b s e c t o r  i n  i ts  own r i g h t  ( s e e  
s e c t i o n  3.5).  S i m i l a r l y ,  t h e  pet rochemical  i n d u s t r y ,  which i s  i n  t h e  
e a r l y  s t a g e s  of development a t  p r e s e n t  b u t  i s  c e r t a i n  t o  become an 
important  s u b s e c t o r ,  h a s  been reviewed i n  a s e p a r a t e  s e c t i o n ,  namely 
s e c t i o n  3 .6 .  A s  a r e s u l t  of t h e s e  d e c i s i o n s ,  t h e  remaining chemical  
s e c t o r  is a m i s c e l l a n y  of g e n e r a l l y  s m a l l  p roduc t ion  u n i t s  making a wide 
range  of goods,  from b a s i c  chemicals t o  t ires and l e a t h e r .  A s  de f ined  i n  
Egypt,  i t  a l s o  i n c l u d e s  a number of p l a n t s  which a r e  n o t  s t r i c t l y  
chemical  i n  n a t u r e ,  b u t  d k e  use  of chemical  o r  r e l a t e d  p roduc t s  and 
have t h e r e f o r e  been included i n  t h e  chemical  s e c t o r  f o r  t h e  purposes  of 
t h i s  s tudy .  

A s  would be expected i n  a populous developing coun t ry  l i k e  Egypt, 
t h e  chemical  i n d u s t r y  c o n s i s t s  of a number of mainly  s m a l l  manufacturing 
p l a n t s  des igned t o  conver t  imported f e e d s t o c k s  i n t o  p roduc t s  f o r  s a l e  i n  
t h e  l o c a l  marketplace .  U n t i l  r e c e n t l y ,  no concer ted  e f f o r t  had been 
made ( o u t s i d e  of f e r t i l i z e r s )  t o  develop t h e  s u b s e c t o r  a s  an i n t e g r a t e d  
i n d u s t r y  c a p a b l e  of u t i l i z i n g  t h e  country 's  r e s o u r c e s  t o  manufacture 
chemical  p r o d u c t s  f o r  e x p o r t  a s  w e l l  a s  t h e  l o c a l  market.  , S i n c e  t h e  
r e v o l u t i o n  and t h e  subsequent n a t i o n a l i z a t i o n  of Egypt's i n d u s t r y ,  
change has  been p o s s i b l e  a s  t h e  Government h a s  had a much more prominent 
r o l e  i n  planning and development. In  f a c t ,  t h e  p u b l i c  s e c t o r  now 
accounts  f o r  some 73 p e r c e n t  of t h e  chemical  i n d u s t r i e s  v a l u e  of produc- 
t i o n  ( i n c l u d i n g  f e r t i l i z e r s )  and c o n t r o l s  d i r e c t l y  o r  i n d i r e c t l y  n e a r l y  
a l l  t h e  l a r g e r  f i rms .  The p r i v a t e  s e c t o r  is concen t ra ted  mainly i n  
s m a l l e r  f i rms  i n  t h e  l e a t h e r  and woodcraft  a r e a s .  Desp i te  t h e s e  changes,  
t h e  s e c t o r  h a s  run a c o n s i d e r a b l e  d e f i c i t  f o r  some t i m e  due t o  t h e  need 
t o  import  equipment,  raw m a t e r i a l s ,  and f i n i s h e d  p roduc t s ;  t h e r e  seems 
l i t t l e  p r o s p e c t  of t h i s  changing i n  t h e  n e a r  f u t u r e .  

I n  t h e  l o n g e r  term, w i t h  t h e  new open door  p o l i c y  and t h e  concomitant 
encouragement of p r i v a t e  e n t e r p r i s e  and f o r e i g n  inves tment ,  i t  i s  
r e a s o n a b l e  t o  assume t h a t  t h e  chemical  i n d u s t r y ,  o r  a t  l e a s t  t h e  consumer 
end of i t ,  i s  an area i n t o  which e n t r e p r e n e u r s  may b e  expected t o  move. 
Such a development w i l l  undoubtedly p l a c e  t h e  onus on t h e  p u b l i c  s e c t o r  

. t o  develop a good b a s i c  chemicals  i n d u s t r y  t o  p reven t  t h e  e s c a l a t i o n . o f  
impor t s  and c o n s e q u e n t i a l - d e g r a d a t i o n  of t h e  f o r e i g n  exchange p o s i t i o n .  
That such planning i s  a l r e a d y  o c c u r r i n g  is  i l l u s t r a t e d  by t h e  i n s t a l l a -  
t i o n  of p l a n t s  t o  e x t r a c t  paraxylene a t  t h e  r e f i n e r i e s  and conver t  i t  t o  
DMT f o r  use  as f e e d s t o c k  t o  t h e  new p o l y e s t e r  p l a n t .  It would t h e r e f o r e  
seem l i k e l y  t h a t  t h e  chemical  s e c t o r  w i l l  s t e a d i l y  i n t e g r a t e  backwards 
by r e p l a c i n g ,  wherever p o s s i b l e ,  raw m a t e r i a l  impor t s  w i t h  m a t e r i a l s  
of l o c a l  manufacture.  



With t h e  l i m i t e d  t i m e  a v a i l a b l e  " i n  country" f o r  t h e  c o l l e c t i o n  of 
d a t a ,  i t  was obv ious ly  n o t  p o s s i b l e  t o  review t h e  e n t i r e  chemical  
s e c t o r .  E f f o r t s  were t h e r e f o r e  concen t ra ted  on o b t a i n i n g  a n  overview of 
t h e  i n d u s t r y ,  t h e  range of p roduc t s  made, t h e  state of r e p a i r  of t h e  
i n d u s t r y  and an  assessment  of t h e  energy u t i l i z a t i o n  of t h e  more impor- 
t a n t  p l a n t s .  

The complex i ty ,o f  t h e  i n d u s t r y  and i ts r e l a t i v e  m a t u r i t y  f o r  a  
developing n a t i o n  can b e  measured by t h e  f a c t  t h a t  t h e  31 p u b l i c  compan- 
ies i n  t h e  f e r t i l i z e r  and chemical  s u b s e c t o r s  employ some 50,000"i .eople 
who make, among o t h e r  t h i n g s :  I 

Nitrogenous F e r t i l i z e r s  I n d u s t r i a l  Gases 
P a i n t s  Phosphat ic  F e r t i l i z e r s  

Chlor ine  I n s e c t i c i d e s  
C a u s t i c  Soda Matches 
Soda Ash Glass  
Hydrogen Peroxide Vehicle  T i r e s  
Hydrochlor ic  Acid P l a s t i c  Produc t s  

Rubber Produc t s  Dyes 
P a r t i c l e  Boards E d i b l e  O i l s  
Paper Conversion 

A s  mentioned above, t h e  dominance of t h e  chemical  i n d u s t r y  by-  
f e r t i l i z e r  p roduc t ion  i n  b o t h  p roduc t ion  and energy requirement  terms 
h a s  l e d  t o  t h e  d e c i s i o n  t o  d e a l  w i t h  f e r t i l i z e r s  i n  a s e p a r a t e  s e c t i o n . ,  
T h i s  l e f t  a s u b s e c t o r  which has  numerous mfnor energy u s e r s ,  some 
h a l f  dozen medium u s e r s ,  and t h e  MISR chemical  p l a n t  a t  Alexandr ia  and 
t h e  glassworks a s  t h e  p r i n c i p a l  'users .  , 

The MISR Chemical Company makes a  range of i n o r g a n i c  chemicals  
based on t h e  e l e c t r o l y t i c  p roduc t ion  of c h l o r i n e ;  t h e  f u l l  range 
i n c l u d e s  c a u s t i c  soda,  c h l o r i n e ,  h y d r o c h l o r i c  a c i d ,  ca lc ium oxych lor ide ,  
soda  ash,  and hydrogen peroxide.  

I n  a d d i t i o n  t o  t h e  MISR p l a n t  a t  Alexandr ia ,  t h e r e  is one o t h e r  
p l a n t  making some 4,000 t o n s / y r  of c h l o r i n e ,  and t h e r e  w i l l  b e ,  of 
course ,  a d d i t i o n a l  c h l o r i n e  p roduc t ion  f o r  t h e  VCM balanced-oxychlori-  
n a t i o n  p r o j e c t  t o  be e s t a b l i s h e d  by t h e  Petrochemicals  Group ( s e e  t a b l e  
15) .  A s  would be expec ted ,  t h e  MISR p l a n t ,  which h a s  been making a  
range of h i g h l y  c o r r o s i v e  m a t e r i a l s  f o r  some y e a r s ,  i s  n o t  i n  a  good 
s t a t e  of r e p a i r  and h a s  been o p e r a t i n g  below d e s i g n  capaci ty :  The p l a n t  
management is  aware of t h e  problems and i s  g r a d u a l l y  r e p l a c i n g  t h e  40 
Denora mercury e l e c t r o d e  c e l l s  which have now been i n  o p e r a t i o n  f o r  some 
17 y e a r s ,  o r  twice  t h e i r  normal l i f e .  Th i s  a c t i o n  w i l l  undoubtedly 
improve b o t h  t h e  p roduc t ion  a c h i e v a b l e  and t h e  energy e f f i c i e n c y  r e a l i z e d  
i n  doing so .  The c e l l s  a r e  being rep laced  w i t h  new c e l l s  of a  s i m i l a r  
t y p e ,  a s  t h i s  minimizes t h e  investment  r e q u i r e d  through u t i l i z i n g  t h e  
e x i s t i n g  a n c i l l a r y  equipment, such a s  founda t ions  and switchgear .  
Mercury-amalgam c e l l s  have l o s t  f a v o r  worldwide because  they pose  a  h igh 
p o l l u t i o n  r i s k  through t h e  l eakage  of mercury t o  t h e  p l a n t  e f f l u e n t .  



TABLE 15 

ENERGY USAGE I N  CHLORINE AND GLASS PRODUCTION 

. . 

Egyptian Energy Usage Expected Energy Requireme= 

. : NOMINAL, . POWER.. ,,STEL+M, ,COKE . . .  ,,TOTAL ENERGY ENERGY ' ' ENERGY 
' PRODUCTION . EFFICIENCY TOTAL 

( tpa)  (MW) ( tph)  ( tph)  ( j ou l e s /  ( jou les / tonne)  (joules/annum) 

MISR PLANT - 

Chlorine 15,000 
15 3.2 x 10 l5 , 4.4 x 10 lo 0 . 7 ~ 1 0  15 

Caust ic  17,000 100 

Soda Ash 100,000 11 0 - 1  x 10 
15 

. .. 
E l  Nasr Co. . . , FUEL OIL 

.. ( tpa)  , ,~ , , 

Glass  < .  

7.1,OOO 1 35,0'00 +. 1 38 x 10  l5 1.8 x 10 lo  ' 1.28 x 1 0  
15 

f a c t o r i e s  . . 

Other 

Chlor ine 4,000 

Notes: 

1. Chlorine production a t  t h e  MISR p l a n t  was est imated a t  15,000 t p a ,  of which 5,000 
tpa  is sold b o t t l e d  and the  r e s t  converted t o  de r iva t ives .  

2. E l e c t r i c  power was assumed t o  be consumed a t  90% of MW r a t i n g  f o r  330 days of 7,920 
hours per  annum i n  continuous production p l an t s .  

3. The ca lo r  f i c  va lue  of t h e  coke used i n  t h e  bleaching powder p l a n t  was est imated a t  4 30.2 x 10 jou les l tonne .  
6  4. Steam was assumed t o  have a  n e t  c a l o r i f i c  va lue  of 0.81 x 10 kca l l t onne  and be 

r a i s ed  i n  b o i l e r s  with an e f f i c i e n c y  of 80%. 
5. Energy e f f i c i e n c y  f o r  the  g l a s s  production was 17 x lo6 Btul tonne (1.8 x l o l o  J l tonne)  

or  normal Western world s tandards.  
6 The ch lo r ine  energy usage f i g u r e  ca l cu l a t ed  from the  d a t a  co l l ec t ed  in-country was 

so high t h a t  t h e r e  was assumed to  be some e r r o r .  Normal world f i g u r e s  were used 
i n  t h e  va r ious  es t imates .  



A b l o c k  diagram of a t y p i c a l  c h l o r i n e  e l e c t r o l y s i s  and Solvay 
complex, as e x i s t s  a t  t h e  MISR p l a n t  a t  Alexandr ia ,  is  shown i n  f i g u r e  
5. The p r o c e s s  u s e s  e l e c t r i c  power i n  t h e  mercury c e l l s  t o  e l e c t r o l y z e  
a s o l u t i o n  'of sodium c h l o r i d e  ( r o c k s a l t )  t o  produce c h l o r i n e  and hydrogen 
a t  t h e  e l e c t r o d e s  and conver t  t h e  c e l l  s o l u t i o n  t o  c a u s t i c  soda. A 
s e p a r a t e  s e c t i o n  of t h e  p l a n t  c a l c i n e s  l i m e s t o n e  wi th  coke t o  produce 
gaseous ca rbon  d i o x i d e  and calc ium oxide.  The calc ium ox ide  is  s l a k e d  
wi th  wa te r  b e f o r e  be ing  r e a c t e d  w i t h  c h l o r i n e  t o  p roduce .b leach ing  
powder, a  mix ture  of ca lc ium hypochlor ' i te  and calc ium'  c h l o r i d e .  The 
p a r t i c u l a r  k i l n s  used a t  t h e  MISR works t o  burn t h e  l imes tone  t o  
calc ium ox ide  have n o t  been ach iev ing  t h e  t h e o r e t i c a l  y i e l d  of 80 
p e r c e n t ,  b u t  have,  more t y p i c a l l y ,  been producing a  y i e l d  of 65 t o  70 
p e r c e n t .  The cause  of t h e  d i f f i c u l t y  is  b e l i e v e d  t o  be  i n e f f i c i e n t  
combustion, whereby a  coke r a t e  e q u i v a l e n t  t o  an 80  p e r c e n t  t h e o r e t i c a l  
p roduc t ion  is o n l y  ach iev ing  t h e  lower a c t u a l  product ion.  Qui te  c l e a r l y  
t h i s  is an a r e a  of energy i n e f f i c i e n c y  which cou ld  be  r e c t i f i e d  wi th  
some t e c h n i c a l  a s s i s t a n c e  and r e s e a r c h .  

A t h i r d  s e c t i o n  of t h e  p l a n t ,  commissioned i n  1974, uses  t h e  Solvay 
p r o c e s s  t o  make soda ash (sodium carbona te )  from b r i n e ,  carbon d i o x i d e ,  
and r e c y c l e d  ammonia. The carbon d i o x i d e  comes from t h e  b u r n i n g  o f  t h e  
l imes tone  i n  t h e  b leach ing  powder p r o c e s s ,  t h e  make-up ammonia normally 
from ammonium c h l o r i d e  s o l u t i o n  and t h e  b r i n e  by t h e  s o l u t i o n  of rock  
sa l t  i n  water .  The p l a n t  was b u i l t  t o  Rumanian d e s i g n  under a So lvay .  
l i c e n s e  and h a s  opera ted  a t  on ly  5 0 . p e r c e n t  of t h e  d e s i g n  c a p a c i t y .  
Both o p e r a t i n g  and des ign  problems are b e l i e v e d  t o  b e  t h e  cause  of t h e  
reduced throughput ;  t h e s e  a r e  under c l o s e  s c r u t i n y  and t h e  p l a n t  manage- 
ment is  c o n f i d e n t  t h a t  d e s i g n  throughput w i l l  be achieved by 1980. The 
c u r r e n t  nominal c a p a c i t y  is  100,000 t o n s l y r ,  b u t  i t  is in tended  t h a t  
t h i s  b e  r a i s e d  t o  200,000 t o n s l y r  by 1985. 

The o t h e r  p r i n c i p a l  energy u s e r  i n  t h e  chemical  i n d u s t r y  s u b s e c t o r  
i s  t h e  E l  Nasr Glass  and C r y s t a l  Company which produces a  comprehensive 
range of g l a s s  p roduc t s  ( s e e  t a b l e  1 5 ) .  It was e s t a b l i s h e d  'on a s m a l l  
s c a l e  i n  1968 and l a t e r  expanded t o  i ts  p r e s e n t  nominal throughput of 
85,000 t o n s / y r  when t h e  new 48,000 t o n s / y r  p l a n t  a t  ~ o s t o r o d  was commis- 
s ioned.  'Unfor tuna te ly ,  due t o  t h e  l i m i t e d  time, t h e  team had i n  Egypt 
and g l a s s  productions 's 'somewhat tenuous r e l a t i o n s k i p  t o  t h e  chemical  
i n d u s t r y ,  i t  was decided no t  t o  i n c l u d e  t h e  glassworks  i n  t h e  s i t e  v i s i t  
schedule .  A s  a  r e s u l t ,  . no'. d e t a i l e d  i n £  ormat ion was rece ived .  Neverthe- 
less, two f a c t s  emerged, namely t h a t  t h e  company achieved a  p roduc t ion  
of 71,000 tonnes  i n  1977, and t h a t  t h e y  a r e  i n t e n d i n g  t o  open a  new 
s h e e t  g l a s s  p l a n t  w i t h  a  c a p a c i t y  of 60,000 t o n s l y r  i n  t h e  near  f u t u r e .  

The o t h e r  chemical  p l a n t s  l i s t e d  i n  t a b l e  16 were s e l e c t e d  on t h e  
b a s i s  of t h e i r  be ing  t h e  l a r g e r  of t h e  remaining energy u s e r s  .within t h e  
chemical  i n d u s t r y .  A s  t h e y  are r e l a t i v e l y  small energy u s e r s ,  ind iv id -  
u a l l y  a t  l e a s t ,  t h e y  have been c o l l e c t e d  f o r  a n a l y s i s  purposes under t h e  
heading "o ther  chemical  p l a n t s "  and have been assumed t o  be a  represen-  
t a t i v e  sample account ing f o r  80  p e r c e n t  of t h e  demand of a l l  such p l a n t s  
i n  t h e  chemical  i n d u s t r y .  
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TABLE 16 
EXISTING PRINCIPAL ENERGY USERS I N  THE CHEMICAL SECTOR 

COMPANY LOCATION M A I N  PRODUCTS PRODUCTION RATED POWER FUEL OIL 

1. MISR Chemical 
Company Alexandr ia  c a u s t i c  Soda 

Chlor ine  
Soda-Ash 
Hydrogen Peroxide 
Hydrochlor ic  Acid 

2. T r a i l c o  ' ' T i r e s  f o r  c a r s ,  b i c y c l e s ,  15,000 4 8,000 
l o r r i e s  

. . 
I .I Tubes 

.. . , 4 .  . . .  . 
N a t u r a l  and - s y n t h e t i c  f e e d s  

3. Esmadye Co. Near Alexandr ia  F a t  dyes;  d i r e c t  dyes,  no t  a t  f u l l  4 
r e a c t i v e  dyes . f o r  t e x t i l e  c a p a c i t y  
i n d u s t r y  

4. Model Tannery C a i r o  Four p roduc t ive  u n i t s  6 2,000 
5. P l a s t i c s  Co. A 1  exand r i a  E l e c t r i c  and g e n e r a l  

. . 
6. ~ a t i o n a i  P l a s t i c s  ~ a i r o '  . . .. -. 3 
7. . N A S R -  Shobra Rubber p roduc t s  .- 

. . . . 
f o u r  f a c t o r i e s  3 3.000 

8. T a n t a  F l a x  Co. Tanta  F i b r e s ,  p a r . t i c l e  board,  -. 1.2 6,500 

9. ~ n h u s t r i a l  Gases Mostorod, l a r g e s t  . . 
Company of e i p h t  p l a n t s  1.5 

10. P a i n t s  and Four p l a n t s  n e a r  
Chemicals Co. C a i r o  0.8 2,000 

11. Muharana Co. A 1  exand r i a  ' P r i n t i n g  a n d .  conver t ing  1 1,600 

12. Paper  Converting 
Company Alexandr ia  Three  p l a n t s  4 



TABLE 1 6  (Cont'd) 

EXISTING PRINCIPAL ENERGY USERS I N  THE CHMICAL SECTOR 
4 .  

. . 

13. Mat.ch Fac to ry  . 0.3 2,000 
14. I n s e c t i c i d e  0.5' 
15. El  Nasr Glass  

and C r y s t a l  Co. Mos to rod  G l a s s  71,000 
16. Egypt ian Woodwork Four p l a n t s  . . 0.3 3,000 
Energy requirement  of i d e n t i f i e d  "Other Chemical P lan t s"  is: - T o t a l  Rated = 31.6 + 28,100 

Used = 0.5 x l 0 l 5  j + 1.5 x 1 0  1 5  

1 5  
= 2 x 10 p e r  annum 

Notes : 
'1. Energy requirements  & r & ' e $ t i m a t e d  f o r  t h e  Esmadye company and t h e  Egyptian Woodwork Company. 

9 2. Fuel  o i l  c a l o r i f i c  v a l u e  was assumed a t  ,40 x 1 0  jou les / tonne .  
3. For chemical  s e c t o r ,  excep t  MISR p l a n t  and glassworks assumed 2 s h i f t  x 6 day week, o r  5000 h o u r s  pe r  y e a r ,  

and a c t u a l  average load  of 90 p e r c e n t  of r a t e d  power. 
4. For d e t a i l s  of t h e  g l a s s  company's energy requirements  s e e  t a b l e  16. 
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3.4.2 Assessment of c u r r e n t  energy demand and e f f i c i e n c y :  The 
1975 energy demand of t h e  chemical  i n d u s t r y  h a s  been e s t i m a t e d  by 
summing t h e  energy demands f o r  t h e  MISR chemical  works, t h e  El Nasr 
g l a s s  company, and t h e  "other  chemical  p l a n t s . "  The 73timated t o t a l  
energy usage on t h i s  b a s i s  was approximately  5.0 x 1 0  j o u l e s  i n  1975 
(a  d e t a i l e d  breakdown is g iven  i n  t a b l e  17) .  

It shou ld  be no ted  t h a t  t h i s  i s  based upon a number - o f  assumptions ,  
t h e  p r i n c i p a l  ones  being t h a t :  

( 1 )  t h e  El  Nasr Glass  and C r y s t a l  Company o p e r a t e s  a t  average  '' 

"Western world" energy e f f i c i e n c y  l e v e l s ,  and , . . 

( 2 )  t h e  known energy usage  f o r  t h e  "o ther  chemical  p l a n t s "  r e p r e s e n t s  
80 p e r c e n t  of t h e  t o t a l  usage by t h a t  ca tegory .  

m e  q u e s t i o n  of energy e f f i c i e n c y  i n  t h e  chemical  i n d u s t r y  poses  a 

. - f a r  g r e a t e r  problem,as , t h e , m i s c e l l a n y  of p roduc t s  . . made w i t h i n  t h e  
indus-try . e k e s  . t h e  measurement of .output  on g , , tonnage bas i s .  q u i t e  ,meaning- - - - .. . 
less. The a l t e r n a t i v e  of measuring t h e  ou tpu t  on a monetary b a s i s  would 
be mis lead ing  as Egypt h a s  a number of complex and widespread subs idy  
and a s s i s t a n c e  programs. It is  t h u s  n o t  p o s s i b l e  t o  g e n e r a t e  an energy 
e f f i c i e n c y  f o r  t h e  Egypt ian chemical  s e c t o r  which h a s  any meaning o r  
could  be r e l a t e d  t o  world norms. Wherever p o s s i b l e ,  expected energy 
e f f i c i e n c i e s  , on a process-by-process b a s i s ,  have been quoted ( t a b l e  15)  
f o r  comparat ive  purposes .  

3.4.3 Discuss ion  of o p t i o n s :  The p l a n t s  and p rocesses  t h a t  
comprise Egypt's chemical  s u b s e c t o r  a r e  p r i n c i p a l l y  w e l l  e s t a b l i s h e d  
mature  t echnolog ies  t h a t  i n  t h e  main are u n l i k e l y  t o  undergo any major 
innova t ions  i n  t i m e  f o r  them t o  be  i n  common use  b e f o r e  t h e  year  2000. 
While i t  may b e  assumed t h a t  t h e  p rocesses  used w i l l  be l a r g e l y  unchanged, 
t h e  same is  n o t  n e c e s s a r i l y  t r u e  of t h e i r  ene,rgy e f f i c i e n c y ;  w i t h  t h e  
c u r r e n t  p reoccupa t ion  wi th  energy and i ts conse . rvat ion,  i t  is reasonab le  
t o  expec t  t h a t  t h e  e f f i c i e n c y  w i t h  which t h e s e .  p l a n t s  u t i l i z e  energy can . . 
improve s t e a d i l y  over  t h e  pe r iod .  . . 

Moreover, w i t h i n  Egypt's e x i s t i n g  chemical  i n d u s t r y  t h e r e  is  
undoubtedly room f o r  energy e f f i c i e n c y  improvement based upon t h e  
i n s t a l l a t i o n  of modern p r a c t i c e s  of energy recovery  and conserva t ion .  
Egypt w i l l  undoubtedly f i n d ,  l i k e  a l l  o t h e r  n a t i o n s ,  t h a t  major s a v i n g s  
can; b e  made i n  t h e  e a r l y  days of such  a pr.ogram.. Against  t h e s e  p o s s i b l e  
g a i n s  s t a n d s  t h e  mix of p r o c e s s e s  w i t h i n  t h e  s e c t o r  and t h e  d i f f i c u l t i e s  
of a p p l y i n g  energy-savings modi . f i ca t ions .  t o  .such a @he' spectrum of ' . .  , 

g e n e r a l l y  s m a l l  energy u s e r s .  There fore ,  it, is t o  b e  expected t h a t  the .  
cumulat ive  e f f e c t s  of energy e f f i c i e n c y  improvements w i l l .  bL lower than,  . 
i n  a high-energy usage  i n d u s t r y  l i k e  s t e e l .  

On t h e  b a s i s  of t h e s e  f a c t o r s ,  i t  is  es t imated  tha,t t h e  energy 
e f f i c i e n c y  f o r  a p a r t i c u l a r  p rocess  w i l l  improve by approximately  12 
p e r c e n t  i n  t h e  decade from 1975 t o  1985 and by 25 p e r c e n t  between t h e  



TABLE 1 7 

CHEMICAL SECTOR ESTIMATED ENERGY REQUIREMENTS FOR 1975 

PLANT Produc t ion  Energy E f f i c i e n c y  T o t a l  Energy Used 
( t p a )  ( j o u l  es / tonne) . ( j o u l  e s  Iannum) 

MISR - C h l o r i n e / C a u s t i c  
P l a n t  15,000 4.4 x  10 

1 0  15 
0.7 x  lo l5  - Soda Ash 50,000 0.1 x  10 

- Ca(OCT4)2 21,000 0.7 x  10 15 

Glass P l a n t  40,000 2.1 x  10 10 0.84 x  10 15 

Other  Chemical S e c t o r  SEE TABLE - 2.5 x  10 
15 

P ' lants  ' ' 15 . . 
10 15 

O'ther Chlor ine  Produc t ion  4,000 4.4 x  10 0.2 x  10 

TOTAL 5.0 x  10 15 

Notes:  

1:. The c h l o f i n e / c a u s t i c  p l a n t  energy usaies axe b.ased ?pan c e l l  power req~hrwent 
. ..., 

. ofla, '300 - 3,400 kWh/tonne C 1  and t o t a l  p l a n t  energy usage of 4.4 x 
2  

10  tonne p e r  tonne c h l o r i n e .  

2. The f i g u r e s  l i s t e d  i n  t a b l e  16 f o r  t h e  i d e n t i f i e d  "o ther  chemical  p l a n t s "  
energy usages  were assumed t o  r e p r e s e n t  80 p e r c e n t  of t o t ' a l  usage. Hence 
t o t a l  annual  usage by "o ther  chemical  p l a n t s "  was c a l c u l a t e d  a s  fol lows:  

(0.5 + 1.5) x 1015 = 2.5 x  1015 j o u l e s .  
0.8 

3. Actual  throughput f o r  t h e  Soda Ash p l a n t  i n  1975 was 50,000 tonnes  due t o  
o p e r a t i n g  and des ign  problems. The impl ied energy e f f i c i e n c y  g iven  i n  t a b l e  
15 was b e l i e v e d  t o  be low a s  i t  does  n o t  i n c l u d e  any f u e l  o i l  usage f o r  t h e  
c a l c i n i n g  opera t ions .  There fore  t o t a l  energy f o r  50 p e r c e n t  o p e r a t i o n  was 

15 
es t imated  a t  0.1 x  10 joules/annum. 

4. Glass  p roduc t ion  was es t imated  a t  40,000 tonnes  f o r  1975. Th is  was based upon a  
s h e e t  g l a s s  product ion of 10,000 tonnes  and an  assumed mix of products .  

5. The g l a s s  p roduc t ion  energy e f f i c i e n c y  of 2.1 x  l o l o  j o u l e s / t o n n e  i s  an  e s t i m a t e  
of t h e  e f f i c i e n c y  achieved a t   production r a t e  s i g n i f i c a n t l y  below design.  The 
des ign  e f f i c i e n c  was 1.8 x  10 ( t a b l e  15) t o  which 15 p e r c e n t  was added 

To t o  g i v e  2.1 x  10 as a more r e a l i s t i c  l e v e l .  



b a s e  year  of 1975 and 2000. These improvements r e f l e c t  t h e  combined 
e f f e c t s  of an  adop t ion  of t h e  most common energy c o n s e r v a t i o n  techniques  
and t h e  b u i l d i n g .  of new p l a n t s  t o  modern s t a n d a r d s .  

I n  a d d i t i o n  t o  t h e s e  s a v i n g s ,  however, t h e r e  appears  t o  be  a c a s e  
f o r  promoting energy c o n s e r v a t i o n  pro'grams t o  a g r e a t e r  degree  than  
might normally t a k e  p lace .  Th is  "maximum conserva t ion"  program would 
r e q u i r e  a major colhmitment by company management t o  energy conserva t ion ,  
and i m p l i e s  t h e  a v a i l a b i l i t y  of c a p i t a l  t b  e f f e c t .  r e t r o f l t  of energy- 
e f f i c i e n t  technology i n  e x i s t i n g  p l a n t s .  The sav ings  deemed p o s s i b l e  
through a maximum e f f o r t  on c o n s e r v a t i o n  a r e  judged t o  be  15 p e r c e n t  by 
1985 and a f u r t h e r  25 p e r c e n t  by 2000 ( s e e  s e c t i o n  3.4.4). Measures 
t h a t  w i l l  c o n t r i b u t e  t o  t h e s e  sav ings  i n c l u d e  improved combustion 
c o n t r o l ,  improved i n s u l a t i o n ,  improved p rocess  c o n t r o l  and chemical  
a n a l y s e s ,  h e a t  i n t e g r a t i o n  w i t h i n  and between p r o c e s s e s ,  and many o t h e r  .. 

housekeeping and maintenance i tems. 

The i d e n t i f i c a t i o n  of s p e c i f i c  o p t i o n s  i n  the  "other  chemical  
p l a n t s "  ca tegory  i s  p a r t i c u l a r l y  d i f f i c u l t  because  of t h e  l a c k  of 
s p e c i f i c  knowledge of t h e  l o c a l  c o n f i g u r a t i o n s  and energy usages  i n  what 
i s  a l a r g e  v a r i e t y  of p r o c e s s e s  and p l a n t s .  C l e a r l y ,  i f  a d e t a i l e d  s t u d y  
of t h e  p l a n t s  comprising t h e  s u b s e c t o r  were under taken,  i t  would then b e  
p o s s i b l e  t o  i d e n t i f y  o p t i o n s  which might produce meaningful changes i n  
energy u t i l i z a t i o n .  Never the less ,  i n  t h e  o v e r a l l  c o n t e x t  of Egypt's 
energy supply and demand .ba lances ,  t h e  c h e m i c a l . i n d u s t r y ' s  usage is  low 
and spread a c r o s s  a m u l t i t u d e  of u s e r s ;  i t  would t h u s  b e  a s e v e r e  
d i l u t i o n  of e f f o r t  t o  c o n c e n t r a t e  t o o  much a t t e n t i o n  on t h e  a r e a .  

One of t h e  a r e a s  where meaningful energy .improvements might be  made 
is  t h e  MISR c h l o r i n e / c a u s t i c  complex a t  Alexandr ia .  'lho mutual ly  
' e x c l u s i v e  o p t i o n s ,  a l though  n o t  p r a c t i c a b l e  i n  the s h o r t  run  due t o  t h e  
c u r r e n t  revamping of t h e  p l a n t ,  a r e  t o  r e p l a c e  t h e  mercury c e l l s  wi th  
diaphragm c e l l s  o r  t o  purchase  c h l o r i n e  from neighboring Arab states. 
The energy s a v i n g  t o  be  r e a l i z e d  f o r  each tonne of c h l o r i n e  t h a t  
imported,  and t h e r e f o r e  no l o n g e r  made l o c a l l y ,  would be 4.4 x 1 0  

I e 
j o u l e s .  O f f s e t t i n g  t h i s  energy advantage would be  t h e  f o r e i g n  exchange 
burden of i m p o r t a t i o n ,  t h e  dangers  and c o s t  of sh ipp ing  a h i g h l y  
poisonous g a s  l i k e  c h l o r i n e ,  and the '  need t o  buy o r  make e lsewhere  t h e  
c a u s t i c  soda t h a t  i s  o t h e r w i s e  produced a s  a byproduct of t h e  e l e c t r o -  
l y s i s .  On b a l a n c e  i t  would seem t h a t  u n l e s s  t h e  coun t ry ' s  c h l o r i n e  
p roduc t ion  i s  scheduled t o  grow v e r y  qu ick ly  i t  i s  n o t  a v e r y  a t t r a c t i v e  
o p t i o n .  

The o t h e r  o p t i o n ,  t o  change t o  d i a p h r a g m ' c e l l s ;  i s ' c o n s i d e r a b l y  
more a t t r a c t i v e  a s  i t  g i v e s  a n  energy-saving boost  of some 15 p e r c e n t  
pe r  tonne of c h l o r i n e  a s  w e l l  a s  removing t h e  h i g h  p o l l u t i o n  r i s k  
i n h e r e n t  i n  t h e  mercury c e l l s .  Although a d e c i s o n  t o  change over  t o  
diaphragm c e l l s  would appear  i l l t i m e d  i n  view of t h e  c u r r e n t  c e l l  
renewal program, t h e  c e l l  l i f e  a t  7 t o  8 y e a r s  i s  so  s h o r t  a s  t o  r e q u i r e  
a d e c i s i o n  i n  p r i n c i p l e  a t  l e a s t  i n  t h e  near  f u t u r e .  Such a changeover 



would reduce t h e  enfbgy requirements  pe r  c e l l  from approximately  3,300 
k T 6 t o n n e  (1.2 x 1 0  jou les / tonne)  t o  nepger 2,700 kwh/ tonne ( 0 . 9 8 ~  
10 j o u l e s / t o n n e ) ,  a s a v i n g  of 0.22 x 10 j o u l e s / t o n n e  of c h l o r i n e  
produced. A d d i t i o n a l  energy s a v i n g s  could  be  r e a l i z e d  by us ing  t h e  cur-  
r e n t l y  ven ted  byproduct hydrogen a s  a Que l  w i t h i n  t h e  planfr)  Hydrogen 
h a s  a h i g h  c a l o r i f i c v a l u e  of 1 1 4 . x  1 0  Btu l tonne  ( 1 2 x  1 0  j o u l e s /  
tonne) and is produced a t  a r a t e  of 0.3 tonnes  pe r  tonne of c h l o r i n e  in 
t h e  e l e c t r o l y s i s  p rocess .  If i t  were t o  b e .  t o t a l l y .  recov ed and , u s e d  
a s  f u e l  i t  would g i v e  a s i te  heat-saving o f  some 3.6 x loP6 j o u l e s /  
tonne of c h l o r i n e  produced. A t  p r e s e n t  t h e  MISR works make use  of some 
of t h e  hydrogen by c o n v e r t i n g  i t  t o  hydrogen perox ide ,  bu t  v e n t s  t h e  
remainder.  C l e a r l y ,  i f  t h e r e  is a market f o r  hydrogen perox ide  then  
t h i s  should  be t h e  p r e f e r r e d  usage,  o t h e r w i s e ,  u n t i l  and i f  t h e  p l a n t  i s  
conver ted t o  gas. and so  a b l e  t o  burn  t h e  hydrogen i t  could be b o t t l e d  
f o r  s a l e .  

The MISR p l a n t  management has  a l r e a d y  e f f e c t e d  an energy-saving 
o p t i o n  i n  t h e  e l e c t r o l y s i s  p l a n t  by changing from consumable g r a p h i t e  
anodes t o  coa ted  meta l  anodes i n  a l l  but  s i x  of t h e  f o r t y  c e l l s .  Th i s  
w i l l  have educed t h e  energy 'used  i n  each c e l l  by 15 t o  20 p e r c e n t  of 

16 0.25 x 1 0  jou les / tonne .  

An o p t i o n  which may b e  open t o  t h e  soda ash  s e c t i o n  of t h e  p l a n t ,  
s p e c i f i c a l l y  t h e  l i m e s t o n e  k i l n s ,  i s  t o  swi tch  from us ing  a blend of 
imported and Helwan coke t o  pet rocoke.  Such a move would n o t  s a v e  
energy b u t  would u t i l i z e  pe t rocoke ,  soon t o  b e  a v a i l a b l e  from Egyptian 
r e f i n e r i e s ,  which. i n  view of h igh  s u l f u r  and vanadium must be  regarded 
as a low-qual i ty  energy source .  Before g i v i n g  s e r i o u s  c o n s i d e r a t i o n  t o  
t h i s  o p t i o n ,  i t  w i l l  be necessa ry  .to e s t a b l i s h  t h e  e f f e c t  of t h e s e  same 
i m p u r i t i e s  on t h e  Solvay p rocess .  It i s  kno& f o r  example t h a t  su lphur  
d i o x i d e ,  which w i l l  a lmost c e r t a i n l y  be produced when t h e  high-sulphur 
pe t rocoke  is b u r n t  i n  t h e  k i l n ,  r e a c t s  wi th  h o t  quickl ime t o  produce 
calc ium s u l p h i t e .  

No meaningful o p t i o n s  have been developed f o r  t h e  glassworks  a s  t h e  
p l a n t  is r e l a t i v e l y  new and presumed t h e r e f o r e  t o  b e  of modern energy- 
e f f i c i e n t  des ign .  The major p o r t i o n  of t h e  energy used i n  a g lassworks  
i s  used t o  mel t  t h e  raw m a t e r i a l s ;  normal h e a t  r e t a i n i n g  p r a c t i c e s  
should be c a r r i e d  o u t  t o  minimize l o s s e s  i n  t h e  a r e a .  

In  summary, none of t h e  i d e n t i f i e d  " technolog ica l "  opt  i o n s  o f f e r  
major energy s a v i n g s ,  and any f o r e c a s t  improvements i n  energy e f f i c i e n c y  
w i l l  have t o  b e  based upon minor t e c h n o l o g i c a l  changes w i t h i n  e x i s t i n g  
p rocesses  combined wi th  plant-wide energy c o n s e r v a t i o n  programs, t h e  
11 maximum conserva t ion"  op t ion .  



3.4.4 Forecast  energy requirements:  For t he  reasons e luc ida t ed  i n  
s e c t i o n  3.4.2 above, i t  is  no t  pos s ib l e  t o  develop an energy e f f i c i e n c y  
f o r  the  chemical s e c t o r .  Clear ly  t he re fo re ,  i t  i s  impossible t o  use 
energy e f f i c i e n c y  a s  a means of fo recas t i ng  t h e  subsector 's  energy 
requirements.  Rather,  t h e  energy requirements must be  developed from 
knowledge of t he  p lans  f o r  t h e  i ndus t ry ,  which g ive  d e t a i l s  such a s  new 
p l a n t  capac i ty  and scheduled s ta r t -up  d a t e s ,  s o  enabl ing an energy usage 
t o  be  ca l cu l a t ed  from d e t a i l s  of each ind iv idua l  p l an t .  However, i n  
t h i s  i n s t ance  even such an approach a s  t h i s  is not  pos s ib l e ,  because t he  
c u r r e n t  f ive-year  plan only covers  t h e  per iod through t o  1982 and thus 
f a l l s  f a r  s h o r t  of t h e  information requi red  f o r  an assessment of t h e  
energy requi red  i n  1985, l e t  a lone  t he  year 2000. 

An approach t o  t h e  problem which, a l though h ighly  u n s a t i s f a c t o r y ,  
does a t  l e a s t  genera te  f i g u r e s  f o r  use i n  s e n s i t i v i t y  a n a l y s i s ,  is  t o  
assume varying l e v e l s  f o r  t he  r a t e  of growth of energy usage and use 
t he se  l e v e l s  t o  f o r e c a s t  energy demand. This  has  been done below f o r  
t h e  chemical s e c t o r  using the  est imated 1975 usage a s  t h e  base and 
including two conservat ion ca se s ,  t h e  "expected" and a "maximum conser- 
va t ion"  case.  

1975 1985 2000 
With Max. With.  Max 

Sec to ra l  growth Base Cons. Cons. Base Cons .' - - - - Cons. - 

(energy demands, 1015 jou l e s lyea i ) '  

The sav ings  i nd i ca t ed  fo r '  t h e  conservat ion cases  w i l l  accrue i n  
terms of e l e c t r i c i t y  and f u e l s ,  approximately 25 percent  and 75 percent  
r e spec t ive ly .  
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3.5 F e r t i l i z e r s  

3.5.1 B a c k g r o ~ g :  A g r i c u l t u r e  and i t s  r e l a t e d  i n d u s t r i e s ,  p r i -  
mar i ly  c o t t o n  g inn ing  and t e x t i l e  manufacture,  have long been one of t h e  
major f o r e i g n  exchange e a r n e r s  and account  f o r  approximately  h a l f  of 
Egypt's employment. A g r i c u l t u r a l  a c t i v i t y .  i n  Egypt i s  founded upon t h e  
f e r t i l e  s o i l s  of t h e  D e l t a  and t h e  N i l e  Val ley which amounts t o  some 6.5 
m i l l i o n  feddans.  T r a d i t i o n a l l y ,  t h e  farming community h a s  r e l i e d  upon 
t h e  annual  N i l e  f l o o d s  and t h e  c o n s e q u e n t i a l  d e p o s i t i o n  of s i l t  a s  t h e  
means by which t h e  i e r t i l e  capac.i ty of Egypt's a g r i c u l t u r a l  land was 
r e p l e n i s h e d .  Th is  h i s t o r i c '  p a t t e r n  has  been d i s t u r b e d  i n  r e c e n t  t imes  
by two major developments,  a  r a p i d  growth i n  t h e  popula t ion  and t h e  
b u i l d i n g  of t h e  High Dam . a t  Aswan. The f i r s t  has  i n c r e a s e d  t h e  p r e s s u r e  
on t h e  l and  and l e d  t o  . i n t e n s i f i e d  a g r i c u l t u r a l  p r a c t i c e s ,  w h i l e  t h e  
l a t t e r  has r e s t r i c t e d  t h e  d e p o s i t i o n  of s i l t  and i n c r e a s e d  t h e  land 's  
cropping p o t e n t i a l  through t h e  p r o v i s i o n  o.f p e r e n n i a l  i r r i g a t i o n .  The. 

a combined e f  f e c t  of t h e s e  cha,nges h a s  been. t o  i n c r e a s e  mass ive ly  t h e  
country 's  need f o r  f e r t i l i z e r s .  

The chemical  i n d u s t r y  h a s  responded by developing a  p roduc t ion  
c a p a b i l i t y  i n  n i t rogenous  and phospha t ic  f e r t i l i z e r s  which amounted t o  
some 270,000 tonnes  of n u t r i e n t  i n  1975. The f i r s t  f e r t i l i z e r  p l a n t  was 
c o n s t r u c t e d  i n  1937 f o r  t h e  p roduc t ion  of a s i n g l e  superphosphate ;  s i n c e  
t h e n ,  two more phosphate and no l e s s  t h a n  f o u r  n i t rogenous  p l a n t s  have 
been b u i l t .  ' Despi te  t h i s ,  l o c a l  p roduc t ion  has  f a l l e n  w e l l  s h o r t  of 
requirements  i n  most y e a r s  and has  had t o  b e  supplemented by imports .  
The imports  have g e n e r a l l y  been r e s t r i c t e d  t o  nitrogenous-based f e r t i -  
l i z e r s ,  w i t h  t h e  demand f o r  phosphates  having t o  be  s a t i s f i e d  wi th  
whatever .is produced, l o c a l l y .  

Es t imates  of t h e  demand f o r  f e r t i l i z e r s  i n  Egypt a r e  d i f f i c u l t  and 
mis lead ing ,  as  f o r e i g n  exchange l i m i t a t i o n s  o f t e n  p l a c e  an a r t i f i c i a l  
c e i l i n g  on imports.  Bearing t h i s  i n  mind, f e r t i l i z e r  usage i n  Egypt i n  
1972 h a s  been es t imated  a t  approximately  40,000 tonnes  of n u t r i e n t .  The 
v a s t  m a j o r i t y ,  some 83  p e r c e n t ,  was f o r  n i t rogenous  f e r t i l i z e r s  whi le  
t h e  remainder was f o r  t h e  locally-produced s i n g l e  superphosphate.  There 
i s  a t  p r e s e n t  o n l y  a  v e r y  l i m i t e d  usage of potash and no s i g n i f i c a n t  
usage of mixed o r  complex f e r t i l i z e r s .  The r a t i o  of n i t rogenous  t o  
phospha t ic  n u t r i e n t s  a p p l i e d  i n  Egypt h a s  h e l d  s t e a d y  n e a r  5  t o  1 f o r  
a t  l e a s t  t h e  l a s t  two decades.  The r a t i o  is h i g h  i n  world terms and t h e  
Egypt ians  i ~ ~ t e n d  t o  improve upon i t ,  y e t  t h e  o n l y  f i r m  p l a n s  of which 
t h e  team was made aware of were f o r  n i t rogenous  p roduc t s .  

A s  mentioned above, t h e  i n d u s t r y  h a s  been unab le  t o  meet t h e  demand 
i n  r e c e n t  y e a r s  f o r  n i t rogenous  f e r t i l i z e r s  from i ts  t h r e e  o p e r a t i n g  
p l a n t s  a t  Helwan, Aswan and Talkha. The f o u r t h  e x i s t i n g ,  but  i n o p e r a t i v e ,  
p l a n t  i s  a t  Suez and i s  c u r r e n t l y  being revamped a f t e r  s u f f e r i n g  war 
damage. Current  p l a n s  a r e  f o r  i t  t o  be  r e s t a r t e d  dur ing  1979. Two new 
u r e a  p l a n t s ,  one c u r r e n t l y  under c o n s t r u c t i o n  a t  Talkha and one proposed 
f o r  Abu Qir, a r e  scheduled f o r  s t a r t - u p  dur ing  1979 and by 1985, respec-  
t i v e l y .  When a t  f u l l  c a p a c i t y ,  t h e y  w i l l  produce some 500,000 t o n s / y r  
of n i t r o g e n  n u t r i e n t ,  more than  doubl ing t h e  country 's  n i t rogenous  
f e r t i l i z e r  product ion.  



The two p l a n t s  a t  Talkha and the  planned p l an t  a t  Abu Qir have a l l  
been loca t ed  and designed t o  u t i l i z e  t he  methane-rich l o c a l  n a t u r a l  gas  
supp l i e s ,  whi le  t h e  p l a n t s  a t  Helwan and Suez a r e  designed t o  run on 
l o c a l l y  a v a i l a b l e  byproduct gases ,  namely coke oven gas  and r e f i n e r y  
gas.  

The phosphat ic  f e r t i l i z e r  is  a l l  produced i n  t he  s i n g l e  superphos-...: 
phate  form from rock pho'sphate and su lphur i c  ac id  i n  p l a n t s  a t  Kafr A l  
Zayaat , Abu Zaabel, ,  and Assiut .  The p l a n t s  range . i n .  age  from 9 t o  30. .  
yea r s  o l d ,  and although t h e r e  a r e  p lans  t o  mine rock phosphate f o r  
conversion i n t o  elemental  phosphorous and phosphoric ac id ,  i t  is  not  
known i f  any inc rease  i n  phosphatic f e r t i l i z e r s  i s  planned. 

In energy terms, t h e  i ndus t ry  i s  dominated by15he Kima p l a n t  a t  
Aswan which a t  f u l l  product ion would use 7.6 x 10  jou l e s  of energy 
per  annum t o  produce 112,000 tonnes of n i t rogen  a s  p r i l l e d  calcium 
ammonium n i t r a t e .  The p l a n t  was b u i l t  i n  1960 t o  u t i l i z e  t he  spa re  
hydropower a v a i l a b l e  from the  Aswan Dam t o  produce hydrogen by e l ec t ro -  
l y s i s  f o r  ammonia manufacture. The p l a n t  has  operated succes s fu l ly  
s i n c e  i t s  incep t ion  and is  c u r r e n t l y  one of t h e  l a r g e s t  p l a n t s  i n  
t h e  country.  A t  p resen t  i t  i s  undergoing a smal l  expansion and a t  t he  
same t i m e  i s  having the  o lde r  e l e c t r o l y t i c  c e l l s  replaced.  The p l a n t  
and its surrounding complex represen t  a major investment of g r e a t  
importance t o  t h e  Aswan area.  Regret tably , t h e  high-energy requirement 
of the  p l a n t  must make i t  a prime t a r g e t  f o r  c o n s e r v a t i o n i s t s  should 
energy become a s c a r c e  resource  in  Egypt. Despite i ts  poor energy 
e f f i c i e n c y ,  however, i t s  s o c i a l  and p o l i t i c a l  importance and p l ace  a s  a 
major f e r t i l i z e r  producer make i ts  c l o s u r e  o r  abandonment q u i t e  impossible.  

A l i s t  of  t h e  p r i n c i p a l  f e r t i l i z e r  p l a n t s  in .Egypt  is  given i n  t ab ih  
18 and d e t a i l e d  nameplate c a p a c i t i e s  f o r  each of t he se  p l a n t s  a r e  given 
i n  t a b l e  19. Nu t r i en t  production c a p a c i t i e s  ( s ee  t a b l e  20) and f u e l  
usage f o r  t h e  f e r t i l i z e r  p l a n t s  ( s ee  t a b l e  211, f o r  both planned and 
e x i s t i n g  p l a n t s ,  a r e  a l s o  given. 

3.5.2 Assessment of cu r r en t  energy demand and e f f i c i e n c y :  The 
energy requirement of15he Egyptian f e r t i l i z e r  i ndus t ry  during 1975 was 
es t imated  a t  8.5 x 10 jou l e s  ( s e e  t a b l e  22 f o r  d e t a i l s ) .  This energy 
was used t o  produce some 182,000 tonnes of ni t rogenous n u t r i e n t  and 
93,000 tonnes of phosphat ic  n u t r i e n t .  The implied energy e f f i c i e n c i e s  
ca l ' cu la ted  from, t he .  f i g u r e s  i n  t a b l e  22 a re : .  

. . 
' , ln 

Nitrogen , 4.3 I 

'2'5 ' 

0 . 5 1  
c 10;; Jou l e s /  tonne n u t r i e n t  ' 

t 10 ~ o u l e s / t o n n e  n u t r i e n t  

These f i g u r e s  can be  regarded only a s  approximations a s  t h e r e  
remain a number of unresolved d i sc r epanc i e s  i n  t h e  base- d a t a  from which 
t h e  above were ca l cu l a t ed .  These d i s c r epanc i e s  have been circumvented 
by using s tandard  i ndus t ry  f i g u r e s  wherever necessary. 
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TABLE 18 

EGYPT'S FERTILIZER PLANTS , . . 
I .  

- .  
. . 

PLANT PRIMARY DATE 'OF ' PRODUCTION 
LOCATION PRODUCT START-UP. CAPACITY 

( tpd  of .-product)  : 
. . . . - .  - 

. . %  . . . . . . 
- ... . 

Suez Calcium N i t r a t e  1951 , . . . 758 

Aswan-Kima . Calcium Ammonium 1960 1 100. 
N i t r a t e  

Helwan Ammonium Sulpha te  1964 . 24 

. . . . Calcium Ammonium 

N i L i a L e  1971 , . , . 364 

Kafr Al 
Zayaat 

Abu. Zaabel  

Calcium Ammonium 1975 
N i t r a t e  

. . 
S i n g l e  Superphosphate 1,937 . 

. , 

Single .  Superphosphate . 19:48: 

A s s i u t  . Sing le .  Superphosphate . .  '. 1969 . '  600 

Abu Qir 

Urea 

Urea 

1979 

(by 1985) 

Helwan High Phosphorous S lag  1958 145 

Note.: , 

. .  . 

1) The ammonia p l a n t  supplying '  . the .Talkha .I CAN p l a n t  w a s  des igned and 
bought i n  1965 a l though  i t  was n o t  used u n t i l  1975. Thus, i t  i s  of 
o l d e r  d e s i g n ,  having been b u i l t ' b e f o r e  t h e  development of h igh 
e f f i c i e n c y  p l a n t s .  us ing:  steam trirbii ie ' d r i v e n  c e n t r i f u g a l  compressors.  

2) The high phosphorous s l a g  produced a t ,He lwan  is a byproduct from t h e  
Thomas conver to r s .  



TABLE 19 

DETAILED NAMEPLATE CAPACITIES 

FOR EGYPT'S FERTILIZER PLANTS 

PLANT LOCATION 
O4 HN03 NH3 NH3 NH3 

NH3 Calcium Calcium Ammonium . S i n g l e  Urea 
H2S04 From 
From BY From From From N i t r a t e  Ammonium Sulphate  Su pe r- 
S u l f u r  P y r i t e s  Elec. C o k e h e n  Natural  Ref. N i t r a t e  Phosphate 

Ga s Gas Ga s 

1 ASWAN - KIMA 

1 HELWAN 

I KAFR EL ZAYAAT 200 50 

ASSIUT 250 

SUEZ 572 

TALKHA I 1050 
. . 

TALKHA I1 

, I ABU-ZAABEL .542 227 . 600 

ABUqIR 
(Pro jec ted)  1.000 1500 

Notes:  

1) These f igurei  do no t  inc lude  the .byproduct  b l a s t  fu rnace  s l a g  which is  s o l d  a s  f e r t i l i z e r .  

2) A l l  f i g u r e s  quoted a r e  in m e t r i c  ' tonnes pe K day. 



TABLE 20 

PLANNED AND EXISTING NUTRIENT PRODUCTION 
CAPACITY I N  EGYPT 

PRODUCT CONTAINED NITROGEN CONTAINED P205 -- . --- 
PLANT 

TYPE TONNE S /YR % TONNESIYR % TONNESIYR 

ASWAN - KIMA 

HELWAN 

SUEZ 

ABU ZAABEL 

KAFR AL 
ZAYAAT 

ASSIUT 

TALKHA I1 

HELWAN 

CAN 

CAN 

AN 

CN 

SSP 

SSP 

SSP 

UREA 

BLAST FURNACE 
SLAG 50,000 

ABU QIR UREA 510,000 46 235,000 

TOTAL 794,000 98,000 

NOTES : 

1) It was assumed that the plants operated a t  100% e f f i c i ency  f o r  340 days 
i n  a working year. 

2) The f igures  quoted f o r  the percentage of nutrient  per tonne of product 
are approximations a s  the actual  f igure  can be varied according t o  the 
plant operation. 
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FUEL USAGE BY TYPE FOR EGYPT'S FERTILIZER 
PUNTS BOTH PLANNED AND sXtSTING - 

Notes: 
1 )  The f i g u r e s  g iven  f o r  gas  usage a r e  f o r  the  p o r t i o n  used a s  f u e l  and do no t  inc lude  any used a s  feeds tock .  

. . . ' . . : .  

PLANT 
LOCATION 

ASWAN 

4IMA 

TALKHA I 

HELWAN 

SUEZ 

ABU 
ZAABEL 

KAFR 
A L  
Z AYAAT 

ASSIUT 

TALKHA I1 

ABU QIR 

2) Da ta  used is based e i t h e r  on planned produc t ion  o r .  on a c t u a l  performance dur ing  1975-1977. 

3 )  Of t h e  7.6 x 1015 used by t h e  Kima p l a n t  at Anvan, app iox imate ly  7.1 x lo1' joulco p c r  year  
a r e  used t o  produce the  ammonia with the  ba lance  going to  the  HN03 product ion.  
p r i l l i n g  and n e u t r a l i s i n g  opera t ions .  

4) The Helwan b l a s t  fu rnace  s l a g  is assumed t o  have no energ; requirement  a s  i t  i s . a  byproduct. 

FERTILIZERS 
PRODUCED 

CALCIUM 
AMMONIUM 
NITRATE 

CAW IUM 
AMMONIUM 
NITRATE 

CAE IUM 
AMMONIUM 

CALCIUM 
NITRATE 

SINGLE 
SUPER 
PHOSPHATE 

SINGLE 
SUPER 
PHOSPHATE 

SINGLE 
SUPER 
PHOSPHATE 

UREA 

UREA 

PRODUCTION 
OF NUTRIEKT 
(TONNES PER 

YEAR) 

112,000 

105.000 

44,000 

40.000 
. . 

31,000 

31,000 

31,000 

258,000 

235,000 

EGYPTIAN ENERGY USAGE 

: ANNUAL 
REQUIRmfENT 

(JOULES/YR) 

7.6 x 1 0 l 5  

2.8 ; l 0 l 5  

1.6 x l 0 l 5  

2.8 x lo1' . 

0.1 

0.08 x 1015 

0.06 x 1015 

7.0 

6.4 x l 0 l 5  

BLAST FURNACE 
GAS 

(TONNESIYR) 

- 

- 

13,000 

- 

- 

- 

- 

- 
- 

POWER 
RATING 

MW 

225 

3 6 

13  

2 9 

3.6 

1.8 

2.3 

22.5 

20.5 

FUEL 
OIL 

(TONNES~YR)  

13,000 

- 

5,800 

- 

- 

. . .  

- 

- 

- 
- 

NATURAL 
GAS 

(TONNES~YR) 

- 

33,000 

- 

38,000 

- 

- 

- 

133,000 

121,000 
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ENERGY DEMAND FOR THE EGYPTIAN FERTILIZER INDUSTRY 
I N  1975 

1975 PLANT LOCATION 

ENERGY EFFICIENCY .TOT& ENERGY USE 

( l o l o  JOULES /TONNE) ( lo15  JOULES) FEEDSTOCK 

Aswan. - KIMA 6.8 4.3 E l e c t r o l y t i c  

Suez 

, Abu Zaabe l  

Kafr  A 1  Zayaat 0.5 

A s s i u t  0.5 

Abu Mahdi NG 

Coke oven gas  

Ref ine ry  g a s  

Phosphate rock 

Phosphate rock 

Phosphate rock 

TOTAL 8.35 

Ni t rogenous 
Product  i o n  . 182,000 tonnes  

Phospha t ic  
Product  i o n  93,000 tonnes  

. . 

Notes: 

1)  Aswan produced 203.000 tonnes  o f  cANyui* 1975. 
2) Talkha I produced 242.;000 ' tonries 'of CAN i n  1975. . . 

3) For phospha t ic  f e r t i l i z e r  p roduc t ion ,  t h e o r e t i c a l  v a l u e s  f o r  energy 
e f f i c i e n c y  were assumed. 

4) For t h e  CAN p l a n t  a t  Suez, a n  energy e f f i c i e n c y  e q u a l  t o  t h a t  used 
f o r  t h e  t h e o r e t i c a l  e f f i c i e n c y  was assumed. 



3.5.3 Discuss ion  of o p t i o n s :  F e r t i l i z e r  p r o c e s s  technology i s  
w e l l  e s t a b l i s h e d  and seems u n l i k e l y  t o  undergo any fundamental  changes 
i n  t h e  n e a r  f u t u r e .  I n  a d d i t i o n ,  t h e  long lead-time between techno- 
l o g i c a l  innova t ion  and commercial accep tance  e n s u r e s  t h a t  any such 
changes occur ing  a f t e r  1990 can have l i t t l e  e f f e c t  on t h e  f e r t i l i z e r  
i n d u s t r y ' s  energy e f f i c i e n c y  b e f o r e  t h e  end of t h e  cen tury .  

Never the lqss ,  a grea ' t  d e a l  of . r e s e a r c h  e f f o r t  i s  being d i r e c t e d  t o  
t h e  s p e c i f i c  a r e a  of energy c o n s e r v a t i o n  i n  response t o  t h e  i n c r e a s e d  
c o s t  of energy.  Thus, i t  may s a f e l y  b e  assumed t h a t  energy e f f i c i e n c i e s  
i n  t h e  world's f e r t i l i z e r  i n d u s t r i e s  w i l l  improve g r a d u a l l y  d e s p i t e  t h e  
r e l a t i v e l y , m a t u r e  n a t u r e  of t h e  technology. A s  1975 i s  t h e  b a s e  d a t a  
y e a r  f o r  t h e  RES model, and i f  i t  is  a l s o  taken as t h e  b a s e  f o r  measuring 
f e r t i l i z e r  p rocess  e f f i c i e n c y ,  then  an  average  annual  i n c r e a s e  of around 
2 p e r c e n t  i n  energy e f f i c i e n c y  would mean a r e d u c t i o n  i n  t h e  energy used 
p e r  tonne of p roduc t  of 40 p e r c e n t  by t h e  y e a r  2000. Such a t a r g e t  
would seem t o  b e  t h e  maximum t h a t  could  be achieved i f  t h e  s t o c k  o f  
f e r t i l i z e r  p l a n t s  were r e f i t t e d  w i t h  e n e r g y - e f f i c i e n t  equipment o r  
rep laced  by t h e  l a t e s t  a v a i l a b l e  technology over  t h e  pe r iod  i n  ques t ion .  
I n  Egypt's c a s e ,  w i t h  a n  e x i s t i n g ,  ag ing  c o l l e c t i o n  of p l a n t s  and a 
requirement  t o  keep them producing as long as p o s s i b l e  i n  o r d e r  t o  
maximize o u t p u t ,  a more r e a l i s t i c  t a r g e t  would be an  improvement of 25  
t o  30 p e r c e n t .  Th i s  energy s a v i n g s  through c o n s e r v a t i o n  is  on ly  p a r t  of 
t h e  whole p i c t u r e ;  t h e r e  a r e ,  i n  a d d i t i o n ,  some p o l i c y  o p t i o n s  which can 
decrease  t h e  energy used p e r  tonne of n u t r i e n t .  

The Kima e l e c t r o l y t i c  f e r t i l i z e r  p l a n t  a t  Aswan should be cons idered  
f i r s t  because of i t s  unique p o s i t i o n  a s  a major u s e r  of Egypt's e l e c t r i -  
c a l  energy. The p l a n t  i s  one of a v e r y  l i m i t e d  number i n  t h e  world t h a t  
u s e s  e l e c t r i c  power i n  e l e c t r o l y t i c  c e l l s  t o  produce one of t h e  b a s i c  
f e e d s t o c k s  f o r  ammonia product ion:  hydrogen. 'This convers ion  of 
hydropower i n t o  f e r t i l i z e r  seemed wise  i n  t h e  e a r l y  1960's, when t h e  
i d e a  was conceived and t h e  p l a n t  was b u i l t .  At t h a t  t ime  t h e  Egyptian 
o i l  i n d u s t r y  was s m a l l  i n  world t e r m s  and had t o  import  t o  s a t i s f y  
l o c a l  demand, w h i l e  a t  t h e  same t i m e  t h e r e  appeared t o  b e  an e x c e s s  of 
hydropower. I n  t h e  decade and a h a l f  s i n c e  then ,  t h e  demand f o r  e l e c t r i c  
power has  i n c r e a s e d  g r e a t l y ,  and is p r e d i c t e d  t o  con t inue  t o  r i s e  f a i r l y  
r a p i d l y .  The o i l  i n d u s t r y ,  i n  t h e  meantime, h a s  grown from be ing  a 
modest producer  of o n l y  3.8 m i l l i o n  tonnes  pe r  annum i n  1961 t o  a 
moderate producer wi th  n e a r l y  17 m i l l i o n  tonnes  p e r  annum i n  1976. This 
burgeoning of t h e  country 's  o i l  p roduc t ion  h a s  tu rned  Egypt from a n e t  
importer  i n t o  a n e t  e x p o r t e r .  Hence, t h e  r e v e r s e  of t h e  s i t u a t i o n  t h a t  
p r e v a i l e d  when t h e  Kima p l a n t  was commissioned is now t r u e -  Hydropower, 
o r  more s t r i c t l y  e l e c t r i c  energy., i s  no longer  i n  s u r p l u s  even wi th  
t h e  new High Dam,  w h i l e  o i l  h a s  become an e x p o r t a b l e  energy source .  
Thus, wherever t e c h n i c a l l y  f e a s i b l e  and. energy e f f i c i e n t  , i t  makes sense  

' 

t o  swi tch  energy d u t i e s  from e l e c t r i c i t y  t o  o i l .  The Kima p l a n t  is one 
such s i t u a t i o n  where i n  t h e  long-term i t  would be more e f f i c i e n t  i f  t h e  
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complex were t o  d e r i v e  i t s  major energy requ i rements  from o i l .  The 
p l a n t  u s e s  t h e  bu lk  of i t s  energy i n p u t  i n  t h e  ammonia p roduc t ion  s t a g e ;  
t h i s  i s  t h e n  conver ted a t  minimal energy c o s t  i n t o  ammonium n i t r a t e  and 
u l t i m a t e l y ,  CAN. Consider ing only  t h e  p r o c e s s  through t o  t h e  ammonia 
s t a g e .  energy r e q u i r e m e ~ b s  i n  b e l e c t r o l y s i s - b a s e d  p l a n t  such a s  Kima 
amount t o  some 5.1 x  10 j o u l e s / t o n n e  of ammonia. I n  c o n t r a s t ,  
t h e  p rocess ing  energy r e q u i r e d  i n  p l a n t s  based on more conven t iona l  
technology,  such a s  t h e  steam reforming of naphtha o r  t h e  p a r t i a l  
o x i d a t i o n  of f u e l  q i l ,  i s  less than  a t h i r d  of t h i s  amount. Even'when 
t h e  energy v a l u e  of t h e  naphtha o r  f u e l  o i l  f eeds tock  i s  added t o  t h e  
p rocess ing  energy,  t h e  t o t a l  r e p r e s e n t s .  no more than  80 p e r c e n t  of t h e  
energy used in .  Kima: 

l o l o  J o u l e s  p e r  Tonne Ammonia 
A s  P rocess  Energy As Feedstock T o t a l  Energy Used 

Naphtha-Steam Reforming 1.6 2.5 4.1 

Fue l  O i l - P a r t i a l  
Oxida t ion  

Wate r -E lec t ro lys i s  5.1 - 5.1 

I f  t h e  e l e c t r i c  power f o r  Kima i s  assumed t o  be  a v a i l a b l e  e x c l u s i v e l y  
from a  hydropower course ,  t h e n  t h e  t o t a l  energy u t i l i z a t i o n  is  on ly  20 
percenc  h i g h e r  than  t h a t  i n  t h e  more conven t iona l  f e r t i l i z e r  p r o c e s s e s  
and t h e  d i f f i c u l t i e s  and expense involved i n  a  change may n o t  be  warran- 
ted .  I f ,  however, t h e  e l e c t r i c a l  power source  were t o  be  a thermal  
power s t a t i o n  w i t h  a  t y p i c a l  energy e f f i c i e n c y  of 25 p e r c e n t ,  t h e n  t h e  
enf5gy e q u i v a l e n t  of t h e  f u e l  f e d  t o  t h e  power s t a t i o n  would be 20 x  
10 jou les .  I n  t h i s  i n s t a n c e ,  t h e  e l e c t r o l y s i s  r o u t e  would be  about  
f i v e  t imes  more i n e f f i c i e n t .  Such a  s i t u a t i o n  is v a l i d  i n  t h e  c a s e  of 
Egypt, a s  t h e  country  h a s  l a r g e l y  e x p l o i t e d  i t s  h y d r o e l e c t r i c  p o t e n t i a l  
and t h e  e l e c t r i c i t y  used t o  produce hydrogen can be  regarded a s  equiva- 
l e n t  t o  t h e  thermal ly-generated power used f o r  e s s e n t i a l  s e r v i c e s  e l s e -  
where i n  t h e  country .  

C l e a r l y ,  a d d i t i o n a l  f e r t i l i z e r  p roduc t ion  is  going t o  be r e q u i r e d  
i n  Upper Egypt i f ,  a s  expected,  t h e  r e s u l t s  of p e r e n n i a l  i r r i g a t i o n  a r e  
t o  r a i s e  t h e  cropping r a t e  and i n c r e a s e  t h e  amount of l and  under a g r i c u l -  
t u r e .  Equal ly  a s  c e r t a i n ,  i n  view of t h e  l i m i t e d  e l e c t r i c  power a v a i l -  
a b l e  bo th  now and i n  t h e  f u t u r e ,  i s  t h a t  no m a t t e r  where t h e  a d d i t i o n a l  
c a p a c i t y  i s  l o c a t e d  i t  w i l l a o t  be  based on e l e c t r o l y s i s .  I n  t h e  
absence of any s u p p l i e s  of n a t u r a l  g a s  i n  Upper Egypt, t h e  p roduc t ion  
must b e  based on t h e  stea'" reforming of naphtha o r  t h e  p a r t i a l  o x i d a t i o n  
of f u e l  o i l .  When such a  s i t u a t i o n  arises and a  d e c i s i o n  t o  b u i l d  new 
p r o d u c t i v e  c a p a c i t y  h a s  been taken,  cognizance should be t aken  of t h e  
energy s i t u a t i o n  a t  t h e  K i m a  p l a n t .  It would be b o t h  f e a s i b l e  and 
p r a c t i c a l  t o  b u i l d  t h e  new produc t ion  f a c i l i t i e s  a t  Kima w i t h  s u f f i c i e n t  
e x c e s s  c a p a c i t y  t o  a l low t h e  slow phasing o u t  of t h e  e l e c t r o l y s i s  c e l l s  
a s  t h e i r  e f f i c i e n c y  f a l l s .  A s low phasing o u t  program would overcome 
t h e  p o l i t i c a l  and s o c i a l  o b j e c t i o n s  by e n s u r i n g  c o n t i n u i t y  and growth 
f o r  t h e  Kima p l a n t  and i t s  surrounding township. The e f f e c t  on Egypt's 
e l e c t r i c a l  power network would be  t o  s lowly  r e l e a s e  power e q u i v a l e n t  t o  
a  medium s i z e d  thermal  s t a t i o n  i n t o  t h e  g r i d .  



The management of t h e  Kima p l an t  is known t o  have considered t h e  
use of e i t h e r  f u e l  o i l  o r  naphtha a s  t h e  feedstock f o r  any a d d i t i o n a l  
capac i ty  t h a t  might be  required.  They have s tud i ed  t h e  a l t e r n a t i v e  
processes  and have narrowed t h e i r  ob j ec t i ons  t o  a concern over t h e  
a b i l i t y  of t h e  railway system t o  d e l i v e r  t h e  required tonnages of 
feedstock (up t o  400 tpd f o r  a p l an t  capac i ty  equa l  t o  t he  ex i s t i ng )  oo 
a r egu la r  ba s i s .  A p o s s i b l e  s o l u t i o n  t o  t h i s  problem would be t o  s h i p  
t h e  feedstock up t,he N i l e  on custom b u i l t  barges  owned and operated by 
t h e  f e r t i l i z e r  company. U t i l i z a t i o n  of t h e  barges  could be maximized by 
ca r ry ing  f e r t i l i z e r  and/or o the r  products  a s  deck cargo un Cl~e r e t u r n  
t r i p .  

An es t imate  of t he  impact on resources  of convert ing t h e  Kima p l an t  
t o  n a t u r a l  gas  o r  naphtha was made a s  fol lows f o r  a production l e v e l  of . 
11 2,000 tons ly r  . n u t r i e n t  (136,000 . tons /yr  ammonia) : 

. - - .  . .  

Current  t o t a l  annual energy use  7.6 x 1015 jou l e s  ( e l e c t r o l y t i c  process)  

A l t e r n a t i v e  bases  Natura l  gas Naphtha 

9 Process  £%e l ,  10 k c a l  462 489 
Power, 10 kWh 9 

1.3 3.4 
T o t a l  process  energy 1015kcal 476 503 
Tot.al process  energy 10 jou les  , 

* ,  . .. 2.0 '2. 1 
~ e e d s t o c k  tons ly r  '70,720 . 74,800 

. .. 

A second major op t ion  which should be given se r ious  cons idera t ion  
by t h e  planning a u t h o r i t i e s  is t o ; a c t i v e l y  promote t h e  use of phosphatic 
f e r t i l i z e r s  and thus  r a i s e  t h e  phosphate t o  ni t rogenous f e r t i l i z e r  
r a t i o .  While it  is understood t h a t  t h e  s o i l  i n  Egypt is  no t  p a r t i c u l a r l y  
wel l -sui ted t o  phosphat ic  f e r t i l i z e r s ,  t h e  cu r r en t  app l i ca t i on  r a t i o  of 
1:5 (P t o  N) i s  w e l l  below world values .  An inc rease  i n  t h e  phosphate 
a p p l i c a t i o n  t o  a l e v e l  as. high a s . i s  compatible wi th  good a g r i c u l t u r a l  
p r a c t i c e  and nearer  t o  world l e v e l s  would improve the  o v e r a l l  energy 
e f f i c i e n c y  of t h e  industry.  This  .i's shown ia t h e  da ta  below where i t  is  
i l l u s t r a t e d  t h a t  t he  product ion of phosphat ic  f e r t i l i z e r s  is  f a r  less . 

energy consuming than t h e  product ion of ni t rogenous f e r t i l i z e r s  on a 
tonne-for-tonne n u t r i e n t  ba s i s :  

. >. 

l o l o  Jou le s  of Energy Required per  Tonne of Nut r ien t  

Process  : . Feedstock T o t a l  
. . 

. P 

Nitrogenous 2.5 8.1 10.6 
SSP (S ingle  superphosphate) 0.5 - 0. 5. 
TSP (Tr ip l e  superphosphate) 0.2 - 0.2 

. . 

Thus t o  the ex t en t  t h a t ,  i n  keeping wi th  good a g r i c u l t u r a l  p r a c t i c e ,  
Egypt can r a i s e  i t s  product ion and consumptionof  phosphatic f e r t i l i z e r s  
without  a corresponding inc rease  i n  ni t rogenous f e r t i l i z e r  usage, t h e r e  
is a massive saving i n  energy t o  be  made. The a d d i t i o n a l  f e r t i l i z e r s ,  
l i k e  t he  e x i s t i n g  product ion,  could be produced from l o c a l  phosphate 
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rock with su lphur i c  ac id  produced from ex-ref inery sulphur .  The sul-  
phur ic  ac id  process  i s  a low energy user  and product ion could be e i t h e r  
a t  t h e  r e f i n e r y  o r  perhaps,  more convenient ly ,  a t  t h e  f e r t i l i z e r  p l an t .  
Depending upon the  con f igu ra t i on  chosen, i t  would be necessary t o  
t r a n s p o r t  e i t h e r  e lemental  sulphur o r  s u l f u r i c  ac id  from t h e  r e f i n e r i e s .  
The d a t a  above suggest t h a t  i t  is more energy e f f i c i e n t  t o  produce a 
tonne of phosphorous n u t r i e n t  a s  TSP than a s  SSP. Once aga in ,  s o i l  
condi t ions  may d i c t a t e  t he  use of one type over t he  o t h e r ,  b u t ,  t o  t he  
e x t e n t - p r a c t i c a b l e ,  phosphatic f e r t i l i z e r  production i n  Egypt should be 
a s  TSP r a t h e r  than SSP. 

There would appear t o  be l i t t l e  else t h a t  Egypt can do t o  l e s s e n  
t h e  burden t h a t  the  f e r t i l i z e r  i ndus t ry  p l aces  on the  country's energy 
resources .  The e x i s t i n g  p l a n t s  were i n s t a l l e d  with t h e  b e s t  a v a i l a b l e  
technology and, a s  can be  seen from t a b l e  23, they appa ren t ly  a r e  s t i l l  
performing c l o s e  t o  world standards. The extremely good performance of 
t h e  SSP p l a n t s ,  (wel l  above world s t anda rds ) ,  ha s  been a t t r i b u t e d  t o  
inaccurac ies  o r  a t  l e a s t  m i s i n t e r p r e t a t i o n  of t h e  da ta .  However, a s  
t h e i r  total  energy Itsage is low and the re fo re  of l i t t l e  importance t o  
t he  o v e r a l l  p i c t u r e ,  r e s o l u t i o n  of t h e  d i f f e r e n c e s  w i l l  not  be pursued 
any f u r t h e r  .' 

It must a l s o  be s a id  wi th in  t h e  contex t  of op t ions ,  t h a t  wherever 
pos s ib l e  new ni t rogenous f e r t i l i z e r  capac i ty  should be based upon 
Egypt's h igh  methane n a t u r a l  g a s , . a s  t h i s  r e q u i r e s  l e s s  c a p i t a l  ou t l ay  
and i s  more energy e f f i c i e n t .  The f i g u r e s  a r e  given below: 

Energy f o r , a m ~ o n i ~ o p r o d u c t i o n  ( f u e l  , 

Feedstock: and ' feeds tock)  10 Joules / tonne  ammonia 

Natural  gas .  3.4 
Naphtha 4.1 
Fuel O i l  4.1 

I n  summary, conversion of t h e  Kima p l an t  a t  Aswan t o  a conventional 
p rocess ,  t h e  increased use of phosphatic f e r t i l i z e r s ,  t he  bas'ing of 
f u t u r e  ni t rogenous product ion on n a t u r a l  ga s ,  and a major e f f o r t  to .  
develop and implement energy conservat ion programs should considerably 
i nc rease  t he  n u t r i t i o n a l  b e n e f i t  Egypt w i l l  achieve f o r  each jou l e  of 
energy used by t h e  f e r t i l i z e r  industry. . ,  . , 

. . 

3.5.4 Forecas t  energy requirements and e f f i c i e n c i e s :  In d i scuss ing  
t h e  energy requirements and e f f i c i e n c i e s  of t h e  f e r t i l i z e r  i ndus t ry ,  i t  
i s  b e s t  t o  consider  t h e  two p r i n c i p a l  c l a s s e s  of f e r t i l i z e r s ,  namely 
ni t rogenous and phosphat ic ,  s epa ra t e ly .  Each product c l a s s  i s  produced 
by a d i f f e r e n t  type of process with d i s s i m i l a r  energy requirements and 
each se rves  d i f f e r e n t  n u t r i t i o n a l  requirements. A l l  of t h e  ni t rogenous 
f e r t i l i z e r  processes  use t he  country's energy r e sou rces ,bo th  i n  t h e  
processing s t a g e s  and a s  a feedstock,  while  t h e  phosphat ic  processes  
only use energy i n  t he  processing s t ages .  A s  mentioned i n  s e c t i o n  
3.5.3, Egypt's energy usage f o r  f e r t i l i z e r s  per  tonne of foodstuff  can 
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TABLE 23 

ENERGY REQUIREMENTS OF PLANNED AND 
EXISTING FERTILIZER PLANTS AT FULL PRODUCTION 

. I .. . , 

NOTES: . . 
. . 

1)  No f u e l  o i l  u s a g e s  were g iven  f o r  the SSP p l a n t s ;  t h i s  may e x p l a i n  ' the d i sc r&ponc ico 'bc tween  the  two s e t s  of f i g u r e s .  
2 )  A l l  e f f i c i e n c i e s  a r e  quoted i n  j o u l e s  p e r  tonne o f ' n u t r i e n t :  . 
3)  The extremely h igh  f i g u r e  f o r  the  energy e f f i c i e n c y  f o r  Calc-it+m N i t r a t e  i s  presumed t o  be due ,to i n a c c u r a t e  d a t a .  
4)  For Aswan-Kima, c u r r e n t  Egyptian energy usage is based o'n e l e c t ~ o l y s i s .  The expected energy requirements  a r e  based 

on f o s s i l  f u e l  use. 

PLANT 
LOCATION 

ASWAN 

4IMA 

TALKHA I 

- 
HELWAN 

SUEZ 

ABU 
ZAABEL 

KAFR 
AL 
Z AYAAT 

ASSIUT 

TALKHA I1 

HELWAN 

ABU QIR 

FERTILIZERS 
PRODUCED 

CALCIUM 
AMMONIUM 
NITRATE 

CAE IUM 
AMMONIUM 
NITRATE 

CAE IUM 
AMMONIUM 
NITRATE 

CAE IUM 
NITRATE 

SINGLE 
SUPER 
PHOSPHATE 

SINGLE 
SUPER 
PHOSPHATE 

SINGLE 
SUPER 
PHOSPHATE 

UREA 

BLAST 
FURNACE 
SLAG 

UREA 

EGYPTIAN 

ANNUAL 
ENERGY 
REQUIREMENT 
(JOULES) lo15 

7.6 

2 .8  

1.6 

2.8 

0.1 

0.08 

0.06 

7.0 

- 

6.4 

PRODUCTION 
OF NUTRIENT 
(TONNES PER 

YEAR) 

112.000 

105,000 

44,000 

40,000 

31,000 

31,000 

31,000 

258,000 

5.000 

235.000 

ENERGY USAGE 

ANNUAL 
ENERGY 
EFFICIENCY 
( J ~ ~ E S I T O N N E )  
10  

6.8 

2.7 

3.6 

7.0 

0. 32 

0.26 

0.19 

2.7 

- 

2.7 

EXPECTED ENERGY 

ANNUAL 
ENERGY 
REQUIREMENT 
(JOULES) 1 015 

2.8 

2.6 

1 . 1  

- 

0.15 

0.15 

0.15 

8.0 

L . - 

7.4 

REQUIREMENTS 

ENERGY 
EFFICIENCY 
( J ~ ~ E S I T O N N E )  
10  

2.5 

2.5 

2.5 

- 

0.5 

0.5 

0.5 

3.1 

- 

3.1 



be  reduced t o  t h e  ex t en t  t h a t  increased usage of phosphatic f e r t i l i z e r  
can d i sp l ace  ni t rogenous tonnage. . Estimation of t h e  e f f e c t  of t h i s  
change is no t  p o s s i b l e  wi th in  t he  scope of t h i s  r e p o r t ,  a s  i t  would 
r e q u i r e  a  d e t a i l e d  s tudy t o  e s t a b l i s h  t h e  replacement r a t e  of P 0  

2  5  
f o r  n i t rogen  under Egypt's somewhat unique s o i l  condi t ions .  Nevertheless ,  
a  tonne of P 0  a s  SSP uses  approximately 5 percent  of t h e  energy 2 5 requi red  f o r  a  tonne of n i t rogen ,  and t h i s  a lone  makes a  study i n  t h i s  
a r e a  imperative.  

In a d d i t i o n  t o  t h e  above opt ion ,  which might be  termed "habi t  
switching", c e r t a i n  crude es t imates  can be  made a s  t o  t he  e f f e c t  of 
energy conservat ion p r a c t i c e s  and technological  improvements on o v e r a l l  
energy e f f i c i e n c i e s .  It has been found elsewhere i n  t he  world t h a t  when 
energy f i r s t  becomes a  s ca rce  o r  expensive commodity, rap id  improvements 
i n  energy e f f i c i e n c y  a r e  achieved through f a i r l y  s imple conservat ion 
p rac t i ce s .  There is  no reason to  suppose t h a t  t h e  s i t u a t i o n  i n  Egypt 
w i l l  be d i f f e r e n t .  For t h i s  reason,  t h e  energy e f f i c i e n c y  i n  t h e  
production of ni t rogenous f e r t i l i z e r s  i s  pred ic ted  t o  improve by 15  
percent  over the  per iod 1975 t o  1985 (see t a b l e  24). Af te r  an i n i t i a l  
surge during the  decade t o  1385, improvements w i l l  bccomc morc d i f f i c u l t  
and w i l l  depend l a r g e l y  upon changes i n  e x i s t i n g  technology and the  
i n s t a l l a t i o n  of new energy-ef f ic ien t  p l an t s .  On t h i s  b a s i s ,  t h e  energy 
e f f i c i e n c y  f o r  ni t rogenous f e r t i l i z e r s  i s  pred ic ted  t o  improve a  f u l l  30 
percent  between 1975 and the  end of t h e  century.  I£ such a  change were 
t o  be  achieved, i t  would reduce the  energy used per tonne n i t rogen ,  

f 0  
n 6 f o r  t h  e x i s t i n g  product ion,  from a 1975 l e v e l  of 4.5 x 10  jou l e s  t o  

3  x  10 jou les .  Superimposed upon t h i s  development could be t he  
e f f e c t  of t h e  change-over of t h e  Aswan f e r t i l i z e r  p l a n t  from e l e c t r o l y s i s  
t o  a  more convent ional  process.  Thi would improve the  energy edf ic iency  f 0  
i n  the  year 2000 by another  0.9 x 1 0  jou les / tonne  t o  .1 x 1 0  16 jou les / tonne  n i t rogen  n u t r i e n t s .  A f i g u r e  of 2.1 x  1 0  jou les / tonne  
equals  an iygrovement of 15 percent  over t he  c u r r e n t  i ndus t ry  s tandards  
of 2.5 x  10 jou les l tonne  and is,  the re fo re ,  a  f a i r  es t imate  of 
Egypt's o v e r a l l  e f f i c i e n c y  i n  t he  year  2000. 

No allowance has been made i n  these es t imates  f o r  pos s ib l e  improve- 
ments i n  t he  r a t i o  of product nutr ient- to-feedstock requirements (e.g., 
naphtha, f u e l  o i l ,  gas)  because of t h e  e s t ab l i shed  n a t u r e  of t h e  indus t ry .  
Also, t he  estimates do not  inc lude  the energy conten t  of t h e  feedstocks.  
The e f f e c t  of adding t h e  energy content  of t h e  feeds tock  i s  discussed i n  
s e c t i o n  3.5.3; i t  r a i s e s  t h e  apparent energy e f f i c i e n c i e s  of t h e  conven- 
t i o n a l  processes  t o  wi th in  20 percent  of t he  e l e c t r o l y s i s  route .  
However, a s  noted,  t h e  argument f o r  phasing ou t  t h e  e l e c t r o l y s i s  p l an t  
i s  s t rengthened i f  t h e  low energy e f f i c i e n c y  (approx. 25 percent )  of 
"equivalent" thermal power p l a n t s  is considered. 

As f o r  the  phosphatic f e r t i l i z e r s ,  t h e  energy requirement i s  
expressed e i t h e r  a s  an e f f i c i e n c y  o r  i n  t o t a l  terms. Therefore,  t he re  
c l e a r l y  i s  l e s s  room f o r  meaningful savings.  For t h i s  reason,  and s i n c e  
t h e  i n i t i a l  da ta  co l l ec t ed  i n  Egypt suggests  t h a t  t he  p l a n t s  a r e  a l ready  
performing above normal world s tandards ,  t h e  pred ic ted  improvements i n  



TABLE 24 

ENERGY EFFICIENCY-CURRENT AND FORECAST FOR EGYPTIAN 
FERTILIZER INDUSTRY 

F i g u r e s  a r e  10 lo j o u l e s  p e r  tonne n u t r i e n t  

"Expected" c o n s e r v a t i o n  

Nitrogenous 4.3 3.6 ' . ' 3.0 

Phospha t ic  0.50 0.46 0.43 

11 Maximum" c o n s e r v a t i o n  

Nitrogenous 4.3 

Phospha t ic  0.50 

Notes : 

1) F i g u r e s  f o r  1975 f o r  n i t rogenous '  f e r t i l i z e r s  a r e  based on a c t u a l  
performance; t h o s e  f o r  phospha t ic  a r e  based on "world" e f f i c i e n c y  
l e v e l .  * .  

2) A l l  f i g u r e s  are based on p rocess ing  energy. o n l y ;  t h e y  do n o t  cons ider  
t h e  e f f e c t  of energy s o u r c e s  used as f e e d s t o c k  o r  t h e  e f f i c i e n c y  
e f f e c t  of thermal  power s t a t i o n s .  
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energy e f f i c i e n c y  a r e  much s m a l l e r .  For t h i s  s t u d y ,  i t  h a s  been assumed 
t h a t  t h e  p l a n t s  were i n  f a c t  o p e r a t i n g  a t  normal world e f f i c i e n c i e s  i n  
1975 ( see  t a b l e  23) .  Using 1975 as t h e  b a s e  y e a r ,  i t  h a s  been es t imated  
t h a t  conven t iona l  energy c o n s e r v a t i o n  and s t e a d y  t e c h n o l o g i c a l  develop- 
ment w i l l  improve energy e f f i c i e n c y  by 8  p e r c e n t  i n  t h e  decade from 197.5 
t o  1985, and by 1 5  p e r c e n t  i n  t h e  q u a r t e r  c e n t u r y  from 1975 t o  2000. 

I n  a d d i t i o n  t o  t h e  energy e f f i c i e n c y  improvements i n d i c a t e d  above, 
t h e r e  is a l s o  t h e  p o s s i b i l i t y  of even g r e a t e r  improvements which cou ld  
b e  a t t a i n e d  through t h e  development and implementation o f  major energy 
c o n s e r v a t i o n  programs i n  a l l  p l a n t s .  Th i s  i m p l i e s  t h e  commitment of 
p l a n t  management t o  t h e  investment  of t ime  and money f o r  pe rsonne l  9 

upgrading and of s u f f i c i e n t  c a p i t a l  f o r  r e f i t t i n g  e x i s t i n g  p l a n t s  w i t h  
new e n e r g y - e f f i c i e n t  equipment o r  f o r  b u i l d i n g  new p l a n t s  where appro- 
p r i a t e .  It i s  e s t i m a t e d  t h a t  t h e  fo l lowing  s a v i n g s  shou ld  be  a t t a i n a b l e :  

"Expected" c o n s e r v a t i o n  "Maximum" c o n s e r v a t i o n  
Ni t rogenous Phospha t ic  - Nitrogenous Phospha t ic  

These pe rcen tages  a r e  t r a n s l a t e d  i n t o  energy e f f i c i e n c i e s  i n  t a b l e  
24. Table  25 p r e s e n t s  a  b r i e f  d e s c r i p t i o n  f o r  e x i s t i n g  and c o n t r a c t e d  
f e r t i l i z e r  p l a n t s ,  and t a b l e  26 d i s p l a y s  t y p i c a l  energy usage  by type.  
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TABLE 25 

BRIEF PROCESS DESCRIPTION FOR EXISTING AND CONTRACTED FERTILIZER PLANTS 

The CAN p l a n t  uses  p a r t i a l  ox ida t ion  technology and has  a double t r a i n  u n i t  
of 360 tpd capaci ty .  Ammonia w i l l  a l s o  be suppl ied from Talkha 11. The equip- 
ment was 10 yea r s  old a t  s t a r t -up ,  having been moved from Suez. The ammonia 
u n i t  i s  a BASF desi.gn wi th  a l i q u e f a c t i o n  u n i t  from Linde. The n i t r i c  ac id  
p l a n t  by Uhde is a s tandard  low p re s su re  des ign  based on n ine  r e a c t o r s  and t h e  
emphasis throughout i s  on energy saving.  The ammonium n i t r a t e  n e u t r a l i z a t i o n  
s e c t i o n  is  s tandard  and i s  followed by a concen t r a t i on  tower and p r i l l i n g  
u n i t .  

This p l an t  w i l l  be based on a s i n g l e - t r a i n ,  c e n t r i f u g a l  compressor-driven 
ammonia p l an t  of  1,200 tpd and l icensed  by Stamicarbon. This w i l l  be followed 
by a twin-stream u r e a ' p l a n t - w i t h  a capac i ty  of 1,725 tpd. The ammonia p l a n t  
des ign  w i l l  be based on steam-reformed n a t u r a l  ga s ,  wi th  compression, h e a t ,  and 
energy recovery based on steam-turbine c e n t r i f u g a l  machines. The urea p l an t  is  
designed a s  a s t r i p p i n g  process  using c e n t r i f u g a l  compression, maximum thermal 
r ecyc l ing  and h e a t  recovery. The product w i l l  be i n  p r i l l e d ,  uncoated form, 
(ma te r i a l  balance shown i n  f i g  . 6 ) .  

Helwan 

The process  uses  t h e  p a r t i a l  ox ida t ion  of coke-oven,gas i n  small  u n i t s ,  
followed by conversion t o  ammonia i n  two r e a c t o r s ,  each with a nominal capac i ty  
of 85 tonnes. Half t h e  ammonia is  oxidized t o  55 p e r c e n t ' n i t r i c  ac id  whi le  t h e  
remainder i s  r e t a ined  and used t o  n e u t r a l i z e  t he  n i t r i c  ac id  t o  produce ammonium 
n i t r a t e .  The p l a n t  uses  a l l  t h e  coke-oven gas  a v a i l a b l e  from t h e  nearby coker.  
The ammonium n i t r a t e  p l an t  l i c e n s e r  is Stamicarbon. 

Aswan 

This p l an t  u t i l i z e s  e l e c t r o l y s i s  to. produce H from a weak c a u s t i c  
2 potash so lu t ion .  The H i s  then mixed wi th  N from an a i r  l i q u e f a c t i o n  and 

2 s e p a r a t i o n  p l a n t ,  be fo re  being compressed t o  325 atomspheres f o i  syn thes i s  t o  
ammonia. P a r t  of t h e  ammonia i s  oxidized over a c a t a l y s t  and absorbed i n  water 
t o  produce 53 percent  n i t r i c  ac id .  The ac id  i s  then  r'eacted with t h e  remaining 
ammonia t o  produce ammonium n i t r a t e .  This  is  p r i l l e d  wi th  calcium carbonate  t o  
g ive  31 percent  CAN. (Block diagram i n  f i g .  7.) 
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TABLE 2 5 (CONTINUED ) 

BRIEF PROCESS DESCRIPTION FOR EXISTING AND CONTRACTED FERTILIZER PLANTS 

Suez 

The u n i t s ,  which a r e  s m a l l  and i n e f f i c i e n t ,  u s e  p a r t i a l  o x i d a t i o n  technol-  
ogy t o  conver t  r e f i n e r y  g a s  t o  CO and H The ammonium s u l p h a t e  p l a n t  h a s ,  i n  

2' 
f a c t ,  been c losed  s i n c e  1.969 due t o  damage t o  t h e  s u l f u r i c  a c i d  p l a n t  and 
i n t e r r u p t i o n s  t o  t h e  r e f i n e r y  g a s  supply.  A new 300 t p d  s u l f u r i c  a c i d  p l a n t  i s  
be ing  b u i l t  and w i l l  a l low produc t ion  t o  beg in  a g a i n  s h o r t l y .  

Abu 0l.r 

This  p l a n t  i s  b e l i e v e d  t o  be  i n  t h e  s tudy  phase and i s  expected t o  be  
o p e r a t e d  u s i n g  a  l o c a l  f i e l d  of n a t u r a l  gas  f o r  ammonia product ion.  Urea ou tpu t  . 
is  planned a t  1,500 tpd.  

TABLE 26 

TYPICAL ENERGY USAGE BY TYPE 

/ ESTIMATE OF % ENERGY USED AS 

POWER FUEL 

PRODUCT 

Calcium Ammonium N i t r a t e  

Urea 

Phospha t ic  F e r t i l i z e r s  

Note: 

1 )  These vary  widely ,  depending upon t h e  u t i l i t y  b a l a n c e  on s i t e  and 
t h e  e x i s t e n c e  of cogenera t ion  o r  h e a t  recovery f a c i l i t i e s .  

2 )  Assumes e l e c t r i c  power bought from t h e  g r i d ;  no a l lowance is made 
f o r  power p l a n t  i n e f f i c i e n c i e s .  
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F i g u r e s  Per  Tonne of Urea a t  100% Capaci ty  U t i l i z a t i o n  

< 

Natural Gas Air 

. . " 

- Fig. 6. M a t e r i a l  Balance f o r  Talkha 11. 

Ammonia 

Catalysts To ~ a l k h a  I 
. .. .. . .. . Ammonia N 

Chemicals (1 Plant) : 

, ~ l e c t ~ i c  : . 
Power 125 k w h  

. 

\I 

NH3 0.58 toone; 

' co2.0:?6 tonne, 

.: Urea. 

Urea ': 
(2 Plants) 

b 

Product . 

* 
1. tonne' 
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Fig.  7. Block Diagram of t h e  Kima F e r t i l i z e r  P l an t  
a t  Aswan 
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3 . 6  PETROCHEMICALS 

3.6.1 Background: Desp i te  Egypt's r e l a t i v e l y  long h i s t o r y  of 
i n d u s t r i a l i z a t i o n ,  i n c l u d i n g  t h e  p roduc t ion  of cement, f e r t i l i z e r s  and 
b a s i c  chemicals ,  t h e  c o u n t r y ,  l i k e  most developing n a t i o n s ,  h a s  n o t  y e t  
e s t a b l i s h e d  a pe t rochemica l s  i n d u s t r y .  To d a t e ,  t h e  enormous f i n a n c e s  
and l a r g e  l o c a l  o r  guaranteed demand, which are t h e  n e c e s s a r y  p re requ i -  
s i t e s  f o r  e s t a b l i s h i n g  such an i n d u s t r y ,  have been l a c k i n g .  Ho.wever, 
t h i s  p i c t u r e  is  changing,  a s  t h e  p r e d i c t e d  growth i n  Egypt's p o p u l a t i o n  
and the  e f f o r t s  being made t o  b u i l d  a s t r o n g  i n d u s t r i a l  base  w i l l  ensure  
v igorous  growth i n  t h e  consumption of t h e  h i g h  volume p l a s t i c s  even i f  
t h e  per  c a p i t a  consumption c o n t i n u e s  t o  l a g  world norms ( a s  expec ted) .  
I n  a n t i c i p a t i o n  of t h i s  growing need f o r  p l a s t i c s ,  t h e  Pe t rochemica l s  
P r o j e c t s  Group h a s  developed p l a n s  and i s  i n i t i a t i n g  d e s i g n  and engineer-  
i n g  work which w i l l  develop a petrochemical  i n d u s t r y  a t  Alexandr ia  over  
t h e  n e x t  decade and a h a l f .  

In a d d i t i o n  t o  t h e s e  p l a n s ,  which r e f l e c t  a d e l i b e r a t e  d e s i r e  t o  
s h i f t  i n t o  a new i n d u s t r i a l  a r e a ,  two e x i s t i n g  i n d u s t r i e s ,  namely 
pet roleum r e f i n i n g  and coking,  are a l s o  i n t e g r a t i n g  i n t o  pet rochemical  
p rocess ing .  The p r i n c i p a l  p r o j e c t s  covered by t h e s e  s h i f t s  i n  emphasis 
a r e  t h e  i n s t a l l a t i o n  of a pa raxy lene  p l a n t  a t  t h e  Mostorod r e f i n e r y  and 
a p l a n t  t o  c o l l e c t  t h e  d i s t i l l a t e s  from t h e  Helwan coke p l a n t  f o r  
sub sequen t  s e p a r a t i o n  and recovery.  

These v a r i o u s  p l a n s  f o r  development of l o c a l  pet rochemical  indus- 
tries should culminate  i n  t h e  1990's i n  an a b i l i t y  t o  conver t  Egyptian 

, c r u d e s ,  th rough  a l l  t h e  v a r i o u s  i n t e r m e d i a t e s ,  i n t o  p l a s t i c s  and synthe- 
t i c  f i b e r s .  Such an  i n d u s t r y  w i l l  undoubtedly p rov ide  a u s e f u l  t o o l  f o r  
ach iev ing  t h e  coun t ry ' s  development p l a n s  and meeting t h e  a s p i r a t i o n s  of 
t h e  people .  

A s  mentioned above, Egypt c u r r e n t l y  h a s  no pe t rochemica l  p roduc t ion  
c a p a b i l i t y  and an o i l  r e f i n i n g  i n d u s t r y  which c o n s i s t s  of f a i r l y  s t r a i g h t -  
forward low g a s o l i n e  u n i t s  wi th  no c a t a l y t i c  c rack ing  f a c i l i t i e s .  This  
h a s  meant t h a t ,  t o  d a t e ,  t h e  f e e d s t o c k s  normal ly  a s s o c i a t e d  w i t h  a 
pe t rochemica l  i n d u s t r y  have n o t  been a v a i l a b l e  w i t h i n  t h e  coun t ry .  Th is  
s i t u a t i o n  w i l l  change wi th  t h e  i n s t a l l a t i o n  of t h e  Mostorod paraxy lene  
u n i t ,  t h e  a v a i l a b i l i t y  of d i s t i l l a t e s  from t h e  Helwan coker ,  and t h e  
planned a v a i l a b i l i t y  of e t h y l e n e  from a c r a c k e r  a t  Alexandria.  

The planning f o r  t h e  pet rochemical  i n d u s t r y  may b e  d i v i d e d  i n t o  two 
c a t e g o r i e s :  s y n t h e t i c  f i b e r  i n t e r m e d i a t e s  and bu lk  p l a s t i c s .  The f i r s t  
of  t h e s e ,  s y n t h e t i c  f i b e r s  i n t e r m e d i a t e s ,  c e n t e r s  upon t h e  p roduc t ion  of 
pa raxy lene  a t  t h e  Mostorod r e f i n e r y  n e a r  Ca i ro ,  and i t s  subsequent  
convers, ion t o  d i m e t h y l t e r a p h t h a l a t e  (DMT) a t  t h e  NASR r e f i n e r y  a t  
Alexandr ia .  The second ca tegory ,  b u l k  p l a s t i c s ,  w i l l  b e  based upon t h e  
development of a pet rochemical  complex a t  Alexandr ia  f o r  t h e  p roduc t ion  
of low-density p o l y e t h y l e n e  (LDPE), h igh-dens i ty  p o l y e t h y l e n e  (HDPE), 
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and p o l y v i n y l  c h l o r i d e  (PVC). The planning and e x e c u t i o n  of t h e  produc- 
t i o n  of t h e s e  two c a t e g o r i e s  of p roduc t s  w i l l  be  under taken by two 
s e p a r a t e  Egypt ian a u t h o r i t i e s ,  t h e  Egypt ian General  Petroleum Corpora t ion  
i n  t h e  c a s e  of t h e  f i b e r  i n t e r m e d i a t e s  and t h e  Petrochemical  P r o j e c t s  
Group i n  t h e  c a s e  of t h e  bu lk  p l a s t i c s .  Such a  s p l i t  i n  r e s p o n s i b i l i t y  
i s  probably t h e  b e s t  management method i n  view of t h e  q u i t e  d i f f e r e n t  
p r o c e s s e s  and p r o d u c t s  invo lved ,  and t h e  f a c t  t h a t  t h e  f i b e r  i n t e r m e d i a t e s  
r e f l e c t  expansion of e x i s t i n g  complexes whereas t h e  bu lk  p l a s t i c s  
r e q u i r e  t o t a l l y  new f a c i l i t i e s .  

In-country d i s c u s s i o n s  l e d  team members t o  b e l i e v e  t h a t  t h e  author-  
i t i e s  have decided upon p o l y e s t e r  a s  t h e  major s y n t h e t i c  f i b e r  f o r  Egypt 
because o f  i t s  s u p e r i o r  hand le  and comfort  q u a l i t i e s  i n  h o t t e r  c l i m a t e s ,  
i t s  good wear ing c h a r a c t e r i s t i c s ,  and i t s  a b i l i t y  t o  blend w i t h  c o t t o n  

\ 
and s o  u t i l i z e  e x i s t i n g  t e x t i l e  machinery. Thus, even though t h e  
coun t ry  has  modest f a c i l i t i e s  f o r  t h e  p roduc t ion  of rayon and nylon 6 ,  
t h e s e  w i l l  n o t  b e  expanded a s  t h e r e  is  a l r e a d y  a  p o l y e s t e r  p l a n t  under 
c o n s t r u c t i o n  and a  f u r t h e r  u n i t  of t h e  same s i z e  planned. These p l a n t s ,  
at. 25,000 t o n s / y r  apiece, are,  u n l i k e  t h e  e x i s t i n g  s y n t h e t i c  f i b e r  
p l a n t s ,  of world economic s i z e  and w i l l  r e q u i r e  some 57,000 t o n s / y r  of 
DMT. Although i n i t i a l l y  s u p p l i e s  of DMT w i l l  have t o  be  imported,  i t  is 
planned t h a t  t h e  pa raxy lene  e x t r a c t e d  and recovered a t  t h e  Mostorod 
r e f i n e r y  w i l l  be  conver ted t o  DMT a t  t h e  NASR r e f i n e r y .  

The p l a n t  t o  be  c o n s t r u c t e d  a t  Mostorod, w i l l  use  UOP, Parex,  and 
Isomar p r o c e s s e s  t o  s e p a r a t e  and p u r i f y  40,000 t o n s / y r  of pa raxy lene  
from t h e  r e f i n e r y  re fo rmate ,  ( s e e  f i g u r e  8 ) .  A t  t h e  t ime of t h i s  s t u d y ,  
t h e  c o n t r a c t  f o r  c o n s t r u c t i o n  of t h e  pa raxy lene  p l a n t  had n o t  been made 
p u b l i c ,  b u t  s t a r t - u p  i s  b e l i e v e d  t o  be  scheduled f o r  1982-1984. The 
l i q u i d  p roduc t  pa raxy lene  w i l l  t h e n  be  t r a n s p o r t e d  t o  t h e  NASR r e f i n e r y  
a t  Alexandr ia  f o r  p rocess ing  t o  DMT. Although t h e  c a p a c i t y  and p r o c e s s  
t o  be  used i n  t h e  proposed DMT p l a n t  i s  n o t  known t o  Gordian,  most 
probably  i t  w i l l  be based upon t h e  Wi t ten  p r o c e s s  a s  i t  is f o r  f i b e r  
g rade  p o l y e s t e r  and w i l l  have a  c a p a c i t y  of approximately  60,000 t o n s l y r ,  
i f  i t  is  t o  supply t h e  planned p roduc t ion  of p o l y e s t e r  and t o  u t i l i z e  
t h e  planned 40,000 t o n s / y r  of paraxylene.  The team was n o t  made aware 
of any p l a n s  t o  b u i l d  p l a n t s  f o r  t h e  p roduc t ion  of methanol o r  e t h y l e n e  
g l y c o l ,  t h e  o t h e r  major pet rochemical  i n t e r m e d i a t e s  r e q u i r e d  f o r  DMT and 
p o l y e s t e r  product ion.  There fore  i t  h a s  been assumed t h a t  a l l  g l y c o l  
requirements  w i l l  be  imported,  a s  w i l l  t h e  methanol r e q u i r e d  over  and 
above t h a t  r ecyc led  from t h e  p o l y e s t e r  p l a n t .  Many Middle E a s t e r n  
n a t i o n s  a r e  c u r r e n t l y  i n s t a l l i n g ,  o r  have p l a n s  t o  i n s t a l l ,  f a c i l i t i e s  
t o  produce methanol and e t h y l e n e  g l y c o l ,  and t h e r e f o r e  s u p p l i e s  should  
b e  r e a d i l y  a v a i l a b l e  i n  t h e  a rea .  

The development of t h e  bu lk  p l a s t i c s  s e c t o r  of t h e  pet rochemical  
i n d u s t r y  is  w e l l  i n  hand. It h a s  been designed t o  be  implemented i n  
t h r e e  phases ,  wi th  t h e  f i r s t  p l a n t ,  f o r  PVC p r o d u c t i o n ,  scheduled f o r  
commissioning i n  1981. D e t a i l s  of t h e  phases  a r e :  
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Phase I - Low-Density Po lye thy lene  (LDPE) 
High-Density Po lye thy lene  (HDPE) 
Po lyv iny l  Chlor ide  (PVC ) 

Phase I1 - Chlor ine  
Vinyl Chlor ide  Monomer (VCM) 

Phase I11 - Ethylene 

This  phasing is  based upon t h e  d e s i r e d  o r d e r  of p l a n t  i n s t a l l a t i o n  
and hence p roduc t  a v a i l a b i l i t y .  Thus, t h e  f i n a l  product  p l a n t s  f o r  t h e  
b u l k  p l a s t i c s  LDPE, HDPE, AND PVC w i l l  be  commissioned f i r s t ,  fo l lowed 
by t h e  i n t e r m e d i a t e  chemicals  f o r  t h e  PVC p l a n t ,  namely c h l o r i n e  and 
VCM, and f i n a l l y  t h e  e t h y l e n e  steam c r a c k e r .  N a t u r a l l y ,  u n t i l  t h e  
l a t t e r  p l a n t s  have been commissioned and are a b l e  t o  p rov ide  t h e  r e q u i r e d  
tonnages ,  t h e  e a r l i e r  phase p l a n t s  w i l l  be  provided w i t h  imported 
feeds tock .  Once a l l  of t h e  p l a n t s  have been commissioned, t h e  o n l y  
f e e d s t o c k s  r e q u i r e d  w i l l  be rock  sa l t  f o r  t h e  c h l o r i n e  e l e c t r o l y s i s  and 
naphtha f o r  t h e  steam cracker .  The former can b e  produced l o c a l l y ,  
e i t h e r  from d e s a l i n a t i o n  p l a n t s  o r  s a l t  e v a p o r a t i o n  ponds, w h i l e  t h e  
l a t t e r  is' a l r e a d y  a v a i l a b l e  from Egyptian r e f i n e r i e s  and,  t h e r e f o r e ,  
shou ld  pose no problem. When a l l  t h e  p l a n t s  a r e  i n  o p e r a t i o n ,  Egypt 
w i l l  have completed t h e  c h a i n  from crude  o i l  through p l a s t i c s .  

The technology which w i l l  be  used i n  a l l  new produc t ion  f a c i l i t i e s  
w i l l  be t h e  b e s t  a v a i l a b l e  a t  t h e  t ime of des ign .  Thus, t h e  new p l a n t s  
w i l l  r e f l e c t  t h e  norms f o r  energy c o n s e r v a t i o n  i n  t h e  Western world as 
of  t h e  t i m e  of des ign .  C l e a r l y ,  t h e  r e l e v a n t  a u t h o r i t i e s  w i l l  have t h e  
t a s k  of b a l a n c i n g  t h e  c a p i t a l  c o s t  of maximizing energy e f f i c i e n c y  w i t h  
t h e  energy s a v i n g  t o  be achieved and i ts  worth t o  Egypt. 

3 . 6 . 2  Assessment of c u r r e n t  energy demand and e f f i c i e n c y :  A s  
Egypt's pe t rochemica l  i n d u s t r y  e s s e n t i a l l y  i s  on ly  i n  t h e  p lann ing  
s t a g e ;  t h e r e  is  l i t t l e  o r  .no energy usage  c u r r e n t l y .  There a r e ,  i n  
f a c t ,  some s m a l l  f i r m s  i n  Egypt which produce p l a s t i c  p r o d u c t s ' f o r  t h e  
consumer market and are c u r r e n t l y  o p e r a t i o n a l .  They have been inc luded  
i n  t h e  chemical  i n d u s t r y  s e c t o r  as t h e y  are l a r g e l y  "conver ters" ,  
buying i n  p l a s t i c  c h i p  o r  powder f o r  blow o r  i n j e c t i o n  moulding. 

3 . 6 . 3  D i s c u s s i o n  of o p t i o n s :  It must be  recognized t h a t  develop- 
ment of t h i s  i n d u s t r y  w i l l  r e q u i r e  l a r g e  amounts of c a p i t a l  and energy ,  
i n  r e t u r n  f o r  which t h e  i n d u s t r y  w i l l  g e n e r a t e  r e l a t i v e l y  few d i r e c t  
employment o p p o r t u n i t i e s .  This s t a t e m e n t  can be  modif ied by n o t i n g  
t h a t ,  i n  g e n e r a l ,  t h e  n e a r e r  a p r o c e s s  is  t o  making t h e  f i n a l  a r t i c l e  
f o r  t h e  consumer, t h e  g r e a t e r  a r e  t h e  employment o p p o r t u n i t i e s  p e r  
d o l l a r  i n v e s t e d  w i t h i n  t h e  i n d u s t r y  m e  p o i n t  is w e l l  i l l u s t r a t e d  f o r  
Egypt by t h e  planned e t h y l e n e  u n i t  which w i l l  r f g u i r e  a t  l e a s t  a q u a r t e r  
of a b i l l i o n  d o l l a r s  ( i n  1978 terms) and 9 x 1 0  j o u l e s  o f  energy p e r  
annum y e t  w i l l  g e n e r a t e  no more than  500 jobs .  I n  c o n t r a s t ,  a  PVC p l a n t  
o f l ~ q u i v a l e n t  tonnage would c o s t  approximately  $100 m i l l i o n  and use  4 x 
10 j o u l e s  per  annum t o  g e n e r a t e  t h e  same number of jobs .  
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As  p r e s e n t l y  planned,  t h e  Egyptian pet rochemical  i n d u s t r y  w i l l  
t develop by producing f i r s t  LDPE, HDPE, PVC and p o l y e s t e r  f i b e r s ,  and 

t h e n  i n t e g r a t i n g  backwards i n t o  pa raxy lene ,  DMT, c h l o r i n e ,  VCM, and 
f i n a l l y ,  e t h y l e n e .  Recent p r e s s  announcements show t h a t  phase I ( t h e  
LDPE, HDPE and PVC complex) w i l l  be developed a s  a j o i n t  v e n t u r e  w i t h  
Montedison of I t a l y .  Work w i l l  beg in  on a 350-acre s i t e  n e a r  Alexandr ia  
i n  t h e  l a t t e r  h a l f  of 1978. The scheduled commissioning d a t e s  f o r  t h e  
v a r i o u s  p l a n t s  and an  e s t i m a t e  of t h e i r  c o s t s  i s  g i v e n  i n  t a b l e  27. 

That such a massive program should be  under taken i s  n o t  be ing  
ques t ioned ;  y e t  i f  energy u t i l i z a t i o n  is  t o  be  a s e r i o u s  c o n s i d e r a t i o n  
and a major de te rminan t  i n  f u t u r e  p lann ing ,  t h e n  t h i s  expansion should 
b e  reviewed a s  a major u s e r  of t h e  coun t ry ' s  l i m i t e d  energy r e s o u r c e s .  
The l a t t e r  phases  of t h e  program, p a r t i ' c u l a r l y  t h e  e l e c t r t o l y t i c  produc- 
t i o n  of c h l o r i n e  and t h e  c rack ing  of naphtha t o  p r ~ d u c f ~ e t h y l e n e ,  a r e  
l a r g e  energy u s e r s  which w i l l  account  f o r  some 11 x 1 0  j o u l e s  p e r  
annum o r  t h e  e q u i v a l e n t  o u t p u t  of one medium-sized thermal  power s t a t i o n .  
I f  t h e  energy v a l u e  of f e e d s t o c k  naphtha i s  added t o  t h e  convers ion  
energy ,  t h e  t o t a l  annual  energy used rises cons iderab ly .  

Not o n l y  w i l l  t h e  proposed p l a n t s  add t o  Egypt's energy burden,  b u t  
they  w i l l  b e  producing i n  d i r e c t  compet i t ion  t o  t h e  many o t h e r s  b e i n g  
planned f o r  t h e  Middle East .  These c o m p e t i t o r s ,  p r i n c i p a l l y  t h e  o i l - r i c h  
Arab n a t i o n s ,  w i l l  presumably b e  t h e  same n a t i o n s  t o  whom Egypt w i l l  
a p p e a l  t o  f o r  f i n a n c i a l  a s s i s t a n c e  f o r  t h e  proposed pe t rochemica l  
p r o j e c t s .  Many of t h e s e  states i n  c l o s e  p rox imi ty  t o  Egypt have g a s  
a v a i l a b l e  a t  minimal o p p o r t u n i t y  c o s t  and a r e  b u i l d i n g  l a r g e  expor t -  
o r i e n t e d  p l a n t s  t o  conver t  t h i s  low-value g a s  i n t o  marke tab le ,  i n t e r n a -  
t i o n a l l y - t r a d e d  pe t rochemica l s .  These developments a r e  h i g h l y  l o g i c a l  
and ensure  t h a t  many n a t i o n s  i n  t h e  Gulf a r e a  w i l l  be  look ing  f o r  
markets  f o r  t h e i r  p r o d u c t s  i n  t h e  f u t u r e .  Such n a t i o n s  would r e p r e s e n t  
s u p p l i e r s  who have t h e  added advantage of b e i n g  a b l e  t o  o f f e r  f i n a n c i a l  
a s s i s t a n c e  i n  exchange f o r  s e c u r e  markets.  

An o p t i o n  t h e r e f o r e ,  may b e  t o  r e d i r e c t  t h e  money c u r r e n t l y  d e s t i n e d  
f o r  t h e ,  l a t t e r  two phases  of pet rochemical  p roduc t ion  i n t o  chemical  
i n d u s t r i e s  t h a t  a r e  more l a b o r  and l e s s  energy i n t e n s i v e .  Chemical 
i n d u s t r i e s  i n  t h i s  ca tegory  a r e  f i n e  chemica l s ,  d r u g s ,  d y e - s t u f f s ,  
p l a s t i c i z e r s ,  c a t a l y s t s ,  f l a v o r i n g s ,  r e s i n s ,  d e t e r g e n t s ,  and perhaps ,  
c e r t a i n  rubber  p roduc t s .  These i n d u s t r i e s  have t h e  advantage of us ing  , 

l e s s  energy and c a p i t a l ,  w h i l e  p rov id ing  many more jobs  pe r  d o l l a r  
i n v e s t e d .  Moreover, t h e y  a r e  n o t  as r e l i a n t  on being grouped t o g e t h e r  
i n  major complexes, and t h e r e f o r e ,  can b e  used a s  t h e  n u c l e i  f o r  new 
i n d u s t r i a l  a r e a s .  A p a r t i c u l a r  advantage t o  Egypt's moving i n  t h i s  
d i r e c t i o n  i s  t h a t  t h e  many and v a r i e d  s k i l l s  of t h e  country 's  numerous 
p r o f e s s i o n a l  and s c i e n t i f i c  pe rsonne l  might b e  b e t t e r  u t i l i z e d .  

A second o p t i o n  worthy of c o n s i d e r a t i o n  by t h e  r e s p o n s i b l e  Egyptian 
a u t h o r i t y  would be t o  d e l a y  t h e  c o n s t r u c t i o n  of t h e  proposed LDPE p l a n t  
i n  o r d e r  t o  t a k e  advantage of t h e  new low-energy p r o c e s s e s  t h a t  a r e  
developing.  P roduc t ion  of LDPE i n  t h e  conven t iona l  p r o c e s s  t a k e s  p l a c e  
a t  extremely high p r e s s u r e s  (1,000 t o  3,000 atmospheres) and consequen t ly ,  
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PHAS E 
ESTIMATED CAPITAL COSTS ESTIMATED 
.START-UP CAPACITY COST I N  

ESTIMATED 
COST I N  

DATE (TONNES /YR) 1978 $ ACTUAL $ 

I - 
PVC Suspension 
PVC Compound 

LDPE 
HDPE 

JAN 1981 
JUNE 1981 

JAN 1982 90,000 123  x l o6  6 6 198 x l o 6  
JUNE 1982 50,000 41 x 10 66 x 10 

L I - 
~ h l  o r  i n e  / Caus t i c  JAN 1986 40,000 6 40 x lo6  6 94 x lo6 
VCM JAN 1986 60,000 39 x 1 0  92 x 10 

I11 - 
Ethylene JAN 1989 250,000 230 x 1 0  

6 
784 x 10 6 

TOTAL 568 x l o6  

DMT 

TOTAL 628 x lo6 

NOTES : 

(1 )  Cost e s t i m a t e s  assume t h a t  t h e  c o s t  of c o n s t r u c t i o n  i n  Egypt is  25% 
more expensive  t h a n  on t h e  U.S. Gulf c o a s t .  \ 

( 2 )  I n f l a t i o n  a t  8 p e r c e n t / y r  has  been assumed f o r  Egyptian c o n s t r u c t i o n  
c o s t s  when expressed i n  U.S. d o l l a r s .  

( 3 )  The c h l o r i n e  c a p a c i t y  h a s  been quoted on ly  f o r  t h e  c h l o r i n e / c a u s t i c  
p l a n t .  

( 4 )  I f  t h e  now low p r e s s u r e  p rocess  f o r  LDPE reaches  commercial s t a t u s  i n  
t ime,  t h i s  c a p i t a l  c o s t  may b e  reduced. 

( 5 )  Capaci ty  and s t a r t - u p  d a t a  f o r  t h e  DMT p l a n t s  were e s t i m a t e d  by Gordian. 



r e q u i r e s  l a r g e  amounts of energy f o r  compression d u t i e s .  A new p r o c e s s ,  
c u r r e n t l y  under commercial a p p r a i s a l  by Union Carb ide ,  i s  a g a s  phase 
p r o c e s s  which o p e r a t e s  a t  moderate p r e s s u r e s  of on ly  6 t o  20 atmospheres. 
It is claimed t h a t  t h i s  r educes  energy requ i rements  by a s  much a s  50 t o  
75 p e r c e n t .  The p r o c e s s ,  i f  s u c c e s s f u l ,  shou ld  be w e l l  proven and 
a v a i l a b l e  f o r  l i c e n s e  b y , t h e  e a r l y  1980's. Although i t  i s  a p p r e c i a t e d  
t h a t  a d e c i s i o n  t o  awai t  t h e  outcome of t r i a l s  of t h e  new p r o c e s s  might 
d e l a y  t h e  p l a n t  by a s  much as 5 y e a r s ,  i f ,  a s  seems l i k e l y ,  t h e  p l a n t  
p roves  commercially v i a b l e ,  t h e n  Egypt could  have one of t h e  e a r l i e s t  
low-energy, low-cost LDPE p l a n t s  and be  i n  an extremely s t r o n g  compe- 
t i t i v e  p o s i t i o n .  On t h e  o t h e r  hand, t o  commence i n s t a l l a t i o n  of a 
conven t iona l  h igh p r e s s u r e  p l a n t  i n  t h e  n e a r  f u t u r e ,  would mean a 
s t r o n g  p r o b a b i l i t y  of i t s  being commissioned j u s t  a t  t h e  t ime t h e  new, 
more e n e r g y - e f f i c i e n t  p l a n t s  were be ing  cons t ruc ted .  I f  t h e  claimed 
energy s a v i n g  of 75 p e r c e n t  could  be  achieved £or  t h e  90,000 t o n / y r  
p l f ~ t  planned f o r  i n  Egypt, t h e  energy saved would amount t o  1 x 
10 joules/annum, a s i g n i f i c a n t  amount. 

An o p t i o n  w i t h  a much s m a l l e r  e f f e c t  on energy u t i l i z a t i o n  concerns  
t h e  p l a n s  f o r  t h e  p o l y e s t e r  p roduc t ion  cha in  whereby t h e  pa raxy lene  w i l l  
b e  made a t  Mostorod n e a r  C a i r o ,  t r a n s p o r t e d  t o  t h e  NASR r e f i n e r y  a t  
Alexandr ia  f o r  convers ion  t o  DMT, and f i n a l l y ,  moved t o  t h e  p o l y e s t e r  
p l a n t  a t  Kafr E l  Dawar. The o v e r a l l  e f f e c t  of t h i s  s p l i t  is t o  add a t  
l e a s t  140 km t o  t h e  d i s t a n c e  t h e  p r i n c i p a l  product  must t r a v e l  and t o  
i n c r e a s e  by a m u l t i p l e ,  t h e  hand l ing ,  s t o r a g e ,  and c o o r d i n a t i o n  problems. 
C l e a r l y ,  i t  would s i m p l i f y  t h e  whole procedure  were t h e  pa raxy lene  t o  be  
conver ted  t o  DMT a t  Mostorod and i h e n  go d i r e c t l y  t o  t h e  p o l y e s t e r  
p l a n t .  O f f s e t t i n g  t h e  advantages  genera ted  by t h e  s i m p l i f i e d  scheme i s  
t h e  f a c t  t h a t  methanol,  produced a s  a byproduct of t h e  p o l y e s t e r  p rpcess ,  
would have t o  be  t r a n s p o r t e d  t o  t h e  DMT p l a n t  a t  Mostorod i n c a i r o ,  a 
d i s t a n c e  of approximately  190 km, i n s t e a d  of going t o  Alexandr ia  some 
80 km away. E s t a b l i s h i n g  t h e  n e t  energy and c o s t  sav ings  of t h e  a l t e r -  
n a t i v e  scheme r e q u i r e s  d e t a i l e d  a n a l y s i s .  

Makeup methanol r e q u i r e d  f o r  t h e  DMT p r o c e s s  presumably w i l l  be  
imported,  a s  i t  w i l l  c o n s t i t u t e  a requirement  of no more than  5,000 
t o n s / y r .  Notwiths tanding,  t h i s  methanol could undoubtedly b e  produced 
i n  Egypt from n a t u r a l  gas.  Moreover, a s  methanol is be ing  promoted by 
many e x p e r t s  a s  a convenient  way of i r a n p o r t i n g  energy,  i t s  produc t ion  
f o r  u s e  a s  a chemical  f e e d s t o c k  and t r a n s p o r t a b l e  energy form i s  an  
o p t i o n  open t o  t h e  pet rochemical  i n d u s t r y  which shou ld  be  considered.  
D e s p i t e  i t s  f a s h i o n a b l e  a p p e a l ,  however, i t s  s t a t u s  a s  a world t r a d e d  
energy s o u r c e  must remain i n  c o n s i d e r a b l e  doubt u n t i l  some major u s e r s ,  
such a s  u t i l i t y  companies i n  t h e  United S t a t e s ,  c o n v e r t  s i g n i f i c a n t  
p r o p o r t i o n s  of t h e i r  p l a n t s  t o  methanol usage. Without such an assured  
e x p o r t  market ,  a  producer  would have t o  look t o  l o c a l  demand t o  under- 
w r i t e  h i s  investment .  For Egypt, w i t h  i t s  l i m i t e d  energy r e s o u r c e s ,  a 
countrywide power g r i d ,  and f a i r l y  widespread n a t u r a l  g a s  s u p p l i e s ,  i t  
would no t  be  a meaningful  o p t i o n  t o  conver t  g a s  t o  methanol f o r  t r a n s p o r t  
t o  t h e  more remote a r e a s .  Ra ther ,  t h e  h igh  energy u s e r s  shou ld  be  
l o c a t e d  w i t h  due r e g a r d  t o  t h e  a v a i l a b l e  energy sources .  A s  a chemical  
f e e d s t o c k ,  methanol 's  p r i n c i p a l  l i m i t a t i o n  is  t h a t ,  a l though  a widely- 
used chemical ,  i t  does n o t  have any h i g h  volume u s e s  upon which a 
count ry  l i k e  Egypt could  b a s e  major i n d u s t r i a l  development. 
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I n  summary, i f  t h e  f i r s t  two of t h e  o p t i o n s  d i s c u s s e d  above were t o  
. b e  implemented, they  would reduce t h e  Fyergy requirement  of t h e  planned 
pe t rochemica l  i n d u s t r y  by some 12  x 10 joules/annum b e s i d e s  r e l e a s i n g  
about t h r e e  q u a r t e r s  of a  m i l l i o n  tonnes  of naphtha which would have 
been needed a s  feeds tock .  

3.6.4 P r o j e c t i o n  of energy e f f i c i e n c y  : Beyond t h e  above-mentioned 
p l a n s ,  no f i r m  d e c i s i o n s  a s  t o  t h e  f u t u r e  of t h e  pet rochemical  i n d u s t r y  
have been made. Mention has  been made of polypropylene,  b u t a d i e n e ,  
dodecylbenzene,  and propylene t e t r a m e r  a s  being t h e  nex t  l o g i c a l  group 
of p roduc t s  f o r  t h e  i n d u s t r y  t o  c o n s i d e r .  I n t e r e s t i n g l y ,  dur ing  d i scus -  
s i o n s  i n  Egypt,  no mention was made of t h e  e x t e n t  t o  which t h e  byproducts ,  
which w i l l  be produced i n  t h e  e t h y l e n e  c r a c k i n g  o p e r a t i o n ,  w i l l  be  
recovered.  The economics of modern steam c r a c k e r s  based on naphtha a r e  
such t h a t  byproduct recovery needs  t o  be maximized. That means f i n d i n g  
a  market f o r  b u t a d i e n e ,  propylene,  and t h e  a romat ics .  In Egypt, t h e s e  
p roduc t s  would p rov ide  t h e  f e e d s t o c k s  r e q u i r e d  f o r  t h e  kind of p roduc t s  
sugges ted  a s  t h e  n e x t  g e n e r a t i o n  of pet rochemical  development. 

The t r e a t m e n t ,  s e p a r a t i o n ,  and p u r i f i c a t i o n  of t h e  coke p l a n t  
d i s t i l l a t e s  (pheno l ,  c r e s o l s ,  and c rude  naphthalene)  would appear  t o  be 
a f i r m  p r o j e c t  f o r  t h e  n e a r  f u t u r e .  Aside from t h i s ,  l i t t l e  i s  known 
about t h e  f u t u r e  p l a n s  f o r  pe t rochemica l s ,  a l though  i t  i s  b e l i e v e d  t h a t  
p roduc t ion  of 2,000 t o n n e s l y r  of a n t h r a  quinone and 1,200 t o n n e s l y r  of 
.dodecylbenzene a r e  envisaged.  Nothing i s  known of t h e  planned p r o c e s s  
o r  s t a r t - u p  d a t e  f o r  t h e s e  p r o j e c t s ,  however, i t  i s  b e l i e v e d  t h a t  a t  
l e a s t  some a r e  t o  b e  based on t h e  s e p a r a t i o n  and e x t r a c t i o n  of t h e  
components of coker d i s t i l l a t e s .  There fore ,  t h e  energy d u t y  i s  u n l i k e l y  
t o  b e  l a r g e .  

For a l l  pe t rochemica l  development, i t  must b e  assumed t h a t  a l l  
p l a n t s  w i l l  be i n s t a l l e d  t o  t h e  b e s t  modern s t a n d a r d s  a t  t h e  t ime of 
des ign ,  t h i s  a p p l i e s  e q u a l l y  t o  energy e f f i c i e n c y  and p rocess  r o u t e .  

It should be c l a r i f i e d  a t  t h i s  j u n c t u r e  t h a t  t h e r e  is  no such t h i n g  
a s  a n  energy e f f i c i e n c y  f o r  t h e  pet rochemical  i n d u s t r y .  The petrochem- 
i c a l  i n d u s t r y  is  a  heterogeneous  grouping of many p r o d u c t s  made by many 
d i f f e r e n t  methods. It is  simply n o t  meaningful t o  group them a l l  
t o g e t h e r  t o  d e r i v e  a f i g u r e  f o r  t h e  "energy r e q u i r e d  per  tonne of 
pet rochemical  production." Energy e f f i c i e n c i e s  a r e  de r ived  i n  t a b l e  28 
on a  product-by-product b a s i s .  These e f f i c i e n c i e s  a r e  based on c u r r e n t l y  
a t t a i n a b l e  e f f i c i e n c i e s  and might b e  t h e  l e v e l  Egyptian i n d u s t r y  can - 
expec t  t o  ach ieve  i f  t h e y  o p e r a t e  t h e i r  p l a n t s  t o  normal e f f i c i e n c y  
l e v e l s .  As Egypt's pet rochemical  p l a n t s  beg in  t o  a g e ,  n e a r  t h e  end of 
t h e  c e n t u r y ,  t h e s e  e f f i c i e n c i e s  may b e  expected t o  f a l l  by 10 t o  1 5  
p e r c e n t  and perhaps more i f  maintenance is n o t  of a  h i g h  s tandard .  



TABLE 28 

PETROCHEMICAL INDUSTRIES ENERGY REQUIREMENTS 

EGYPTIAN ENERGY USAGE GORDIAN ENERGY ESTIMATE 
POWER FUEL GAS ANNUAL ENERGY ANNUAL 

PROJECTS CAPACITY (MW) OIL ( k c a l / h r )  ENERGY EFFffjIENCY ENERGY 
(TPH REQUIREMENT (10 JOULES REQYfREMENT 

(JOULES ) PER TONNE) ( 10 JOULES ) 

PVC S u s p e n s i o n  000 
PVC Compound 

10 

LDPE 
HD PE 

PHASE I TOTAL 44 6 3.5x106 3 . 1 ~ 1 0  
15 2.8 

~ h l o r i n e / C a u s t i c  40,000 10 19 7.5x106 6 . 6 ~ 1 0  4.4 1.8 
15 

VCM 60,000 1.3 0.8 

15 PHASE I AND I1 TOTAL 5 4 25 11 9,7 x 10 5.4 

E t h y l e n e  250,000 9 3.5 8.8 

PHASE I, I1 AND 111 TOTAL 63 2 5 14.2 

P a r a - x y l e n e  40,000 
DMT 60,000 
OTHERS 

PETROCHEMICAL TOTAL 



TABLE 28 (continued) 

NOTES : 

(1) Average power usage assumed a t  90% of MW r a t i ng .  

( 2 )  Product ive hours f o r  cont inously operated p l a n t s  were assumed 
a t  7,920 hours  per  year.  

(3) Net c a l o r i f i c  va lue  of f u e l  o i l  was taken a s  40 x 10 9 

jou les / tonne  (9,650 Kcallkg) . 
(4)  The major discrepancy between t h e  two sets of energy usage 

f i g u r e s  f o r  t he  c h l o r i n e / c a u s t i c  and VCM p l a n t  is  a t t r i b u t e d  
t o  t h e  f a c t  t h a t  t he  f u e l  usage f i g u r e  suppl ied may inc lude  
t h a t  used f o r  f i r i n g  b o i l e r s  and f o r  power generat ion.  

(5) The steam cracker  feedstock was assumed t o  be  f u l l  range 
naphtha. 

( 6 )  Steam cracker  gas  w i l l  be used both i n  t h e  furnaces  and t o  
d r i v e  a  10 MW o n s i t e  power s t a t i o n .  Hence although no a c t u a l  
gas  usage was given,  a  po r t i on  of t h e  feedstock i s ,  i n  e f f e c t ,  
burned a s  f u e l .  

(7\) The energy usage f i g u r e s  given by t h e  Egyptians f o r  t h e  LDPE, 
HOPE and PVC p l a n t s  were based on product ion r a t e s  of 100,000, 
300,000, and 800,000 tonnes/yr ,  r e spec t ive ly .  However, s i n c e  
the  energy usages were no t  given f o r  each process  i nd iv idua l ly ,  
t h e  minor adjustments necessary t o  r e f l e c t  t h e  new tonnages 
could not be ca lcu la ted .  

18) "Others" i nc ludes  t h e  recovery and opera t ion  of t h e  coker . d i s t i l l a t e s  p lan t .  

(9) For paraxylene production, i t  was assumed t h a t  t he  paraxylene 
c o n s t i t u t e s  50% by weight of t h e  product stream. 
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3.6.5 F o r e c a s t  ene  requirements  f o r  1985 and 2000: The energy 
requirement  of 5.0 x l O ~ ? o u l e s  a s  f o r e c a s t  i n  t a b l e  29 f o r  1985 i s  
b e l i e v e d  reasonab le  and can b e  assumed a s  t h e  most l i k e l y  maximum demand 
a s  of t h a t  d a t e .  For f o r e c a s t s  t h e r e a f t e r ,  t h e  l a c k  of any d e t a i l e d  
p l a n s  o r  even d e s i r e d  p roduc t ion  f i g u r e s  d i saggrega ted  on a product-by- 
product '  b a s i s  makes a denumerable p r e d i c t i o n  impossible .  The f i g u r e s  
shown i n  t a b l e  28 must b e  regarded as t h e  a b s o l u t e  minimum demand on t h e  
assumption t h a t  no p l a n s ,  o t h e r  than those  a l r e a d y  envisoned,  a r e  
brought  t o  f r u i t i o n .  S ince  t h e  c u r r e n t  5-year p lan  o n l y  c o v e r s  t h e  
p e r i o d  through t o  1982 and t h e  f i r m  p l a n s  of t h e  Petrochemical  Group 
ex tend  no f u r t h e r  than  1989, c o n j e c t u r e  as t o  f u t u r e  demand is  n o t  
p o s s i b l e  o t h e r  than  on a h i g h l y ' s p e c u l a t i v e ,  assumed growth rate 
b a s i s .  The r e p r e s e n t a t i v e  energy usage by t y p e  i s  p r e s e n t e d  i n  t a b l e  
30. 

I n  summary, t h e r e f o r e ,  t h e  es t imated  energy demand of, 5.0 x 1 0  1 5  

joules/annum by 1985 may b e  assumed as reasonab le .  For t h e  year  2000, 
i t  can  o n l y  b e  s a i d  t h a t  i f -  a l l  t h e  enyfsoned p l a n s  m a t e r i a l i z e ,  t h e  
demand w i l l n o t  b e  less t h a n  16.6 x 1 0  joules/annum. 



TABLE 29 

FORECAST ANNUAL ENERGY REQUIREMENTS FOR EGYPT'S 
PETROCHEMICAL INDUSTRY 

ANNUAL ENERGY REQUIREMENTS (JOULES x l o L 5 )  DIRECT 
1975 1985 2000 EMPLOYEES 

PVC Suspension - 
and Compounding - 
LD PE - 
HDPE - 

~ h l o r i n e / C a u s t i n  - 
VCM - 

I 
Ethylene - 

1 

SUB-TOTAL - 2.8 14.2 234 
I 

DMT 
paraxy lene  

Others  - 1.0 ? 

TOTAL 5.0 unknown 

NOTES: 

(1)  A s  t h e  f i g u r e s  f o r  t h e  y e a r  2000 i n c l u d e  on ly  t h e  p l a n t s  c u r r e n t l y  
p lanned,  c l e a r l y ,  t h e  e n e r g y . r e q u i r e m e n t s  w i l l  be  h i g h e r  than  shown 
when p l a n s  f o r  t h e  p e r i o d  1989-2000 a r e  f u l l y  developed'and imple- 
ment ed . 

( 2 )  The f i g u r e  f o r  employment c o n s i s t s  o n l y  of p l a n t  o p e r a t i n g  l a b o r  
and s u p e r v i s i o n  d i r e c t l y  a s o c i a t e d  w i t h  t h e  p r o d u c t i o n ,  s t o r a g e  and 
a s s o c i a t e d  d i s p a t c h  of t h e  p r o d u c t s  and byproducts .  I f  maintenance,  
s i t e  s e r v i c e s ,  and a d m i n i s t r a t i o n ,  e t c .  and a  f a c t o r  f o r  t h e  h i g h e r  
manning l e v e l s  p r e v a l e n t  i n  Egypt were taken  i n t o  c o n s i d e r a t i o n ,  t h e  
t o t a l  l a b o r  f o r c e  employed a s  a  r e s u l t  of t h e  f i r s t  seven p r o j e c t s  
would be  approximate ly  2,000. 

(3 )  Energy e s t i m a t e s  f o r  DMT and pa raxy lene  assume 25,000 t o n s / y r  DMT 
p r o d u c t i o n  by 1985 and 50,000 t p a  DMT by yea r  2000. 



TABLE 30 

, 
REPRESENTATIVE ENERGY USAGE BY TYPE 

Product 

PVC 
HDPE 
LD PE 
Chlor ine ICaus t in  
VCB 
Ethylene 
Dm 

Est imate  of X Energy Used a s  
Power Fue l  

10 90 
5 0 50 
40 60 
30 70 
10 90 
1 99 
10 90 

NOTE 

(1) The r a t i o  f o r  LDPE produc t ion  may v a r y  enormously depending upon 
t h e  p r i n c i p l e  energy form used t o  d r i v e  t h e  compressors. The above 

. f i g u r e s  assume e l e c t r i c  d r i v e r s .  

( 2 )  The r a t i o  may v a r y  widely  from p l a n t  t o  p l a n t  depending upon t h e  
u t i l i t y  b a l a n c e  on t h e  s i te ,  t h e  e x i s t e n c e  of cogenera t ion ,  o r  h e a t  
recovery f a c i l i t i e s .  

(3)  Assume e l e c t r i c  power purchased from t h e  g r i d  and no a l lowances  f o r  
power p l a n t  i n e f f i c i e n c y  . 



3.7. T e x t i l e s  

3.7.1 Background: The t e x t i l e  i n d u s t r y  i s  one of t h e  major 
i n d u s t r i e s  i n  Egypt, a s  w e l l  a s  being one of t h e  o l d e s t .  It accounts  
f o r  about 50 p e r c e n t  of employment i n  t h e  i n d u s t r i a l  s e c t o r ,  and i n  1974 
provided 52 p e r c e n t  of t h e  p roduc t ion  v a l u e  of t h e  s e c t o r  a s  a  whole and 
43 p e r c e n t  of expor ted manufactured goods. The i n d u s t r y  n a t u r a l l y  h a s  
been based around c o t t o n  and c o t t o n  p r o c e s s i n g ,  p a r t i c u l a r l y  long  and 
extra- long s t a p l e .  Although rayon h a s  been produced s i n c e  1947, emphasis 
h a s  been g iven  t o  s y n t h e t i c  f i b e r s  o n l y  r e l a t i v e l y  r e c e n t l y ,  and p l a n s  

, a r e  underway f o r  a  major expansion i n  t h i s  a r e a .  

Desp i te  i t s  importance a s  an expor t  e a r n e r ,  p roduc t ion  of c o t t o n  i n  
Egypt decreased i n  t h e  e a r l y  1970's due t o  Government p o l i c i e s  of 
reducing c o t t o n  growing a r e a s  and swi tch ing  them t o  food product ion.  A t  
t h e  same t ime ,  a  h igh  domestic demand h a s  meant t h a t  e x p o r t s  have 
s u f f e r e d ,  e.g. ,  Egypt's quotas  f o r  t e x t i l e s  t o  t h e  Uni ted S t a t e s  and t h e  
European Economic Community have n o t  been f i l l e d .  I n  t h i s  s i t u a t i o n ,  
t h e  i n d u s t r y  w i l l  have t o  look  t g  s y n t h e t i c s  and imported lower q u a l i t y  
c o t t o n  t o  s a t i s f y  t h e  l o c a l  market i n  o r d e r  t o  f r e e  t h e  h i g h e r  q u a l i t y  
long s t a p l e  c o t t o n  f o r  e x p o r t  markets.  

The t e x t i l e  i n d u s t r y  covers  a  range of a c t i v i t i e s  such a s  sp inn ing ,  
weaving, c o n v e r t i n g ,  k n i t t i n g  and garment manufacture.  Cotton g inn ing  
a l s o  i s  +considered i n  t h i s  s e c t o r ,  a l though  s t r i c t l y  speaking i t  is  an 
a g r i c u l t u r a l  a c t i v i t y .  I n  t h i s  s e c t o r ,  more than  most,  t h e  a v a i l a b i l i t y  
of d a t a  is  v e r y  l i m i t e d  and u n r e l i a b l e  i n  view of t h e  l a r g e  number of 
s m a l l  companies involved.  Since  the  n a t i o n a l i z a t i o n  of t h e  t e x t i l e  
i n d u s t r y  i n  1961, a l l  sp inn ing  and c o n v e r t i n g ,  70 p e r c e n t  of weaving, 45 
p e r c e n t  of k n i t t i n g ,  and 30  p e r c e n t  of garment manufactur ing have been 
p a r t  of t h e  publ ic* s e c t o r ,  t h e  b a l a n c e  being c a r r i e d  ou t  by hundreds of 
s m a l l  companies i n  t h e  p r i v a t e  s e c t o r .  S t a t i s t i c s  on consumption and 
p roduc t ion  need t o  b e  t r e a t e d  w i t h  c a u t i o n  i n  view of t h e  e f f e c t s  of 
f a b r i c  smuggling and the-  f a c t  t h a t  l i t t l e  d a t a  on energy usage h a s  
been kep t .  Accordingly,  i n  t h e  e v a l u a t i o n  below, t h e  d a t a  used h a s  been 
based mainly  on t h e  s t a t i s t i c s  of p u b l i c  s e c t o r  companies. 

Data on t h e  p roduc t ion  of t h e  major s e c t i o n s  of t h e  t e x t i l e  i n d u s t r y  
a r e  shown i n  t a b l e  31. A s  can be  seen  from t h i s  t a b l e ,  c o t t o n  accounts  
f o r  t h e  major ou tpu t  i n  t h e  i n d u s t r i e s .  D e t a i l s  of c o t t o n  p roduc t ion ,  
p r o d u c t i v i t y  and s a l e s  a r e  shown i n  t a b l e  32. Produc t ion ,  consumption, 
i m p o r t a t i o n ,  and e x p o r t a t i o n  of t e x t i l e  f a b r i c s  a r e  shown i n  t a b l e  33. 
Fur the r  comments of s p e c i f i c  s e c t i o n s  of t h e  i n d u s t r y  fo l low.  

Cot ton Ginning: This  a s p e c t  of tHe i n d u s t r y  comes under t h e  
Egyptian Cotton General  Organ iza t ion  (ECGO), which i s  t h e  ho ld ing  
company f o r  12 s u b s i d i a r y  companies: f i v e  f o r  g i n n i n g ,  s i x  f o r  c o t t o n  
e x p o r t i n g ,  and one f o r  p r e s s i n g  c o t t o n  b a l e s  f o r  expor t .  The f i v e  
g inn ing  companies ( t h r e e  of which a r e  l o c a t e d  i n  Alexandr ia)  each 
o p e r a t e  from twelve t o  f i f t e e n  g i n n e r i e s .  



TABLE 31 

OUTPUT OF MAJOR SECTIONS OF THE TEXTILE INDUSTRY 

(Metr ic  Tonnes) 

Cotton Yarn 182,000 179,000~ 186,000 
Cot ton T e x t i l e s  118,000 120,000 141,000 
Wool Yarn 12,000 12,000 
Wool T e x t i l e s  4,000 3,500 
S y n t h e t i c  Yarn 10,000 10,000 
S y n t h e t i c  T e x t i l e s  23,000 22,000 

Source:  1973 and. 1974 GOFI, M i n i s t r y  of I n d u s t r y ,  1975 World Bank 
Es t imates .  

TABLE 32 

THE TEXTILE INDUSTRY I N  EGYPT-PRODUCTION AND SALES STATISTICS 

Number of S p i n d l e s  (000) 1 ,501 
Number of Looms (000) 25.5 
P r o d u c t i o n  of Cot ton Products :  
- Cot ton  Yarn (000 tonnes )  157.5 
- Cot ton  F a b r i c s  (000 tonnes )  92.7 
- Average Cotton Count 24.2 
- P r o d u c t i o n  per  Sp ind le  ( k g l y r )  105.0 

Consumption of Cot ton Products :  
- Cot ton  Yarn: % Local  76 

% Export 2  4  
- Cotton F a b r i c s :  % Local  8  1 

X Export  19 

Source:  Yearbook of t h e  F e d e r a t i o n  of Egypt ian I n d u s t r i e s ,  1973, and 
World Bank Es t imates  f o r  1975. 

* I n c l u d i n g  >imports .  



TABLE 33 

PRODUCTION, COMSUMPTION, IMPORTS AND EXPORTS OF TEXTILE FABRICS I N  EGYPT 

PUBLIC SECTOR 
AVAILABLE FOR HOME MARKET 

Apparent  Cocsumption 
Production--- ------ Imports----- Expor t s  ------- Woven------ Kni t t ed  P r 2 ~ a t e  S e c t o r  Grand P o p u l a t i o n  ,pe r  C a p i t a  

Year  C o t t o n  Other  T o t a l  C o t t o n  Other  T o t a l  C o t t o n  Cot ton-  O t h e r  T o t a l  Cot ton  K n i t t e d  6 Woven Total ( m i l l i o n )  
L 

---- ---- --- - -m kg 

Source :  EGOSW and Werner I n t e r n a t i o n a l  Management' C o n s u l t a n t s  In te r im Repor t ,  October 1975. 

Notes:  

1. I n c l u d i n g  s y n t h e t i c  f a b r i c s  sumggled i n t o  the  c o u n t r y  ( e s t i m a t e d ) .  
2. There is some expor t  of  c l o t h i n g  bu t  n o t  f a b r i c s  from t h e  p r i v a t e  s e c t o r ;  a c t u a l  f i g u r e s  a r e  nor  a v a i l a b l e .  
3. Excluding j u t e  and flax. 
4. Est imated.  



I n  Eglpt  t h e  i n d u s t r y  was geared t o  supp ly ing  t h e  needs of t h e  
Uni ted Kingdom t e x t i l e  i n d u s t r y  and grew a t  a v e r y  r a p i d  r a t e .  By 1950 
t h e r e  were 105 g i n n e r i e s  w i t h  6,475 g i n s t a n d s ,  b u t  t h i s  over  c a p a c i t y  
had g r a d u a l l y  been reduced t o  73 g i n n e r i e s  w i t h  about  4,700 g ins tands .  
Most of t h e s e  a r e  v e r y  o l d  o p e r a t i o n s ,  on ly  t h r e e  having been c o n s t r u c t e d  
i n  t h e  p a s t  30 years .  The i n d u s t r y  is  bad ly  i n  need of modernizat ion.  

Spinning and Weaving: There a r e  a t  p r e s e n t  30 companies i n  t h e  
p u b l i c  s e c t o r  which were i n c o r p o r a t e d  i n t o  t h e  Egypt ian General  Organi- 
z a t i o n  f o r  Spinning and Weaving (EGOSW) u n t i l  1975 and a r e  now d i r e c t l y  
r e s p o n s i b l e  t o  t h e  M i n i s t r y  of I n d u s t r y .  These companies had combined 
s a l e s  of bE 401 m i l l i o n  and employed 266,000 peop le  i n  1974. They 
account  f o r  100 p e r c e n t  of t h e  s e c t o r  o u t p u t  of y a r n  and 70 p e r c e n t  of 
f a b r i c s .  

F in i sh ing :  Only l i m i t e d  d a t a  f o r  f i n i s h i n g  i s  a v a i l a b l e  from t h e  
p u b l i c  s e c t o r ,  where 18 f i n i s h i n g  comp n i  s dominate t h e  market. I n  S 
1977 t h e s e  companies ,produced 731 x  10 m . Of t h i s  t o t a l ,  two 
companies (who s p e c i a l i z e  i n  f i n i s h i n g  o n l y )  have some 26 percen t  of t h e  
magkeg. They a r e  MISR E l  Beida Dyers w i t h  a p r o d u c t i o n  i n  1977 of 135 x  
10 m and C a i r o  Dyeing and F i n i s h i n g  w i t h  a  1977 produc t ion  of 55 x 
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10 m . The o t h e r  companies a r e  f u l l y  i n t e g r a t e d ,  doing s p i n n i n g  
and weaving a s  w e l l  a s  f i n i s h i n g .  

K n i t t i n g :  The k n i t t i n g  s e c t o r  is dominated by t h e  p u b l i c  s e c t o r  
which h a s  some 60 p e r c e n t  of t h e  market. There a r e  676 k n i t t i n g  machines, 
a l l  of t h e  c i r c u l a r  type.  However, t h e  p r i v a t e  s e c t o r  i s  s u p e r i o r  i n  
numbers of machines. The cut-and-sew s e c t o r  i s  r e p r e s e n t e d  by seven o r  
e i g h t  companies i n  t h e  p u b l i c  s e c t o r  and t h e  f ive -year  p l a n  c a l l s  f o r  an  
a d d i t i o n a l  s i x .  An e s t i m a t e  of p r i v a t e  s e c t o r  i n t e r e s t  i n  t h i s  s u b s e c t o r  
h a s  n o t  been p o s s i b l e .  However, they  appear  t o  be a  s m a l l  f o r c e  i n  t h e  
volume garments b u t  a  dominating f a c t o r  i n  t h e  t a i l o r i n g  bus iness .  

S y n t h e t i c s :  S y n t h e t i c  t e x t i l e s  a r e  a growing market,  and i t  is  
expected t h a t  Egypt w i l l  f o l l o w  t h e  worldwide t r e n d  towards use of 
p o l y e s t e r  and p o l y e s t e r - c o t t o n  blends .  Apart  from a  s m a l l  p l a n t  i n  
Ca i ro  (ESCO) which manufactures  5 tonnes/day,  s y n t h e t i c  f i b e r s  a r e  
whol ly  manufactured by t h e  MISR Rayon Company i n  Kafr E l  Dawar. A l l  
immediate p l a n s  f o r  expansion i n  t h e  s e c t o r  a r e  concen t ra ted  on t h i s  
p l a n t .  A t  p r e s e n t  t h e  p l a n t  manufactures  rayon and nylon. P o l y e s t e r  
w i l l  a l s o  b e  manufactured.  

The company s t a r t e d  p roduc t ion  of rayon i n  1947. P r e s e n t l y  c a p a c i t y  ' 8 

f o r  rayon is  t h i r t e e n  tonneslday of f i l a m e n t  w i t h i n  a  d e n i e r  range of 75 
t o  300 De. The t y p e s  manufactured i n c l u d e  wool and c o t t o n  i n  d i f f e r e n t  
c o l o r s .  P r o d u c t i o n  is b o t h  b a t c h  (12 l i n e s )  and cont inuous .  No h i g h  
n e t  modulus g rades  are produced. I n  a d d i t i o n ,  t h e  p l a n t  manufactures 
o r d i n a r y  and moisture-proof c e l l a p h a n e  (6 tonnes/day) .  A u x i l i a r y  p l a n t s  
manufacture  s u l f u r i c  a c i d  (60 tonnes/day)  and carbon d i s u l f i d e  (12 
tonnes/day) .  Ammonium s u l f a t e  is produced a s  a byproduct.  A s p i n n i n g  
p l a n t  i s  under c o n s t r u c i o n  w i t h  a  c a p a c i t y  f o r  20 tonnes  of b lended 
s t a p l e  (wi th  c o t t o n  o r  p o l y e s t e r ) .  I n  commercial terms,  t h e  market f o r  
rayon s t a b l e  f i b e r  h a s  been poor,  b u t  t h e  s i t u a t i o n  i s  improving a s  
c o t t o n  p r i c e s  rise. 



The raw m a t e r i a l  used is  wood pu lp ,  imported i n  s h e e t s  from Scandi- 
nav ia  and North America. High g rade  (96 p e r c e n t  c e l l u l o s e )  is used f o r  
f i l a m e n t  and low g r a d e  (90 p e r c e n t  c e l l u l o s e )  f o r  s t a p l e .  Consumption 
of wood pu lp  i s  approximately  1.6 tonnes  of pu lp / tonne  of product  
f i l a m e n t .  S t u d i e s  have been c a r r i e d  ou t  t o  c o n s i d e r  a l t e r n a t i v e  sources  
of raw material such a s  b a g a s s e ,  r i c e  s t r a w ,  poor q u a l i t y  c o t t o n ,  and 
p i n e  need les ,  However, many of t h e s e  s t u d i e s  were c a r r i e d  ou t  i n  t h e  
l a t e  1950's and e a r l y  1960°s ,  and b lends  such a s  c o t t o n  wi th  wood p u l p  
were n o t  cons idered .  S u l f u r  is imported from I r a q ,  and c a u s t i c  soda 
(of which 10,000. tonnes lyear  is  used) is brought  i n  from t h e  p l a n t  n e a r  
Alexandr ia  a s  w e l l  a s  be ing  imported. 

The p rocess  d e s i g n  was o r i g i n a l l y  by Oskar Kohorn, b u t  t h e  p l a n t - i s  
being redesigned by Cetex of France ( s e e  f i g .  9, 10, 11) .  Eguipment 
c o n s i s t s  of 6,400 s p i n n i n g  p o s i t i o n s  f o r  t h e  rayon f i l a m e n t .  The 
o r i g i n a l  Westinghouse motors '  (which a r e  no longer  manufactured) a r e  
being rep laced  by Siemens and Kuiki.  

I 
Est imated p roduc t ion  of rayon is 68 p e r c e n t  f i r s t  g rade ,  27 p e r c e n t  

second grade  and 5  p e r c e n t  t o  6  p e r c e n t  i n f e r i o r  q u a l i t y .  Current  
p roduc t ion  l e v e l  i s  100 p e r c e n t  of c a p a c i t y  f o r  f i l a m e n t  and about 50 
p e r c e n t  of c a p a c i t y  f o r  s t a p l e .  P lans  have been made t o  s h u t  down rayon 
produc t ion  i n  t h e  p l a n t  by 1985 and r e p l a c e  it  w i t h  t h e  p roduc t ion  of 
p o l y e s t e r .  

The ny lon  p l a n t  manufactures  1.6 tonnes lday  of s t a p l e  and 1 .3  
tonnes lday  of f i l a m e n t  nylon (De 40  and D e  70 Nylon 6  g r a d e ) .  A conven- 
t i o n a l  h o t  m e l t  s p i n  sys tem w i t h  draw t w i s t i n g  machines i s  used on t h e  
Zimmer des ign .  The p l a n t  h a s  a po lymer iza t ion  u n i t  and a l s o  imports  
c h i p s  from BASF. Its own c h i p s  are t r e a t e d  s e p a r a t e l y .  It has  ' 15  
s p i n n i n g  heads f o r  s t a p l e  f i b e r  and 1 8  f o r  f i l a m e n t .  Annual p roduc t ion  
is  1,000 t o n n e s l y r  of which 80  p e r c e n t  i s  f i r s t  grade.  Any waste  f i b e r  
i s  moulded. 

The p o l y e s t e r  p r o j e c t  is under c o n s t r u c t i o n  and is due t o  s t a r t  i n  
mid- 1979 based on t h e  Rhone-Poulenc p rocess  us ing  APCT machinery. 
P o l y e s t e r  w i l l  be  produced us ing  DMT and e t h y l e n e  g l y c o l .  I n i t i a l l y ,  
t h e  DMT w i l l  be imported,  b u t  i t  w i l l  u l t i m a t e l y  be  s u p p l i e d  by t h e  El  
Nasr r e f i n e r y  and Alexandr ia  which w i l l  be  us ing  paraxy lene  manufactured 
a t  Mostorod. Glycol ,  however, w i l l  be imported and s p e c i a l  ,unloading 
and s t o r a g e  f a c i l i t i e s  a r e  planned i n  Alexandr ia .  A b l o c k  diagram of 
t h e  proposed p rocess  i s  a t t a c h e d ,  ( s e e  f i g u r e  8 ) .  

I n  a d d i t i o n  t o  t h e  p o l y e s t e r  p l a n t  which i s  under c o n s t r u c t i o n ,  t h e  
fo l lowing  p r o j e c t s  are planned by MISR Rayon: 

- 

1. Expansion of t h e  i y l o n  f i l a m e n t  p l a n t  t o  feed  a ny lon  c a r p e t  
making p l a n t  (1,000 t o  1,500 t o n n e s l y r . )  

2. P o l y e s t e r  spun f i l a m e n t  (cont inuous)  from s t a p l e  3,000 t o n n e s l y r .  

3. A second p o l y e s l e ~  p l a n t  f o r  25,000 e m r i e ~ / ~ r -  
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Fig. 'lo. B'lock Diagram f o r  .MISR Rayon Plant ,  

Pulp Steeping 

Shredding 

Xanthation 
J 

+ NaOH 

Dissolving 

Blending 

Filtration 

I 

Cont. Fil.Sp. 
I 

Spinning, S.F. 

I 

Aftertreatment .I + 
Baling Fibre to Tops . 

I 
Coning 



Nylon S.F. 

Lactam Melter T 3 
Spinning, S.F. 

Drawing and 
Crimping i'i 
I, PI top Converters 

f 
Baling 

Nylon Fil. 

Lactarn Melting 
' Q  

Chips production 

.. Extraction 

I Drying I 
> 

Spinning and 
Take-up . 

1 i 

. .. 

Coning 

Drawtexturing d 
[ Thermosetting 1 

t . coning -- 

Fig. 11. Block Diagram for MISR Nylon 6 plant-. 



4. Expansion of t h e  v i s c o s e  s t a p l e  s p i n n i n g  p l a n t  by t h e  a d d i t i o n  
of.  19,000 s p i n d l e s  t o  reach  a  t o t a l  of 52,000 s p i n d l e s .  The 
a d d i t i o n  of a n o t h e r  50,000 s p i n d l e s  and 279 looms f o r  b lend ing  
c o t t o n / p o l y e s t e r  and v i s c o s e .  

3.7.2 .Energy demand and e f f i c i e n c y  i n  1975: 

3.7.2.1 Cot ton g i n n i n g  A s  noted above,  v i r t u a l l y  a l l  of 
t h e  g i n n e r i e s  are outmoded and a r e  i n  need of r e h a b i l i t a t i o n .  Most of 
t h e  o p e r a t i o n s  are done manually. Mechanical equipment is i n  a poor 
s t a t e  of maintenance and p r o d u c t i v i t y  i s  low. I n  a d d i t i o n ,  environmental  
c o n d i t i o n s  a r e  f a r  from s a t i s f a c t o r y .  

Ginning is  a p r o c e s s  used t o  s e p a r a t e  l i n t  from seed.  There a r e  two 
b a s i c  types  of g i n s :  t h e  "saw" g i n  and t h e  " r o l l e r "  g i n .  "Roller" g i n s  
a r e  more a p p r o p r i a t e  f o r  t h e  long s t a p l e  and e x t r a  long  s t a p l e  of 
Egyptian c o t t o n ,  and t h e s e  g i n s  are commonly used i n  Egypt. G i n n e r i e s  
a r e  b a s i c a l l y  l a b o r  i n t e n s i v e ,  and modern machines a r e  v e r y  s i m i l a r  t o  
t h e  o l d  ones s t i l l  being used i n  Egypt,  w i t h  t h e  e x c e p t i o n  t h a t  b lend ing  
o p e r a t i o n s ,  t r a n s p o r t a t i o n  of seed c o t t o n  t o  g i n s t a n d s ,  and t h e  t r anspor -  
t a t i o n  of l i n t  t o  condensing,  humidifying and p r e s s i n g  t end  t o  be  
mechanized nowadays. P resen t  energy consumption f o r  g inn ing  is ,  the re -  
f o r e ,  v e r y  low. The volume of c o t t o n  ginned i n  1975-1976 was e s t i m a t e d  
t o  b e  45 000 tonnes .  Energy consumption is e s t i m a t e d  t o  be  about  !? s 0.2 x  1 0  j o u l e s .  

3.7.2.2 Spinning and weaving5 Est imated p roduc t ion  of 
t e x t i l e  f a b r i c s  i n  1975 was 875 m i l l i o n  m . I n  t h e  Egyptian t e x t i l e  
i n d u s t r y ,  t h e  v a s t  m a j o r i t y  of looms a r e  e l e c t r i c  powered, s h u t t l e  
types .  Steam produc t ion  h a s  been d iese l -based ,  b u t  some companies a r e  
now swi tch ing  t o  n a t u r a l  gas .  In  o r d e r  t o  c a l c u l a t e  energy consumption, 
consumption f a c t o ' r s  a r e  used which are regarded a s  t y p i c a l  f o r  t h e  
i n d u s t r y  a s  a  whole. 

I n  s p i n n i n g  m i l l s ,  t h e  machines consume a  l a r g e  q u a n t i t y  of energy/  
kg of y a r n  produced. Some types  of machines (e.g., r i n g  sp inn ing  
frames) u s e  much more e l e c t r i c i t y  t h a n  o t h e r s .  In  g e n e r a l ,  about 50 
p e r c e n t  of t h e  e l e c t r i c a l  energy used i n  a  s p i n n i n g  m i l l  i s  consumed by 
t h e s e  machines. Consumption v a r i e s  between 2,000 kWh and 3,300 kWh/tonne 
depending upon t h e  ya rn  count .  The c o t t o n  count  i n  Egypt h a s  v a r i e d  
between 24.2 and 26.2 i n  r e c e n t  y e a r s .  V p i c a l  energy requ i rements  f o r  

9  such a  coun t  would be 13.9 x  1 9  j o u l e s  of t o t a l  energy/ tonne yarn.  
Product ion of c o t t o n  y a r n  was es t imated  f ?  b e  186,000 tonnes  i n  1975. 
Energy consumption is  t h e r e f o r e  2.6 x  1 0  j o u l e s .  

Weaving m i l l s  use  from 2,400 kWh/tonne depending upon t h e  wef t  of 
t h e  c l o t h  and t h e  amount of a i r  c o n d i t i o n i n g  needed. 

Techn ica l  d a t a  is n o t  immediately a v a i l a b l e  on d e t a i l e d  s p e c i f i c a -  
t i o n s  of c l o t h  p r o  uced i n  Egypt; a t y p i c a l  weaving m i l l  consumes a St t o t a l  of 11.7 x  1 9  j o u l e s / t o n n e  of c l o t h .  Product ion of t e x t i l e s  i n  
1975 was e s t i m a t e d  t o  be  141,000 t o n n e s ,  and on t h i s  b a s i s  energy 
consumption is c a l c u l a t e d  t o  be  1.6 x  1015 j o u l e s .  
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3.7.2.3 F i n i s h i n g :  The f i n i s h i n g  department i n c l u d e s  
o p e r a t i o n s  such as b l e a c h i n g  dyeing,  p r i n t i n g ,  and o t h e r  "wet? opera- 
t i o n s .  Energy consumed is r e l a t e d  t o  p rov id ing  s team,  such  a s  f o r  t h e  
v a t  dyes ,  and t o  p rov id ing  d ry ing  f a c i l i t i e s  such as convec t ion  d r i e r s  
i n c l u d i n g  t h e  s t e n t e r  frame, h o t  f l u e ,  s h o r t  l o o p ,  and convec t ion  
dev ices .  Typ ica l  consumption of e l e c t r i c a l  energy i s  800 .kWh per  tonne 
of f a b r i c .  However, the rmal  energy accounts  f o r  more than  95 p e r c e n t  of . 
energy consumption i n  f i n i s h i n g .  Typica4 t o t a l  energy consumption i n  a  
c o t t o n  f i n i s h i n g  m i l l  i s  about  53.7 x  19 j o u l e s / t o n n e  of f i n i s h e d  
c l o t h .  

Taking the  p roduc t ion  of t e x t i l e s  i n  1975 as 141,000 t o p g e s ,  t o t a l  
consumption of energy f o r  f i n i s h i n g  i s  es t imated  a t  7.5 x  1 0  j o u l e s .  

3.7.2.4 Summary f o r  c o t t o n  t e x t i l e s :  There fore ,  t o t a l  
p r e s e n t  energy consumption f o r  t h e  c o t t o n  t e x t i l e s  i n d u s t r y  as a whole 
i s  es t imated  t o  b e  a s  fo l lows :  

Cot ton Ginning 0.2 
Spinning 2.6 
We av  ing  1.6 
F i n i s h i n g  7.5 

T o t a l  11.9 x  1015 j o u l e s  

3.7.2.5 S y n t h e t i c  f i b e r :  For s y n t h e t i c  f i b e r s ,  a c t u a l  
annual  p roduc t ion  and energy usage  f o r  t h e  MISR Rayon Company a r e  shown 
i n  t a b l e  34. These f i g u r e s  may b e  cons idered  r e p r e s e n t a t i v e  of t h e  
s e c t o r ,  as t h e r e  is  o n l y  one o t h e r  s m a l l  p l a n t  i n  o p e r a t i o n  i n  Egypt. 

3.7.3 D i s c u s s i o n  of o p t i o n s :  The t e x t i l e  i n d u s t r y  is  one of t h e  
o l d e s t  i n  Egypt. A s  such,  t h e  equipment used i n  t h e  i n d u s t r y  i s  l a r g e l y  
o b s o l e t e .  According t o  a  World Bank e s t i m a t e ,  72 p e r c e n t  of t h e  looms 
and 44 p e r c e n t  of t h e  s p i n d l e s  are over  25 y e a r s  o l d ,  and 25 p e r c e n t  of 
a l l  t e x t i l e  equipment h a s  been i n  use  f o r  over  30  y e a r s .  Operat ing 
e f f i c i e n c y  of t h e  i n d u s t r y ,  t h e r e f o r e ,  i s  v e r y  low. According t o  one 
e s t i m a t e ,  1 m i l l i o n  s p i n d l e s  and 10,000 looms p l u s  a u x i l i a r y  equipment 
w i l l  need r e p l a c i n g  over  t h e  n e x t  10 y e a r s .  

3.7.3.1 The u s e  of energy i n  t e x t i l e  p l a n t s :  ' In g e n e r a l ,  
c o t t o n  g inn ing ,  s p i n n i n g  and weaving u s e  mainly  e l e c t r i c a l  energy 
(assumed t o  be about 95 p e r c e n t ) .  Dyeing and f i n i s h i n g ,  on t h e  o t h e r  
hand, use  mainly thermal  energy (assumed t o  b e  about 95 p e r c e n t )  w i t h  
r e l a t i v e l y  s m a l l e r  amounts of e l e c t r i c a l  energy.  It is  i n  dyeing and 
f i n i s h i n g  t h a t  most o f  t h e  energy used i n  t e x t i l e  manufactur ing is 

I consumed, and p o t e n t i a l  s a v i n g s  of energy a r e  t h e  g r e a t e s t .  It should 
be  noted t h a t  t h e  energy requ i rements  of v a r i o u s  f i b e r  t y p e s  d i f f e r ,  and 
t h u s  t h e i r  n a t u r e  becomes a fundamental  f a c t o r  i n  de te rmin ing  energy 
c o s t s  i n  dyeing and f i n i s h i n g  



TABLE 34 

MISR RAYON COMPANY - ANNUAL PRODUCTION 

PRODUCT ANNUAL PRODUCTION TOTAL ENERGY USAGE 
TONNES /YEAR kWh /YEAR 

Nylon - S t a p l e  f i b e r  450 
Cont. f i l .  400 

Rayon - S t a p l e  f i b e r  3,000 ' 42,296,830 
Cont. f i l .  4,700 

I 

T o t a l  enerpx consumption i s  c a l c u l a t e d  t o  be  48.9 x l o u  kWh 
p e r  y e a r  o r 0 . 2 ~  1 0  j o u l e s .  

I n  t e x t i l e  p l a n t s ,  h o t  water  is used f o r  chemical  t r ea tment  and /or  
dyeing and f o r  washing f a b r i c s .  For chemical  p rocess ing  and dyeing,  
t h e r e  is  an e s s e n t i a l  h e a t  requirement  which depends upon t h e  b a s i c  
n a t u r e  of t h e  p rocess .  In washing, where energy i s  used t o  remove 
i m p u r i t i e s ,  h i g h  t empera tu res  a r e  n o t  a s  e s s e n t i a l  and washing can be  
c a r r i e d  ou t  even a t  low tempera tu res .  In a l l  t h e s e  p r o c e s s e s ,  h e a t  
l o s s e s  from machines occur  through r a d i a t i o n ,  conduct ion,  and convec t ion ,  
and through t h e  evapora t ion  of h o t  water .  Evaporat ive  l o s s e s  are 
s i g n i f i c a n t  and c losed  machines have a  l a r g e  advantage over  open machines,  
b u t  t h e  main energy "sink" i s  h o t  waste  water .  During d ry ing  and h e a t  
s e t t i n g ,  a  major p r o p o r t i o n  of t h e  energy l e a v e s  t h e  machine i n  t h e  form 
of h o t  air .  

Typica l  v a l u e s  f o r '  t h e  energy b a l a n c e  i n  cont inuous  washing, 
s t e n t e r  d r y i n g ,  and s t e n t e r  h e a t - s e t t i n g  a r e  shown i n  f i g u r e s  12,  13,  and 
14. These f i g u r e s  show t h e  h i g h  p r o p o r t i o n  of t h e s e  l o s s e s  which appear  
i n  t h e  form of h o t  water  running t o  waste  o r  h o t  a i r  ven ted  t o  t h e  
atmosphere. 

) 

The. Egyptian t e x t i l e  i n d u s t r y  h a s  t r a d i t i o n a l l y  used steam h e a t i n g  
i n  t h e  s t e n t e r s ,  b u t  over  t h e  l a s t  few y e a r s  some companies have changed 
t o  us ing  i n d i r e c t  h e a t i n g  wi th  f u e l ,  o i l .  Some f i n i s h e r s  use  h o t  water  
t o  h e a t  t h e  s t e n t e r s ,  b u t  t h i s  does  r e q u i r e  equipment o f  a  d i f f e r e n t  
des ign .  The dyeing is done by soaking t h e  c l o t h  i n  .hot water  dye t anks  

0 
a t  100 C and a tmospher ic  p r e s s u r e .  A t  t h e  end of t h e  dye run ,  any dye 

' a n d  l i q u i d  n o t  t aken  up i s  pu t  t o  d r a i n .  There i s ,  t h e r e f o r e ,  a  g r e a t  
d e a l  of room f o r  energy c o n s e r v a t i o n  i n  t h e  i n d u s t r y .  

3.7.3.2 Heat recovery:  The major scope f o r  improving 
e f f i c i e n c y  i n  t h e  t e x t i l e  i n d u s t r y  i s  i n  t h e  recovery o f  waste  h e a t  and 
h a r n e s s i n g  of e x p e l l e d  steam. The t empera tu re  of e x p e l l e d  steam i s  
u s u a l l y  v e r y  h igh .  In  some c a s e s  t h e  t empera tu re  of b a t h s  poured i n t o  
sewers i s  around 10oOc, t h e  t empera tu re  of a i r  l e a v i n g  d r i e r s  abou t  

0 
130 C t o  140°c, and t h e  t empera tu re  of steam l e a v i n g  t h e  a g e r s  about  
1 0o0c. 
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The two major a r e a s  of l o s s  a r e  steam from condensate  c o n t a i n e r s  
and h e a t  e scap ing  wi th  t h e  f l u e  g a s e s  of t h e  b o i l e r s .  Hot f l u e  gas  
cannot  be used d i r e c t l y .  However, i f  i t  is passed through a h e a t  
exchanger,  t y p i c a l l y  about  h a l f  i t s  h e a t  c o n t e n t  can b e  recovered 
economically s o  t h a t  t h e  h o t  g a s ,  i n  f a l l i n g  from 2 8 0 ' ~  t o  I O O ~ C ,  
w i l l  h e a t  combustion a i r  a t  room tempera tu re  t o  100 C o r ,  a l t e r n a t i v e l y ,  
i t  can  be  used t o  h e a t  water.. 

The energy usage w i t h i n  a p a r t i c u l a r  f i n i s h i n g  wdrks i s  dependent 
upon many f a c t o r s ,  some of which v a r y  c o n s i d e r a b l y  from f a c t o r y  t o  
f a c t o r y ;  t h e r e f o r e ,  a c c u r a t e  f i g u r e s  can b e  , a r r i v e d  a t  on ly  by i n d i v i d u a l  
examination of each l o c a t i o n .  

3 . 7 . 3 . 3  P o t e n t i a l  op t ions :  P o t e n t i a l  o p t i o n s  f o r  sav ing  
energy i n  t h e  a r e a s  of water  us ing p r o c e s s e s  and d ry ing  and h e a t i n g  
p r o c e s s e s  i n c l u d e  t h e  fo l lowing  e s t i m a t e #  of t y p i c a l  s a v i n g s  made b y , t h e  
S h i r l e y  I n s t i t u t e  of t h e  Uni ted Kingdom: 

OPTION T I C A L  SAVING 
10 JOULES /TONNE 

(,A) WATER-USING PROCESS 

1 AVO I D  UNDERLOADING approx. PROPORTIONAL TO LOADING 
2. RE-USE OF HOT WATER 1.9 
3. USE COUNTERFLOW 1.4 
4. LIMIT IDLING LOSSES 0.9 
5.  REDUCE RINSING WATER 1.4 
6 .  REDUCE WATER TEMPERATURE 0.9 
7 .  RECOVER HEAT WHERE POSSIBLE 35% OF TOTAL 

(B) DRYING AND HEATING PROCESS 

1 MAXIMIZE MECHANICAL DRYING 
2. AVO I D  OVER-DRYING 
3.  MINIMIZE SETTING AND DYE- 

FIXATION TIMES 
4 .  REDUCE EXHAUST AIR TO PRACTICAL) 

MINIMUM ) 
MONITOR HUMIDITY OF DRYING 1 
PROCESS ) 

5.  EXAMINE THERMAL EFFICIENCY OF 
FORCED CONVECTION SYSTMS 

6 .  REDUCE IDLING LOSSES, e.g. ,  BY 
SWITCHING OFF EXHAUSE AIR 

7 .  RECOVER HEAT FROM EXHAUST A I R  

25% OF TOTAL 

0.5 
25% OF TOTAL 

* " P r a c t i c a l  C o n s i d e r a t i o n s  i n  t h e  U s e  of Energy i n  T e x t i l e  Process ing ,  Dyeing 
and F i n i s h i n g  ," S h i r l e y  I n s t i t u t e ,  Manchester , UK. 
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Clear ly ,  major sav ings  can b e  made i n  hea t  recovery i n  both areas .  
The impact of t hese  a c t i o n s  could be considerable ,  and these  kinds of 
conservat ion a c t i v i t i e s  a r e  included i n  \ the goa l s  developed f o r  t h e  U. S. 
t e x t i l e  indus t ry  by t h e  Federal  Energy Admlnistrat ion I n d u s t r i a l  Energy 
Conservation Program: 

GROSS ENERGY EFFICIENCY IMPROVEMENT GOALS 

C omp onent 1972 Ef f i c i ency  P ro jec t ed  1980 Eff ic iency  C omponent 
(kWh/kg) \ (kWh/kg) Goals ( X )  

Spinning 5.40 
Weaving, , 4.76 
Kni t t ing  1.75 
Fin ish ing  
(woven f a b r i c )  18.67 
Yarn dyeing 11.81 

Clear ly  t hese  goa ls  would not  be  d i r e c t l y  app l i cab le  t o  t h e  Egyptian 
indus t ry  i n  view of t h e  d i f f e r e n t  type  and age of equipment being used, 
a s  we l l  as t h e  opera t ing  methods. It is proposed, t he re fo re ,  t o  adopt a 
lower t a r g e t  f i g u r e  f o r  Egypt f o r  t h e  expected energy e f f i c i e n c y  perfor-  
mance. A p o s s i b l e  improvement r a t e  i n  e f f i c i e n c y  of 10 percent  is 
proposed f o r  t he  spinning and weaving s e c t o r s ;  and a rate of 25 percent  
i n  t h e  f i n i s h i n g  s e c t i o n  where g r e a t e r  savings could probably be made. 

In add i t i on  t o  t hese  savings,  a concentrated e f f o r t  i n  a l l  p l a n t s  
could l ead  t o  f u r t h e r  savings i n  l i n e  wi th  t h e  goa l s  previously mentioned. 
The impact of t h i s  "Maximum Conservation" case  is  discussed i n  s e c t i o n  
3.7.5 and shown i n  t a b l e  35. 

3.7.4 Future  developments and energy e f f i c i ency :  

3.7.4.1 Cotton ginning: A program i s  c u r r e n t l y  under way 
f o r  the r a t i o n a l i z a t i o n  of t h e  ginning industry.  Of t h e  73 g inne r i e s  i n  
opera t ion ,  i t  i s  expected t h a t  42 can be r e h a b i l i t a t e d ,  wh i l e  31 w i l l  be  
closed down. Thi r teen  new p l a n t s  w i l l  be  cons t ruc ted  (with 72 g ins tands  
per  ginnery).  By 1985, t h e  number of g ins tands  w i l l  b e  reduced from 
4,722 t o  4,594. Ginning capac i ty  w i l l  increase ,  however, by 15 percent  
due t o  b e t t e r  capac i ty  u t i l i z a t i o n  and improved p roduc t iv i ty ,  brought 
about by a d d i t i o n a l  mechanization r e l a t i n g  mainly t o  feeding,  d i s t r i b u t -  
ing,  and conveying equipment e 

The amount of c o t t o n  ginned is expected to  reach 4,927,000 c a n t a r s  
(770,000 tonnes of seed co t ton)  by 1985, a n  inc rease  of 70 percent  over 
1975. However, increased  f u e l  consumption is  pro jec ted  due t o  t he  
g r e a t e r  use  of b a l e  l i f t  t rucks.  It is  therefore13ssumed t h a t  energy 
consumption w i l l  double i n  1985 t o  reach 0.4 x 10 joules .  The 
amount of c o t t o n  ginned w i l l  increase  by t h e  year 2000 bu t  t h i s  i nc rease  
is  not  expected t o  be s u b s t a n t i a l  i n  view of t h e  land l i m i t a t i o n s  on 
growing cotton. Most of t h e  increased co t ton  production should r e s u l t  
from b e t t e r  product ivi ty/feddan.  The same f i g u r e s  f o r  energy consumption 
are proposed f o r  2000 a s  f o r  1985 on t h e  assumption t h a t  t h e r e  w i l l  
b e  some improvement i n  energy e f f i c i ency .  
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3.7.4.2 Spinning and weaving: T o t a l  p roduc t ion  of woven 
f a b r i c s  i n  Egypt is  expected t o  i n c r e a s e  by 20 p e r c e n t  by 1985 compared / 

t o  1975. P roduc t ion  of yarn  should reach  225,000 tonnes  and of woven 
f a b r i c s ,  170,000 tonnes .  With replacement  of o b s o l e t e  equipment, t h e r e  
w i l l  be  a r a d i c a l  improvement i n  p r o d u c t i v i t y  and a lower energy con- 
sumption by t h e  new machines. The i n d u s t r y  p l a n s  t o  con t inue  us ing  
conven t iona l  e lect r ic-powered s h u t t l e  looms, and new p l a n t s  w i l l  be  
equipped w i t h  h i g h  speed ca rds .  P r o d u c t i v i t y  can b e  expected t o  d e c r e a s e  
more on e x i s t i n g s n a c h i n e s .  E l e c t r i c i t y  w i l l  con t inue  t o  be  t h e  main 
s o u r c e  of energy supp ly  i n  t h i s  a rea .  

No s t a t i s t i c s  a r e  a v a i l a b l e  on t h e  number of new s p i n d l e s  and looms 
planned t o  b e  i n  o p e r a t i o n  by 1985. The major p r o j e c t  i n  t h i s  s e c t o r  
concerns  t h e  t e x t i l e  p l a n t  a t  Kafr E l  Dawar. Here,  50,000 new s p i n d l e s  
f o r  s p i n n i n g  po lyes te r -co t ton  and 51,000 s p i n d l e s  f o r  s p i n n i n g  100 
p e r c e n t  c o t t o n  w i l l  be  added. The t o t a l  number of s p i n d l e s  by 1985 i n  
Egypt cou ld  reach 2.5 m i l l i o n .  The Kafr E l  Sawar p r o j e c t  a l s o  env i sons  
448 new looms of v a r i o u s  widths  f o r  p o l y e s t e r  c o t t o n  and 448 new looms 
f o r  100 p e r c e n t  co t ton .  The t o t a l  number of looms i n  Egypt shou ld  b e  
around 35,000 by 1985. 

The average  p r o d u c t i v i t y  of s p i n d l e s  i n  Egypt i n  1975 was e s t i m a t e d  
t o  b e  88 k g l y r  which i s  w e l l  below t h e  r a t e  achieved by new equipment. 
I n  c a l c u l a t i n g  energy consumption, i t  would be  reasonab le  t o  assume a 
improvement i n  e f f i c i e n c y  of about 10 p e r c e n t  t o  a l e v e l  of 12.5 x 1 0  

B 
9 

j o u l e s / t o n n e  of yarn  and 10.5 x 1 0  j o u l e s / t o n n e  of c l o t h .  T o t a l  
consumption i n  1985, t h e r e f o r e ,  i s  e s t i m a t e d  t o  be: 

Spinning : 
Weaving : 

1 5  
3.2 x l o l 5  j o u l e s  
1.8 x 1 0  j o u l e s  

It i s  assumed t h a t  t h i s  l e v e l  of e f f i c i e n c y  w i l l  b e  mainta ined 
u n t i l  t h e  year  2000. 

3.7.4.3 F i n i s h i n g :  Assuming an i n c r e a s e  i n  p roduc t ion  of 
20 p e r c e n t  by 1985 over  1975, a t o t a l  l e v e l  of 170,000 tonnes  of woven 
c l o t h  can be  expected t o  b e  t r e a t e d .  Applying a f a c t o r  of 25 p e r c e n t  i n  
improvemf3t i n  energy e f f i c i e n c y ,  t o t a l  consumption i s  es t imated  t o  b e  
6.9 x 1 0  j o u l e s .  As noted above, v i r t u a l l y  a l l  t h i s  consumption 
w i l l  be  thermal  energy,. 

It i s  assumed t h a t  t h e r e  w i l l  be no s i g n i f i c a n t  expansion i n  t h e  
c o t t o n  t e x t i l e  i n d u s t r y  between 1985 and 2000 w i t h  emphasis be ing  more 
on producing po lyes te r -co t ton  m i x t u r e s ,  and t h a t  t h e  same l e v e l  of 
e f f i c i e n c y  w i l l  be  maintained.  

3.7.4.4 S y n t h e t i c s :  By 1985, i t  is expected t h a t  a l l  
c u r r e n t  p l a n s  of MISR Rayon w i l l  b e  implemented. The rayon p l a n t  i s  
expected t o  be s h u t  down by then,  t h e  p o l y e s t e r  p l a n t  of 25,000 tonnes  
w i l l  have s t a r t e d  p roduc t ion ,  and t h e  v i s c o s e  s t a p l e  p l a n t  w i l l  have 
expanded. En'ergy consumption is  expec ted  t o  i n c r e a s e  from 9 MW a t  
p r e s e n t  t o  24 MW when a l l  p r o j e c t s  have been implemented. A t y p i c a l  



consumption r a t e  f o r  a po lyes te r  p l a n t  is  est imated t o  be  5.3 x 1 0  6 

kca l l tonne .  The po lyes t e r  p l a n t ,  t h e r e f o r e ,  w i l l  r e q u i r e  0.6 x 10  15 

jou les .  Taking i n t o  account t he  expansiof50f t h e  v i s cose  p l a n t ,  energy 
requirements a r e  es t imated t o  be 0.8 x 1 0  jou les .  

By t h e  year 2000, t h e  second po lyes t e r  p l a n t  of 25,000 tonnes w i l l  
have come i n t o  opera t ion .  In l i n e  with worldwide t r e n d s ,  and tak ing  
i n t o  account t h e  l i m i t a t i o n s  t h a t  e x i s t  f o r  expanding co t ton  t e x t i l e s  
and t h e  development of t h e  chemical i ndus t ry  i n  Egypt, t h e r e  is no doubt 
t h a t  syn the t i c  f i b e r  production all expand r a p i d l y  between 1985 and 
2000. Accordingly, i t  i s  assumed t h a r  capac i ty  w i l l  more than double,  
and an energy consumption of 2.0 x 1 0  jou l e s  i s  assumed f o r  t he  year 
2000. 

3.7.5 Energy requirements:  Estimates of energy requirements i n  
t he  t e x t i l e  s e c t o r  a r e  summarized i n  t a b l e  35. For t h e  year 2000, 
expected energy consumption is  shown, a s  wel l  a s  t h e  est imated maximum 
p o s s i b l e  sav ings  which could be achieved based on the  assumption t h a t  
Egypt w i l l  achieve,  by t h e  year 2000, t h e  g ros s  energy e f f i c i e n c y  goa ls  
r e c e n t l y  s e t  f o r  t he  U.S. i ndus t ry  f o r  1980. 

For c o t t o n  ginning,  no s i g n i f i c a n t  s a v i n ~ 3  a r e  expected. However, 
f o r  spinning and weaving, sav ings  of 0.2 x 10  a r e  pos s ib l e  i n  each 
case.  Where spinning is concerned, i t  is  assumed t h a t  50 pe rcen t  of t h e  
sp ind le s  w i l l  be replaced by 1985. Accordingly t h e r e  should be scope 
f o r  improving energy e f f i c i e n c y  on the  remaining 50 percent  o ld  sp ind le s  
i n  pe ra t i on ,  and i t  is  assumed t h a t  a sav ings  of 10 percent  (0.2 x 

13 10 jou l e s )  w i l l  b e  made on these.  S imi l a r ly  f o r  weaving, where 30 
percent  of looms a r e  expected t o  be  replaced by 1985, energy sav ings  a r e  
expected t o  be made on the  o ther  looms. A 15 percent  improvement is  
cons ider fg  r e a l i s t i c  between 1985 and 2000, which r ep re sen t s  a saving of 
0.2 x 10  jou les .  A s  noted above, considerably g r e a t e r  savings a r e  
t o  be  made in t h e  f i n i s h i n g  s e c t i o n ,  an f5po ten t i a l  savings could be 
around 20 pecent ,  r ep re sen t ing  1.4 x 10  jou l e s ,  i n  order  t o  a r r i v e  
a t  a savings f i g u r e  comparable t o  t h a t  f o r  the  U.S. indus t ry .  Therefore,  
t o f 3 l  energy sav ings  through conservat ion measures could reach 1.8 x 
10 j o u l e s ,  of which about 25 percent  would be e l e c t r i c i t y  and the  
rest r e s i d u a l  f u e l  o i l .  

TABLE 35 

ESTIMATED ANNUAL ENERGY REQUIREMENTS AND 
POTENTIAL SAVINGS I N  THE TEXTILE INDUSTRY 

SECTOR ANNUAL ENERGY REQUIREMENTS (JOULES x lo15) 

1975 1985 2000 
With Poss ib le  Savings 

E s t i -  Maximum 
mated Conservation E l e c t r .  Fue l  O i l  

Cotton Ginning 0.2 0.4 0.4 0.4 -- -- 
Spinning 2.6 3.2 3.2 3.0 0.19 0.01 
Weaving 1.6 1.8 1.8 1.6 0.19 0.01 
F in i sh ing  7.5 6.9 6.9 5.5 , 0.10 1.30 
Syn the t i c s  0.2 ' 0.8 , 2.0 ' 2.0 - -- 
T o t a l  12.1 13.1 14.3 12 -5  0.48 1.32 , 



3; 8. Automotive Manufacture  

3.8.1 Background: The El-Nasr Automotive Manufactur ing Co. 
(NASCO) i s  Egypt's o n l y  c u r r e n t  manufacturer  of c a r s ,  t r u c k s  and buses ,  
and i s  state-owned. The manufactur ing p l a n t  i s  l o c a t e d  a t  Helwan, n e a r  
Cairo .  The Helwan s i te  was e s t a b l i s h e d  i n  1960, and a t o t a l  of about  
11,000 p e o p l e  a r e  c u r r e n t l y  employed. Car p roduc t ion  is  c a r r i e d  o u t  
under l i c e n s e  from F i a t ,  w h i l e  t r u c k  p r o d u c t i o n  i s  under l i c e n s e  from 
Magirus-Duetz. The l i c e n s o r s  s p e c i f i e d  t h e  major equipment and machinery 
i n s t a l l e d  i n  t h e  p l a n t ,  which i s  modern and of West European manufacture.  

Cur ren t  p r o d u c t i o n  i s  as fo l lows :  

P roduc t  Number p e r  Year 

Heavy t r u c k s  . 1,700 
Buses 500 
A g r i c u l t u r e  t r a c t o r s  3,000 

- T r a i l e r s  250 
Passenger  c a r s  13,000 
A d d i t i o n a l  e n g i n e s  80 0 

The manufacture  of  t r a c t o r s  and c a r s  c o n s i s t s  p r i m a r i l y  of assembly 
of imported components, w h i l e  t r u c k ,  b u s ,  and t r a i l e r  a c t i v i t i e s  c o n s i s t  
of  assembly and some manufactur ing o p e r a t i o n s  which c o n s t i t u t e  about  40 
p e r c e n t  of t h e  f i n i s h e d  p roduc t  va lue .  

P r o j e c t s  a r e  under development which a r e  expected t o  b e  i n  produc- 
t i o n  i n  t h e  1981-1985 p e r i o d .  T o t a l  p r o d u c t i o n  is  expec ted  t o  r each  t h e  
f o l l o w i n g  : 

Produc t  Number p e r  Year 

Trucks and buses  5,000 
Passenger  c a r s  35,000 
A g r i c u l t u r e  t r a c t o r s  5,000 
T r a i l e r s  and t r u c k  b o d i e s  3,000 

Truck,  b u s ,  and c a r  expansions  w i l l  be a t  t h e  e x i s t i n g  Helwan s i t e ,  
and t h e  t r a c t o r  p r o j e c t  i s  l i k e l y  t o  b e  moved t o  Alexandr ia .  The 
t r a i l e r s l t r u c k  b o d i e s  o p e r a t i o n  h a s  no s i te  i d e n t i f i e d  t o  .date.  

Another company a c t i v e  i n  t h e  au tomot ive  s e c t o r  i s  Tramco, w i t h  
p l a n t s  a t  Helwan and Giza ,  b o t h  n e a r  Cairo .  Th i s  company produces  JAWA 
motorcyc les  under a Czechoslovakian l i c e n s e .  Energy consumption f o r  
t h i s  r e l a t i v e l y  s m a l l  o p e r a t i o n  is  b e l i e v e d  t o  b e  minimal. Ford h a s  a 
f a c t o r y  i n  Alexandr ia  which i s  c u r r e n t l y  dormant. P l a n s  a r e  b e i n g  
developed t o  commence assembly of 10,000 l i g h t  t r u c k s l y r  i n  1981,and t o  
manufacture  50,000 e n g i n e s l y r  from 1982. About 80 p e r c e n t  of t h e  
e n g i n e s  and 50 p e r c e n t  of t h e  t r u c k s  would be  f o r  expor t .  However, t h e  
p r o s p e c t s  f o r  t h e s e  p r o j e c t s  a r e  u n c e r t a i n .  



3.8.2 Assessment of c u r r e n t  energy demand and e f f i c i e n c y :  The 
d a t a  a v a i l a b l e  r e l a t i n g  t o  energy e f f i c i e n c y  is  incomplete.  Energy 
consumption s p l i t  accdrd ing  t o  product  l i n e s - w a s  n o t  a v a i l a b l e .  Energy 
e f f i c i e n c y  is  n o t  a major t o p i c  w i t h i n  t h e  company, a s  energy c o n t r i b u t e s  
a r e l a t i v e l y  s m a l l  p a r t  of t o t a l  p roduc t ion  c o s t s .  Management c o n s i d e r s  
t h e  machinery t o  be  e l e c t r i c a l l y  e f f i c i e n t  i n  view of i t s  West European 
o r i g i n  and r e l a t i v e l y  r e c e n t  purchase.  

Energy consumption c o n s i s t s  of e l e c t r i c i t y  used f o r  r o t a t i n g  
machinery, p r e s s e s ,  welding,  l i g h t i n g  and e l e c t r i c  f u r n a c e s  f o r  h e a t  
t r ea tment .  Power i s  s u p p l i e d  from t h e  g r i d  a t  6.3 V and o n s i t e  t r a n s -  
formers  p rov ide  a  380 V/50 cps  supply t o  machinery. There is no o n s i t e  
e l e c t r i c a l  g e n e r a t i o n  and c u r r e n t l y ,  t h e r e  a r e  no p l a n s  t o  i n s t a l l  any 
such  f a c i l i t i e s .  A  r e c e n t  f e a s i b i l i t y  s t u d y  showed t h i s  t o  be  an 
u n a t t r a c t i v e  op t ion .  Power f a i l u r e s  a r e  o f f i c i a l l y  s a i d  t o  be  "no 
problem," o c c u r r i n g  perhaps  once o r  twice  a  year .  However, t h i s  may b e  
u n d e r s t a t i n g  t h e  t r u e  s i t u a t i o n ,  a s  o t h e r ' s o u r c e s  i n d i c a t e  t h a t  f a i l u r e s  
occur  more f r e q u e n t l y  (once per  week o r  s o ) .  

T o t a l  p l a n t  e l e c t r i c a l  energy consumption is  r e p o r t e d  a s  12 m i l l i o n  
kWh p e r  year .  E s s e n t i a l l y ,  t h e  p l a n t  o p e r a t e s  w i t h  a s i n g l e  8-hour 
s h i f t ,  a l though  a  minor amount of two-shif t  working does occur.  The 
average  e l e c t r i c a l  load  i s  t h u s  about  5.6 MWe (assuming 270 d a y s l y r  
o p e r a t  ion)  . 

Steam of 75 p s i g  is genera ted  from f u e l  o i l  a t  about 8  t o n n e s l h r  
and is used i n  v a r i o u s  p l a n t  o p e r a t i o n s  such as degreas ing ,  c l e a n i n g  
u p h o l s t e r y ,  washing,  and some h e a t  t r ea tment  o p e r a t i o n s .  B o i l e r  e f f i -  
c i e n c y  i s  n o t  known, b u t  was s a i d  t o  be normal f o r  smal l  steam g e n e r a t o r s .  
The b o i l e r s  a r e ,  i n  f a c t < ,  of low-pressure d e s i g n  and t h e r e  a r e  f o u r ,  
each wi th  a  2  t o n n e s l h r  ou tpu t .  Assuming t h a t  b o i l e r  e f f i c i e n c y  i s  
about  70 p e r c e n t ,  t h e  f u e l  o i l  consumption amounts t o  approximately  
1 ,370  t o n n e s l y r  ( o p e r a t i o n a l  270 d a y s / y r ,  8  h r l d a y ) .  

The number of v e h i c l e s  produced p e r  y e a r  t o t a l s  about  18,450 (no t  
i n c l u d i n g  e x t r a  eng ines ) .  On a  "per u n i t "  b a s i s  t h e r e f o r e ,  energy 
consumption amounts t o :  

6  
\ E l e c t r i c i t y  : 12 x  10 = 650 kWh vehicle 

18,450 

Fue l  O i l  : 139720 lo6 = 0.74 m i l l i o n  k c a l  p e r  v e h i c l e  
18,450 

This  assumes t h a t  energy consumption is  d i r e c t l y  p r o p o r t i o n a l  t o .  
v e h i c l e  o u t p u t ,  and makes no a l lowance f o r  f i x e d  energy usage,  on which 
no in format ion  is  avai l .able .  



3.8.3 Discussion of op t ions :  The automotive manufacture sub-sector 
appears  t o  be a  r e l a t i v e l y  low-energy u s e r  compared t o  o the r  major 
process  i n d u s t r i e s .  The Helwan p l an t  e l e c t r i c a l  requirement may rise t o  
about 2 3  MW i f  a l l  p r o j e c t s  a r e  implemented by 1985. There appears  t o  
b e  l i t t l e  t h a t  can 6e done t o  save energy, except perhaps t o  i n v e s t i g a t e  
t h e  p o s s i b i l i t y  of opera t ing  on a  two- o r  even th ree - sh i f t  ba s i s .  It i s  
l i k e l y  t h a t  t h e r e  is s i g n i f i c a n t  waste of e l e c t r i c a l  and thermal energy 
during t h e  s t a r t -up  and 'shut-down of ope ra t i ons ,  and t h e r e f o r e  a  one- 
s h i f t  ope ra t i on  i s  n o t  l i k e l y  t o  be  t h e  most energy e f f i c i e n t .  There 
may, of course ,  be  ove r r id ing  s o c i a l  reasons f o r  maintaining s i n g l e - s h i f t  
working; t h i s  -would have t o  be  i nves t i ga t ed  thoroughly. 

Since most machinery is  e l e c t r i c a l l y  dr iven ,  a s  is the  p r a c t i c e  i n  
t h e  i ndus t ry  and i n  modern manufacturing, t h e r e  seems t o  be l i t t l e  
p o t e n t i a l  f o r  improving e l e c t r i c a l  e f f i c i ency .  There may be  some 
p o t e n t i a l  t o  improve b o i l e r  o r  furnace e f f i c i e n c i e s ,  but  t h i s  could be 
determined only by d e t a i l e d  s i t e  s t u d i e s .  

3.8.4 P ro j ec t i on  of energy e f f i c i ency :  In t he  absence of s p e c i f i c  
information on f u t u r e  expansion p lans  f o r  t he  automotive subscc to r ,  
t h e r e  is no reason t o  f o r e c a s t  ahy d i f f e r e n c e  i n  energy e f f i c i e n c y  f o r  
1985 ana 2000 from t h e  f i g u r e s  quoted previously: .  

Per  Vehicle 

E l e c t r i c i t y  : 650 kWh 
Fuel O i l  0.744 mi l l i on  kca l  

This ,  of course assumes a  con t inua t ion  of one-shif t  working, a s  i s  
preva len t  today. Should p l a n t  opera t ions  be  rescheduled f o r  two- o r  
t h r ee - sh i f t  ope ra t i on ,  i t  seems reasonable  t o  f o r e c a s t  a  10 percent  
improvement i n  e f f i c i e n c y  due t o  t h e  e l imina t ion  of much of t h e  unpro- 
duc t i v e  s ta r t -up  and. shut-down time assoc ia ted  with t h e  s i n g l e  s h i f t  . 
Eff tc iency  might improve, t h e r e f o r e ,  t o :  

Per  Vehicle 

E l e c t r i c i t y  : 585 kWh 
Fuel O i l  0.67 mi l l i on  kca l  

3.8.5 Forecas t  energy requirements f o r  1985 and 2000: In t h e  
absence of r e l i a b l e  f o r e c a s t s  f o r  t h e  l e v e l  of product ion a n t i c i p a t e d  
f o r  t h e  automotive manufacturing subsec tor ,  no e s t ima te  of t o t a l  energy 
requirements can be' made. 



INDUSTRY /AGRICULTURE-EGYPT-122 

4.0 THE AGRICULTURAL SECTOR 

4.1 Background 

From t h e  p o i n t  of view of energy u t i l i z a t i o n ,  t h e  a g r i c u l t u r a l  
s e c t o r  can b e  d i v i d e d  i n t o  t h r e e  a r e a s :  

( 1 )  t h e  use  of pumps f o r  i r r i g a t i o n  and d ra inage ;  

(2)  a g r i c u l t u r a l  mechanizat ion,  e s p e c i a l l y  t h e  use  of t r a c t o r s ,  and 

( 3 )  growth of food p rocess ing  and a g r o - i n d u s t r i e s .  

According t o  t h e  Sanderson P o r t e r  Report ,  t o t a l  e l e c t r i c a l  energy 
consumption i n  t h e  a g r i c u l t  a 1  s e c t o r  was es t imated  t o  b e  1.4 t e r r a w a t t  Y 5. 
h o u r s  (twh) i n  1977 (5 x  1 0  j o u l e s ) ,  account ing  f o r  a lmost  7  p e r c e n t  
o f  t o t a l  e l e c t r i c  energy sales. I n  a d d i t i o n ,  energy was consumed i n  t h e  
s e c t o r  i n  t h e  form of d i e s e l  and f u e l  o i l .  

4.2 Drainage and I r r i g a t i o n  

4.2.1 P r e s e n t  energy requirements  : The d r a i n a g e  and i r r i g a t i o n  
network i s  s p l i t  e s s e n t i a l l y  between t h e  M i n i s t r y  of I r r i g a t i o n  and t h e  
p u b l i c  a u t h o r i t i e s ,  w i t h  t h e  farmer a t  a  secondary l e v e l .  The M i n i s t r y  
i s  r e s p o n s i b l e  f o r  t h e  pumping from a l l  primary and some secondary 
c a n a l s .  The c a p a c i t y  of al.1 major e x i s t i n g  pumping s t a t i o n s  i s  shown i n  
t a b l e  36. T o t a l  i n s t a l l e d  horsepower is  es t imated  t o  be  a lmost  700,000, 
of which t h e  M i n i s t r y  e s t i m a t e s  95 p e r c e n t  (665,000) is  based on e lec -  
t r i c i t y  and on ly  5 p e r c e n t  on d i e s e l .  The t o t a l  number of pumping 
s t a t i o n s  i s  es t imated  between 1,000 and 1,200, ranging from 300 kW t o  
2000 kW -- t h e  s i z e  of pump u n i t s  r anges  from 50 kW t o  500 kW. T o t a l  
annua l  consumption of e l e c t r i c i t y  is  e s t i m a t e d  t o  be about 600 m i l l i o n  
kwh. 

Pumping by t h e  p r i v a t e  s e c t o r ,  mainly from t e r t i a r y  and s m a l l e r  
channe l s ,  c o n s i s t s  of animal  d r i v e n  pumps and\ smal l  d i e s e l  and e l e c t r i c  
pumps, t y p i c a l l y  i n  t h e  7  t o  15  s i z e  range.  As an  example of t h e  t y p e s  
of pumps used,  t h e  p r e s e n t  p a t t e r n  of i r r i g a t i o n  i n  Upper Egypt is shown 
i n  t a b l e  37. Samples of purchase  o r d e r 3  by t h e  Min s t r y  o f  I r r i g a t i o n  3 
show t h a t  pumps wi th  c a p a c i t i e s  of 150m /h r  t o  300m / h r  have been 
ordered.  I n  a d d i t i o n  t o  Government purchases ,  pumps have been bought by 
a g r i c u l t u r a l  c o o p e r a t i v e s  and i n d i v i d u a l  farmers .  According t o  an 
e s t i m a t e  of t h e  M i n i s t r y  o f  I r r i g a t i o n ,  t h e  t o t a l  number of s m a l l  pumps 
f o r  i r r i g a t i o n  is  about  82,000 a t  p r e s e n t ,  v i r t u a l l y  a l l  of which . a re  
concen t ra ted  i n  t h e  N i l e  Val ley and t h e  De l ta .  However, a l a r g e  
number of t h e s e  pumps a r e  l i k e l y  t o  b e  i n o p e r a t i v e  due t o  maintenance 
problepls and l a c k  of s p a r e  p a r t s .  Assuming t h a t  50 p e r c e n t  of t h e s e  
pumps a r e  o p e r a t i n g  e f f e c t i v e l y ,  t h e  number of s m a l l  pumps i s  e s t i m a t e d  

. t o  be  around 40,000, v i r t u a l l y  a l l  of which a r e  l i k e l y  t o  be  d i e s e l .  No 
f i g u r e s  a r e  a v a i l a b l e  on c u r r e n t  consumption of f u e l  by pumping u n i t s .  



TABLE 36 

ESTIMATED CAPACITY OF PUMPING STATIONS 
(hp f o r  a l l  pumps whether e l e c t r i c  o r  d i e s e l )  

A 1  exand r i a  
. Daman Hur 

Tanta  
Shebin e l  kon 
Zagazig 
Monsoura 
E l  Luxor 
Ber N i  Sawhaf 
E l  Marya 
Ass:$.ut 
Soheg 
Kuea 

TOTAL 

Source: M i n i s t r y  of I r r i g a t i o n ,  Mechanical Div i s ion .  

TABLE 37 

AREA DISTRIBUTION BY IRRIGATION CATEGORY I N  
BEN1 SUEF, M I N I A ,  ASSIUT, SOHAG, QENA 

Type of I r r i p a t i o n  Area ( f d )  P e r c e n t  

~ r a v i k ~  133,907 14 
Low l i f t  d i e s e l  pumps 666,574 69 
High l i f t  d i e s e l  pumps 54,201 5 
Animal-powered wate r  wheels 114,360 - 12 

' TOTAL 969,042 10 0 

i 

Source: "A Techn ica l  and Economic F e a s i b i l i t y  of E l e c t r i f y i n g  T e r t i a r y  
Pumping Means i n  Middle and Upper ~ g ~ ~ t , "  Louis  Berger ,  
1978. 



On t h e  b a s i s  of 2 gallons/pump/day, t o t a l  annua l  consumption is  e s t i m a t e d  
t o  b e  around 100,000 tonnes  of d i e s e l  f u e l .  

Current  government p o l i c y  i s  t o  recover  a l l  o l d  l a n d s  by 1985. 
C u r r e n t  programs f o r  d r a i n a g e  a r e  as fo l lows :  

( i n  feddans)  I r r i g a t e d  P r i o r i t y  Area Area d r a i n e d  World Bank 
Areas f o r  d r a i n a p e  (1970) P r o i e c t  

Lower Egypt 4,000,000 3,500,000 500,000 950,000 
Upper Egypt 2,000,000 1,500,000 80,000 800,000 

Source:  World Bank A p p r a i s a l  of N i l e  Delta Drainage.  

The World Bank p r o j e c t  i s  concerned w i t h  t h e  d r a i n a g e  of a lmost  1 
m i l l i o n  feddans  ( f d )  i n  t h e  N i l e  D e l t a  r e g i o n ,  of which 400,000 w i l l  be  
d r a i n e d  by g r a v i t y  and 600,000 w i l l  be evacuated through seven e x i s t i n g  
and f o u r  new pumping s t a t i o n s .  The l a t t e r  s t a t i o n  w i l l  h v e  14 e l e c t r i c  9 9 d r i v e n  pump u n i t s  w i t h  c a p a c i t i e s  va ry ing  from 1 m t o  5 m p e r  
second. I n  a d d i t i o n  800,000 f d  w i l l  be  involved i n  Upper Egypt. 

An es t imated  t o t a l  number of 2.8 m i l l i o n  f d  u l t i m a t e l y  w i l l  be  
involved i n  t h e  d r a i n a g e  program. I n  l i n e  w i t h  t h e  p o l i c y  of t h e  
M i n i s t r y  of I r r i g a t i o n ,  i t  is  expected t h a t  a l l  pumping u n i t s  w i l l  be  
e l e c t r i f i e d  by 1985. As an approximate g u i d e l i n e  t o  energy use ,  t h e  
World Bank e s t i m a t e s  t h a t  each f d G r e q u i r e s  0.14 kW f o r  d r a i n a g e  purposes.  
Assuming t h a t  pumps a r e  o p e r a t i n g  325 d a y s l y r  and 18 h r l d a y ,  t o t a l  
annua l  eneggy consumption f o r  t h e  d ra inage  program is  expected t o  be  
2,293 x 10 kwh, when t h e  f u l l  program of d r a i n i n g  2.8 m i l l i o n  
f d  i s  achieved i n  1985. 

I n  a d d i t i o n  t o  t h e  development of l a n d s  i n  t h e  N i l e  Val ley and i n  
t h e  D e l t a  a r e a ,  a major p r o j e c t  c u r r e n t l y  under way i s  t h e  development 
of t h e  New Val ley ,  t h e  u l t i m a t e  aim of which i s  t o  b r i n g  3 m i l l i o n  f d  
i n t o  use  as a g r i c u l t u r a l  l and  by u s i n g  groundwater resources .  By 1975, 
50,000 f d  had been rec la imed ,  of which 20,000 f d  were a c t u a l l y  invo lved  
i n  product ion.  The wate r  t a b l e  g e n e r a l l y  i s  n o t  cons idered  t o  b.e v e r y  
deep and low l i f t  pumping from a r t e s i a n  w e l l s  is  probably  used. 

I n  o r d e r  t o  c a l c u l a t e  t h e  energy r e q u i r e d  f o r  t h e  New Va l ley ,  a 
f a c t o r  of 2.0 kW/fd i s  used. '  Th i s  is an e s t i m a t e  by t h e  World Bank of 
requ i rements  f o r  i r r i g a t i o n  purposes i n  Egypt. On t h i s  b a s i s ,  t o t a l  
consumption i n  1975 i s  e s t i m a t e d  t o  be  around 32 x 10 kWh, e q u i v a l e n t  
t o  about 2,500 tonnes  of d i e s e l  f u e l .  

There fore ,  t o t a l  p r e s e n t  energy-consumption f o r  pumping purposes  i s  
es t imated  t o  be: 

E l e c t r i c i t y  : 6 O O x 1 0 ~ k W h  
D i e s e l  f u e l  102,500 tonnes  



T h i s  r e p r e s e n t s  a consumption of energy e q u i v a l e n t  t o  6.8 x 1 0  1 5  

j o u l e s .  

4.2.2 F u t u r e  energy requirements :  Energy requirements  a r e  con- 
s i d e r e d  s e p a r a t e l y  f o r  d r a i n a g e  and i r r i g a t i o n  a s  p o l i c i e s  w i l l  d i f f e r  
i n  each s u b s e c t o r  i n  t h e  f u t u r e .  

4.2.2.1 Drainage: F o r e c a s t s  of f u t u r e  pumping c a p a c i t y  
cannot  b e  e x t r a p o l a t e d  from growth, and e s t i m a t e s  of f u t u r e  energy 
requ i rements  must b e  c l o s e l y  r e l a t e d  t o  Government p o l i c i e s  concerning 
t h e  d r a i n a g e  of e x i s t i n g  waterlogged l a n d s  and t h e  c r e a t i o n  of new 
l a n d s .  Drainage programs w i l l  be  concen t ra ted  mainly i n  t h e  D e l t a  
r e g i o n  and t h e  Upper Egypt N i l e  Va l ley ,  p a r t i c u l a r l y  i n  r e s p e c t  t o  
improvements t o  "old lands." 

A f t e r  1985, i t  can b e  expected t h a t  d r a i n a g e  requ i rements  w i l l  be  
d r a s t i c a l l y  reduced because  a l l  t h e  "old lands"  w i l l  have been d r a i n e d  
and a l s o  a s  government p o l i c i e s  on b e t t e r  wa te r  management a r e  imple- 
mented. Accordingly ,  f o r  p r o j e c t i o n s  keyond 1985, a f i g u r e  of 10 
p e r c e n t  of 1985 usage  o r  about 30 x 1 U '  kWh i s  r e t a i n e d .  

4.2.2.2 I r r i g a t i o n :  Both pumping requirements  and t h e  use 
o f  e l e c t r i c  energy f o r  i r r i g a t i o n  purposes can b e  expected t o  i n c r e a s e  
f r a number of reasons .  The wastage of wa te r ,  e s t i m a t e d  a t  5 b i l l i o n  9 m p e r  y e a r ,  h a s  l e d  t o  water logging and i n c r e a s i n g  s a l i n i t y .  I n  
a d d i t i o n  t o  t h e  d r a i n a g e  program, t h e  M i n i s t r y  o f  I r r i g a t i o n  is  combating 
t h i s  problem i n  two ways; f i r s t ,  t h e y  a r e  r e g u l a t i n g  t h e  f low of water  
from t h e  b a r r a g e s  t o  match t h e  needs of i n d i v i d u a l  f a r m e r s ,  and second, 
t h e  Min i s t ry ' s  p o l i c y  i s  t o  lower t h e  l e v e l  of water  i n  t h e  c a n a l s  and 
t o  f o r c e  fa rmers  t o  pump water  ou t  accord ing  t o  t h e i r  own needs (an as 
i n d i r e c t  way of c h a r g i n g  f o r  t h e  wa te r )  . A t  t h e  same t ime ,  t h e  govern- 
ment' is  encouraging a s h i f t  from t h e  use  of d i e s e l  towards t h e  use  of 
e l e c t r i c i t y .  I n  f a c t ,  accord ing  t o  t h e  M i n i s t r y  of I r r i g a t i o n ,  i t  i s  
expected t h a t  w i t h i n  5 t o  7 y e a r s  a l l  pumping i n  Egypt w i l l  be based on 
e l e c t r i c i t y .  

One of t h e  major p r o j e c t s  which w i l l  have an e f f e c t  on e l e c t r i c i t y  
consumption f o r  pumping is t h e  e l e c t r i f i c a t i o n  of t e r t i a r y  pumping i n  
middle and upper Egypt cover ing  an a r e a  of a lmost  b m i l l i o n ' f d  ( s e e  t h e  
Louis  Berger R e p o r t ) .  According t o  t h e  f e a s i b i l i t y  s t u d y  f o r  t h e  - 
p r o j e c t ,  i t  is planned t o  i n s t a l l  28,475 low l i f t  and 835 h i g h  l i f t  
e l e c t r i c  pumps t o  r e p l a c e  a l l  e x i s t i n g  animal-driven and d i e s e l  pumping 
u n i t s .  In  accordance w i t h  government p o l i c y ,  t h e  program i s  designed t o  
r e p l a c e  g r a v i t y  f l o w  of water  by l i f t  water  d e l i v e r y .  An e l e c t r i c a l  
network w i l l  be e s t a b l i s h e d  t o  s e r v e  t h e  p r o j e c t  c o n s i s t i n g  of LT 
d i s t r i b u t i o n  l i n e s ,  medium t e n s i o n  11 kV l i n e s ,  d i s t r i b u t i o n  power 
t r a n s f o r m e r s ,  new o r  e x t e n s i o n  main t rans former  s t a t i o n s ,  and t h e  
necessa ry  overhead l i n e s .  I n  f a c t ,  some d i e s e l  pumps a r e  l i k e l y  t o  b e  
r e t a i n e d  and an annual  consumption of 50,000 tonnes  of d i e s e l  is e s t i -  
mated f o r  t h e s e .  



I n  o r d e r  t o  e s t i m a t e  energy requirements  f o r  i r r i g a t i o n  purposes  by 
f a r m e r s  and co-opera t ives ,  i t  is proposed t o  t a k e  a f a c t o r  of 0.2 kW/fd 
( a s  e s t i m a t e d  by t h e  World Bank). The t o t a l  number of f d  under c u l t i v a -  
t i o n  i s  es t imated  t o  be  6 m i l l i o n .  Taking i n t o  account  t h e  development 
of new l a n d s  b o t h  i n  t h e  N i l e  V a l l e y  and i n  t h e  New Val ley ,  i t  i s  
assumed f o r  t h e  purpose of c a l c u l a t i n g  energy requirements  t h a t  7 
m i l l i o n  f d ' i n  t o t a l  w i l l  be  under c u l t i v a t i o n  by 1985 and 9 m i l l i o n  by 
t h e  year  2000. There fore ,  t o t a l  e s t i m a t e s  f o r  i r r i g a t i o n  a r e :  

To t h i s  must be added t h e  p u b l i c  s e c t o r  pumping usage which is  
c u r r e n t l y  e s t i m a t e d  a t  600 m i l l i o n  kwh. The M i n i s t r y  of I r r i g a t i o n  is  
p lann ing  an a d d i t i o n a l  85  s t a t i o n s  (an  i n c r e a s e  of 8 p e r c e n t  on e x i s t i n g  
c a p a c i t y ) ,  and t h e s e  p l a n t s  are expected t o  b e  o p e r a t i o n a l  by 1985. 

6 
On t h i s  bas is . ,  consumption is expected t o  b e  , abou t  660 x 1 0  kWh 

i n  1985. The es t imated  l i f e  of pumping s t a t i o n s  is about  25 y e a r s  and 
v e r y  l i t t l e  replacement is  expec ted  by t h e  y e a r  2000. A t  t h e  same t i m e ,  
t h e  es tab l i shment  of new pumping s t a t i o n s  can b e  expected t o  slow down 
as t h e  more e l i g i b l e  "new lands"  a r e  covered by expansion programs. 
Accordingly ,  i t  i s  assumed t h a t  an a d d i t i o n a l  100 s t a t i o n s  w i l l  be b u i l t  
bebween 1985 and 2000, r e p r e s e n t i n g  an  added annual  consumption of 60 x 
10 kwh. 

4.2.2.3 T o t a l  energy demand: The c u r r e n t  and p r o j e c t e d  
p a t t e r n  of energy demand f o r  i r r i g a t i o n  .and pumping is shown i n  t a b l e  
3815 Between 1985 and 2000 t o t a l  demand i s  expected t o  remain around 8 x 
10 j o u l e s .  

4.2.3 Energy op t ions :  There a r e  a number of o p t i o n s  which cou ld  
improve e f f i c i e n c y  i n  pumping, d i s t r i b u t i n g  and u t i l i z i n g  wate r  resources .  
These a r e :  

(1)  t h e  use of i r r i g a t i o n  pumps which a r e  more e f f i c i e n t  t h a n  
conven t iona l  ones ; 

(2) i r r i g a t i o n  w e l l s  w i t h  minimum drawdown head a t  r a t e d  pumping 
c a p a c i t i e s  

(3)  b e t t e r  i r r i g a t i o n  wate r  d i s t r i b u t i o n  systems;  

(4) improved i r r i g a t i o n  pump prime motor e f f i c i e n c y  ; and 

(5) energy e f f i c i e n t  i r r i g a t i o n  systems us ing systems d e s i g n  and 
o p t i m i z a t i o n  t echn iques .  



TABLE 38 

SUMMARY OF ENERGY REQUIREMENTS FOR 
IRRIGATION AND PUMPING 

CURRENT 1985 - 2000 

IRRIGATION 

PUBLIC SECTOR 
PRIVATE. SECTOR 

DRAINAGE 

PUBLIC SECTOR . . 

TOTAL ( 1 06kWh ) 

600 600 720 
N e g l i g i b l e  682 87 7 

* I n c l u d e d  i n  p u b l i c  s e c t o r  i r r i g a t i o n  

B. DIESEL FUEL (T ,onnes )  

IRRIGATION 

PRIVATE SECTOR 

TOTAL 

C. TOTAL ENERGY EQUIVALENT (1015j o u l e s )  6.8 8.2 8.0 



Of t h e s e ,  t h e  major o p t i o n  t o  be  cons idered  i n  t h i s  s e c t o r  is t h e  
c h o i c e  between e l e c t r i c  pumps and d i e s e l  pumps f o r  i r r i g a t i o n  and 
d ra inage .  The Louis  Berger  Report  e v a l u a t e d  t h e  a l t e r n a t i v e  means of 
pumping i n c l u d i n g  animal  d r i v e n ,  d i e s e l ,  g a s o l i n e ,  and e l e c t r i c  pumps. 
The r e p o r t  concluded t h a t ,  from t h e  commercial p o i n t  of view e l e c t r i c ,  
pumps were t h e  most economic i n s o f a r  a s  they had a  lower c a p i t a l  cost, 
lower o p e r a t i n g  and maintenance c o s t s ,  and twice  t h e  l i f e  of d i e s e l  
pumps . 

Animal-driven pumps a r e  excluded from c o n s i d e r a t i o n  a s  an o p t i o n  
f n t  t h e  f u t u r e  s i n c e  they  a r e  t h e  most i n e f f i c i e n t .  A t  t h e  same t ime, 
t h e i r  replacement  by d i e s e l  o r  e l e c t r i c  pumps would e n a b l e  many of t h e  
animals  t o  be a v a i l a b l e  f o r  d a i r y  i n d u s t r y .  

I n  terms of energy usage,  t h e r e  i s  l i t t l e  b a s i s  f o r  c h o i c e  between 
d iese l -opera ted  and e l e c t r i c  pumps. The t y p i c a l  o p e r a t i n g  e f f i c i e n c y  of 
d i e s e l  pumps i s  about  20 p e r c e n t ,  w h i l e  e l e c t r i c  pumps are es t imated  t o  
have e f f i c i e n c i e s  i n  t h e  range of 20 t o  25 p e r c e n t  (based on an o p e r a t i n g  
e f f i c i e n c y  range of 22 t o  28 p e r c e n t  f o r  thermal  power s t a t i o n s ,  w i t h  a  
5  p e r c e n t  l o s s  f o r  t r a n s m i s s i o n  and 5  p e r c e n t  f o r  motor l o s s e s ) .  
Technolog ica l  developments, however, obv ious ly  cou ld  a f f e c t  energy usage 
by e i t h e r  t h e s e  systems. 

A second o p t i o n  f o r  c o n s i d e r a t i o n  h e r e  is  t h e  use  of s o l a r  energy.  
As y e t ,  s o l a r  pumping h a s  n o t  been commercially developed. The M i n i s t r y  
of I r r i g a t i o n  is  p lann ing  t o  i n s t a l l  some exper imenta l  pumps f o r  t h e  New 
Val ley p r o j e c t .  I f  s u c c e s s f u l ,  t h e s e  t y p e s  of pumps could  be  i n  use  by 
t h e  y e a r  2000. 

4.3 A g r i c u l t u r a l  Mechanizat ion 

The range of a g r i c u l t u r a l  equipment used i n  Egypt is i n d i c a t e d  i n  
t a b l e  39. F i g u r e s  a r e  shown f o r  1973, t h e  l a t e s t  y e a r  f o r  which d e t a i l e d  
d a t a  a r e  a v a i l a b l e .  T r a c t o r s  account  f o r  v i r t u a l l y  a l l  t h e  energy 
consumption i n  t h i s  s e c t o r .  I n  1976 i t  was e s t i m a t e d  t h a t  t h e r e  were 
31,352 t r a c t o r s  i n  t h e  country .  However, accord ing  t o  t h e  M i n i s t r y  ,of 
A g r i c u l t u r e ,  between 40 p e r c e n t  and 45 p e r c e n t  of t h e s e  were i n o p e r a t i v e ,  
and f u l l y  o p e r a t i o n a l  numbers a r e  es t imated  t o  b e  16,000 u n i t s .  Assuming 
t h a t  each t r a c t o r  consumes 32 b a r r e l s  p e r  y e a r  ( b b l l y r ) ,  t o t a l  consump- 
t i o n  is e s t i m a t e d  t o  b e  512,000 b b l l y e a r  of d i e s e l  o i l  o r  approximately 
70,000 tonnes .  

I n  o r d e r  t o  f o r e c a s t  f u t u r e  requirements ,  i t  i s  assumed t h a t  4,000 
t r a c t o r s /  y r  w i l l  be  assembled l o c a l l y  by NASCO from t h e  year  1980; t h i s  
i s  80 p e r c e n t  of t h e  NASCO produc t ion  t a r g e t  f i g u r e .  Assuming f u r t h e r ,  
t h a t  10 p e r c e n t  of t r a c t o r s  become i n o p e r a t i v e  every y e a r  through l a c k  

* 
T h i s  a n a l y s i s  excluded t h e  c o s t  of s e t t i n g  up an  e l e c t r i c a l  d i s t r i b u t i o n  
network. 



'TABLE 39 

MECH~IZ ATION IN AGRICULTURE 
ESTIMATES FOR 1973 

AGRICULTURAL TRACTORS 

1. - wheel Tractors 
Less than 35 hp 
35-50 hp 

' 50-65 hp 

Total 

2. Crawler Tractors 
Less than 50 hp 
50-70 hp 
70-100 hp 

Total 

PLOWS AND CULTIVATORS 

1. ~ounted culti- 
vators-719 times 

2. Trailed culti- 
vators-719 times 

3. Plow 

4 Ridger 

5. Subsoiler 

6. Disc Plow - 

7. Rotovators 

8. Ditchers (ridger 
type) 

Total 

QTY Remarks 

Produced locally by NASCO 

All imported from Western 
and Eastern European 
Countries 

Locally manufactured 

Locally manufactured 

Imported. 

Locally manufactured 

Imported 

Imported 

Imported 

Locally produced 
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TABLE 39 (cont inued)  

OTHER AGRICULTURAL EQUIPMENT QTY 

Cot ton  and c o r n  p l a n t e r s  148 
Seed d r i l l s  138 

F e r t i l i z e r  s p r a y e r s  221 

F e r t i l i z e r  and weed c u t t e r  258 
Land l e v e l l e r  ( f i r m  l e v e l l i n g )  36 
Spike t o o l  harrow 514 
S c r a p e r s  25 7 
Di t c h e r s  235 
P o s t . h o l e  d i g g e r  12 7 
Ridger  125 
Harves t ing  machihe 139 
Thrashing machine 457 
Small  p o r t a b l e  t h r a s h i n g  m/c 4,875 
Wind rower 3,000 
Wheat and Bar ley  mower 10 
Pick-up b a l e r  ( f o r  hay) 81 . 

S t a t i o n a r y  b a l e r  977 
Corn H a r v e s t e r  4 4 
Motor c o r n  s h e l l e r  8 1 
A g r i c u l t u r e  ' t r a i l e r  11,553 
Green fodder  c u t t e r  2 7 
Mower 209 
H a r v e s t e r  2 3 
Corn p i c k e r  6 1 
Fodder C u t t e r  33 
P o t a t o  h a r v e s t e r  10 
Nut t h r a s h e r  15 
Swash r a k e s  2 0 
Seed c l e a n e r  20 
Nut s h e l l e r  9 
Melon seed  e x t r a c t o r  27 ' 

Melon 14 
Coke c r u s h e r  19 

Remarks 

Imported from U.S.S.R. 
Imported from E a s t  

European c o u n t r i e s  
Imported from E a s t  

European c o u n t r i e s  
Imported 
L o c a l l y  produced 
L o c a l l y  produced 
L o c a l l y  produced 
L o c a l l y  produced 
Imported 
L o c a l l y  produced 
GRD-US SR imported 
B u l g a r i a  and l o c a l  
Loca l  p r o d u c t i o n  
Loca l  p r o d u c t i o n  
Imported 
Imported 
Imported 
Imported 
L o c a l l y  produced 
L o c a l l y  produced 
L o c a l l y  produced 
Imported 
Imported 
Imported 
Loca l  p r o d u c t i o n  
Imported 
Imported . 
Imported 
Imported 
Imported 
Imported 
Loca l  p r o d u c t i o n  
Loca l  p r o d u c t i o n  

Source:  General  Eng ineer ing  Dept. ,  M i n i s t r y  of A g r i c u l t u r e  



of s p a r e  p a r t s  o r  through o l d  age ,  a n  annual  i n c r e a s e  can b e  expected of 
about  3,500 t r a c t o r s .  This  w i l l  i n c r e a s e  t h e  t r a c t o r  f l e e t  t o  37,500 by 
1985 and 90,000 by t h e  year  2000. On t h i s  b a s i s ,  t h e  annual  consumption 
o f  d i e s e l  o i l  by t r a c t o r s  can be  expected t o  be: 

Current  70,000 t o n s  (3.2 x l 0 l 5  j o u l e s )  

1985 165,000 t o n s  (7.5 x 1015 j o u l e s )  

2000 395,000 t o n s  (17.9 x l 0 l 5  j o u l e s )  

'In a d d i t i o n ,  a l lowance should be  made f o r  o t h e r  a g r i c u l t u r a l  
equipment. S i n c e  t h e s e  a r e  n o t  major consumers of energy ,  t h e  above 
e s t i m a t e s  a r e  i n c r e a s e d  by 5 p e r c e n t  t o  t a k e  account  of them. T o t a l  
energy consumption f o r  t h e  s e c t o r  is t h e r e f o r e  es t imated  t o  he :  

Cur r e n t  3.36 x 1015 j o u l e s  

1985 7.95 x  l o L 5  j o u l e s  

2000 18.80 x 1015 j o u l e s  

4.4 Food Process inp  I n d u s t r i e s  

The two main a r e a s  i n  t h e  a g r o - i n d u s t r i a l  s e c t o r  a r e  t h e  food 
p rocess ing  i n d u s t r i e s  and t h e  c o t t o n  f i b e r s  i n d u s t r y .  Cotton g inn ing  is 
t r e a t e d  i n  t h e  s e c t i o n  on the.  t e x t i l e  i n d u s t r y .  

4.4.1 Cur ren t  energy consumption: The food p rocess ing  i n d u s t r y  
c o n s i s t s  of numerous p roduc t s  of which s u g a r ,  tobacco and c i g a r e t t e s ,  
o i l  and soap ,  beverages ,  canned p r o d u c t s ,  s t a r c h  and y e a s t ,  d a i r y  
p r o d u c t s ,  b i s c u i t s ,  and e s s e n c e s  a r e  t h e  major p roduc t s .  Product ion f o r  
1975 of  a l l .  p roduc t s  i n  ' t h e  a g r o - i n d u s t r i a l  s e c t o r  is shown i n  t a b l e  40. 
The i n d u s t r y  c o n s i s t s  of over  1,000 e s t a b l i s h m e n t s ;  t h e  s a l e s  v a l u e  of 
t h e  major companies i s  shown i n  ( t a b l e  4 1 ) .  Food i n d u s t r i e s  account  f o r  
31 p e r c e n t  of t o t a l  i n d u s t r i a l  product ion.  

Es t imat ing  energy consumption i n  t h e  s e c t o r  is ex t remely  d i f f i c u l t  
due t o  t h e  number of companies as w e l l  as t h e  number of d i f f e r e n t  
p roduc t s  and p r o c e s s e s  involved.  I n  t h e  t ime allowed f o r  c a r r y i n g  o u t  
t h e  s t u d y ,  i t  was p o s s i b l e  t o  v i s i t  o n l y  a  sugar  f a c t o r y .  The sugar  
i n d u s t r y  i s ,  of c o u r s e ,  a  major f a c t o r  i n  t h e  food p rocess ing  s u b s e c t o r .  
Current  p roduc t ion  is a s  f o l l o w s  ( i n  t o n n e s l y r ) :  



TABLE 40 

FOOD PROCESSING INDUSTRIES I N  EGYPT 

ESTIMATED PRODUCTION 1975 

Tonnes ( u n l e s s  o therwise  s t a t e d )  

Cassonade (Crude Sugar) 
C a s t o r  Sugar 
Ref ined Sugar 
Molasses 
P a r t i c l e  Board 
Paper Pulp  
Alcohol ('000 l i t e r s )  
Dry and Fresh Yeast  
C i g a r e t t e s  ( M i l l i o n s )  
Tobacco ( C i g a r e t t e s )  
Molasses tobacco 
E d i b l e  O i l  ( F i r s t  Grade) 
Hydrogenated O i l  and Margarine 
Laundry Soap 
T o i l e t  Soap 
Cot ton  Seed Cake 
Fodder 
D e t e r g e n t s  
P a s t e u r i z e d  Milk 
Yoghur t 
White Cheese 
Kaskara l  , 

Processed Cheese 
J u i c e s ,  Canned F r u i t  
Jams 
Tomato Produc t s  
P i c k l e s ,  Canned Vegetables  and Meat 
Canned Beans 
Canned F i s h  
Frozen Produc t s  
Dates  Produc t s  
B i s c u i t s  
Toasted Bread 
Toas t  
Chocolate  
Candy 
C a m e l s  
Halva Tahan 
So£ t Drinks  (Cola) ('000 Boxes) 
Various S o f t  Drinks  ('000 Boxes) 



TABLE 40 (cont inued)  

ESTIMATED PRODUCTION 1975 

Tonnes ( u n l e s s  o therwise  s t a t e d )  

Aromat ic /Flavors  
Aromatic P a s t e  and E s s e n t i a l  O i l s  (Ki los )  
Brewery Products  (Hecto l i t e r s )  
Ma1 t 
  rand^ 
Wines 
Grapes 
Rum 
Zebieb 
Dehydrated Onions , , 

Dehydrated Vege tab les  
S t a r c h  
Glucose 
Su l fona ted  Alcohols  
Macaroni 
Crude Maize Embryo O i l  
S a l t  
Tab le  S a l t  
Ki tchen S a l t  

Source:  General  O r g a n i z a t i o n  f o r , F o o d  I n d u s t r i e s ,  M i n i s t r y  of A g r i c u l t u r e .  

- 
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- TABLE 41 

MAJOR FOOD PROCESSING AND RELATED INDUSTRIES I N  EGYPT BY SECTOR 
ESTIMATED VALUE OF PRODUCTION 1975 

COMPANY VALUE OF PRODUCTION 
L. E. '000 

VEGETABLE OILS AND SOAPS 

Egypt ian S a l t  and Soda Company . '28,263 
Alexandr ia  Company f o r  O i l s  and Soap 21,824 
Tant  Company f o r  O i l s  and Soap 13,777 
C a i r o  Company f o r  O i l s  and Soap 10,265 
Mior Company f o r  O i l s  and Soap 7 ,,964 
E l  N i l  Company f o r  O i l s  and Soap 9,134 
E x t r a c t i n g  O i l s  Company 7,749 

CANNING 

Mior Company f o r  d a i r y  and foods  10,624 
Edf ina  Company f o r  canned foods  9,349 
E l  Nasr Company f o r  canned foods ,  Kaha 8,067 

CONFECTIONARY 

Egypt ian Company f o r  foods , BISKOMISR 7,327 
Alexandr ia  Confec t ionary  and Chocolate  Company 6,798 

BOTTLING PLANTS 

E l  Nasr ~ o t t l i n g  Company 
Egypt ian B o t t l i n g  Company 

BEVERAGES 

Pyramid. Beer Company 
The Egypt ian Grape Producers  and 

D i s t i l l a t i o n  Company 

ESSENCES 

C a i r o  Food F lavours  and Essence Company 5,673 

E l  Nasr Company f o r  Dehydrat ing 
A g r i c u l t u r a l  Produce 3,449 

Egypt ian Company f o r  S t a r c h  and Yeast 8,127 
Egyptian Company f o r  S t a r c h  and Glucose 5,355 

-- -- - 

Source:  General  O r g a n i z a t i o n  f o r  Food I n d u s t r i e s ,  M i n i s t r y  of A g r i c u l t u r e .  
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Paper Pulp ,  Year of 
Loca t ion  Cane Sugar Wood Board e t c .  Molasses ~ s t a b l i s h m e n t  

1. Kom Ombo 1,000,000 110,000 15,000 X 4 % 1912 

2. Edfu 800,000 90,000 X 18,000 4% 1962 

3. Ermant 800,000 90,000 X X 4% 196 9 

4. Kous 1,000,000 110,000 X X 4% 1968 

5. Dishna 1,000,000 100,000 X X 4% 1977 

6. Nag Hammadi 1,500,000 160,000 X X - 1896 

7. Abu Korkas 600,000 60,000 X X - - 
8. Hawamdia - 350,000 - - - - 
* 

Other  p roduc t s  i n c l u d e  a l c o h o l ,  carbon d i o x i d e  g a s ,  d ry  y e a s t ,  and 
a c e t i c  ac id .  

Source Egyptian Sugar and Sugae Process ing  Company. 

From t h e  p o i n t  of view of energy consumption t h e  most i n p o r t a n t  of 
t h e s e  p l a n t s  i s  t h e  one a t  Hawamdia which c o n s i s t s  of a r e f i n e r y  and a 
d i s t i l l e r y .  V i r t u a l l y  a l l  of t h e  sugar  p l a n t s  i n  Egypt a r e  s e l f - s u f f i -  
c i e n t  i n  terms of energy i n s o f a r  a s  they  f i r e  t h e i r  b o i l e r s  and p rov ide  
power and steam by us ing  bagasse  and waste  m a t e r i a l s  a s  f u e l .  The 
r e f i n e r y  and d $ s t i l l e r y  a t  Hawamdia,.however, draws power from t h e  
n a t i o n a l  g r i d .  The f a c t o r y  h a s  t h r e e  t u r b i n e s  of 1.25 MW each which 
were i n s t a l l e d  i n  1947. These a r e  working a t  p r e s e n t  a t  70 p e r c e n t  
e f f i c i e n c y  and t o  be r e p l a c e d  soon by two new t u r b i n e s  of 4.5 MWe each. 
A t  p r e s e n t ,  t h e  r e f i n e r y  uses  180 t o n s  of f u e l  o i l  per  day-  I n  a d d i t i o n  
t o  i t s  own power, t h e  r e f i n e r y  draws 15,000 kWh from t h e  g r i d  every 
day. The d i s t i l l e r y  u s e s  5,000 t o  7,000 kWh p e r  day of i t s  own power 
and draws a f u r t h e r  15,000 t o  20,000 kWh from t h e  g r i d .  The Hawamdia 
g e n e r a t e s  about 160 t o n n e s l h r  of steam f o r  a wide range of uses.  
There fore ,  t h e  t o t a l  c u r r e n t  annua l  energy consumption is  e s t i m a t e d  t o  
b e  : 

Fuel  o i l  59,400 tonnes  

E l e c t r i c  power : 38 x l o6  kWh 

A new f a c t o r y  wi th  a c a p a c i t y  of 1,400 tonnes  of sugar lday  i s  
planned f o r  and is  expected t o  have an e l e c t r i c a l  l o a d  of 6.5 MWe.  

I n  e s t i m a t i n g  energy requ i rements  f o r  t h e  i n d u s t r y  a s  a whole, a 
t y p i c a l  r a t i o n  is  es t imated  t o  be 60,000 kWh f o r  r e f i n i n g  1 ,000 tonnes  
of sugar .  A t  p r e s e n t  p roduc t ion  l e v e l s  of a lmost  1 m i l l i o n  tonnes ,  



annua l  energy consumption is  e s t i m a t e d ,  t h e r e f o r e ,  t o  b e  60 m i l l i o n  
tonne kwh. The p roduc t ion  t a r g e t  f o r  1980 i s  1,419,000 tonnes .  Thus, 
f o r  t h e  f u t u r e ,  i t  is expected t h a t  c a p a c i t y  shou ld  reach  1.5 m i l l i o n  
, t o n n e s  by 1985 and about  2.5 m i l l i o n  tonnes  by t h e  y e a r  2000. Th is  
r e p r e s e n t s  a n  energy consumption of 90 m i l l i o n  kWh by 1985 and 150 
m i l l i o n  kwh i n  2000. I n  summary, t h e  i n d u s t r y  i s  expected t o  consume t h e  
fo l lowing  amounts of energy:  

1975 0.216 (1015 j o u l e s )  
1985 0.324 
2000 0.540 

I n  e s t i m a t i n g  energy consumption f o r  o t h e r  major a g r o - i n d u s t r i e s  i n  
Egypt f a c t o r s  a r e  used f o r  some of t h e  i n d u s t r i e s  based on t h e  exper- 
i e n c e  of s i m i l a r  i n d u s t r i e s  i n  o t h e r  deve lop ing  c o u n t r i e s .  The f a c t o r s  
a r e  shown i n  t a b l e  42, and shou ld  be  t r e a t e d  a s  i n d i c a t i v e  of t h e  broad 
a r e a  i n  which consumption of energy i s  l i k e l y  t o  l i e  and a r e  o n l y  used 
t o  o b t a i n  a  g e n e r a l . i d e a  of t o t a l  consumption i n  t h e  s e c t o r .  Assuming 
t h e  energy consumption f o r  t h e  major i n d u s t r i e s  l i s t e d  i n  t a b l e  42 
r e p r e s e n t s  about  t h r e e - q u a r t e r s  of t h e  s u b s e c t o r  consumption, t o t a l  
annua l  energy yge i n  t h e  food p r p ~ e s s i n g  i n d u s t r i e s  i s  e s t i m a t e d  t o  be 
about  3 . 0 ~  1 0  Btu o r  3.2 x  1 0  joules .  

e 

4.4.2 D i s c u s s i o n  of op t ions :  * F o r  t h e  food i n d u s t r y ,  energy 
consumption can be  d i s c u s s e d  on ly  i n  g e n e r a l  terms i n  view of t h e  
v a r i e t y  and numbers of d i f f e r e n t  products .  A g e n e r a l  comment on t h i s  
s e c t o r  is t h a t  t h e  m a j o r i t y  of energy consumed is  f o r  b o i l e r  steam ( s e e  
t a b l e  43) .  

The major impact on energy u t i l i z a t i o n  would l i e  i n  t h e  a r e a  of 
energy c o n s e r v a t i o n  r a t h e r  than  i n  t h e  o p t i o n s  a v a i l a b l e  i n  swi tch ing  
f u e l s .  P o t e n t i a l l y  important  c o n s e r v a t i o n  t echn iques  a v a i l a b l e  t o  t h e  
food i n d u s t r y  a r e  l i s t e d  below. 

A. Waste Energy Recovery' 
1. Use waste  h e a t  from p l a n t  equipment (cookers ,  d r y e r s ,  k i l n s ,  

mechanical  compressors)  . 
2. Recover h e a t  i n  was,te s e r v i c e  h o t  water .  
3. Recover h e a t i n g  o r  c o o l i n g  e f f e c t  from v e n t i l a t i o n  exhaust  a i r  

t o  p r e c o n d i t i o n  incoming v e n t i l a t i o n  a i r  (e.g., u s e  "heat  
wheel" o r  o t h e r  h e a t  exchanger t o  cross-exchange b u i l d i n g  
exhaust  a i r  w i t h  make-up a i r ) .  

4. Reduce b u i l d i n g  exhaus t s  and t h u s  make-up a i r  o r  r e c y c l e  a i r  
f o r  h e a t i n g ,  v e n t i l a t i o n  and a i r  c o n d i t i o n i n g  t o  maximum 
e x t e n t .  

5. I n c r e a s e  r e g e n e r a t i o n  i n  f l u i d  h e a t / c o o l i n g  recovery by 
i n c r e a s i n g  s i z e  o f  h e a t  exchanger.  

6. U s e  low tempera tu re  was te  e f f l u e n t  t o  c o o l  i n p u t  s t reams.  



Improved E l e c t r i c a l  Energy Usage 
Optimize p l a n t  power f a c t o r s  by ( i )  de-energizing excess  
t r ans former  c a p a c i t y  and ( i i )  i n s t a l l i n g  c a p a c i t o r ' b a n k s  t o  
i n c r e a s e  power f a c t o r .  
Optimize motor s i z e s  and pumps wi th  l o a d s  t o  improve power 
f a c t o r  and e f f i c i e n c y .  
Use more e f f i c i e n t  l i g h t  s o u r c e s ,  i . e . ,  c o n v e r t  t o  f l o r e s c e n t ,  
mercury, sodium, o r  h i g h  i n t e n s i t y  d i r e c t  l i g h t i n g .  
Reduce o r  e l i m i n a t e  g e n e r a l  l i g h t i n g  where n a t u r a l  l i g h t  
p rov ides  s u f f i c i e n t  i l l u m i n a t i o n .  Limit  h i g h e r  l i g h t i n g  l e v e l s  

. . . .  . .  . t o  t a s k  a r e a s  only .  . . .  . 

Reduce g e n e r a l  i l l u m i n a t i o n  t o  minimum necessa ry .  f o r  s a f e t y .  
Reduce e x t e r i o r  b u i l d i n g s  and grounds i l lumi .na t ion  t o  minimum 
n e c e s s a r y  f o r  s a f e t y .  
Consider  r e p l a c i n g  e l e c t r i c  motors wi th  back p r e s s u r e  steam 
t u r b i n e s  and use  exhaust  steam f o r  p rocess  h e a t .  
U s e  m u l t i p l e  c a p a c i t y  compressors f o r  r e f  r i g e r a t i o n .  

I n c r e a s e d  B o i l e r  and Steam E f f i c i e n c y  - 
Minimize b o i l e r  blowdown. . ' 

Use b e t t e r  feedwater  t r e a t m e n t  t o  reduce blowdown need. 
Recover h e a t  from h o t  blowdown. 
Re turn  more steam c o n d e k a t e  t o  b o i l e r .  
Use f l u e  gas  h e a t  t o  p r e h e a t  b o i l e r  feedwater  and combustion 
a i r .  
Use waste  h e a t  from h o t  f l u e  g a s e s  t o  g e n e r a t e  low p r e s s u r e  
steam o r  h o t  pater , .  
Reduce combustion a i r  f l o w , t o  optimum and improve combustion 

/ ' '  c o n t r o l  c a p a b i l i t y .  
I n s t a l l  and r e p a i r  steam t r a p s .  
Desca le  b o i l e r  t u b e s  more f r e q u e n t l y .  
I n s e r t  t u r b u l a t o r s  o r  s p i n n e r s  i n  b o i l e r s  t o  i n c r e a s e  h e a t  
t r a n s f  e r  t o  water .  
Improve o i l  a t o m i z a t i o n  ( u s e  compressed a i r  r a t h e r  than s team).  
B e t t e r  maintenance of b u r n e r s  and i n j e c t i o n  systems. 
Minimize use of s t andby  b o i l e r s  o r  b o i l e r s  o p e r a t i n g  a t  low 
power. 

Use of I n s u l a t i o n  
I n s u l a t e  steam and condensate  l i n e s .  
Upgrade i n s u l a t i o n  and l i n i n g s  i n  f u r n a c e s ,  b o i l e r s ,  k i l n s ,  
ovens ,  cookers ,  and o t h e r  p r o c e s s  equipment. 
I n s u l a t e  w a l l s ,  c e i l i n g s ,  and roofs .  

E. R e f r i g e r a t i o n  and Space C o n d i t i o u  
1. Main ta in  space  t empera tu re  lower dur ing  t h e  ' w i n t e r  season  and 

h igher  dur ing  t h e  summer season.  
2. . Air c o n d i t i o n  on ly  space  i n  use. 
3. Reduce a i r  c o n d i t i o n i n g  load  by evapora t ing  wate r  from roof .  
4. Shut down a i r  c o n d i t i o n i n g  dur ing  non-working hours.  
5. Reduce h e a t i n g  l e v e l  when b u i l d i n g  is  n o t  i n  use.  



Use process  was te  h e a t  f o r  space  hea t ing .  
Use double  doors  o r  c u r t a i n s  between h e a t e d  and cooled a r e a s .  
I n s t a l l  a i r  s e a l s  around t r u c k  load ing  dock doors.  
Keep l o a d i n g  dock door c losed  when n o t  i n  use. 

Dryers ,  Evapora to rs ,  and Other  Process  Equipment 
Improve evapora to r  e f f i c i e n c y  by i n s t a l l i n g  a d d i t i o n a l  e f f e c t s .  
Use mechanical  vapor recompress ion i n  e v a p o r a t i o n  process .  
Use r i n g  d r y e r s  r a t h e r  than  s t r a i g h t  through dryers .  
Use l a r g e r  screw and pneumatic p r e s s e s  t o  dewater product  
b e f o r e  drying.  
Improve maintenance on h e a t  t r a n s f e r  s u r f a c e s .  
E l imina te  a f t e r  b u r n e r s  by i n s t a l l i n g  o t h e r  p o l l u t i o n  c o n t r o l  
equipment. 
Minimize a i r  i n t r u s i o n  i n t o  ovens f o r  use  of a i r  fans .  
Match a i r  compressors t o  a c t u a l  requirements .  
Use microwave d r y i n g  and cooking t o  e l i m i n a t e  long steam 
h e a t i n g  t i m e s .  
I n s t a l l  a g i t a t o r s  i n  vacuum pan of e v a p o r a t o r s  t o  improve h e a t  
t r a n s f  er . 
General  Energy ~ a n a g e m e n t  
Salvage and re-use p rocess  waste. 
Use optimum s i z e d  equipment. 
Use most e f f i c i e n t  equipment a t  i t s  maximum c a p a c i t y  and less 
e f f i c i e n t  equipment o n l y  when necessa ry .  
Minimize o p e r a t i o n  of equipment r e q u i r e d  t o  be  mainta ined i n  
s tandby c o n d i t i o n -  
Shutdown p r o c e s s  h e a t i n g  equipment when n o t  i n  u s e ,  o r  a t  l e a s t  
reduce t empera tu re  of p r o c e s s  h e a t i n g  equipment when on standby. 
Reduce o p e r a t i n g  t ime of equipment t o  t h a t  a c t u a l l y  requ i red .  
Use a s m a l l  number of h i g h  ou tpu t  u n i t s  i n s t e a d  of many small 
i n e f  f  i c i c n t  u n i t s  w 

Clean o r  r e p l a c e  f i l t e r s  r e g u l a r l y .  
Convert from b a t c h  t o  cont inuous  o p e r a t i o n .  
Convert from i n d i r e c t  t o  d i r e c t  f i r i n g  (e.g., ovens).  
Convert l i q u i d  h e a t e r s  from u n d e r f i r i n g  t o  immersion o r  submer- 
s i o n  h e a t i n g .  
Replace steam u s e  by h i g h  t empera tu re  wa te r  t o  e l i m i n a t e  steam 
l o s s e s .  

4 . 4 . 3  F u t u r e  energy requirements :  T e n t a t i v e  p r o j e c t s  proposed i n  
t h e  c u r r e n t  N a t i o n a l  P lan  a r e  shown i n  t a b l e  4 4 .  P r o j e c t s  l i k e l y  t o  be 
impor tan t  energy u s e r s  a r e  a s s o c i a t e d  w i t h  t h e  sugar  i n d u s t r y ,  soap 
p roduc t ion ,  canning,  s o f t  d r i n k s  b o t t l i n g ,  and t h e  new b e e r  p l a n t .  
Major emphasis a l s o  is  be ing  p laced  on t h e  p o u l t r y  i n d u s t r y .  



TABLE 42 

ESTIMATED ENERGY CONSUMPTION I N  MAJOR FOOD PROCESSING 
INDUSTRIES 

I I ENERGY CONSUMPTION ' I ESTIMATED 1 
I INDUSTRY I PER TONNE I 1975 

I 
I TOTAL ENERGY ( 

I I ( M i l l i o n  Btu's)  I PRODUCTION I CONYJMPTION I 
I I Fuel  l ~ l e c t r i c i t y  I T o t a l  I (TONNES) 1 (10 Btu's)  I 

E d i b l e  O i l s  ( 7.04 1 1.07 ( 8.11 1 150,000 1 1.217 I 
I I I I I I 

Hydrogenated O i l s 1  4.97 1 0.38 1 5.35 1 126,500 1 0.677 I 
I I I I I ,  

D a i r y  Produc t s  I 
I 

I I I I I 
1 1. I I I I 

- Milk  1 1 . 5 9 )  0.34 1 1.93 1 41,200 ( 0.080- I 
I I I I I I 

- C h e e s e  112 .22  1 1.12 113.34 1 8,000 1 0.107 I 
I I I I I 

Canned Foods 
I 

I I 1 . 1  I I 
I ( F r u i t  and Veg.) 1 4.62 1 0.42 1 5.04, 1 30,000 1 0.151 

I I I I I I 

TOTAL 2.23 x 1012 Btu 's  

TABLE 43 

PERCENTAGE OF ENERGY TYPICALLY CONSUMED FOR BOILER STEAM 
I N  THE FOOD PROCESSING INDUSTRY 

1 I n d u s t r y  
I 
I Brewing 
I Food Canning 
1 F l u i d  Milk 
1 Cane Sugar 
I Cooking O i l s  
1 So£ t Drinks  
I P o u l t r y  and Egg Process ing  
I 

P e r c e n t  I 
I 

81  I 
82 1 
69 1 
75 1 
92 I . - . : '  
61- 1 
,67 1 

I 

Source:  FEA "Target" Documents 



TABLE 44 

TENTATIVE NEW PROJECTS I N  THE AGRO-INDUSTRIAL SECTOR 
I N  THE FIVE-YEAR PLAN 

1976 - 1980 

ANNUAL PRODUCTION 
SITE UNIT QTY VALUE PROJECT 

Bal iana  Sugar P l a n t  and 
R e f i n e r y  
Tugs f o r  N i l e  T ranspor t  
Land Reclamation of Wadi 
E l  Charbet  
Armant Railway (Narrow 

Gauge) 
Soap Continuous Produc t ion  
Uni ts  f o r  Hydrogenation 

of E d i b l e  O i l  
Replacement and Extens ion  

of Animal Fodder P l a n t s  
One Uni t  f o r  S u l f o n a t i o n  
Uni t s  f o r  B o t t l i n g  E d i b l e  

O i l  i n  P.V.C. 
Glucose P l a n t  
Yeast P l a n t  

1,000 
t o n  

150 Sugar 24,390 
67 M O ~ ~ E E C E  

- S e r v i c e s  - 
- Servtces - 

Bal iana  

Kom-Omb o 
Kom-Omb o 

- S e r v i c e s  - 
TON 

1,000 
TON 

11 

11  

Ton 

150 15,000 
20 8,000 

- S e r v i c e s  - 
1,000 
1,000 
Ton 

I t  

Alexandria  

11 Extension of Canning 
Food a t  Edf ina  Co. 

Extension of Canned 
Food a t  Kaha Co. 

Produc t ion  of Agar-Agar 
9 Prod. l i n e s .  f o r  so£ t 

d r i n k s  (MISR Co.) 

Alexandr ia  Tons 

M l  n 
Box 
M l  n 
Box 
HK 
L i t .  

1,000 
Ton 

I t  

7 prod. l i n e s  f o r  s o f t  
. d r i n k s  (MISR Co.) 

New Beer P l a n t  Suhag 

New Malt P l a n t  Alexandr ia  

I s m a i l i a  
C a i r o  

Ca i ro  

Extension of MISR 
D a i r y  Co. 

Extension f o r  t h e  
Egypt ian Food Co. 
(Bisco MISR) 

Extension f o r  t h e  
Alexandr ia  Conf ec- 
t i o n e r y  and Chocolate  Co. 

Extension f o r  C a i r o  Food 
F lavours  and Essence Co. 

Al exand r i a  Ton 

1,000 Giza 
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The sugar  i n d u s t r y  i s  p r e s e n t l y  l a r g e l y  s e l f - s u f f i c i e n t  i n  genera t -  
i n g  i t s  own power through burn ing  bagasse  a s  a  f u e l  i n  i ts  b o i l e r s .  
Experfence i n  o t h e r  c o u n t r i e s ,  such a s  Peru ,  i n d i c a t e s  t h a t  i t  is 
t e c h n i c a l l y  f e a s i b l e  t o  use  bagasse  a s  a  raw m a t e r i a l  f o r  t h e  manufac- 
t u r i n g  of paper p u l p  a s  w e l l  f o r  f u e l  purposes.  Most sugar  p l a n t s  i n  
Egypt do manufacture  p a r t i c l e  board from was te  p r o d u c t s ,  and t h e  p l a n t  
a t  Edfu h a s  a  paper pu lp  l i n e .  Also a new u n i t  f o r  manufacturing 
newsprint  from bagasse  is  planned t h e r e .  Should a l l  t h e  bagasse  
i n  t h e  i n d u s t r y  b e  used f o r  t h i s  purpose ,  t h e r e  would be an added demand 
f o r  energy from conven t iona l  sources .  

Where o t h e r  a g r i c u l t u r a l  r e s i d u e s  a r e  concerned,  t h e  MISR Chemical 
Works has  cons idered  t h e  p o s s i b i l i t y  of us ing  m a t e r i a l s  such a s  l o v  
q u a l i t y  c o t t o n ,  "gaswarina," euca lyp tus  p i n e  n e e d l e s ,  r i c e ' s t r a w ,  and 
bagasse  f o r  rayon and v i s c o s e  manufacture. These have,  however, been 
r e j e c t e d  on t e c h n i c a l  and economic grounds.  

I n  o r d e r  t o  p r e d i c t  f u t u r e  requ i rements ,  i t  i t  assumed t h a t  t h e  
s u b s e c t o r  w i l l  grow a t  a n  annual  r a t e  of 5  p e r c e n t  u n t i l  1985 and 
t h e r e a f t e r  a t  2.5 p e r c e n t l y r .  The g e n e r a l  s t r a t e g y  f o r  t h e  1978-1982 
P l a n  presupposes  a r a t e  of growth of 9  p e r c e n t  t o  11 p e r c e n t l y r  f o r  
i n d u s t r y  b u t  o n l y  3.5 p e r c e n t l y r  f o r  t h e  a g r i c u l t u r e  s e c t o r .  However, 
much emphasis i s  being p laced  on food p rocess ing  i n d u s t r i e s  and a  r a t e  
of 5  p e r c e n t  would seem more a p p r o p r i a t e .  A f t e r  1985 t h e  r a t e  of growth 
i s  expected t o  drop a s  t h e  more obvious o p p o r t u n i t i e s  probably  w i l l  have 
been e x p l o i t e d  by then.  Applying t h e  above-mentioned r a t e s  of growth,  
energy .consumption is f o r e c a s t  a s  fo l lows :  

1975 3.2 x 1015 j o u l e s  
1985 5.2 
2000 8.7 

4.4.4 P o t e n t i a l  energy sav ings :  I n  o r d e r  t o  e s t i m a t e  t h e  p o s s i b l e  
s a v i n g s  i n  energy i n  food p rocess ing  i n d u s t r i e s  by t h e  adop t ion  of t h e  
t echn iques  d e s c r i b e d  above, i t  is  assumed t h a t  t h e  proposed energy 
improvement g o a l s  which h a v e ' b e e n  recommended f o r  t h i s  s e c t o r  i n  t h e  
U. S.  f o r  t h e  year  1980 ' should be  achieved i n  Egypt f o r  t h e  year  2000. 
These r a t e s  v a r y  from between 7  p e r c e n t  f o r  corn  m i l l i n g  t o  19 p e r c e n t  
f o r  c h o c o l a t e  product ion.  The average improvement suggested f o r  t h e  
s e c t o r  i s  14 p e r c e n t .  Assuming an improvement i n  energy usage of 4 
p e r c e n t  b e f o r e  1985 and 1 0  p e r c e n t  between 19851~nd 2000, p o t e n t i a l  
anpga l  s a v i n g s  i n  t h e  s e c t o r  could  b e  0.08 x  1 0  j o u l e s  and 0.35 x 
1 0  j o u l e s  f o r  t h e  two p e r i o d s ,  r e s p e c t i v e l y .  T y p i c a l l y ,  t h e  i n d u s t r y  
i n  t h e  U.S. uses  15 p e r c e n t  e l e c t r i c i t y  and 85  p e r c e n t  o t h e r  f u e l s ,  and 
t h i s  r a t i o  could  be  a p p l i e d  t o  Egypt. 



4.5 Energy Requirements i n  t h e  A g r i c u l t u r a l  Sec to r  

Estimated p re sen t  and f u t u r e  energy consumption i n  t he  a g r i c u l t u r a l  
s e c t o r  is shown i n  t a b l e  45.. Agr i cu l tu ra l  equipment which p r e s e n t l y  
accounts  f o r  only 25 pe rcen t  of consumption is expected t o  i nc rease  i t s  
s h a r e  t o  over 50 percent  by t h e  year 2000, a r e f l e c t i o n  of t h e  p re sen t  
low l e v e l  of mechanization. 

TABLE 45 

ESTIMATED ENERGY CONSUMPTION I N  THE AGRICULTURAL SECTOR 

( l d 5  Joules )  , 

Current  

1. I r r i g a t i o n  and 
Pump i n  g 6.8 

2. Agr i cu l tu ra l  
Equipment 3.4 

3. Food Processing 
I n d u s t r i e s  3.2 

TOTAL 
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1.0 SUMMARY 

As p a r t  of t h e  U.S.-Egypt Cooperat ive  Energy Assessment e f f o r t ,  
t h i s  annex q u a n t i f i e s  by f u e l  type and by u t i l i z i n g  d e v i c e  t h e  energy 
consumed by Egyptian r e s i d e n t i a l ,  commercial, and community s e c t o r s  i~ 
1975, and f o r e c a s t s  t h e s e  q u a n t i t i e s  f o r  t h e  y e a r s  1985 and 2000. As 
such,  i t  i s . a  p i c t u r e  of t h e  l i f e s t y l e  of t h e  Egyptian popula t ion  i n  
energy terms today;  and i t  i s  an a t t empt  t o  show how t h a t  energy l i f e -  
s t y l e  w i l l  change wi th  i n c r e a s e s  i n  u r b a n i z a t i o n ,  e l e c t r i f i c a t i o n ,  and 
t h e  s t a n d a r d  of l i v i n g .  

Th is  annex proposes  s e v e r a l  o p t i o n s  f o r  improving Egypt's energy 
equa t ion .  The o p t i o n s  i n c l u d e  t h e  use  of more e n e r g y - e f f i c i e n t  a p p l i a n c e s  
and t h e  replacement of energy d e v i c e s  us ing  s c a r c e  f u e l s  wi th  o t h e r s  
us ing  r e a d i l y  a v a i l a b l e  o r  renewable forms of energy. F i r s t - o r d e r  
q u a n t . i f i c a t i o n s  of t h e  b e n e f i t s  of t h e s e  o p t i o n s  a r e  provided; t h e  
q u a n t i f  i c a t l o n s  a r e  t o  b e  eva lua ted  by t h e  l n t e g r a t i o n  Team of Egypt ian 
and American s p e c i a l i s t s  i n  l i g h t  of t h e i r  knowledge of r e l e v a n t  supp ly  
and t e c h n i c a l ,  economic, s o c i a l ,  and p o l i t i c a l  f a c t o r s .  Assuming 
consensus on t h e  v a l i d i t y  of t h e s e  q u a n t i t i e s ,  i t , i s  now t h e  t a s k  of t h e  
team supply  s p e c i a l i s t s  - e s p e c i a l l y  t h o s e  d e a l i n g  wi th  e l e c t r i c i t y ,  
n a t u r a l  g a s ,  ke rosene ,  and s o l a r  energy - . t o  e v a l u a t e  t h e  f e a s i b i l i t y  
and economics of implementing t h e s e  o p t i o n s ,  and t h a t  of t h e  developmental  
s p e c i a l i s t s  t o  e v a l u a t e  t h e i r  p o l i t i c a l  and s o c i a l  i m p l i c a t i o n s .  

2.0 PRESENT AND PROJECTED USE OF ENERGY I N  THE RESIDENTIAL/COMMERCIAL/ 
COMMUNITY SECTORS 

The r e s i d e n t i a l  b u i l d i n g  s e c t o r  comprises  a l l  Egyptian d w e l l i n g s ,  
b o t h  urban and r u r a l .  The commercial s e c t o r  is  a  l a r g e  misce l l ancy  
compr'ising a l l  b u i l d i n g s  n o t  i n  t h e  r e s i d e n t i a l  o r  i n d u s t r i a l  s e c t o r s ,  
e.g., o f f i c e s ,  shops ,  b a z a a r s ,  mosques, t h e a t e r s ,  h o s p i t a l s ,  and h o t e l s .  
Community sys tems i n c l u d e  street l i g h t i n g ,  wa te r  supply ,  and sewage and 
so l id -was te  t r ea tment  and d i s p o s a l  systems. 

I n  , the  United S t a t e s ,  r e s i d e n t i a l  and commercial energy usage  
p a t t e r n s  d i f f e r  s i g n i f i c a n t l y  from each o t h e r  because  they  a r e  dominated 
by b u i l t - i n  space  c o n d i t i o n i n g  systems. These systems v a r y  w i t h  b u i l d i n g  
t y p e ,  l o c a t i o n ,  age ,  s i z e ,  and use .  On t h e  o t h e r  hand, t h e  Egyptqan 
c l i m a t e ,  t h e  temperature-moderating e f f e c t s  of t h e  t h i c k  masonry w a l l  
a r c h i t e c t u r e  of Egypt, and t h e  c o s t l i n e s s  of Western space  c o n d i t i o n i n g  
technology have combined t o  make space  h e a t i n g  and c o o l i n g  i n  b o t h  
r e s i d e n t i a l  and commercial b u i l d i n g s  r a r e  throughout t h e  country .  Fixed 
c e n t r a l  systems a r e  v i r t u a l l y  n o n e x i s t e n t ,  t h u s  o b v i a t i n g  t h e  major 
d i f f e r e n c e s  t h a t  e x i s t  between t h e s e  s e c t o r s  i n  t h e  U.S. 

The r e l a t i v e l y  s m a l l  s c a l e  of space  c o n d i t i o n i n g  and l i g h t i n g  
a p p l i a n c e  p roduc t ion  d i c t a t e s  t h a t  t h e  few s t a n d a r d  models produced i n  
Egypt be  used i n  b o t h  t y p e s  of b u i l d i n g s :  a i r  cond i t ioner /compressor  



u n i t s  found i n  o f f i c e s  are t h e  same a s  t h o s e  i n  homes, and p e r s o n a l  
o b s e r v a t i o n  has  revea led  no d i f f e r e n c e  between t h e  l i g h t i n g  f i x t u r e s ,  
f a n s ,  and e l e v a t o r s  used i n  homes, shops ,  and o f f i c e  b u i l d i n g s .  The 
e a s i l y  r e p l a c e a b l e ,  non-fixed n a t u r e  of t h e s e  dev ices  a l s o  means t h a t  
l i t t l e  d i s t i n c t i o n  e x i s t s  between d e v i c e s  found i n , o l d . a n d  new b u i l d i n g s .  
Accordingly,  i t  h a s  been assumed . t h a t  t h e  e n e r g y - u t i l i z i n g  dev ices  
examined i n  t h e  Egyptian r e s i d e n t i a l  s e c t o r  are t h e  same a s  t h o s e  i n  t h e  
commercial s e c t o r ;  a l though  u t ' i l i z a t i o n  p r o p o r t i o n s  d i f f e r .  

It has  a l s o  been assumed t h a t  new and o l d  b u i l d i n g s  have t h e  same 
energy usage p a t t e r n s  and e f f i c i e n c i e s ,  and t h a t  t h e  degree  of c l i m a t i c  
d i f f e r e n c e  from one p a r t  of t h e  coun t ry  t o  a n 6 t h e r . i ~  s m a l l  enough t o  
p r e c l u d e  energy u s e  d i f f e r e n c e s  by reg ion .  According t o  economist and 
c i t y  p lanner  Karema Korayem, t h e  new c i t i e s  and s e t t l e m e n t s  proposed f o r  
Egypt a r e  n o t  planned t o  p rov ide  any energy-using a m e n i t i e s  i n  res iden-  
t i a l  and commercial b u i l d i n g s  t h a t  a r e  n o t  common i n  e x i s t i n g  urban 
a r e a s .  

The main f u e l s  used i n  t h e  r e s i d e n t i a l  s e c t o r  a r e  e l e c t r i c i t y  
( p r i m a r i l y  f o r  l i g h t s ,  t e l e v i s i o n s ,  r e f r i g e r a t o r s ,  and space  cond i t -  
i o n i n g ) ,  b u t a g a s  ( f o r  cooking and wate r  h e a t i n g  and some space h e a t i n g ) ,  
and kerosene  ( f o r  cooking and l i g h t i n g ) .  The commercial s e c t o r  uses  
e l e c t r i c i t y  ( f o r  l i g h t i n g  and space  c o n d i t i o n i n g )  and kerosene ( f o r  
l i g h t i n g ) ;  and t h e  community s e r v i c e s  s e c t o r  uses  e l e c t r i c i t y  ( f o r  wa te r  
pumping and s t r e e t  l i g h t i n g ) .  It i s  recognized t h a t ,  s t r i c t l y  speak ing ,  
e l e c t r i c i t y  i s  n o t  a f u e l  i n  t h e  same s e n s e  a s  bu tagas  and kerosene;  f o r  
t h e  purposes  of t h i s  d i s c u s s i o n ,  however, a l l  t h r e e  t y p e s  of energy a r e  
cons idered  a s  f u e l s .  A s  Egypt approaches t h e  t w e n t y - f i r s t  c e n t u r y ,  i t s '  
use  of energy i n  t h e  t h r e e  s e c t o r s  is expected t o  i n c r e a s e  d r a m a t i c a l l y .  
Tab le  1 shows Egyptian energy u s e  i n  t h e s e  s e c t o r s  i n  1975 by f u e l  and 
by energy u t i l i z i n g  device .  Th is  t a b l e  a l s o  f o r e c a s t s  t h e s e  v a l u e s  f o r  
t h e  y e a r s  1985 and 2000. The method by which t h e s e  v a l u e s  were d e r i v e d  
i s  d e s c r i b e d  i n  t h e  a t tachment  t o  t h i s  annex. 

3.0 OPTIONS FOR IMPROVING ENERGY BALANCE 

There are two g e n e r a l  a r e a s  i n  which t h e  Egyptian energy b a l a n c e  
can  b e  improved. The f i r s t  i n v o l v e s  t h e  use  of more e f f i c i e n t  a p p l i a n c e s  
i n  households.  The second c o n c e n t r a t e s  on s u b s t i t u t i n g  abundant f u e l s  
f o r  s c a r c e  ones i n  v a r i o u s  r e s i d e n t i a l  and c'ommercial a c t i v i t i e s .  

3.1 Conservat ion and E f f i c i e n c y  ~ m p r o v e i e n t  'Opt ions  

Most energy conserv ing  o p t i o n s  proposed f o r  U.S. r e s i d e n t i a l  and 
cornmerciil b u i l d i n g s  a r e  d i r e c t e d  a t  t h e i r  space  heat ing '  and c o o l i n g '  
sys tems and t h u s  a r e  n o t  r e l e v a n t  t o  Egypt. Because pe r -cap i ta  u s e  of 
energy  f o r  o t h e r  purposes ,  such as l i g h t i n g ,  i s  a t  t h e  s u b s i s t e n c e  l e v e l  
( l e s s  than  100 kWh t o t a l  annual  e l e c t r i c i t y  usage p e r  pe rson  i n  e l e c t r i -  
f i e d  a r e a s ,  f o r  example) and because  of t h e  people ' s  a c u t e  awareness of 
energy c o s t s ,  no means of reducing f u e l  u s e  by e x i s t i n g  a p p l i a n c e s  was 



TABLE 1 
FUEL CONSUMPTION BY UTILIZING DEVICE 

ELECTRICITY (lo6 kWh) 

Residential 
Ovens 
Lighting 
Water heating 
Refrigerators 
Air conditioners 

. .. 
Fans . . 

TV 
Iron 
Washing 
Vacuum . . 
Dishwasher 
Miscellaneous 

Commercial 
Air conditioners 
Fans 
~ i g h  t ing 

Community Systems 
Street lighting - 

Water pumping 449 1287 5386 

BUTAGAS (10' M.T.) 

Residential ' 
. ~ .  

Stove-cooking .I _ '. 175 391 875 
Water heater 19 113 419 
Stove-wa ter heating 29 6 4 94 
Space heating ,1 8 3 0 

3 KEROSENE (10 M.T.) 

Residential 
St ove-cooking 
Lighting 5 70 53 0 443 

107 204 281 Stove-water heattng 

3 
KEROSENE (10 M.T.) 

Commercial 
Lighting 143 132 111 

NONCOHMERCIAL FUELS (10 l5 J) ' 

output 

Residential 
Cooking ( non-baking ) - 
Baking 



found a p p l i c a b l e .  Furthermore,  a r c h i t e c t u r a l  des ign  and town planning 
i n  Egypt employ s i t i n g  a n d . m a t e r i a l s  wel l -sui ted t o  t h e  c l i m a t e .  The 
bu tagas  and kerosene cooking,  h e a t i n g ,  and l i g h t i n g  dev ices  used by 
r e s i d e n t i a l  and commercial s e c t o r s  a r e  extremely s imple  dev ices  common 
throughout t h e  world and have high e f f i c i e n c y  l e v e l s  (70-80 p e r c e n t )  
t h a t  cannot  b e  s i g n i f i c a n t l y  improved. 

However, t h r e e  o p t i o n s  f o r  e f f i c i e n c y  improvement t h a t  w i l l  r e s u l t  
i n  s i g n i f i c a n t  energy s a v i n g s  a r e  t h e  use of l i g h t i n g  r e f l e c t o r s ,  
convers ion t o  f l u o r e s c e n t  l i g h t i n g ,  and inc reased  t e l e v i s i o n  t r a n s i s t o r -  
i z a t i o n .  The s a v i n g s  a r e  shown i n  t a b l e  2< and t h e  c a l c u l a t i o n s  from 
which they  a r e  d e r i v e d  a r e  s h o h  i n  t h e  a t tachment .  

3.2 L i g h t i n g  R e f l e c t o r s  

. Persona l  o b s e r v a t i o n  h a s  revea led  t h a t  a  g r e a t  number of people 
s t r i n g  l i g h t b u l b s  from t h e  c e i l i n g  w i t h o u t  any kind of r e f l e c t o r  o r  
l i g h t  c o n c e n t r a t o r .  Simple f o i l  r e f l e c t o r s ,  probably  c o s t i n g  10 p i a s t e r s  
o r  l e s s ,  a t t a c h e d  t o  low wat tage  b u l b s  provide t a s k  i l l u m i n a t i o n  l e v e l s  
e q u i v a l e n t  t o  t h e  b a r e ,  h i g h e r  wa t tage  b u l b s .  I f  o n e - f i f t h  of t h e  
r e s i d e n t i a l  i l l u m i n a t i o n  i n  Egypt i s  provided by such b a r e  b u l b s ,  and i f  
r e f l e c t o r s  could  lower t h e i r  energy requirements  by 20 p e r c e n t ,  t h e n  2  
p e r c e n t  of t h e  e l e c t r i c i t y  used by households  could  be saved.  Grea te r  
a v a i l a b i l i t y  of r e f l e c t o r s  through l i g h t b u l b  d i s t r i b u t i o n  channels  could  
probably  a c h i e v e  most of t h e s e  sav ings .  

3.3 F luorescen t  L i g h t i n g  

The q u a l i t y  and c o l o r  of f l u o r e s c e n t  i l l u m i n a t i o n  a r e  a p p a r e n t l y  
more a c c e p t a b l e  t o  Egypt ians  than t o  Americans f o r  use  i n  the  home, and 
many Egypt ians  have r e a l i z e d  s i g n i f i c a n t  e l e c t r i c i t y  s a v i n g s  by p u t t i n g  
f l u o r e s c e n t  l i g h t i n g  i n  every  room of t h e i r  homes. Subsidy of e l e c t r i c a l  
f i x t u r e s  would probably  be  necessa ry  t o  accomplish t h i s  measure on a  
l a r g e  s c a l e ,  and t h e  trade-off  between f i x t u r e  and o p e r a t i n g  c o s t s  would 
have t o  b e  reviewed. 

3.4 T e l e v i s i o n  T r a n s i s t o r i z a t i o n  

Because of t h e  magnitude of e l e c t r i c i t y  consumption by t e l e v i s i o n  
s e t s  i n  Egyptian homes, improvement of TV energy e f f i c i e n c y  through 
g r e a t e r  u s e  of s o l i d - s t a t e  c i r c u i t r y . c o u l d  r e s u l t  i n  s i g n i f i c a n t  energy 
sav ings .  For example, t h e  Egyptian Government Organ iza t ion  f o r  I n d u s t r y  
d e s c r i b e s  TV s e t s  produced i n  Egypt today a s  r e q u i r i n g  100 w a t t s  f o r  
black-and-white models and 250 w a t t s  f o r  c o l o r  models. However, i t  is  
common t o  f i n d  s e t s  produced i n  o t h e r  c o u n t r i e s  us ing  h a l f  o r  even 
one- thi rd  a s  much power a s  t h i s .  Using such t e l e v i s i o n s  could  reduce 
r e s i d e n t i a l  energy consumption by 13 p e r c e n t  today. A s t a r t  toward 
ach iev ing  t h e s e  s a v i n g s  could  be made by reviewing product  d e s i g n  
economics wi th  t h e  m i n i s t r y  c o n t r o l l i n g  TV-set manufactur ing.  Since  
t e l e v i s i o n s  have an expected l i f e t i m e  of l e s s  than t e n  y e a r s ,  a l l  of the  
1985 and 2000 s a v i n g s  shown can be  achieved i f  t h e  d e s i g n  is changed 
immediately. 



TABLE 2 

OPTIONS FOR IMPROVING EGYPTIAN ENERGY BALANCES: 1985 AND 2000 

% of S e c t o r  % of S e c t o r  
Use of  t h a t  Fue 1 U s e  of t h a t  Fue 1 

Fuel Saved Fuel Saved S u b s t i t u t e  Fuel  Saved Fuel Saved S u b s t i t u t e  
Opt ion Name Leve l  

1-5 

1985 1985 Needed 2000 2000 Needed 

1) L i g h t  r e f l e c t o r s  

2) F l u o r e s c e n t  
l i g h t i n g  

( t o t a l  
584x10~ kWh 7% res/comm.) - 

( t o t a l  
5 1/2% res/comm.) - 

3) TV t r a n s i s t o r i -  
z a t i o n  685x1 o6 kwh 13% res. 10% r e s .  - 

6 7x1 O3 kwh s e e  - 
7x10. MT b u t a .  n o t e  1 - 3 5x10 MT kero.  - 

6 1 4 4 ~ 1 0 ~  kwh 
57x10 MT b u t a  

3 
10x10 MT k e r o  

4) S o l a r  wa te r  
h e a t i n g  ( f o r  
bo th  b a t h i n g  
and cooking) 

s e e  
n o t e  2 

6 6 7 ~ 1 0 ~  kwh II - 
6 5 ~ 1 0 ~  kWh b u t a .  - 
49x10 MT , kero  . - 

6 7 9 9 ~ 1 0 ~  kwh 
3 1 8 ~ 1 0 ~  MT buta .  
56x10 MT kero .  

6 
9 6 4 ~ 1 0 ~  kwh 
3 8 4 ~ 1 0 ~  MT b u t a .  
68x10 MT ke ro .  

6 
2 4 1 ~ 1 0 ~  kWh 11 - 
2 4 7 ~ 1 0 ~  MT buta .  - 
173x10 MT kero.  - 

3 7x10 MT b u t a .  I 1  - 
3 59x10 M t  kero .  - 

3 68x10 MT b u t a .  
3 215x10 MT kero.  

3 42x10 MT b u t a .  I t  - 3 123x10 MT b u t a .  



TABLE 2 (CONTINUED) 

Option Name 

5)  Natura l  gas  
f o r  cooking 

% of Sector  % of Sector  
U s e  of t h a t  Fuel U s e  of t h a t  Fuel 

Fuel Saved Fuel Saved Subs t i t u t e  Fuel Saved Fuel Saved S u b s t i t u t e  
Level  1985 1985 Needed 2000 2000 Needed 

1 6 9x103 kWh see 2 0 2 ~ 1 0 ~  kWh see ' 6 6 3 
21t: 3 140x10 m 

llx103 MT buta .  note  3 10 m 85x19 MT buta .  no te  4 na t .  gas.  
8x10 MT kero. n a t  .gas. 17x1'0 MT kero. 

2 6 
88x1 O3 kWh 11 1 , 1 1 9 ~ 1 0 ~  kWh II 

6 .  
2139 3 9 9 ~ 1 0 ~  MT buta .  10 m 4 7 4 ~ 1 0 ~  MT buta .  6 3 

. * 
785x10 m 

80x10 MT kero. na t .  gas.  88x10 MT kero. na t .  gas  

3 6 3 1 8 ~ 1 0 ~  kWh 11 788g 1 , 3 5 0 ~ 1 0 ~  6 kWh II 

3 8 1 ~ 1 0 ~  MT buta .  10 m 572g10 3MT bu ta .  949x10 6 m 3 
283x10 MT kero. na t  .gas. 10 x10 MT kero. na t .  gas  

6) Kerosene f o r  
1 3 3 56 water hea t ing  3x10 MT buta .  27% of 171 t f  31x10 3MT buta .  29% of 460x10~ MT m 
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Note 1: Res iden t i a l  use savings a r e  64% f o r  butagas,:40% f o r  kerosene, and 6% f o r  e l e c t r i c i t y .  
Note 2: Res iden t i a l  use savings a r e  67% f o r  butagas,  45% f o r  kerosene, and 13% f o r  e l e c t r i c i t y .  F 

I 
Note 3: Res iden t i a l  use savings a r e  86% f o r  bu tagas ,  29% f o r  kerosene, and 8% f o r  e l e c t r i c i t y .  m 
Note 4: Res iden t i a l  use savings a r e  80% f o r  butagas,  13% f o r  kerosene, and 14% f o r  e l e c t r i c i t y .  3 
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3.5 F u e l  S u b s t i t u t i o n  Opt ions  

V i r t u a l l y  a l l  of t h e  e l e c t r i c i t y  s u p p l i e d  t o  t h e s e  s e c t o r s  is used 
t o  power equipment f o r  which no o t h e r  energy s o u r c e  is e i t h e r  p o s s i b l e  
o r  d e s i r a b l e ,  e.g., t e l e v i s i o n s  and l i g h t i n g .  It is  p o s s i b l e  t h a t  
e l e c t r i c i t y  f o r  such purposes  could  be genera ted  through a l t e r n a t i v e  means, 
such as us ing  wind power t o  g e n e r a t e  e l e c t r i c i t y  f o r  Red Sea c o a s t a l  
r e s i d e n c e s ,  o r  s o l a r  energy t o . p r o v i d e  e l e c t r i c i t y  f o r  municipal  water  
pumping. However, s i n c e  t h e  end-use d e v i c e s  remain unchanged i n  t h e s e  
c a s e s  and a r e  s t i l l  powered d i r e c t l y  by e l e c t r i c i t y ,  t h e  d e s c r i p t i o n  and 
q u a n t i f i c a t i o n  of t h e s e  o p t i o n s  a r e  being accomplished by t h e  e l e c t r i c i t y  
and s o l a r  s p e c i a l i s t s  of t h e  supp ly  team. 

Cooking and water  h e a t i n g  a r e  t h e  ch ie f  f u n c t i o n s  where d i r e c t  f u e l  
s u b s t i t u t i o n  p o s s i b i l i t i e s  e x i s t .  Options f o r  such s u b s t i t u t i o n s  o f t e n  
e n t a i l  t h e  replacement of se l f -con ta ined  p o r t a b l e  d e v i c e s  us ing a  s c a r c e  
f u e l  (e.g.  a  bu tagas  s t o v e )  wi th  d e v i c e s  us ing  abundant o r  r e p l e n i s h a b l e  
f u e l s  b u t  r e q u i r i n g  s i g n i f i c a n t  expendi tu res  on f i x e d  b u i l d i n g  systems 
(e.g. n a t u r a l  g a s  p i p i n g . o r  s o l a r  energy r o o f t o p  c o l l e c t o r s  f o r  h e a t i n g  
wate r ) .  Because of t h e  l a r g e  c a p i t a l  e x p e n d i t u r e s  a s s o c i a t e d  wi th  such 
opt  i o n s ,  governmeqt programs would be needed f o r  t h e i r  implementation.  

For planning purposes ,  t h e  dwel l ings  of Egypt could  be s e p a r a t e d  
i n t o  f i v e  c a t e g o r i e s  according t o  t h e  r e l a t i v e  e a s e  of deploying f u e l  
s u b s t i t u t i o n  o p t i o n s :  

Leve l  one i s  t h e  deployment of o p t i o n s  o n l y  i n  t h e  f i v e  new c i t i e s  
t o  be b u i l t  i n  t h e  n e x t  twenty-f ive  y e a r s .  S ince  c o n s t r u c t i o n  h a s  
b a r e l y  s t a r t e d  and s i n c e  t h e  government has  complete c o n t r o l  over t h i s  
c i t y  b u i l d i n g  p r o c e s s ,  t h i s  i s  t h e  e a s i e s t  l e v e l  of deployment. 

Leve l  two is t h e  deployment of o p t i o n s  t o  all new urban c o n s t r u c t i o n  
o u t s i d e  of t h e  new towns. 

Leve l  t h r e e  is t h e  r e t r o f i t t i n g  of e x i s t i n g  urban dwel l ings .  

Leve l  f o u r  is  t h e  deployment of o p t i o n s  on a l l  new r u r a l  c o n s t r u c t i o n .  

Level  f i v e  is  t h e  r e t r o f i t t i n g  of e x i s t i n g  r u r a l  dwel l ings .  

. Although n o t  included h e r e ,  a n  assessment needs  t o  be made t o  examine 
t h e  p o l i t i c a l  and s o c i a l  a s p e c t s  of t h e  implementation e f f o r t  a t  each of 
t h e s e  l e v e l s ,  a s  w e l l  a s  t h e  degree  t o  which people  l i v i n g  i n  each type 
of dwel l ing  can be  expected t o  adopt t h e  v a r i o u s  o p t i o n s .  

3.6 Butagas Opt ions  

Although it is  t h e  t a s k  of t h e  I n t e g r a t i o n  Team t o  i d e n t i f y  f u e l  
"gaps" through t h e i r  supp ly  and demand a n a l y s e s ,  i t  is none the less  
c l e a r ,  even a t  t h i s  s t a g e ,  t h a t  s i g n i f i c a n t  problems i n  meeting butagas  
demand a l r e a d y  e x i s t  and w i l l  i n t e n s i f y .  
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The low bu tane  c o n t e n t  of Egyptian petroleum h a s  f o r c e d  t h e  coun t ry  
t o  import  t h r e e - q u a r t e r s  of i t s  l i q u i d  butane.  Assuming t h a t  t h e  
224,000 m e t r i c  t o n s  of bu tagas  consumed i n  Egyptian r e s i d e n c e s  i n  1975 
r e p r e s e n t  a l l  bu tagas  usage i n  Egypt,  and assuming an import  c o s t  of bE 
1.75 p e r  10 kg,  t h e s e  impor t s  amount t o  US $57 m i l l i o n  i n  s c a r c e  f o r e i g n  
exchange. Furthermore,  t h e  government sudsidy of bE 1.10 p e r  10-kg 
b o t t l e  c u r r e n t l y  c o s t s  t h e  government bE 36 m i l l i o n .  Egypt p l a n s  t o  
meet 70 p e r c e n t  of i t s  b u t a g a s  needs  by t h e  year  2000 i n t e r n a l l y ,  
producing 992,000 m e t r i c  t o n s  i n  t h a t  year  v e r s u s  t h e  56,000 m e t r i c  
t o n s  produced i n  1975 (25 p e r c e n t  o f  1975 usage) .  The accomplishment of 
t h i s  e igh teen- fo ld  i n c r e a s e  i n  p roduc t ion  may b e  extremely d i f f i c u l t .  
Thus, t h e r e  is t h e  real p o s s i b i l i t y  t h a t  t h e  s ix - fo ld  i n c r e a s e  i n  
consumption p r e d i c t e d  between now and 2000 w i l l  mean a  s e x t u p l i n g  of t h e  
a d v e r s e  impact of 1975 bu tagas  impor t s  on t h e  f o r e i g n  exchange d e f i c i t  
u n l e s s  s u b s t i t u t i o n  o p t i o n s  are implemented. I n  a d d i t i o n ,  t h e  c r i t i c a l  
s h o r t a g e  of bu tagas  c o n t a i n e r  b o t t l e s  and t h e  unfavorab le  economics of 
expanding d i s t r i b u t i o n  t o  r u r a l  a r e a s  w i l l  a l s o  have t o  b e  addressed.  

3.7 S o l a r  Water Hea t ing  

T h e o r e t i c a l l y ,  s o l a r  wa te r  h e a t i n g  could r e p l a c e  v i r t u a l l y  a l l  . 

e l e c t r i c ,  b u t a g a s ,  and kerosene  water  h e a t i n g ,  s i n c e  even a t  Cairo 's  
p o p u l a t i o n  d e n s i t i e s  t h e  s o l a r  c o l l e c t o r s  -would n o t  r e q u i r e  more than  20 
p e r c e n t  of t h e  roofspace ,  accord ing  t o  team s o l a r  e x p e r t  P e t e r  Teagan. 
Water p i p e s  i n  Egypt g e n e r a l l y  run  a long t h e  b u i l d i n g s '  e x t e r i o r s ,  even 
i n  h igh- r i se  c o n s t r u c t i o n ,  t h u s  minimizing problems of r e t r o f i t t i n g .  

I n  a d d i t i o n ,  w h i l e  team s o l a r  s p e c i a l i s t s  have l i t t l e  enthusiasm 
f o r  so-cal led  " s o l a r  cookers ,"  t h e r e  may b e  a  l a r g e  p o t e n t i a l  f o r  s o l a r  
a p p l i c a t i o n  t o  cooking due t o  t h e  n a t u r e  of t h e  Egyptian d i e t .  Move 
foods  i n  Egypt a r e  prepared i n  water  t h a t  i s  brought  t o  a b o i l  and t h e n  
simmered f o r  a  s h o r t  t i m e .  Using water  f i r s t  hea ted  t o  1 6 0 ~ ~  i n  a 
s o l a r  d e v i c e  r a t h e r  than s t a r t i n g  w i t h  wa te r  a t  ambient t empera tu re ,  
Teagan f e e l s  t h a t  cooking f u e l  requirements  could  b e  reduced by h a l f .  

Because most s o l a r  technology hardware can be  manufactured i n  
Egypt,  a l l  s o l a r  o p t i o n s  have t h e  b e n e f i t  of  us ing  E g y p t i a n - l a b o r  (whose 
shadow p r i c e ,  c o n s i d e r i n g  t h e  degree  of underemployment, i s  n e g l i g i b l e )  
t o  manufacture  s o l a r  d e v i c e s  t o  r e p l a c e  bu tagas  (which would reduce  
impor t s )  o r  t o  r e p l a c e  ke rosene  o r  e l e c t r i c i t y  (which would enab le  Egypt 
t o  expor t  more of i t s  o i l  p r o d u c t i o n ) .  The q u a n t i t i e s  of b u t a g a s ,  
ke rosene ,  and e l e c t r i c i t y  t h a t  could  be  saved i n  h e a t i n g  wate r  f o r  
washing and cooking a r e  shown i n  t a b l e  2. Any of t h e s e  s u b s t i t u t i o n s  
improves Egypt's b a l a n c e  of payments a s  w e l l  a s  improving t h e  employment 
s i t u a t i o n .  The c o s t  of t h e  s o l a r  c o l l e c t o r s  could  b e  amort ized by t h e  
consumer a t  a  r a t e  e q u a l  t o  h i s  c u r r e n t  bu tagas  o r  kerosene expense. 
The Egypt ians  may have t h e i r  own way of e v a l u a t i n g  t h e  t r a d e - o f f s  
between t h e  one-time e x p e n d i t u r e  on s o l a r  m a t e r i a l s  and l a b o r  c o s t s  
v e r s u s  t h e  ongoing c o s t s  f o r  impor t ing ,  s u b s i d i z i n g ,  b o t t l i n g ,  and 
d i s t r i b u t i n g  bu tagas  . 



3.8 Natura l  Gas f o r  cook in^, Water Heat ing,  and Space Condit ioning 

This op t ion  is considered independent of s o l a r ;  and i t s  deployment 
is  deemed p r a c t i c a l  i n  urban a r e a s  only.  Trade-offs of f u e l  q u a n t i t i e s  
f o r  d i f f e r e n t  l e v e l s  of implementation and f o r  d i f f e r e n t  func t ions  a r e  
shown i n  t a b l e  2. Natural  gas  i s  c u r r e n t l y  burned a t  t he  wellhead when 
i t  is re leased  during o i l  d r i l l i n g .  Because of t h i s  was te fu l  procedure ' 

i ts  shadowpr i ce  is n e g l i g i b l e ,  a s  i s  t h a t  of l abor .  Consequently t h e  
main economic trade-off is  t h e  p re sen t  c o s t  of p ip ing  m a t e r i a l s  versus  
t h e  cont inuing f u t u r e  c o s t  of import ing,  subs id i z ing ,  and d ' i s t r i b u t i n g  
butagas and kerosene. 

3.9 Kerosene f o r  Water Heat ing 

For s a f e t y ,  h e a l t h ,  and c l e a n l i n e s s  reasons,  i t  is  doubt fu l  t h a t  a 
family using butagas would w i l l i n g l y  go back t o  using kerosene f o r  
cooking, bu t  i t  may b e  p o s s i b l e  t o  re in t roduce  kerosene a s  a f u e l  f o r  
hea t ing  ba th  and wash water. This op t ion  e n t a i l s  none of t h e  construc- 
t i o n  a c t i v i t y  of t h e  previous two opt ions ,  and could be  f o s t e r e d  by 
t i l t i n g  t h e  balance of kerosene and butagas subs id i e s  s l i g h t l y  more i n  
favor  of kerosene; f u e l  quan t i t y  t rade-of fs  a r e  shown i n  t a b l e  2. While 
t h i s  s u b s t i t u t i o n  decreases  butagas imports ,  i t  a l s o  decreases  Egypt's 
a b i l i t y  t o  export  kerosene. Nevertheless ,  i t  w i l l  have a p o s i t i v e  
impact because butagas f o r e i g n  sh ipping  c o s t s  a r e  saved a s  we l l  a s  t h e  
h igh  c o s t s  of manufacturing t h e  heavy, bulky butagas b o t t l e s  and contin- 
u a l l y  t r anspo r t i ng  them back and f o r t h  f o r  r e f i l l i n g  every t h r e e  weeks. 
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4.0 ATTACHMENT : METHODOLOGY FOR QUANTIFYING ENERGY CONSUMPTION I N  
EGYPT AND THE BENEFITS TO BE OBTAINED FROM IMPLEMENTING 
ENERGY OPTIONS 

Developing t h e  d a t a  on c u r r e n t  and fo recas t ed  energy consumption i n  
Egypt and quant i fy ing  t h e  b e n e f i t s  of energy-use op t ions  were two very 
d i f f e r e n t  t a sks .  The f i r s t  p r imar i l y  involved in-country research  and 
t h e  c r e a t i o n  of an algori thm f o r  genera t ing  t h e  requi red  information.  
The second t a s k  was a  s t ra igh t forward  a n a l y s i s  of consumption da ta .  
This attachment desc r ibes  and documents t h e  methodology of t he se  two 
phases of t h e  work. 

4.1 Researching and Quant i fy ing  Consumption 

It should be noted t h a t  every o t h e r  s e c t o r  from which d a t a  was 
gathered f o r  t h i s  assessment -- e.g. i ndus t ry ,  t r a n s p o r t a t i o n ,  o i l  and 
gas ,  and hydroe l ec t r i c  -- has a  well-defined counterpar t  i n  t h e  Egyptian 
government t o  use a s  primary con tac t  and d a t a  source.  However, because 
t h e r e  is  no o rgan iza t ion  i n  t h e  Egyptian government focused on t h e  
r e s i d e n t i a l  and commercial s e c t o r  o r  c o l l e c t i n g  energy-use d a t a  f o r  t h i s  
s e c t o r ,  d a t a  used t o  b u i l d  t h i s  p i c t u r e  had t o  be  drawn i n d i r e c t l y  from 
a l a r g e  number of m i n i s t r i e s  and d i r e c t o r a t e s .  A methodology had t o  be  
c r ea t ed  t o  t r a n s l a t e  information a v a i l a b l e  from these  sources  i n t o  an 
accu ra t e  s t a t i s t i c a l  p i c t u r e  of t he  res ident ia l /commerc ia l  s e c t o r .  

Because t he  d a t a  base  i npu t s  came from many sources  ( t h e  Egyptian 
Five-Year Plan document, t he  Minis t ry  of Housing and Reconstruct ion,  t h e  
Government Off i c e ,  f o r  Indus t ry ,  t h e  I n s t i t u t e  of Nat ional  Planning, t h e  
Cairo academic community, and persona l  observa t ion) ,  they a r e  prone t o  
i ncons i s t enc i e s  a r i s i n g  from t h e  independence of t he se  sources .  Some 

a i n cons i s t enc i e s  could no t  be resolved because of p r o h i b i t i o n s  a g a i n s t  
speaking with primary information sources ,  such a s  t h e  Minis t ry  of 
Petroleum and the  Census Bureau. It i s  t h e r e f o r e  an important func t ion  
of t h i s  annex to  desc r ibe  i n  d e t a i l  the  techniques and c a l c u l a t i o n s  use'd 
t o  genera te  f u e l  usage q u a n t i t i e s ,  t o  document t h e  assumptions behind 
these  c a l c u l a t i o n s ,  and t o  h i g h l i g h t  t h e  a r e a s  where i ncons i s t enc i e s  
e x i s t .  The I n t e g r a t i o n  Team of Egyptian and American s p e c i a l i s t s  can 
then examine and r e so lve  these  i ncons i s t enc i e s  t o  c o r r e c t  any e r r o r s  i n  
t h e  energy p r o f i l e  shown i n  t a b l e  1. 

One mechanism used t o  check t h e  c a l c u l a t i o n s  shown i n  t h i s  a t tach-  
ment was t o  compare them with macro-level aggregated f o r e c a s t s  f o r  f u e l  
use provided by t h e  Egyptian I n s t i t u t e  of Nat ional  Planning (INP). If 
t h e  aggregated INP f i g u r e s  and t r ends  were r a d i c a l l y  d i f f e r e n t  from 
those  developed according t o  t he  disaggregated approach descr ibed  i n  
t h i s  a t tachment ,  t h e  c a l c u l a t i o n s  were presented t o  INP i n  t h e  hope of 
revea l ing  t h e  b a s i s  f o r  the  discrepancy.  Because t he se  d i s cus s ions  
sometimes d id  not uncover t he  cause of t h e  d i s c r epanc i e s ,  t h e  va lues  
generated i n  t h i s  attachment were used f o r  t h e  op t ions  ana lys i s .  
However, both sets of va lues  a r e  presented he re  so  t h a t  t h e i r  inconsis-  
tency can b e  resolved i n  f u t u r e  i n t e r a c t i o n s  with t h e  Egyptians. 



4.1.1 Assess ing and F o r e c a s t i n g  R e s i d e n t i a l  Consumption: Data used 
t o  g e n e r a t e  t h e  r e s i d e n t i a l  energy p r o f i l e  i n c l u d e  n a t i o n a l  popu la t ion  
s t a t i s t i c s  and f o r e c a s t s ,  household s i z e ,  u r b a n / r u r s l  p o p u l a t i o n  m i x ,  
t h e  p r o p o r t i o n  of urban and r u r a l  homes t h a t  have v a r i o u s  energy-using 
a p p l i a n c e s ,  and t h e  amount of use t h e s e  a p p l i a n c e s  t y p i c a l l y  r e c e i v e .  
The number of households  f o r  1985 and 2000 have been c a l c u l a t e d  us ing  
d a t a  from t h e  1978-1982 Egypt ian Five-Year P l a n ,  Volume 11, a s  has  t h e  
urban-rural  mix, a s  shown i n  e x h i b i t  1. The household s i z e  f i g u r e s  come 
from P r e l i m i n a r y  R e s u l t s  of t h e  C e n t r a l  P o p u l a t i o n  and Housing Census - 
1976. E l e c t r i c a l  s a t u r a t i o n  i n  t h i s  e x h i b i t  has  been ob ta ined  from t h e  - 
M i n i s t r y  o f  Housing and Recons t ruc t ion .  

Two c o n f l i c t s  between d a t a  sources  a r e  noted i n  t h i s  e x h i b i t .  
F i r s t ,  t h e  e x h i b i t  shows a  50/50 s p l i t ' b e t w e e n  r u r a l  and urban popula- 
t i o n s  i n  t h e  year  2000, which c o n f l i c t s  wi th  t h e  op in ions  of many 
o f f i c i a l s  in te rv iewed  who f e l t  a  64/36 u r b a n / r u r a l  s p l i t  would be more 
l i k e l y  i n  2000: .(urban is d e f i n e d  a s  a  s e t t l e m e n t  s i z e  of more than 
20,000 p e o p l e ) .  T h i s  64/36 s p l i t  keeps r u r a l  p o p u l a t i o n  d e n s i t y  a t  i ts 
c u r r e n t  l e v e l ,  whereas t h e  50/50 s p l i t  e i t h e r  i n c r e a s e s  t h e  d e n s i t y  o f  
popula t ion  on a l r e a d y  crowded a g r i c u l t u r a l  land by more than  50 p e r c e n t ,  
o r  p o s s i b l y  assumes a  c o n s t a n t  popu la t ion  d e n s i t y ,  b u t  a  more than 50 
p e r c e n t  i n c r e a s e  i n  t h e  amount of a g r i c u l t u r a l  land a v a i l a b l e  through 
d e s e r t  r ec lamat ion  p r o j e c t s .  S ince  urban and r u r a l  energy usage p a t t e r n s  

:. a r e  s i g n i f i c a n t l y  d i f f e r e n t  and a r e  expected t o  con t inue  t o  be s o ,  t h e  
u r b a n / r u r a l  s p l i t  i s  a  key assumption and should be reviewed. The 
second c o n f l i c t  is t h a t  t h e  e x h i b i t  shows 50 p e r c e n t  r u r a l  e l e c t r i f i c a -  
t i o n  by t h e  year  2000, whereas t h e  INP f e l t  t h a t  100 p e r c e n t  would be  
a t t a i n e d .  Again, t h i s  assumption s i g n i f i c a n t l y  a l t e r s  f o r e c a s t s  and 
should be a s  a c c u r a t e  a s  p o s s i b l e .  

. .  , 

E x h i b i t  2-a shows c u r r e n t '  and f o r e c a s t e d  s a t u r a t i o n s  of energy 
u t i l i z i n g "  d e v i c e s  i n  Egyptian urban and r u r a l  homes. S a t u r a t i o n  r e f e r s  
t o  t h e  pe rcen tage  of households owning and us ing  a  d e v i c e ;  f o r  i n s t a n c e ,  
60 .pe rcen t  of urban f a m i l i e s  used butagas  (butane)  s t o v e s  f o r  cooking i n  
1975, w h i l e  70 p e r c e n t  a r e  expected t o  do so  i n  1985 and 75 p e r c e n t  i n  
2000. Only 5  p e r c e n t  o f  r u r a l  f a m i l i e s ,  on t h e  o t h e r  hand, used such 
s t o v e s  i n  1975, b u t  t h i s  i s  expected t o  r i s e  t o  20 p e r c e n t  by 2000. 

The b a s i s  f o r  change i n  the  s a t u r a t i o n . o f  a  p a r t i c u l a r  app l iance  is 
t h e  change i n  t o t a l  n a t i o n a l  d i s p o s a b l e  income, i t s  d i s t r i b u t i o n ,  and 
i ts  r e l a t i o n  t o  a p p l i a n c e  c o s t ,  p e r s o n a l  v a l u e s ,  and l i f e s t y l e .  No 
a t tempt  has  been made t o  q u a n t i f y  t h e s e  complex r e l a t i o n s h i p s ,  and U.S. 
models d e s c r i b i n g  t h e  c o r r e l a t i o n  between a p p l i a n c e  s a t u r a t i o n s  and 
t h e s e  v a r i a b l e s  were f e l t  t o  be i r r e l e v a n t  because  of t h e  broad socio-  
economic d i f f e r e n c e s  between the  two c o u n t r i e s .  Because no formal d a t a  
e x i s t  i n  Egypt on e i t h e r  c u r r e n t  o r  f u t u r e  l e v e l s  of a p p l i a n c e  ownership 
i n  Egyptian homes, t h e  informed op in ion  of a  roundtab le  d i s c u s s i o n  of 
o f f i c i a l s  from t h e  Min i s t ry . .o f  Housing and Recons t ruc t ion  was used 
t o  e s t i m a t e  c u r r e n t  and f u t u r e  s a t u r a t i o n s ,  assuming a  quadrupl ing of 
pe r -cap i ta  r e a l  income by 2000. Adjustments made t o  t h e i r  e s t i m a t e s  
af  ter INP and o t h e r  i n p u t s  a r e  noted i n  exh ib , i t  2-b. 



EXHIBIT 1 : EGYPTIAN DEMOGRAPHICS 

1975 

T o t a l  p o p u l a t i o n  

Average household 
. s i z e  (bo th  urban 
and r1.1ra.1) 

Percen t  of p o p u l a t i o n  
i n  urban a r e a s  

Percen t  of p o p u l a t i o n  
i n  r u r a l  a r e a s  

Number of urban 
households  

Number of r u r a l  
households 

Percen t  of urban 
households e l e c t r i f i e d  
(1975 from census)  

Percen t  of r u r a l  house- 
h o l d s  e l e c t r i f i e d  
(1975 from census)  



3XHIBIT 2-a: PERCENT SATURATION OF ENERGY-USING DEVICES I N  EGYPTIAN RESIDENCES 

1975 1985 2000 
Urban Rura l  Urban Rura l  Urban Rural  

Percen t  Percen t  Percen t  Percen t  P e r c e n t  Percen t  

Cooking 
1) E l e c t r i c  ovens 
2) Butagas s t o v e s  
3) Kerosene s t o v e s  
4) ~odd/noncommercia l  

s t o v e s  

L i g h t i n g  
5) E l e c t r i c  
6) Kerosene 

Hot Water 
7) E l e c t r i c  0 0 5 0 20 1 
8)  B u t a g a s , w a t e r h e a t e r  5 0 20 2  45 10 
9)  Kerosene (on s t o v e )  65 4 3 4 3 68 15 75 

10)  Butagas (on s t o v e )  30 2 3 2 6 2 0 9 .  

R e f r i g e r a t i o n  
11) E l e c t r i c  
12) I c e  box 

Space c o n d i t i o n i n g  
13) A i r  c o n d i t i o n e r /  

compressor 
14) Butagas h e a t e r  
15) Fans 

Others  
16) TV 
17) I r o n  
18) Washing machine 
19) Vacuum c l e a n e r  
20) Dishwasher 
21) Blender ,  r a z o r ,  

h a i r d r y e r ,  e t c .  



EXHIBIT 2-b: NOTES ON SATURATION TABLE 

1) E l e c t r i c  ovens - given at MOHR as urban 015115%; reduced 
according t o  INP statement  t h a t  e l e c t r i c  cooking w i l l  be 
discouraged. 

2) Butagas s toves  - given a t  MOHR a s  urban 60170175%; r u r a l  
5110120%; reduced i n  1975 and 1985 i n  order  t o  g e t  c l o s e r  t o  
INP's 1975 and 1985 p ro j ec t i ons .  

3) Kerosene s toves  - given a t  MOHR a s  urban 40125110%; increased 
i n  a l l  yea r s  i n  order  t o  make up f o r  the  reduc t ion  in butagas 
s toves .  

4)  Wood/noncommercial (no t  including r u r a l  bread baking) - a 
r e s i d u a l  f i gu re .  

5) L igh t ing -e l ec t r i c  - unchanged; equa ls  percentage of e l e c t r i -  
f  i c a t i o n .  

6) Lighting-kerosene - unchanged; a r e s idua l .  

7) E l e c t r i c  ho t  water - given a t  MOHR a s  urban 01215%; increased 
i n  response to INP's l a r g e  jump i n  e l e c t r t i c i t y  usage f o r  
2000. 

8)  Butagas ho t  water h e a t e r s . -  M O M  es t imate :  urban 30/40/80%; 
g r e a t l y  reduced i n  response t o  personal  observat ion and INP 
butagas use pro j  ec t i ons .  

9) Kerosene water hea t ing  (on s tove)  - equals  s a t u r a t i o n  of 
kerosene cooking. 

10) ~ u t a g a ' s  (on s tove)  - equals  bu tagas  cooking s a t u r a t i o n  minus 
s a t u r a t i o n s  of e l e c t r i c  and butagas hea t e r s .  

11 ) E l e c t r i c  re f  r i g e r a t i o n  - MOHR e s t ima te  ; urban 50/90/95%; 
g r e a t l y  reduced through personal  observat ion and comments o f '  
Don Cole a t  AUC. 

12) I c e  box - from comments of Don Cole. 

13) A i r  conditioner1compressor (hea t  pump) - given by MOHR a s  
urban 5120140%; reduced on the b a s i s  of personal  observat ion 
and a i r  condi t ioner  product ion s t a t i s t i c s  from GOFI. 

14) Butagas hea t e r  - given by MOHR a s  urban 21515%; ad jus ted  t o  
b e t t e r  f i t  with INP 1975 da t a  and t r ends .  

15) Fans - given by MOHR a s  urban 90/95/100%; reduced on the b a s i s  
of personal  observat ion.  

16) TV - given by'MOHR a s  urban 50/95/100%; r u r a l  15/30/50%; urban 
reduced on the b a s i s  of personal  observat ion;  r u r a l  reduced 
s i m i l a r l y ,  i n  cons idera t ion  of degree of r u r a l  e l e c t r i f i c a t i o n .  



RESIDENTIAL/COMMERCIAL-EGYPT-15 

EXHIBIT 2-b : NOTES ON SATURATION TABLE (CONTINUED) 

1 7 )  Iron - unchanged. 

18) Washing machine - given by MOHR a s  urban 1/40/80%; reduced on 
the bas i s  of saturatio'ns i n  U . S .  and other developed countries.  

19) Vacuum cleaners - unchanged. 

/ 

20.) Dishwasher-- MOHR - urban 0/40/80%; reduced on the bas i s  of 
.. U.S. saturation (currently 24%). . 

.. - 
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Fue l  consumption r a t e s  f o r  t h e s e  a p p l i a n c e s ,  a s  genera ted  through 
d i s c u s s i o n s  w i t h  o f f i c i a l s  from t h e  M i n i s t r y  of Housing and -Reconstruc- 
t i o n  (MOHR), t h e  General  O f f i c e  f o r  I n d u s t r y  (GOFI), and t h e  American 
U n i v e r s i t y  i n  Ca i ro  (AUC) a r e  d e s c r i b e d  and noted i n  e x h i b i t  3. One of 
t h e  most complicated and unresolved i s s u e s  i s  t h e  a l l o c a t i o n  of kerosene 
and butagas  s t o v e  f u e l  consumption t o  cooking and wate r  h e a t i n g  f u n c t i o n s ,  
s i n c e  t h e  s t o v e  g e n e r a l l y  s e r v e s  bo th  purposes  i n  Egypt ian homes. 
Although people  in te rv iewed  know p r e c i s e l y  how much f u e l  t h e i r  s t o v e s  
consumed per  month, no one had any i d e a  a s  t o  how much t o  a l l o c a t e  t o  
wa te r  h e a t i n g  and how much t o  cooking. Hence t h i s  q u e s t i o n  -- important  
because  f u e l  usage f o r  h e a t i n g  water  i n c r e a s e s  w i t h  income whi le  usage 
f o r  cooking does no t  -- remains unresolved.  A r b i t r a r y  assumptions have 
t h e r e f o r e  been made i n  o r d e r  t o  develop t h e  framework f o r  o p t i o n s  
a n a l y s i s .  

E x h i b i t s  4,  5 ,  and 6 draw d a t a  from t h e  p rev ious  t h r e e  e x h i b i t s  and 
f o r e c a s t  t h e  demand f o r  e l e c t r i c i t y ,  bu tagas ,  and kerosene by Egyptian 
homes i n  1975, 1985, and 2000 accord ing  t o  t h e  fo l lowing  formula:  

T o t a l  n a t i o n a l  r e s i d e n t i a l  f u e l  consumption by d e v i c e  A = 

[(Number of urban households)  x ( p e r c e n t  of urban households  
us ing  d e v i c e  A) x (annual  f u e l  consumption of t h i s  d e v i c e  
i n  an urban household)]  + [(Number of r u r a l  households)  
x ( p e r c e n t  of r u r a l  households  us ing  d e v i c e  A) x (annual  
f u e l  consumption of t h i s  d e v i c e  i n  a r u r a l  household)]  

E x h i b i t  7 g r a p h i c a l l y  d i s a g g r e g a t e s  t h e  use  of each f u e l  by device .  

It should a l s o  be  no ted  t h a t  baking i n  urban a r e a s  is a commercial 
a c t i v i t y  t h a t  h a s  been examined by t h e  Assessment Team's i n d u s t r i a l  
a n a l y s t s ,  whi le  i n  r u r a l  a r e a s  i t  is  a domestic a c t i v i t y  c a r r i e d  o u t  i n  
dung-fueled "canoon" ovens. Because of t h e  f a i l u r e  of p a s t  exper iments  
t o  change t h e  methods of r u r a l  baking,  i t  i s  f e l t  t h a t  t h e  use  of t h e s e  
t r a d i t i o n a l  ovens w i l l  remain unchanged i n  r u r a l  a r e a s  through t h e  y e a r  
2000. The e s t i m a t e s  of t h e i r  noncommercial f u e l  consumption have been 
made i n  e x h i b i t  8. 

As d e p i c t e d  i n  e x h i b i t  9 ,  t h e r e  i s  a v e r y  h i g h  degree  of f i t  
between t h e  f o r e c a s t s  d e r i v e d  by t h e  U.S. Assessment Team f o r  r e s i d e n t i a l  
e l e c t r i c i t y  consumption and t h o s e  of t h e  INP, w i t h  t h e  INP forecaste 
r i s i n g  s l i g h t l y  h igher .  It is  c l e a r  t h a t  l i g h t i n g  is and w i l l  remain 
t h e  most important  s i n g l e  use  of e l e c t r i c i t y  by t h i s  s e c t o r ;  t o g e t h e r  
w i t h  t e l e v i s i o n  and r e f r i g e r a t i o n ,  it  accounts  f o r  more t h a n  90 p e r c e n t  
of c u r r e n t  r e s i d e n t i a l  usage,  and w i l l  s t i l l  comprise 70 p e r c e n t  of 
r e s i d e n t i a l  usage i n  2000. A m i s c e l l a n y  of "luxury" energy us ing  
d e v i c e s ,  such a s  i r o n s ,  b l e n d e r s ,  and washing machines, a r e  expected t o  
become a s i g n i f i c a n t  p a r t  of domest ic  energy use.  

The d i sc repancy  between t h e  U.S. Team and t h e  INP bu tagas  f o r e c a s t s  
shown , i n  e x h i b i t  9 could  be  caused by i n c o n s i s t e n t  d a t a  on usage p a t t e r n s .  



EXHIBIT 3: METHOD FOR CALCULATING FUEL CONSUMPTION BY APPLIANCES 

1 )  E l e c t r i c  oven - Use U.S.A. s t a n d a r d  consumption of 1,200 kWh/year 

2 )  Butagas s t o v e  - Assume 10 kg b o t t l e ;  one used every 3 weeks (accord- 
i n g  t o  Hosni Shaker of GOFI, El  Kashif of MOHR, and 
Cole of AUC): 170 k g l y e a r  = 6,120 MJ/year of energy 
ou tpu t  ( a t  80% e f f i c i e n c y )  

assume 15% f o r  h o t  wa te r  = 25 kg 
85% f o r  cooking = 145 kg 

3 )  Kerosene s t o v e s  - 19 l i t e r s l m o n t h  t o t a l  (Appendix 27 of World Bank 
A p p r a i s a l  of a R u r a l  E l e c t r i f i c a t i o n  Pro. iec t ,  
confirmed by i n t e r v i e w s  wi th  u s e r s  and Cynthia 
Nelson of S o l a r  V i l l a g e  p r o j e c t )  = 228 l i t e r s l y e a r  = 
6,064 MJ/year of energy ou tpu t  ( a t  70% e f f i c i e n c y )  

assume 15% f o r  h o t  water  = 34 l i t e r s  
85% f o r  cooking = 194 l i ters  

4) Noncommercial f u e l e d  s t o v e s  - Diverse  use  of wood, d r i e d  dung-, and 
c rop  r e s i d u e s .  No tonnage c a l c u l a t e d ;  energy v a l u e  
is c a l c u l a t e d  i n  e x h i b i t  5. 

5 Rlec t r i c  l i g h t s  - Urban use  1975 
6 hours lday  x 140 w a t t s  t o t a l  = 300 kWh1year 

Urban-1985-estimated 50% g r e a t e r  = 450 kWh1year 
Urban-2000-estimated 50% g r e a t e r  = 675 kWh/year 

\ Rural-1975 6 hours lday  x 70 w a t t s  t o t a l  = 150 kWh1year 
Rural-1985 6 hours lday  x 100 w a t t s  t o t a l  = 210 kWh1year 
Rural-,2000 6 hours lday  x 150 w a t t s  t o t a l  = 320 kWh1year 

6) Kerosene l i g h t  - Under 15 l i t e r s l m o n t h  ( 4  U.S. g a l l o n s )  = 170 
l i t e r s l y e a r  (World Bank Appendix 27) 

' 7 )  E l e c t r i c  h o t  wa te r  h e a t e r  - Average U.S. consumption 3,400 kWh/year 
Assumed Egypt 1985 - 1,500 kWh 

2000 - 2,000 kWh urban 
A l l  y e a r s  - 1,500 kWh Rura l  

8 )  Butagas wa te r  h e a t e r  - Average 1 conta iner lmonth @ 1 0  kg = 120 k g l y e a r  
= 4,320 MJIyear 

9 )  Kerosene wate r  h e a t i n g  ( s e e  #3)  

Assume Urban Rura l  
1975 34 l i ters ( 904 MJ) 34 l i ters ( 904 MJ) 
1985 56 liters (1,500 MJ) 45 l i ters  (1,200 MJ) 
2000 75 l i t e r s  (2,000 MJ) 57 l i t e r s  (1,500 MJ) 

10) Butagas s t o v e  water h e a t i n g  

Assume Urban 
-Em 25 kg ( 900 MJ) 

R u r a l  
25 kg ( 900 MJ) 

1985 . 4 1  kg (1,500 M J )  33 kg (1,200 MJ) 
2000 55 kg (2,000 MJ) 42 kg (1,500 MJ) 



EXHIBIT 3: METHOD FOR CALCULATING FUEL CONSUMPTION BY APPLIANCES (CONTINUED) 

11) E l e c t r i c  r e f r i g e r a t o r  - Average U. S. =. 834 kWhIyear 

Assume Urban 
1975 500 

12) I c e  box - "Fueled" by i c e  d e l i v e r y  (produced by i n d u s t r i a l  s e c t o r )  - 
no energy c a l c u l a t i o n .  

13) A i r  cond i t ioner lcompressor  - 2 hp  = 1400 w a t t s  
R e s i d c n t i s l  - 6 hours lday  x  3 molyr = 750 kWh/yr 

213 c o o l i n g ,  113 h e a t i n g  = 500 kWh/yr c o o l i n g  
250 kWh/yr h e a t i n g  

Commercial - 5 hours lday  x  6  molyr = 1,250 k l h l y r  
213 coo l ing ,  113 h e a t i n g  = 833 kWh1yr c o o l i n g  

417 kWh/yr h e a t i n g  
(250 kWh1yr @ 10.8 MJIkWh @ 80% e f f i c i e n c y  = 2,150 MJIyr) 

14) Butagas space  h e a t e r  - 2 cann is te r s lmo x 2  molyr = 40 k g l y r  (1,440 MJIyr) 

15) Fans - 85 w a t t  c e i l i n g  f a n  x 3  h r s l d a y  x 6  molyr = 38 kWh 

16)  TV - Urban 1975 - 150 W x  6  h r s l d a y  = 330 kWh ( K h a l i l  of GOFI) 
Assume i n c r e a s e  due 

1985 t o  l a r g e r  TV s i z e s ,  385 kWh 
h i g h e r  pro,portion . 

2000 of c o l o r ,  more 440 kWh 
hours  of programming 

R u r a l  a l l  y e a r s  330 kwh 

17) I r o n  - U.S. s t a n d a r d  = 144 kWh/year 

18) Washing machine - U.S. s t a n d a r d  = 85 kWh/year 

19) Vacuum - U. S. s t a n d a r d  = 36 kWh1year 

20) Dishwasher - U.S. s t a n d a r d  = 348 kWh1year 

21) Misce l l any  ( b l e n d e r s ,  h a i r d r y e r s ,  c l o c k s ,  r a z o r s ,  t o a s t e r s ,  e t c . )  
Urban - 1975 - N e g l i g i b l e  

1985 - 25 kWh1year f o r  each e l e c t r i f i e d  household 
2000 - 60 kWh1year f o r  each e l e c t r i f i e d  household 

R u r a l  -' 1975 - N e g l i g i b l e  
1985 - N e g l i g i b l e  
2000 - 30 kWh/year f o r  each e l e c t r i f i e d  household 



EXHIBIT 4: CALCULATION OF RESIDENTIAL ELECTRICITY DEMAND 

1) O v e n  1,200 1 0 0 1,200 1 0 0 0 0 
I I 

..5) L i g h t s  300 1 '1 7 743 1SO 1 18 110 853 5 0 
I " I 

.7) ' Water - I 0 0 - I - 0 0 0 
I I 

11) R e f r i g .  500 ' .15 241 ,500 ! 1 20 261 15 

13) A i r  con. 75 0 1. 24 ' 7 5 0 '  ' 0 0 2 4 1 
\D 

\D 
0 

0 
15) Fan 38 4 3 5 4 3 2 3 4 6 3 

4 

38 X 
X 

17) Iron 144 m 10 46 144 0 0 46 3 
* 

I I - 
18) Wash. 85 1 1 3 85 I 0 0 3 1 

19) Vacuum 

I 

TOTALS k 1,429 I - 268 11,697 1 100 
v 

. [COMPARES WITH 1,692 FROM INPI ,,.:..;,,, . I . ' :  .. ' . . . . . .. 

1 )  O v e n  1,200 I 
w 
0 

5)  L i g h t s  450 4 

X 

- 7) Water 1,500 .," 
hl 

11) R e f r i g .  500 * 
I 

13) A i r  con. 750 1 
4 



EXHIBIT .4: (COW INUED) 

B 
-I4 
U 

k .rln c n  
2",85! 
3 td 5&$_*: mw 
u c o u o  
0  0 3  0 4  
t 3 u - H -  

15)  Fan 3 8 

16) T V  385 

w 
17)  I r o n  144 2 2 5 15 1 144 2 2 w 

14 165 3 

X 
.18) .Wash. 5 18 8 5 0 18 - X 

85 m 
- 

In 
o m 
CJ CO 

19)  Vacuum 36 ; 20 3 0 36 4 - 0 30 1 
I 

I 

TOTALS b 4,395 k - 775 5,134 100 

COMPARES WITH 4,900 FROM INP 

1)  Oven 1,200 

5 )  L igh t s  675 
r 

7 )  Water 2,000 20 2,544 1,500 1 95 2,639 14 
w 

11)  Refr ig .  650 'DE; 60 2,480 500 3 15 477 2,957 16 0 

X 
X 

13)  Air con. 750 2 0 95 4 750 , 2 95 1,049 
m 

15)  Fan 38 w 90 21 7 38 25 60 277 2 w 

I I 

.17) I r o n  144 1 70 ' 641 144 1 25 228 869 5 

C b 



EXHIBIT 4: (CONTINUED ) 

2000 

18) Wash. 
w 
0 

19) Vacuum 36 4 50 114 
X 

20) D i s h .  PPpA 348 15 . 332 

w 
21) Mist. 60 100 38 1 

I 
TOTALS b 15,512 

rl G  
(d 0 
N s r l  n 

2 UaS e n 
rl 9 
(d V)\D 
u G O  
0 O r l  
H U -  

COMPARES WITH 19,360 FROM INP 



Device 

Annual Urban 
Consumption 
(kg 

C-- 3.215 x l o6  ----- .  umber of Urban 
Households 

% Urban ' 

Sa tu ra t i on  

Tota l  Urban 
Consumption 
( lo3  Metr,ic tons)  

Annual Rural 
Households 

Number of Rural 
Households 

% Rura'l 
Sa tu ra t i on  

Tota l  Rural 
Consumption 
(M.T. x lo3)  

To ta l  Consumption 
(M.T. x 103) 

% of A l l  Domestic 
Consumption 



I:: 

Device 

Annual Urban 
Consumption 
(kg 

Number of Urban 
Households 

% Urban 
S a t u r a t i o n  

T o t a l  Urban 
Consumption 
( lo3  Mesr ic  t o n s )  

Annual Rural  
Households 

Number of Rural  
Households 

% Rural  
S a t u r a t i o n  

T o t a l  Rural  
Consumption 
(M.T. x lo3)  

T o t a l  Consumption 
(M.T. x l o 3 )  

% of A l l  Domestic 
Butagas 
Consumption 
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EXHIBIT 6 : CALCULATION OF RES IDENTIAL KEROSENE DEMAND 

G  rl 
cd cd 
P k 

G  k n I+ 3 n 
cd c a .  c e c n  cdc d r l c c n  
P o V) e c d o ~  M O  cn G cd o ~c 
u rl w w o ~ r l w  3 4  w a  o k r l  0)  
P u n  0 4  d M U U  d u -  0 4  rl 3 U U 

a vl o G U  = ,a+  a vl o r c u  d a d  
0) d 8 k  k c d c d  8 4  4 8 k  k C  c d c d  
u c d 3 0 )  0 ) a J  P k  4 3  

8 ;1 
c d 3 0 )  a0) k , a  

rl S U I U  , n u  3 c d ~  3 ~ 3 ~  PUI 3 3  cd (hD 

3 C C d  6 1  D U  u C 0  C G r l  6 3  M U  U G O  
0) G O e  1 0  crf 0 0 4  G O 4  3 0  cd 0 0 4  
n 4 u x i x  B t ) - 4 U u Z m  H V J  Hc,W 

1975 

Stove w w 
3) cooking 194 

0 
,-I 65 405 194 

0 
4 

X X 
6 )  Lights  170 23 125 170 

d wl 
Stove- cv o 

9 )  ho t  water. 34 m 65 34 v 

TOTALS 60 1' - 

Stove w w 
0 3)  cooking 194 , 4 3 336 194 o 

rl 

6 )  L igh t s  170 10 71  170 x 
Cr) m 
0 m 

Stove- e4 09 

9 ) '  ho t  water 56 43 101  45 ; 

TOTALS 508 - 

971 1,572 1,288 100 

[ COMPARES WITH 1,091 FROM INP ] 

68 148 249 204 14 

1,361 1,867 1,533 100 

[ COMPARES WITH 1,759 FROM INP ] 

Stove w w 
3) cooking 194 15 185 194 o , 7 5 925 1,110 910 56 

6 )  Ligh t s  170 
X 

0 0 170 
X- 

w w 
-50 540 540 443 27 

m . 5 
m 

Stove- w * '  w 
9 )  h o t  water 75 7 1  57' I 5  - 75 = - - -  343 281 17 

[ COMQIRES WITH 2,758 FROM T] 



Air 
conditioners 

Irons 
Fans 

Miscellaneous 

1975 1986 2m 

ELECTRICITY 

'Calculated in exhibits 4-6. 

Stows 
(Cooking) 

Lights 

Water 

Ovens 

Stoves 
(Water-heating) 

KEROSENE 

1975 I S 5  2m 

BUTAGAS 
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EXHIBIT 8 CALCULATION OF THE ENERGY VALUE OF NOWCOMMERCIAL FUELS 

I. Cooking (excluding bread baking) 

Step 1: Useful energy output of kerogehe o r  butagas s tove  i n  6,100 
M~/year/household (see exh ib i t  3, lines 2 and 3).  

Step 2: 1975 - 55% of rusgl haueeholds cook over noncommercial fuels .  
4.093. x lo9 rurret households 
6,100 x 10 J/year /household 

Total  energy output = 
15 13.7 x 10 J 

Assume 25% 
eff ic iency input = 54.8 x l0l55 

1985 - 24% of r u r g l  households - 
4.835 x lo9 rural  households 

6.1 x 10  year /household 

output = 7.1 x 1 0 ~ ~ 5  

input = 

2000 - 5% aE rtlrgl household - 
6.36 x lo9 r u r a l  household 

6 1 x 10 J/year/household 

output - 
input = 15 7.6 x 10 _ J 

11. Baking of Bread - Rural (urban is by i n d u s t r i a l  bakeries) 

Step 1: Davidoff and E z z a t t i  col lec ted  bakery consumption fo recas t s  
s t a t i n g  t h a t  i n  1975 bakeries consumed: 

15 0.05 x 1.38 x 10:: J of e l e c t r i c i t y  (100% e f f i c )  - -07 x lol5 J 
0.7 x .547 x lol5 J of kerosene (70X e f f i c )  - 2 7 x 1 O i 5 J  
0.75 x 21.05 x lol5 J of g a s l o i l  (70Z e f f i c )  11.05 x 10 J 
0 . 9 0 ~  42.88 x LO J of ntazout (10Xef f lc )  15 = 27.01 x 10 J 

useful  energy output 

Step 2: This energy output is assumed t o  have produced breag requirements I 
f o r  the urban population i n  t h a t  year o r  3.215 x 10 householgs. 
Per-household energy f o r  bread baking is therefore  11.94 x 10 
J lyear  . 



EXHTRTT 4: (CONTINUED) 

Step 3: Assuming t h a t  a l l  rura l  bread baking is domestic,  us ing  noncom- 
mercial  f u e l s ,  then rura l  bread baking energy requirements are: 

6 9 1975 - 4.093 x 10 r u r a l  households x 11.94 x 10  J/year 
annual.  requirements = 

Energy output 
15 

= 48.87 x l o l 5  J l y e a r  
At 25% e f f i c i e n c y ,  input = '  198 x 10  year 

6 1985 - 4.835 x 10 rura l  houseliolds 

15 output = 57.7 x l o l 5  J/year 
input = 230 x 10 J lyear  

6 2000 - 6.36 x 10 r u r a l  households 

15 output = 75.9 x l o l 5  J lyear  
input = 304 x 10 J lyear  
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Most d a t a  s o u r c e s ,  i n c l u d i n g  GOFI, MOHR, and AUC i n d i c a t e d  t h a t  t y p i c a l  
bu tagas  use  is  1 t o  1 112 b o t t l e s /  month ( a t  10 k g l b o t t l e ;  t h i s  i s  
approx imate ly  150 k g l y e a r )  . A t  t h e  INP, however, Mr. Habib from t h e  
Egyptian General  Petroleum Corporat ion gave a f i g u r e  more than double  
t h i s  -- 333 kg/householdlyear  o r  2.8 bo t t l e s /month .  Nonetheless ,  t h e  
t r e n d s  f o r  b o t h  t h e  ,U.S. Team and t h e  INP f o r e c a s t s  a r e  s i m i l a r ,  and t h e  
i n c r e a s i n g  use  of h o t  water  and space  h e a t i n g  c h a r a c t e r i s t i c  of improved 
l i v i n g  s t a n d a r d s  a c c o u n t s ~ , f o r  much of  t h e  i n c r e a s e .  

I n  t h e  c a s e  of ke rosene ,  however, t h e  t r e n d s  of t h e  two f o r e c a s t s  
a r e  n o t  i n  t h e  same d i r e c t i o n .  1n the .  U. S. a n a l y s i s ,  l a r g e - s c a l e  
d e c r e a s e  of kerosene use  i n  l i g h t i n g  and urban. cooking t e n d s  t o  b a l a n c e  
i n c r e a s e s  i r i ' k e r o s e n e  *use caused by - t h e  growing r u r a l  popu la t ion  and 
t h e i r  increa.sed h o t  water  use .  No 'unders tanding was achieved wi th  t h e  
INP a s  t o  why i t s  kerosene consumption f i g u r e  more than doubles  by t h e  
year  2000 d e s p i t e  t h e s e  t r e n d s .  

4.1.2 Assess ing  and F o r e c a s t i n g  Commercial Consumption: The U.S. 
Team's d e f i n i t i o n  of t h e  scope of t h e  commercial s e c t o r  i s  so  u n l i k e  . the  
s e c t o r  breakdown used by t h e  INP t h a t  no cross-check can b e  made between 
t h e  two. P a r t s  o£ t h e  U.S. Team's "commercial" s e c t o r  a r e  i r r e t r i e v a b l y  
b u r i e d  i n  t h e  INP's " indus t ry , "  " t r a n s p o r t a t i o n , "  "domestic," and 
"other" s e c t o r s .  Even energy used by government b u i l d i n g s ,  which 
a p p e a r s  i n  a l l  r e p o r t s  of the 'Egypt. ian E l e c t r i c a l  Author i ty  (EEA), 
cannot  be  i s o l a t e d  i n  t h e  INP commerctal s e c t o r  breakdown. 

The c a l c u l a t i o n s  i n  e x h i b i t  10 a r e  the re f0r . e  de r ived  e n t i r e l y  from 
t h e  ex t remely- . l imi ted  . d a t a  c i t e d .  :..,As ,in the r e s i d e n t i a l  s e c t o r ,  l i g h t i n g  
is  t h e  u s e  of e1ec t r i c i ty ; :wi th  a c c e l e r a t e d  use  of ' e l e c t r i c i t y  
i n d i c a t e d  f o r  space  c o n d i t i o n i n g .  Butagas use  i s  n e g l i g i b l e  (away-£row 
home meals a r e  g e n e r a l l y  cooked over  c h a r c o a l ) .  Kerosene use  -- s t r i c t l y  
f o r  l i g h t i n g  i n  n o n - e l e c t r i f i e d  a r e a s  -- i s  c a l c u l a t e d  i n  e x h i b i t  11. 

The f i r s t - c l a s s  t o u r i s t  h o t e l ,  which i s  probably  t h e  most energy- 
i n t e n s i v e  n o n i n d u s t r i a l  b u i l d i n g  t y p e  i n  Egypt, w a s  t h e  o n l y  t y p e  of 
b u i l d i n g  observed t o  have any p p e r a t i n g  c e n t r a l  space-condi t ioning 
systems. Because.-of.  t h e i r  energy i n t e n s i t y  and t h e  expected l a r g e  
i n c r e a s e  i n  t h e  number of such £ a c i l i t . i e s .  .i.n t h e  f u t u r e ,  t h e r e  would b e  
a d e f i n i t e  v a l u e  t o  s e p a r a t i n g  h o t e l s  from o t h e r  commerci.al b u i l d i n g s . i n  
f u t u r e  s t u d i e s .  . Applying per-room energy usage  ' d a t a  from t h e  Cairo  
H i l t o n  o r  Meridien H o t e l s  t o  M i n i s t r y  of Tourism. Hotel  growth p r o j e c t i o n s  
would be a s i g n i f i c a n t  s t e p  toward p r o j e c t i n g  f u t u r e  energy consumption 
by t h i s  important.. ,subsec.to,r.. .. . . .. ' . .. ": .. . . . .. . I .  : . .  :. , >  . . .5 

4.1.3 Assess ing  and F o r e c a s t i n g  Community Systems Consumption: 
Community sys tems a r e  a combination of t r a d i t i o n a l  and modern 

techniques .  Solid-waste d i s p o s a l  sys tems do n o t .  e x i s t  o u t s i d e  t h e  major 
c i t i e s .  I n  Ca i ro ,  p r i v a t e  companies,: pick-upi t r a s h  ,with c a r t s .  Meta l s  
and o t h e r  m a t e r i a l s  of v a l u e  a r e  hand-sorted',  and 'Gege'table m a t t e r  is 
consumed by animals .  The r e s t  is d i sposed  of i n  d e s e r t  l a n d f i l l .  Except 
f o r  t r a n s p o r t a t i o n ,  none of t h e s e  a c t i v i t i e s  e i t h e r  consumes o r  g e n e r a t e s  
commercial energy forms. 



EXHIBIT 10: CALCULATION OF THE DEMAND FOR ELECTRICITY BY THE COMMERC.IAL 
SECTOR 

, S t e p  1: D r .  Mustafa Swidan of t h e  EEA s t a t e d  t h a t  i n  1975 t h e  r e s i d e n t i a l  
s e c t o r  consumed 18 p e r c e n t  of Egypt's e l e c t r i c i t y  and t h e  commercial 
s e c t d r  a s  de f ined  f o r  t h i s  p r o j e c t  consumed 12 p e r c e n t  of Egypt's 
e l e c t r i c i t y .  Furthermore,  he  s t a t e d  t h a t  t h i s  p r o p o r t i o n  of commercial 
t o  r e s i d e n t i a l  consumption - two-thi rds  - h o l d s  t r u e  f o r  newly e l e c t r i -  
f i e d  areas and is  expected t o  ho ld  t r u e  g e n e r a l l y  i n  t h e  f u t u r e .  

There fore ,  t o t a l  e l e c t r i c a l  consumption f o r  t h i s  s e c t o r  is: 

Step 2: Number of commercial s e c t o r  a i r  c o n d i t i o n e r s  i s  double t h a t  of r e s i -  
d e n t i a l  (GOFI, K h a l i l  Meligy).  Energy consumption p e r  machine is: 

1,250 kWh/year vs.  
750 kWh/year f o r  r e s i d e n t i a l  u n i t s  

( s e e  e x h i b i t  3, i t em 13)  

Thus, commercial a i r  c o n d i t i o n e r  .consumption of e l e c t r i c i t y  = 
1,250 x  r e s i d e n t i a l  = 3.33 x  r e s i d e n t i a l  2  x 

750 . . 

6  
A i r  c o n d i t i o n i n g  1975 - 3.33 x  24 x  10 kWh = 8 0  x 1 0 6  kWh 

S t e p  3: Fans: Assume t h a t  fan-to-air '  c o n d i t i o n e r  usage p r o p o r t i o n  is t h e  same 
f o r  1975 a s  in '  r e s i d e n t i a l  s e c t o r :  

6 '  
Fans - 4 3 ' x  1 0  kWh - 1.91, s o  f a n s  i n  1975 = 1.91 x680 = . . .  

152'.8 x  1 0  kwh 

6  . . 
Air Cond. - 24 x  1 0  kWh 
 an-to-air c o n d i t i o n e r  g a t i o  = 1.91, SO commercial f a n s  i n  

6 
1975 u s e  1.91 x  80 x  1 0  = 152.8 x  10 kWh 

. . 
Assume t h a t  use  of f a n s  grows a t  same r a t e  a s  i n  r e s i d e n t i a l  s e c t o r :  

6  R e s i d e n t i a l  f a n  use:  - 1975 - 46 x  1 0  kWh 
1985 - 98 I'  ' ' 

2000 - 277 " 



Thus commercial f a n  e l e c t r i c a l  consumption = 

Step 6 :  Assume t h a t  t h e  b a l a n c e  of commercial e l e c t r i c i t y  u s e  is f o r  l i g h t i n g .  

Summary 1975 1985 

6 6 
TOTAL 

6 
1 ,131 x 1 0  kwh (100%) 3,423 x 1 0  (100%) 12,173 x 10 kwh (100%) 

A i r  c o n d i t i o n e r s  80 " ( 7%) 523 " ( 15%) 3,493 " ( 29%) 

Fans 153 " ( 14%) 326 " ( 10%) 921 I' ( 7%) 

L i g h t i n g  898 I' ( 79%) 2,574 " ( 75%) 7,759 " ( 64%) 

. , 

EXHIBIT 11 CALCULATION' OF THE DEMAND FOR KEROSENE BY THE COMMERCIAL SECTOR 

I n  1975, r e s i d e n t i a l  and commercial use  of e l e c t r i c , i t y .  f o r  l i g h t i n g  were 
about  equal .  Consumption of kerosene '  f o r  commercial l i g h t i n g ,  however, should  b e  
f a r  less t h a n  f o r  r e s i d e n t i a l  because:  

o commercial a c t i v i t y  on a per -cap i ta  b a s i s  t e n d s  t o  be  much l e s s  i n  
r u r a l  a r e a s  (where most kerosene is used) t h a n  i n  urban a r e a s ;  

o ' commercial f a c i l i t i e s  w i t h  major l i g h t i n g  requirements  -- e.g., h o t e l s  
and government o f f i c e  b u i l d i n g s  -- t end  t o  be l o c a t e d  i n  e l e c t r i f i e d  
a r e a s  . only  ; 

o k e r o s i n e  cannot  ,be  used f o r  a d v e r t i s i n g  and ;i'isplay l i g h t i n g ;  and 
, . 

o e l e c t r i c a l l y - l i t  commercial b u i l d i n g s  use  l i g h t i n g  dur ing  t h e  daytime 
w h i l e  those  i l l u m i n a t e d  by 'kerosene do not .  

There fore ,  assuming t h a t  commercial kerosene consumption f o r  l i g h t i n g  
i s  on ly  one-fourth t h a t  of r e s i d e n t i a l ,  , p r o j e c t i o n s  f o r  f u e l  consumption are: 

. . 



Sewage i n  a l l  r u r a l  and most urban a r e a s  is piped through smal l  
s e p t i c  sys tems o r  goes down t h e  N i l e  u n t r e a t e d .  According t o  t h e  1975 
Area Handbook r e p o r t ,  100 of Egypt's 120 l a r g e s t  c i t i e s  have no sewage-. 
t r ea tment  f a c i l i t i e s , . a n d  h a l f  of Cairo 's  sewage e n t e r s  t h e  Ni1e ;un t rea ted .  1 

T r e a t m e n t t f a c i l i t i e s  .use. chemicals  f o r  sewage t rea tment  and e l e c t r i c i t y  
i s  used t o  power. pumps. 

Water. i n  ru ra1 :a reas  is g e n e r a l l y  supp l ied  from a r t e s i a n  w e l l s ,  o r , .  
underground s o u r c e s  r e q u i r i n g  hand pumping. I n  urban:-aneas t h e r e , i s .  :.i,: 
s i g n i f i c a n t  e l e c t r i c a l  pumping .of water  from t h e  N i l e  i n t o  t r ea tment  , . . 
ponds and then  through underground p i p i n g  networks and i n t o  b u i l d i n g s . ,  

s t r e e t  l i g h t i n g ,  which e x i s t s  i n  v i r t u a l l y  a l l  e l e c t r i f  i.ed a r e a s ,  
i s  t h e  major community s e r v i c e  provided.  

E l e c t r i c i t y  i s  t h e  on ly  energy form t h a t  can be used f o r  t h e s e  
f u n c t i o n s .  The on ly  d a t a  rece ived  on e l e c t r i c i t y  consumption was from 
t h e  I n s t i t u t e  of Na t iona l  Planning,  wi th  a l l o c a t i o n  among t h e  d i f f e r e n t  
uses  provided t o  J a c k  D v idof  f  i n  a  meeting wi th  El Behiry ,  a s  s h o ~  i n  8 
e x h i b i t  12. The 547x10, kwh f i g u r e  f o r  1975 is  c l o s e  t o  t h e  532x10 
kwh f i g u r e  shown f o r  1976 f o r  "pub l ic  u t i l i t i e s "  i n  t h e  EEA Annual 
Report  f o r  1976. However, t h e  i l l u s t r a t i o n  of an e l e c t r i c a l  s t r e e t c a r  
i n  t h e  "pub l ic  u t i l i t i e s "  s e c t i o n  of the  EEA r e p o r t  s u g g e s t s  t h a t  the  
e l e c t r i c a l  tramways and "metro" of Cairo  a r e  included i n  t h i s  f i g u r e  as 
w e l l .  The breakdown between l i g h t i n g  and water pumping -- weighted 
h e a v i l y  toward water  pumping -- i s  a l s o  somewhat s u r p r i s i n g  s i n c e  s t r e e t  
l i g h t i n g  i s  found n e a r l y  everywhere whi le  sewage t rea tment  f a c i l i t i e s  
a r e  s c a r c e .  The energy i n t e n s i t y  of t h e  Egyptian municipal  water 
supp ly  shou ld  t h u s  b e  reviewed. The t rend  towards pumping becoming a  
l a r g e r  pe rcen tage  of t h e  community s e r v i c e s  t o t a l ,  however, does seem 
l o g i c a l  i n  l i g h t  of p l a n s  t o  g r e a t l y  expand water t r ea tment  c a p a c i t i e s  
a s  w e l l  as p l a n s  t o  use  more e n e r g y - e f f i c i e n t  sodium vapor lamps f o r  
s t r e e t  l i g h t i n g .  

5.0 QUANTIFYING THE IMPACT OF THE ENERGY-USE OPTIONS 

The preceding f u e l  use c a l c u l a t i o n s  a r e  the  s o l e  b a s i s  f o r  ca lcu-  
l a t i n g  t h e  impact of v a r i o u s  o p t i o n s  f o r  improving t h e  f u e l  ba lance  
desc r ibed  i n  t h i s  annex. These f u e l  impacts a r e  shown i n  e x h i b i t s  13 
through 20. 

Exhib i t  13 shows t h e  numbers of households comprising each imple- 
mentat ion l e v e l .  

Exh ib i t  14 shows t h e  c a l c u l a t i o n  of e l e c t r i c i t y  s a v i n g s  through 
us ing  l i g h t i n g  r e f l e c t o r s .  Exh ib i t  15 c a l c u l a t e s  e l e c t r i c i t y  saved 
through f l u o r e s c e n t  l i g h t i n g ,  and e x h i b i t  16 c a l c u l a t e s  e l e c t r i c i t y  
saved through TV t r a n s i s t o r i z a t i o n .  Since  t h e s e  t h r e e  o p t i o n s  do no t  
a f f e c t  b u i l d i n g  s t r u c t u r e ,  t h e y  a r e  no.t broken i n t o  l e v e l s  of implementation.  

- 

1 
U.S. Area Handbook f o r  Egypt,  1975, p. 102. 



Exhib i t  17 shows t h e  assumed f u e l  energy va lues  f o r  a l l  op t ions  
c a l c u l a t i o n s .  Exhibi t  18-a shows t h e  c a l c u l a t i o n s  used t o  d e r i v e  f u e l  
sav ings  through s o l a r  water hea t ing  f o r  ba th ing  and washing, and e x h i b i t  
18-b shows t h e  c a l c u l a t i o n s  f o r  de r iv ing  f u e l  savings through cooking 
wi th  solar-heated water.  Exhibi t  19 c a l c u l a t e s  t h e  q u a n t i t i e s  of 
e l e c t r i c i t y ,  butagas,  and kerosene t h a t  can be  saved i n  urban a r ea s  by 
in t roduc ing  n a t u r a l  gas .  It a l s o  shows the . requi rements  f o r  n a t u r a l  gas  
i n  t h i s  op t ion .  Exhibi t  20 u se s  t h e  same method t o  c a l c u l a t e  butagas . 
sav ings  ach ievable  through the  r e in t roduc t ion  of kerosene f o r  water 
heat ing.  



EXHIBIT.12: DEMAND FOR ELECTRICITY BY COMMUNITY SERVICES FROM INP PROJECTIONS 
. . 

. . 1975 
kwh 

1985 
kwh 

2000 
kwh 

S t r e e t  l i g h t i n g  98 x lo6  (18%) 227 x lo6  (15%) 598 x l o 6  (10%) 
. . <  - .  '. . . .. 

,. . .  

Pumping f o r  
water  supply 
and sewage 6 449 x lo6  (82%) 1,287 x 10 (85%) 5,386 x lo6 (90%) 

T o t a l  s ec  t o r a l  
demand 547 x l o 6  kwh 6 1,514 x 10 kwh 

6 
5,984 x 10 kwh 

EXHIBIT 13: CALCULATION OF NUMBERS OF'HOUSEHOLDS INCLUDED I N  EACH IMPLEMEN- 
TATION LEVEL 

~ e v b l  One (new c i t i e s )  
. . 

Five new c i t i e s ,  each planned t o  have-popula t ions  of 100;OOO by 1985 
and' 500,000 i n  2000; average household s i z e  of 5.2, o r :  . . 

. . 

Tota l  new c i t y  households i n  1985 = 100,000 x 5 = 96,000 households 
5.2 

To ta l  new c i t y  households i n  2000 = 500,000 x 5 = 480,000 households 
5.2 

Level  Two (new urban cons t ruc t ion  o u t s i d e  of new c i t i e s ) :  ', . 

Referr ing t o  e x h i b i t  1, t h e  number of urban dwellings i s  expected t o  
i nc rease  by 988,000 by t h e  year  1985 (96,000 i n s i d e  t h e  new c i t i e s  and 892,000 
i n  e x i s t i n g  c i t i e s )  and ,by  3,145,000 from 1975 u n t i l  t he  year  2000 (480,.000 i n  t he  
new c i t i e s  and 2,665,000 i n  t h e  e x i s t i n g  c i t i e s ) .  

Level  Three (urban r e t r o f i t t i n g ) :  

U s e  3,215,000 dwell ings e x i s t i n g  i n  1975. 

Level  Four (new r u r a l  dwell ings) :  

Calculated a s  f o r  urban dwel l ings ;  745,000 by 1985 and'2,270,000 by 
2000. 

Level  Five ( r u r a l  r e t r o f i t t i n g ) :  

Use 4,090,000 dwell ings e x i s t i n g  in '1975 .  



EXHIBIT 14: CALCULATION OF IMPACT OF USING LIGHTING REFLECTORS 

. . 6 1975 e l e c t r i c i t y  usage i n  l i g h t i n g  = 853 x 10 kWh/year ( s ee  
e x h i b i t  4) 

6 .. . 
853 x 10 kWh/year x 20% savings  x 115 l i g h t i n g  s h a r e  = 

6 34 x 10 kWh saving or 4 % of. r e s i d e n t i a l  l i g h t i n g  
usage 

6 
4% savings  i n  ' r e s i d e n t i a l  l i g h t i n g  usage i n  1985 = 85 x lo6  kWh 

i n  2000 = 212 x 10 kWh 

EXHIBIT' 1 5 :  CALCULATION O F  IMPACT OF EXPANDED USE OF FTYrmRESCENT 
LIGHTING 

Current product ion of l i g h t b u l b s  i n  Egypt i s  6 mi l l i on  f l h r e s c e n t  bu lbs /  
year (at 40 wa t t s )  and 80 mi l l i on  incandescent bulbs/year  (50 wa t t s  average) ,  
according &o Kha l i l  Meligy a t  GOFI. Assuming t h a t  t h i s  r ep re sen t s  the  propor- 

. t i o n  of fkorescent / incandescent  l i g h t i n g  i n p l a c e  today, t h a t  f l w e s c e n t  and 
incandescent l i g h t s  a r e  used t h e  same number of hours per day, and t h a t  f l k r e s -  
cen t  l i g h t b u l b s  l a s t  t h r ee  times a s  long a s  incandescent bu lbs ,  then f l M e s -  
cen t  l i g h t i n g  c u r r e n t l y  accounts fo r :  

6 6 x 10 x 40 wat t s  
. . 

6 6 80 x 10 x 50 wa t t s  + (6 x 10 x 40 x 3) = 

15% of a l l  r e s i d e n t i a l  and commercial l i g h t i n g  usage 

Assuming :that one-quarter of t he  remaining incandescent l i g h t i n g  i n  both 
r e s i d e n t i a l  and commercial s e c t o r s  could be replaced by f l h r e s c e n t  l i g h t i n g  
with 40 percent  of the  .power, requirements,  energy s a v i n g s  i n  1975 would have 
been : 

6 6 
(853 x 10 kWh domestic + 898 x 10 kWh commercial) 

(.85) x 114 x 60% savings  = 223 x. 106kwh' 
. . 

6 6 
1985: (2,006 x 10 kWh domestic + 2,574 x 10 kWh commercial) 

( .85) x 1 /4 x 60% savings  = 584 x 106kwh 

6 6 2000: (5,310 x 10 .kWh domestic + 7,759 x 10 kWh commercial) 
(.85) x 114 x 60% savings  = 1,666 x 106kWh 



EXHIBIT 16: CALCULATION OF ENERGY SAVINGS THROUGH TELEVISION 
TRANSISTORIZATION 

E l e c t r i c i t y  
TV S e t  Consumption Po we r E l e c t r i c i t y  

Year - (from E x h i b i t  4 )  Reduct i o n  Savings 

EXHIBIT 17: ASSUMED FUEL ENERGY VALUES FOR ALL OPTIONS CALCULATIONS 

Butapas : 45  kg (80% e f f i c i e n c y  i n  a l l  a p p l i c a t i o n s )  

Kerosene: 46 MJ/kg o r  38 MJ/liter (70% e f f i c i e n t  f o r  h e a t i n g )  
(10% e f f i c i e n t  f o r  l i g h t i n g )  

E l e c t r i c i t y :  36 M J / k P  (100% e f f i c i e n c y  i n  a l l  a p p l i c a t i o n s )  
38 M J / m  ( 80% e f f i c i e n c y  f o r  h e a t i n g )  

. . 

  here fore: 1 MT. bu tagas  @ 80% ef i c i e n c y  h a s  6 9 (45 x 10 J )  (.80) = 36 x 10 J energy o u t p u t  

1 MT. ke rosene  @ 70% e f i c i e n c y  'has  6 9 
(46 x 10 J )  ,(.go) = 32.2 x 10 J energy o u t p u t  

1 Kwh e l e c t r i c i t y  @ 109 % e f f i c i e n c y  h a s  
(3.6 x 10 J )  (.80) = 3.6 x 10 J energy o u t p u t  

To d i s p l a c e  Requires  

3 10 MT bu tagas  1.18 x l o 6 m 3  n a t u r a l  g a s  
. . .  

3 
10 MT kerosene 6 3 1.06 x 10 m n a t u r a l  g a s  

6 
10 kWh e l e c t r i c i t y  6 3 0.12 x 1.0 m n a t u r a l  g a s  
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EXIIIBIT 18-a: CALCVATION OF FUEL SAVINGS THROUGH .SOLAK WATEK :,H;EATING 
FOR BATHING AND WASHING I . 

Level  One . ;  

E l e c t r i c .  

Fue l  Savings 

3 . .  . 
96x10 households x .05 x 

Wt3 - 1,500 k /household . . . . . -  - 
480x10 households x .20 x 

1,500 kWhIhousehold - - 

3 96x10 households x .20 x . 
120 kg year 4 - - 
480x10 households x .45 x 
120 kglyear  . . - - 

3 2x10 MT butagas Butagas 

3 26x10 MT bu tagas  

3 
, 96x10 households x .32 x . . 

41 kgdyeax - - 
, 480~10  households x .20 x . . 

. 5 5 k g l y e a r  - - 

Butagas 
on 

s tove  

3 1x10 MT butagas 

3 5x10 MT bu'tagas ' 

3 96x10 households x .43 x 
;56 b.92) ;. . . , . .  - - 

480x10 households x .15 x 
75 ( -82 ) .  , 

- .  . - 
.. . 

Kerosene 
on 

s tove  

. ! '  . .. 
2x10 MT kerosene 

3 4x10 MT kerosene 
. .. . . . 

Level  Two 

3 .  892x10.. househdds  x :.05 x. 
1,500 k y / y e a r  - - 
2 , 6 6 5 ~ 1 0  households x ..20 x 
1,500 kWhIpear 

3 892x10 households x .20 x . 

120. kgJyear - - 
2 ,665~10  . house.holds x .45 x . . . 

120 kglyear  - - 

Butagas 

. . 
' '3 . .. 

892x10 households x .32 x 
. . 41 kg4year .  - . , .  - - 

2 , 6 6 5 ~ 1 0  households x .20 x 
55 kglyear  - - 

Butagas 
on 

s t o v e  

3 892x10 households x .43 x 
56 (.g2) kg/year - - 

2 , 6 6 5 ~ 1 0  households x .15 x 
75 (.82) kglyear  - - 

Kerosene 
on 

s t o v e  
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EXHIBIT 18-a : (CONTINUED) 

Level  Three Fue l  Savings 

6 1985: 3,215,000 households x .05 x 1500 kWh = 241x10 . kWh 
E l e c t r i c  

6 2000: 3,215,000 households x .20 x 1500 hWH ; = 964x10. kWh 

1985: 3,215,000 households x .20 x 120 kg. = 7 7 x 1 0 ~  MT 
Butagas 

. . 2000: 3,215,000 households x .45 x 120 kg 3 = 174x10 MT 

Butagas 1985: 3,215,000 households x .32 x 41 kg 
~. 

= 4 2 x 1 0 ~  MT 
on 

. s tove  2000: 3,215,000 households x .20 x 55 ,kg. = 3 5 x 1 0 ~  MT 

Kerosene 1985: 3,215,000 households x .43 x 56(.82) kg = 663x10~ MT 
on 

s tove  ,2000: 3,215,000 households x .15 x 75(-82)  kg = 3 0 x 1 0 ~  MT 

Level  Four 

E l e c t r i c  

Butagas 

Butagas 
on 

s tove  

Kerosene 
on 

s tove  

Level  Five 

E l e c t r i c  

Butagas 

745,000 households x 0 = 0 

4,093,000 households x 0 = 0 

4,093,000 households x .O = 0 

4,093,000 households x .02 x 120 kg = 1 0 x 1 0 ~  MT 

4.093,000 households x .10 x 120 kg = 4 9 x 1 0 ~  MT 
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EXHIBIT 18-a: (CONTINUED) 

Level F ive  Continued Fue l  Savings 

x -06 x 33 kg 
3 

Butagas 1985 : 1 = 8x10 MT 
I . . 

on 
, * 

: "" 3' 
" . s tove  ' " ' 2000: .. 1. . x . 0 9 x 4 2 k g  . - - 15x10 MT 

I 
Kerosene 1985: I x .68 x 45( .82)  kg = 103x10~  MT 

I , . on 
s tove  2000: ' b x .75 x 57(.82) kg = 143x10~  MT 

EXHIBIT 18-b: CALCULATION OF FUEL SAVINGS THROUGH SOLAR WATER HEATING. 
FOR COOKING 

Level One . . 

1985: 96x10~  households .55 145 kg x 50% s a v i n g s  4 x l o3  MT 
Butagas 

2000: 480 I -75 145 kg 2 6 

I 
1985 : 96 I .43 194 (*82)  kg 3 

Kerosene I 
I .15 

11 
2000: 480 6 

I 
Level  Two 

, . 
I 
I 

1985: 892 I . 5 5 1 4 5 k g  . 3 2 

Butagas I 
2000: 2,665 I .75 145 kg 145 

I 'Kerosene 
2000: 2,665 I .15 'l 

- 3  I 
Level Three I 

I, 
I 

1985: 3,215 I .55 145 kg , 128 

I . . Butagas 
2000: I .75 , 

175 

I - 
1985: I .43 194 (982) kg 110 

Kerosene 
2 000 : .15 " 38 



EXHIBIT 18-b : (CONTINUED ) 

Level  Four Fue l  Savings 

1985: 745 I 
Butagas I 

1985: . ,745 I 
Kerosene I 

2000: 2,270 I 
I 
I Level  F ive  
I 
I , . 

1985: 4,093 I .08 145 kg .2 4 
Butagas I I 

2000: 1 , . I  . .  .20 5 9 , .. . . 
I I 

1985: . 1 ..I .68 194 (-82)  kg .  2 2-1 
Kerosene I I 

: . 2000: . . +  $ . : . .  .75 224 
. . 

:XH I B  IT 19: CALCULATION OF FUEL SAVINGS THROUGH NATURAL GAS SUBSTITUTION 
FOR COOKING AND WATER HEATING 

* I  . . 
. . ..Fuel Requirements 

eve1 One ' . .  . . . . 
. Savings f o r  Natura l  Gas 

E l e c t r i c  1985: 
Ovens . 

'2000: 

Butagas 1985: 
s t o v e s  

2000: 

Kerosene 1985: 
s t o v e s  

2000: 

3 96x1 0 households .02 

1 .  
480 I . '  . l O  

1;200 kwh 2x1 o 6 ~ w h  - 
1 ,'200 kwh 

. 6 3 Nat '  
58x1 0'kWh 7x10 m Gas 

E l e c t r i c  H 0 
'2000: 

I 
SEE EXHIBIT 18a 

1985: FOR CALCULATIONS ; 2 x 1 0 ~ ~ ~  2. . 
Butagas H20 I . . . .  

. . .  I 2000: . - 
, 2 6 x 1 0 ~ ~ ~  

- I ,  
. . .  

31 
. . .  . . . . . . .  b . . 

. . . .  . , 
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[BIT 19: (CONTINUED) 

SEE EXHIBIT 18a 

FOR. CALCULATIONS 

Fuel Requirements 
Savings For Natura l  Gas 

Butagas . 1985: 
stovesH 0 

2000: 

Kerosene 1985: 
s t o v e  H20 

2000: 

96 Butagas 1985: 
space 

2000: 480 

Level Two 

E l e c t r i c  
ovens 

Butagas 
s toves  

Kerosene 
s toves  

Elec  r i c  5 
H 0 

Butagas 

Butagas 1985 : 
s t o v e  H20 

2000: 

TOTALS 

3 892x10 households .02 1,200 kWh 
6 

. . 
.2 1x1 0 kWh 

I 
2,665 1 .10 

11 . 320 " 

I 
1 144 " 
I 

SEE EXHIBIT 18a 
FOR CALCULATIONS 12 

11 



EXHIBIT 19: (CONTINUED) 
h e 1  . Re q u i r  emen'_ ~- 
Savings For Natural  Gas 

Kerosene 1985: 
s t o v e  H 0 

2000: 
I . . 

Butagas 1985: . 892 I -05 4 0 k g  2x10 MT 2 ! 
3 

space  I 

TOTALS 

Level  Three 

E l e c t r i c  1985: 3 , 2 1 5 ~ 1 0 ~  
ovens 

2000: I 
I 

Butagas 1985: I 

.02 1,200 kwh 7 7x1 06kWh 6 3 9x10 m 

s t o v e s  I 
2 000 : I .75 11 350 tt 413. 

I 
1985: I - 4 3 -  1 9 4 ( . 8 2 )  220 11 Kerosene 233 

s t o v e s  I 
2000: I .15 11 7 6 11 8 1 

- I 
E l e c t r i c  1985 1 I 

H2° I I 
2000: 1 I 

Butagas 1985: 

H2° 
2000: 

Butagas 1985: 
s t o v e s  H 0 

2000: 

Kerosene 1985: 
s t o v e  H 0 

2000: 

Butagas 1985: 
space 

2000: 

I I 
I I 
I I . SEEEXHIBIT 18a 
I I FOR CALCULATIONS 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I .  I 
- I 

I -05 
I 
b .l 

. . 

1985 788 X 106m' 
I TOTALS 2000 ,949 X 1 0 6 ~ 3  

. . 



H I B  IT 20: CALCULATION. OF BUTAGAS SAVINGS THROUGH REINTRODUCTION O F  KEROSENE 
.. , . - FOR WATER HEATING 

L e v e l  One 

Butagas 

Butagas 
on s t o v e  

Level Two 

Butagas 

. . 

Butagas 
on s t o v e  

Butapas Saved 
Kerosene nedded ( a t  1.11 M.T. ke rosene  

p e r  M.T. of bu tane  
. . 

3 . . 

2x10 MT 

. . 
Leve l  Four 

1985: 
Butagas 

2000: 

1985: 
Butagas 

on s t o v e  2000: 

Leve l  F h e  

1985: 
Butagas 

2000: 

Leve l  Three  . . 

1985: . ' 77 ' 

Butagas 
2000: ' 174 

1 9 8 5 : ' .  . . 42 
Butagas 

. .  35 on s t o v e  2000: . 

. . 1985: . 8 1 
Butkgas , 1 

; on s t o v e  20'00': 15 ..I ; .'L<.,. 7: 
7 
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1.0 SUMMARY AND INTRODUCTION 

1.1 Obi e c t i v e s  

The p r i n c i p a l  o b j e c t i v e s  of t h e  t r a n s p o r t a t i o n  segment o f  t h e  
U.S.-Egypt Cooperat ive  Energy Assessment were: 

1. To develop an  unders tanding of t h e  c u r r e n t  s t a t u s  of t h e  
p r i n c i p a l  energy u s e r s  i n  Egypt's t r a n s p o r t a t i o n  s e c t o r .  

2. To e s t i m a t e  t h e  energy demand and e f f i c i e n c y  f o r  each t r a n s p o r t  
mode w i t h i n  t h e  s e c t o r .  

3. To i d e n t i f y  o p p o r t u n i t i e s  f o r  f u e l  type changes,  technology 
s w i t c h e s ,  o r  u t i l i z a t i o n  p a t t e r n  changes which might i n c r e a s e  
t h e  e f f i c i e n c y  wi th  which ~ g y p t ' s  energy i s  used,  bo th  now and 
i n  t h e  f u t u r e ,  w i t h i n  t h e  t r a n s p o r t a t i o n  s e c t o r .  

4. Based on o p t i o n s  i d e n t i f i e d ,  t o  f o r e c a s t  energy demands by 
v a r i o u s  modes w i t h i n  t h e  t r a n s p o r t a t i o n  s e c t o r .  

To r e a l i z e  t h e s e  o b j e c t i v e s ,  d i s c u s s i o n  was c a r r i e d  out  wi th  a  wide 
c r o s s - s e c t i o n  of Egyptian e x p e r t s  on energy,  t e c h n i c a l ,  and planning 
a s p e c t s  of t r a n s p o r t a t i o n .  P r o j e c t i o n s  of f u e l  use  f o r  t r a n s p o r t a t i o n  i n  
1985 and 2000 were those  of t h e  Egyptian General  Petroleum Corporat ion 
(EGPC) . It was agreed t h a t  t h e s e  p r o j e c t i o n s  would be used i n  the  a n a l y s i s  
and t h a t  t h e  U.S. t r a n s p o r t a t i o n  s p e c i a l i s t  would c l a s s i f y  t h e  p r o j e c t i o n s  
f o r  each f u e l  type by mode of t r a n s p o r t .  The s p e c i a l i s t  would then  use  
t h e s e  c l a s s i f i c a t i o n s  t o  e s t i m a t e  t h e  a s s o c i a t e d  a c t i v i t y  l e v e l s .  The 
d a t a  c o l l e c t e d  i n  Egypt were then used,  t o g e t h e r  wi th  publ ished U.S. and 
i n t e r n a t i o n a l  d a t a ,  t o  e s t i m a t e  energy use  and e f f i c i e n c y  f i g u r e s .  

1.2. P r i n c i p a l  Opt ions  and Observat ions  

During t h e  s tudy ,  a n  o p t i o n  was developed which might reduce t h e  
energy demand of t h e  t r a n s p o r t a t i o n  s e c t o r .  I n  summary, t h e  o p t i o n  
emphasizes t h e  use  of waterways and e l e c t r i f i e d  r a i l s  i n  l i e u  of t h e  
highways. Table  1 shows t h e  f u e l  consumption under t h i s  c o n s e r v a t i o n  
o p t i o n ,  t h e  EGPC p r o j e c t i o n s  of t r a n s p o r t a t i o n  ' f u e l  use  ( a l s o  c a l l e d  
Comparison Case) ,  and f u e l  use suggested by a  p r o j e c t i o n  of t r e n d s  i n  
c u r r e n t  f u e l  use p a t t e r n s .  

Over and above t h i s  o p t i o n ,  a  number of g e n e r a l  obse rva t ions  were 
made, a l l  of which r e l a t e  t o  energy demand i n  t h e  t r a n s p o r t a t i o n  s e c t o r .  
These o b s e r v a t i o n s  a r e  a s  fol lows:  

1.2.1 The Comparison Case: The Comparison Case, developed from 
EGPC f u e l  p r o j e c t i o n s  , r e p r e s e n t s  a  s u b s t a n t i a l  b reak  wi th  r e c e n t  
t r e n d s .  A key element i n  achieving t h e  Comparison Case f o r  1985 and 
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2000 is  t h e  u t i l i z a t i o n  of energy-effect ive modes in urban personal  
t r a v e l  and i n t e r c i t y  f r e i g h t  movement and personal  t r a v e l .  Only through 
(a) a  s i g n i f i c a n t  expansion of urban mass t r a n s i t  systems by 2000, and 
(b) a  major expansion of i n t e r c i t y  f r e i g h t  movement s e rv i ce s  by r a i l -  
roads and waterways can the  Comparison Case be  achieved. 

1.2.2 Development .areas:  There is a  need f o r  i n i t i a t i v e s  
and investment p r i o r i t i e s  t h a t  f o s t e r  improvements i n  urban mass t r a n s i t ,  
i n t e r c i t y  persona l  t r a v e l ,  a n d ' i n t e r c i t y  f r e i g h t  movement by in land  
waterways and the  r a i l r o a d  systems. Only when these systems a r e  a b l e  t o  
provide,  on a  reg iona l  and na t iona l  s c a l e ,  t h e  t r anspo r t a t i on  s e rv i ce s  
t h a t  t he  country c r u c i a l l y  needs,  would i t  be  prudent t o  i n i t i a t e  
measures f o r  reducing r e l a t i v e l y  t h e  use o f ,  and dependency on, t h e  
i n t e r c i t y  t r u c k  f l e e t  and the  passenger car .  

Several  t h ings  could be done t o  improve the r a i l r o a d s  and the  
inland waterways o the r  than increas ing  S l e e t s  and the  s i z e  of the  
cu r r en t  network. F i r s t ,  t h e  s e r v i c e a b i l i t y  of the  Ni le  r i v e r  waterway 
can be  improved by e s t a b l i s h i n g  and equipping f requent  depots  (porxs) a t :  
s t r a t e g i c  l oca t ions  along the  r i v e r  and by i n t e g r a t i n g  them with t h e  
l o c a l  highway network and with the  r a i l r o a d  system of the  region.  . . 

Second, t h e  r a i l  system can be  connected with a l l  new i n d u s t r i a l  enter-  
p r i s e s  and in t eg ra t ed  with the inland waterways. The two systems must 
be planned t o  supplement and complement each o the r  and, i n  f a c t ,  work a s  
one i n t eg ra t ed  system. It is  understood t h a t  the  development of t h e  
waterways may be  l im i t ed  due t o  environmental cons idera t ions .  Planning 
should s p e c i f i c a l l y  consider  t h i s  c o n s t r a i n t .  

. . 
1.2.3 The need f o r  comprehensive t r a n s p o r t a t i o n  planning: Egypt, 

s t i l l  i n  the  e a r l y  s t a g e s  of economic development, has  a  unique oppor tun i ty  
t o  d i r e c t  i ts  e f f o r t s  towards a  more sound, e f f i c i e n t ,  and e f f e c t i v e  
developmenta1,pat tern;  inc lud ing  an e f f i c i e n t  t r a n s p o r t a t i o n  system. The 
assessment of energy requirements i n  the t r anspo r t a t i on  s e c t o r  of Egypt 
has  revealed only l im i t ed  r eg iona l  and n a t i o n a l  t r a n s p o r t a t i o n  planning. 
The most comprehensive completed t r a n s p o r t a t i o n  s t u d i e s  t h a t  co Id  be Y 
loca ted  a r e  t he  SOFRETU s tudy  f o r  the  metrogol is  of Cairo,  1973 , and 
the  Phase I Egypt Nat ional  Transport  Study . These, however, do not  
e x p l i c i t l y  t ake  i n t o  account the  t r a n s p o r t a t i o n  requirements of t he  ; 
planned c i t i e s .  The remaining completed s t u d i e s  a r e  q u i t e  l im i t ed  i n  . '  
t h e i r  focus. on s p e c i f i c  p r o j e c t s ,  o r  a r e  p a r t '  of o the r  s t u d i e s ,  abdressed 
t o  ob j ec t ives  o the r  than the  comprehensive planning of t h e  t r anspo r t a t i on  
system. 

Transpor ta t ion  Study f o r  t h e  Cairo Mettopol i tan Area, SOFRETU, 
1973, prepared f o r  t he  Egyptian Minis t ry  of ~ r a n s p o r t a t ' i o n .  

Egypt Nat ional  Transport  Study, Phase I, Louis Berger I n t e r n a t i o n a l ,  
Inc. ,  January 1977. 



Phase I1 of t h e  Egypt Na t iona l  Transpor t  Study, when completed,  
should  expand c o n s i d e r a b l y  t h e  planning base  f o r  Egypt's t r a n s p o r t  
s e c t o r .  According t o  t h e  Terms of Reference,  t h e  o b j e c t i v e s  of t h e  
s t u d y  a r e  " t o  assist t h e  Government t o  develop t e c h n i c a l  and. organiza- 
t i o n a l  c a p a d i t y  t o  under take  comprehensive t r a n s p o r t  p lanning a c t i v i t i e s  
on a  cont inuous  b a s i s .  . ." The scope of work f o r  t h i s  p r o j e c t  d e t a i l s ,  
an ambi t ious ,  comprehensive planning and t r a i n i n g  s tudy .  The s t u d y  w i l l  
b e  l i m i t e d  i n  t h a t  i t  w i l l  n o t  e x p l i c i t l y  c.onsider t h e  urban a r e a s  
excep t  a s  t h e y  impact i n t e r c i t y  a c t i v i t y .  Hopeful ly ,  f u r t h e r  s t u d i e s  
w i l l  address  t h e  t r a n s p o r t  needs of t h e  new and e x i s t i n g  c i t i e s .  Within 
t h e  Phase I1 s t u d y ,  i t  i s  suggested t h a t  energy requirements  b e  s p e c i f i -  
c a l l y  cons idered  a s  w e l l  a s  c o o r d i n a t i o n  between the  M i n i s t r y  of ~ r a n s -  
p o r t  and t h e  o t h e r  M i n i s t r i e s .  

1.2.4 Coord ina t ion  of t r a n s p o r t a t i o n  p lann ing  wi th  comprehensive 
developmental  p l a n s  : Fuel  consumption p a t t e r n s  w i t h i n  t h e  t r a n s p o r t a t i o n  
s e c t o r  depend on developments and p l a n s  i n  o t h e r  s e c t o r s  of t h e  economy. 
D e l i b e r a t e  p lanning of t r a n s p o r t a t i o n  t o  meet t h e s e  developmental ly  
determined needs  would l ead  t o  more e f f i c i e n t  and l e s s  haphazard t r a n s p o r t  
system planning a s  w e l l  a s  l e a d  t o  t h e  more e f f e c t i v e  implementation of 
g e n e r a l  development p l a n s .  Some a r e a s  where coord ina ted  developmental 
p lanning could be improved a r e :  

Urban iza t ion  P o l i c y  and Planninp f o r  New Cities. Egyptian urban- 
i z a t i o n  p o l i c y  h a s  s e v e r a l  e x p l i c i t  o b j e c t i v e s  wi th  regard t o  popula- 
t i o n ,  i n d u s t r i a l  d e c e n t r a l i z a t i o n ,  and c o n s e r v a t i o n  of a g r i c u l t u r a l  
l a n d ,  bu t  i t  does  n o t  s t a t e  c l e a r l y  any o b j e c t i v e s  wi th  regard  t o  
n a t i o n a l  t a n s p o r t a t i o n  e f f i c i e n c y  and energy e f f e c t i v e n e s s  . For ex- 
ample, i t  appears  t h a t  when t h e  major d e c i s i o n s  concerning t h e  t h r e e  new 
major c i t i e s  (Sadat  C i t y ,  Tenth o f  Ramadan, and King Khalid Ci ty )  were 
made, minor a t t e n t i o n  was paid  t o  t h e  n a t i o n a l  t r a n s p o r t a t i o n  p o l i c i e s  
and requirements .  As a r e s u l t ,  a l l  t h r e e  c i t i e s  a r e  placed o u t s i d e  
t h e  networks of i n l a n d  waterways and t h e  r a i l r o a d .  Although Sadat C i t y  
is expected t o  be  a  c e n t e r  f o r  e x p o r t ,  o n l y  a  dead-end branch r a i l r o a d  
l i n e  and a  branch of t h e  Noburia Canal wi th  a  minimal b a s i n  f o r  man- 
e u v e r s  a r e  planned a s  p a r t  of t h e  i n d u s t r i a l  d i s t r i c t  of t h e  c i t y .  
These two systems a r e  no t  i n t e g r a t e d .  Obviously,  c o r r e c t i v e  a c t i o n s  
need t o  b e  planned a s  soon a s  p o s s i b l e ,  and p roper  i n i t i a t i v e s  e x e r c i s e d  
concerning t h e  d e s i r a b l e  development of t h e  t h r e e  major new c i t i e s  and 
a l l  o t h e r  u r b a n i z a t i o n  p l a n s  and programs of  t h e  country .  The Phase 
I1 s t u d y  may a d d r e s s  t h e s e  q u e s t i o n s .  

, .  , . .  , 

I n d u s t r i a l i z a t i o n  P o l i c y .  1n i n t e g r a t i n g  $ n d u s t r i a l ,  and t ranspor -  
t a t i o n  a c t i v i t i e s ,  i t  i s  important  t o  review a i l  major new e n t e r p r i s e s ,  
t o  s e e  i f  they  could  be s e r v i c e d  p r i m a r i l y  and e f f e c t i v e l y  by e i t h e r  t h e  



in land  waterways o r  t h e  r a i l r o a d  system; wherever pos s ib l e ,  by both 
systems. It would be  advantageous f o r  a l l  major and long d i s t ance  
i n d u s t r i a l  f r e i g h t  t o  be  c a r r i e d  by t h e  waterways o r  t he  r a i l r o a d s  by 
1985 o r  s h o r t l y  t h e r e a f t e r .  The presen t  s i t u a t i o n  of heavy dependence 
on t rucks  f o r  i n t e r c i t y  t r a n s p o r t  should be reversed.  It i s  economi- 
c a l l y  important t o  an export ing indus t ry  t o  minimize switches from one 
mode of movement t o  another  ( t ransshipment)  of any commodity between i t s  
o r i g i n  and i t s  des t i na t ion .  A s i n g l e  transshipment u sua l ly  c o s t s  a s  
much a s  a l l  t he  o the r  t r anspo r t  c o s t s  of t h e  commodity, and involves  
added r i s k s  and l o s s e s ,  Such cos t  f a c t o r s  may make a  commodity noncom- 
p e t i t i v e  i n  t h e  i n t e r n a t i o n a l  market. 

Land Use Pol icy  Planning. Land use planning should t a k e  i n t o  
account two major t r anspo r t  r e l a t e d  cons idera t ions .  F i r s t ,  i t  i s  ex- 
tremely important t o  promote, w i th in  urban reg ions ,  a  developmental 
p a t t e r n  s e rv i ceab le  by mass t r a n s i t ,  p a r t i c u l a r l y  during t h e  develop- 
mental s t a g e s  of Egyptian urban regions.  . Once the  urban a r e a s  a r e  
b u i l t ,  i t  w i l l  be d i f f i c u l t  t o  a l t e r  t h e i r  dens i ty  and land use p a t t e r n s  
t o  permit e f f e c t i v e  mass t r a n s i t  s e rv i ce .  Second, i t  is  important t o  
r e q u i r e  and plan f o r  t h e  major i n d u s t r i a l  e n t e r p r i s e s  wi th in  metropol- 
i t a n  regions t o  have immediate and high q u a l i t y  connect ions with t h e  
' r a i l road  system of t he  country and, i f  pos s ib l e ,  wi th  t h e  in land 'water -  
ways. In f a c t ,  one of t h e  primary c r i t e r i a  i n  s e l e c t i o n  of s i t e s  and 
t h e  development of new i n d u s t r i a l  d i s t r i c t s  wi th in  met ropol i tan  reg ions  
should be r a i l r o a d  and waterway s e r v i c e a b i l i t y .  

1.3 Next S teps  

Cer ta in  s t u d i e s  on a spec t s  of t h e  Egyptian t r a n s p o r t a t i o n  system 
a r e  f r u i t f u l  "next s teps"  i n  bu i ld ing  a  t r a n s p o r t a t i o n  planning da t a  
base.  These a re :  

1.3.1 Energy assessment of t h e  r a i l r o a d  system: Spec i f i c  s t u d i e s  
of t h e  energy opera t ing  c h a r a c t e r i s t i c s  of t h e  r a i l r o a d  system a r e  
lacking.  From the  a v a i l a b l e  evidence i t  seems t h a t  t h e r e  is  a  simul- 
taneous coexis tence  of extreme over-use of c e r t a i n  p a r t s  of t h e  f l e e t  
and major i n e f f i c i e n c i e s  i n  t h e  s e r v i c e  of fe red .  A d e t a i l e d  review of 
energy e f f e c t i v e n e s s  i n  t h e  r a i l r o a d  system would a i d  i n  i den t i fy ing  
problem a r e a s  and i n  providing so lu t ions .  

1.3.2 Energy e f f ec t i venes s  of p ipe l ines :  The s t a t i s t i c s  a v a i l a b l e  
on the  p i p e l i n e s  system (and s to rage  opera t ions)  i n  Egypt a r e  very  
sketchy. An assessment of t h e  system requ i r e s  information on l eng ths ,  
p r e s su re ,  diameters ,  products ,  ope ra t i ons ,  e t c .  P ipe l ines  a r e  an impor- 
t a n t  component of t h e  t r a n s p o r t a t i o n  system, and improvements i n  t h e i r  
opera t ion  can produce s i g n i f i c a n t  dividends f o r  t h e  country.  



1.3.3 Opera t ing  arrangements  of i n l a n d  waterways: Understanding 
of t h e  o r g a n i z a t i o n  of t h e  p r e s e n t  f l e e t  a s  t h e  system a f f e c t s  energy . , 

consumption should be acqu i red .  I n  p a r t i c u l a r  , s e v e r a l  o b s e r v a t i o n s  and 
comments made by t h e  "Nat iona l  T r a n s p o r t a t i o n  Study" r e p o r t  need t o  be 
checked ou t  and pursued t o  t h e i r  conc lus ion  i f  t h i s  has  n o t  been done i n  
Phase 11.' 

1.3.4 Review of major p l a n s  on u r b a n i z a t i o n  and i n d u s t r i a l i z a t i o n :  
I n i t i a l  review h a s  shown l a c k  o f  c o o r d i n a t i o n  between g e n e r a l  development 
p l a n s  and t h e  n a t i o n a l  t r a n s p o r t a t i o n  system. It is p a r t i c u l a r l y  
impor tan t  t o  c a r r y  o u t  i n  t h e  near  f u t u r e  a  d e t a i l e d  and complete review 
of a l l  t h e  n o n - t r a n s p o r t a t i o n  p l a n s  c u r r e n t l y  under c o n s i d e r a t i o n  i n  the  
coun t ry ,  p l a c i n g  emphasis on t h e i r  t r a n s p o r t a t i o n  assumptions  and energy 
requ i rements .  

1.3.5 F u t u r e  n a t i o n a l  f r e i p h t  movement needs:  The m a t e r i a l  included 
i n  t h e  "Nat ional  T r a n s p o r t a t i o n  Study" is ske tchy  and is  more exp lana to ry  
of p a s t  p r a c t i c e s  than of f u t u r e  needs.  A comprehensive s t u d y  of t h e  
f r e i g h t  movement needs of t h e  coun t ry  f o r  1980, 1990, and 2000, emphasiz- 
i n g  energy i m p l i c a t i o n s  and p o l i c y  d i r e c t i o n s ,  i s  one of t h e  f i r s t  s t e p s  
t h a t  needs t o  be  t aken  i n  Egypt. Some of t h i s  may b e  done i n  the  Phase 
I1 t r a n s p o r t  s tudy .  

1.3.6 R a i l r o a d s  improvement s tudy :  Egypt is i n  need of a  compre- 
h e n s i v e  s t u d y  t h a t  f o c u s e s  on a l l  t h a t  needs  t o  b e ,  and can b e  done t o  
improve t h e  r a i l r o a d  s e r v i c e  i n  the ,  coun t ry  ( i n c l u d i n g  passenger  and 
more i m p o r t a n t l y ,  f r e i g h t )  . It should review t h e  r o l e  and t h e  poten- 
t i a l i t i e s  of t h e  . r a i l r o a d  system and recommend a l l  t h e  s t e p s  needed 
( p o l i c i e s ,  p r o j e c t s ,  o r g a n i z a t i o n )  t o  p l a c e  t h e  r a i l r o a d  i n  a  prominent 
p o s i t i o n  i n  t h e  coun t ry  by 1990, and r e t a i n  t h a t  p o s i t i o n  beyond 2000. 

1.3.7 I n l a n d  waterways p o t e n t i a l  i n  Egypt: Also recommeided is  a  
comprehensive p o l i c y  a n a l y s i s  s t u d y  t h a t  reviews and e x p l o r e s  t h e  p r e s e n t  
and f u t u r e  o f  i n l a n d  waterways. I n i t i a l  i n d i c a t i o n s  sugges t  t h a t  water- 
way s e r v i c e s  could  be inc reased  but i t  is important  t o  make s p e c i f i c  
recommendations o f  t h e  s t e p s  and a c t i o n s  t h a t  should be under taken.  

1.3.8 Comprehensive urban t r a n s p o r t a t i o n  s t u d i e s :  A s e r i e s  of 
comprehensive urban t r a n s p o r t a t i o n  s t u d i e s  should be  under taken f o r  t h e  
major urban a r e a s  of t h e  coun t ry .  It i s  understood t h a t  s t u d i e s  have 
been completed f o r  G r e a t e r  Cairo .  These should be reviewed and t h e  
recommendations recons idered .  The e x t e n t  t o  which t h e  f u t u r e  c i t i e s  of 
Egypt w i l l  exper ience  u n c o n t r o l l e d  sprawl ,  e x t e n s i v e  dependence on t h e  . 

automobi le ,  environmental  d e g r a d a t i o n ,  mal func t ion ing  mass t r a n s i t  wi th  
unbalanced d i s t r i b u t i o n  of t r a n s i t  s e r v i c e s ,  and en la rged  consumption 
of energy depend, t o  a  l a r g e  e x t e n t ,  on p o l i c i e s  t h a t  should  m a t e r i a l i z e  
i n  t h e  near  f u t u r e .  



1.4 P l a n  of t h e  Repo-rt 

The remaining m a t e r i a l  i n  t h i s  r e p o r t  i s  d i v i d e d  e s s e n t i a l l y  i n t o  
f i v e  major p a r t s .  F i r s t ,  a  d e s c r i p t i o n  is g iven  i n  Sec t ion  2  of t h e  
methodology and assumptions used i n  t h e  a n a l y s i s .  An ov,erview i s  
presen ted  i n  S e c t i o n  3 of t h e  t r a n s p o r t a t i o n  system of Egypt i n  1975, 
wi th  emphasis on energy i m p l i c a t i o n s .  Th i s  overview of the  1975 s i t u a -  
t i o n  is then  augmented wi th  d i s c u s s i o n s  of t h e  e v o l u t i o n  of , t h e  system 
between 1975 and 1978, and by known p l a n s  f o r  development. 

Sec t ion  4 a s s e s s e s  t h e  energy needs  f o r  t r a n s p o r t a t i o n  desc r ibed  i n  
t h e  Comparison Case f o r  1985 and 2000. The d i s c u s s i o n  is d iv ided  i n t o  
f o u r  p a r t s :  t h e  d e s c r i p t i o n  of t h e  c a s e ;  i t s  energy i m p l i c a t i o n s ;  t h e  
a s s o c i a t e d  a c t i v i t y  l e v e l s ;  and t h e  impl ied c o n s t r a i n t s  and c o n d i t i o n s  
a s s o c i a t e d  wi th  implementing t h o s e  measures.  

Sec t ion  5  ana lyzes  a  t r a n s p o r t a t i o n  o p t i o n  c h a r a c t e r i z e d  by conser-  
v a t i o n  and more i n t e n s i v e  use  of r a i l  and waterways. 

Sec t ion  6 p r e s e n t s  a  number of o b s e r v a t i o n s  which appear s i g n i f i c a n t  
enough t o  d e s e r v e  s p e c i a l  mention and i n d i v i d u a l  a t t e n t i o n  from t h e  
p roper  a u t h o r i t i e s .  The r e p o r t  concludes  wi th  a  b r i e f  d i s c u s s i o n  of t h e  

. importance of t r a n s p o r t a t i o n  t o  development e f f o r t s  and t o  t h e  achieve- 
' ment of h igh  l i v i n g  s t a n d a r d s  i n  any country .  It a l s o  r e f e r s  t o  t h e  

dynamic e f f e c t s  of t r a n s p o r t a t i o n  i n  developing o ld  o r  new urban reg ions  
and i n d u s t r i a l  d i s t r i c t s  and n o t e s  t h a t ,  p r e s e n t l y ,  t r a n s p o r t a t i o n  
throughout t h e  world depends h e a v i l y  on f o s s i l  f u e l s  and t h u s  is  s u b j e c t  
t o  a l l  t h e  i m p l i c a t i o n s  of a  p o t e n t i a l  s c a r c i t y  of such f u e l s .  

The r e p o r t  has  two appendices.  These c o n t a i n  summary t a b l e s  wi th  
energy e f f i c i e n c y  measures f o r  a l l  t r a n s p o r t  modes under d i f f e r e n t  
c o n d i t i o n s ,  and a  d i s c u s s i o n  of t h e  environmental  c o n s i d e r a t i o n s  of more 
i n t e n s i v e  use  of waterways f o r  t r a n s p o r t .  

2.0 METHODOLOGY AND ASSUMPTIONS OF THE ANALYSIS 

.2.1 I n t r o d u c t i o n  

The p r o j e c t i o n  of t h e  t r a n s p o r t - r e l a t e d  energy requirements  of a  
coun t ry  can be approached i n  two ways. F i r s t ,  i f  an  approximation is 
d e s i r e d  on ly  f o r  comparative reasons ,  and i f  t h e r e  is reason  t o  expect  
t h e  c o n t i n u a t i o n  of a l r e a d y  e s t a b l i s h e d  r e l a t i o n s h i p s ,  t h e n  s u r r o g a t e  
measures of growth may be  used t o  p r o j e c t  f u t u r e  r a t e s  of t r a n s p o r t a t i o n  
growth. T h r e ~  such measures of growth f r e q u e n t l y  used because of t h e i r  
availability.and'pertinence a r e  popula t ion  growth,  g r o s s  n a t i o n a l  income 
growth,  and t h e  growth i n  demand by a l l  s e c t o r s  f o r  a l l  forms of energy.  
These measures are obviously  r e l a t e d  t o  t h e  l e v e l  of t r a n s p o r t a t i o n  . 
a c t i v i t i e s  i n : a  coun t ry ,  and, of c o u r s e ,  t o  energy demand by t h e  t r a n s -  
p o r t a t i o n  s e c t o r .  
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However, when major s h i f t s  of s e c t o r a l  growth a r e  expected wi th in  
the  country,  t h e  u t i l i z a t i o n  of these  sur roga te  measures of growth can 
be  misleading. I n  such ca se s ,  a  second approach t o  t he  p ro j ec t i on  of 
energy consumption by t h e  t r anspo r t  s ec to r  is recommended. This approach 
is  cha rac t e r i zed  by a  s equen t i a l  p rocess ,  which segments t r a n s p o r t  demand 
and determines t h e  f a c t o r s  t h a t  in f luence  the l e v e l  of each type of 
t r a n s p o r t  a c t i v i t y .  

.- 

Egypt c l e a r l y  belongs wi th in  t he  group of coun t r i e s  t h a t  r equ i r e s  
the  second approach t o  the  p ro j ec t i on  of t r anspo r t  a c t i v i t i e s .  Although 
Egypt has  experienced r a i l r o a d  a c t i v i t i e s  f o r  many decades and water 
t r anspo r t  a c t i v i t i e s  f o r  many c e n t u r i e s ,  i t  i s  only  r e c e n t l y  t h a t  Egypt 
has experienced the  impacts of growth i n  a l l  forms of road t r anspo r t a t i on .  
The major s h i f t s  expected between the  s e c t o r s  of t he  country,  and the 
impacts of t he  a n t i c i p a t e d  higher  f u t u r e  income l e v e l s ,  impose the  need 
f o r  an a n a l y t i c a l  step-by-step and mode-by-mode p ro j ec t i on  o f ' t h e  
t r anspo r t  a c t i v i t i e s  of t he  country. 

2.2 Ana ly t i ca l  P ro j ec t i ons  of Transport  A c t i v i t i e s  (Unrestrained Growth) 

The s t a r t i n g  po in t  fo r  the  ana lys i s  is the  es t imat ion  of person t r i p s  
and tons of f r e i g h t  t o  be t ransported f o r  1985 and 2000 disaggregated '  
f o r  urban and inter-urban a reas .  

To accomplish t h i s  f i r s t  s t e p ,  s i x  f a c t o r s  a r e  considered: (1) the 
populat ion growth i n  the country with s p e c i a l  re fe rence  t o  t he  growth of 
urban populat ion;  (2) growth of t he  economy i n  terms of t he  g ros s  na t iona l  
product and i ts  d i s t r i b u t i o n  among the  populat ion and t h e  s eve ra l  s e c t o r s  
of the  economy; (3) the expgcted growth of t he  t r anspo r t a t i on  f l e e t  includ- 
ing automobiles and t rucks ;  (4) l o c a t i o n a l  f a c t o r s  including t h e  d i s -  
t r i b u t i o n  and l o c a t i o n a l  spread of both t he  populat ion and the' economic 
a c t i v i t i e s  of t h e  country; (5) f$e cos t  of t r a n s p o r t a t i o n  i n  the  country,  
per u n i t  of t r a n s p o r t  a c t i v i t y ;  and (6 )  the  q u a l i t y  of a l t e r n a t i v e  
t r a n s p o r t a t i o n  modes. 

On the  b a s i s  of these  f a c t o r s ,  an "unrestrained" o r  "trend" 
p ro j ec t i on  was made f o r  Egypt f o r  1985 and 2000 f o r  both person t r i p s  
and tons of f r e i g h t .  Urban person t r i p s  were pro jec ted  assuming 24 and 
41 mi l l i on  urban populat ion i n  1985 and 2000 r e spec t ive ly .  One t r i p  
per person per  day was used f o r  1985 and 1.2 t r i p s  per person per  day i n  
2000 wi th  a  normal t r a v e l  es t imate  of 300 days per year .  These r a t e s  
a r e  q u i t e  conserva t ive  a s  compared t o  0.81 t r i p s  per person estimated by 
SOFRETU i n  1969, and 1.9 t o  2.0 t r i p s  per person found i n  urban a r ea s  of 
more advanced count r ies .  

*The growth of t he  automobile an& t r u c k  f l e e t ,  a l though i t  appears t o  be 
dependent upon the  previous f a c t o r s ,  i s ,  i n  f a c t ,  moving q u i t e  independ- 
e n t l y  i n  s.ome developing coun t r i e s .  

**This f a c t o r  i s  p a r t i c u l a r l y  important when a  major change ( reduc t ion  or  
increase)  i n  ' the  cos t  of t r a n s p o r t a t i o n  is expected i n  t he  country. 



T o t a l  in te r -u rban  person  t r i p s  a r e  d e r i v e d  by project i -ng t h e  person 
t r i p s  t h a t  t h e  r a i l r o a d  and bus systems a r e  l i k e l y  t o  s e r v i c e  i n  1985 
and 2000 p l u s  t h e  number of person t r i p s  t h a t  t h e  automobi le  f l e e t  is 
l i k e l y  t o  s e r v i c e .  For t h e  t r end  p r o j e c t i o n s  i t  was p o s t u l a t e d  t h a t  
bo th  t h e  r a i l r o a d  and t h e  bus f l e e t  w i l l  no t  be  a b l e  t o  i n c r e a s e  t h e  
a b s o l u t e  number of passengers  c a r r i e d  any t ime  i n  t h e  f u t u r e .  Auto 
in te r -u rban  person t r i p s ,  however, w i l l  i n c r e a s e  i n  a p r o p o r t i o n  s i m i l a r  
t o  t h e  i n c r e a s e  of t h e  a v a i l a b l e  au to  f l e e t .  Due t o  expected i n c r e a s e s  
i n  t r a n s p o r t  c o s t ,  however, t h e  t r i p  i n c r e a s e  is e s t i m a t e d  t o  be about 
30 p e r c e n t  l e s s  i n  1985 and about h a l f  a s  much a s  t h e  t o t a l  f l e e t  
i n c r e a s e  i n  2000.* 

Urban f r e i g h t  i s  p r o j  ec ted  based on i ts  r e l a t i o n s h i p  t o  i n t e r - c i t y  
f r e i g h t .  It i s  u s u a l l y  found t o  be 1.5 t o  2.0 t imes  i n t e r - c i t y  f r e i g h t  
depending on where t h e  b o r d e r s  of t h e  urban reg ion  a r e  drawn. An 
average c o - e f f i c i e n t  of 1.75 is ,  t h e r e f o r e ,  p o s t u l a t e d  f o r  Egypt f o r  
1985 and 2000. 

I n t e r - c i t y  f r e i g h t  w a s  p r o j e c t e d  which was accepted a s  reasonab le  
i n  t h e  1985 p r o j e c t i o n  of t h e  Louis Berger T r a n s p o r t a t i o n  Study. For 
t h e  y e a r  2000, t o t a l  i n t e r - c i t y  f r e i g h t  tonnage was p r o j e c t e d  assuming a 
50 p e r c e n t  i n c r e a s e  over 1985 tonnage by 1990 and then  a 30 p e r c e n t  
i n c r e a s e  f o r  each f ive-year  pe r iod  over t h e  t o t a l  a t  t h e  end of t h e  
p rev ious  pe r iod .  This  p a t t e r n  of growth is s i m i l a r  t o  t h a t  accepted by 
t h e  Egyptian A u t h o r i t i e s  f o r  p r o j e c t i o n s  i n  t h e  Louis  Berger Transporta- 
t i o n  Study, and i t  is  s i m i l a r  t o  a n t i c i p a t e d  growth r a t e s  f o r  t h e  
Egyptian economy u n t i l  t h e  year  2000. 

The second s t e p  i n  t h e  p r o j e c t i o n  p rocess  is  t o  e s t i m a t e  modal 
c h a r a c t e r i s t i c s  and mileage t r a v e l e d  by persons  and f r e i g h t .  The modal 
s p l i t  of urban person  t r i p s  proceeds t ak ing  i n t o  account  t h e  maximum 
c a p a c i t y  of t h e  expected mass t r a n s i t  systems i n  1985 and 2000, p l u s  t h e  
amount of p e d e s t r i a n  t r a v e l .  For 1985 i t  i s  assumed t h a t  no subway l i n e  
w i l l  be  i n  p l a c e ,  bu t  t h e r e  w i l  be  some n o t i c e a b l e  expansion of s u r f a c e  4 
l i n e s  t o  t h e  l e v e l  of 0.85 x 10 a d d i t i o n a l  t r a n s i t  t r i p s .  For $000, 
one subway l i n e  i s  a l s o  assumed t o  be i n  p l a c e  c a r r y i n g  1.4 x 10 
t r i p s .  P e d e s t r i a n s  w i l l  con t inue  t o  be s i g n i f i c a n t  f o r  1985 and 2000, 
bu t  a r e  assumed a t  t h e  l e v e l  of 25 p e r c e n t  of t o t a l  t r i p s  i n s t e a d  of 30 
p e r c e n t  i n  1975, a r a t h e r  c o n s e r v a t i v e  assumption f o r  t h i s  c a s e  too.  

The. l e n g t h s  of urban t r i p s  a r e  expected t o  grow r e f l e c t i n g  t h e  
a n t i c i p a t e d  major expansion of t h e  urban areis.  'For 1985 t h e  average 
l e n g t h  of a u t o  person t r i p s  is expected t o  grow from 3.0 km t o  a t  l e a s t  
5.0 km. For 2000 t h e  average l e n g t h  is expected t o  be a t  l e a s t  5.5 km 
( a s  a g a i n s t  an average a u t o  t r i p  l e n g t h  i n  t h e  P h i l a d e l p h i a  reg ion  i n  
1960 of 7.2 km--an a r e a  of 4.8 m i l l i o n  people  and 1250 s q u a r e  m i l e s  
coverage) ,. 

* The &der ly ing  p r i c e  e l a s t i c i t y  of demand assumption r e p r e s e n t s  a 
0.3 p e r c e n t  d e c r e a s e  i n  passenger  t r i p s  f o r  every 1 p e r c e n t  i n c r e a s e  
i n  t h e  c o s t  of a passenger  t r i p .  



For in te r -u rban  p e r s o n a l  t r a v e l ,  t h e  modal d i s s a g g r e g a t i o n  is  
a l r e a d y  complete;  bu t  t h e  t r i p  l e n g t h  assumptions a r e  needed. It is  
assumed f o r  r a i l r o a d  t r i p s  t h a t  t h e  t r i p  l e n g t h s  p r e v a i l i n g  i n  1975 w i l l  
remain i n  e f f e c t  f o r  1985 and 2000. For bus t r i p s ,  t h e  assumed t r i p  
l e n g t h  is 75 km f o r  1985 and 100 km f o r  2000. This  t r i p  l e n g t h  is l e s s  
than  t h a t  r e p o r t e d  i n  t h e  Louis  Berger T r a n s p o r t a t i o n  Study b e c a u s e ' t h a t  
s t u d y  i s  b e l i e v e d  t o  underes t imate  t h e  number of s h o r t  t r i p s  by n o t  
i n c l u d i n g  bus t r a v e l  between neighboring c i t i e s  ( t h e  s c r e e n  l i n e s  were 
t o o  f a r  a p a r t )  and because i t  is expected t h a t  l o n g e r  t r i p s  w i l l  tend t o  
be  made by c a r  o r  t r a i n  i n  t h e  f u t u r e .  Auto person  i n t e r - c i t y  t r i p  
l e n g t h  i s  expected t o  grow s u b s t a n t i a l l y  i n  t h e  f u t u r e .  The assumed 
t r i p  l e n g t h  i n  1975 w a s  approximately  100 km ( w e l l  below t h e  131 repor ted  
i n  t h e  Louis  Berger Study because  of t h e  b e l i e v e d  underes t imat ion  of 
s h o r t  t r i p s  due t o  t h e  s i z e  of t h e i r  t r a f f i c  d a t a  zones and t h e  l o c a t i o n  
of t h e i r  s c r e e n  l i n e s ) .  By 1985, a u t o  person i n t e r - c i t y  t r i p  l e n g t h  is 
assumed t o  grow t o  165 km and by 2000 t o  b e  approximately  190 km. This  
is assumed because of t h e  t r end  i n  t h e  l o c a t i o n a l  d i s t r i b u t i o n  of urban 
a r e a s  i n  Egypt. Tendencies a r e  t o  develop new c i t i e s ,  and t o  i n c r e a s e  
t h e  s i z e  of those  c i t i e s  o u t s i d e  t h e  N i l e  D e l t a .  Of p a r t i c u l a r  s i g n i f i -  
cance i n  p r o j e c t i n g  f u t u r e  i n c r e a s e s  i n  au to  pe rson  t r i p  l e n g t h s  is t h e  
c r e a t i o n  of urban c o n c e n t r a t i o n  i n  two sou thern  p a r t s  of t h e  coun t ry ,  
n e a r l y  800 km away from t h e  c e n t e r  of g r a v i t y  of t h e  c u r r e n t  popu la t ion  
i n  t h e  De l ta .  The r e s u l t  i s  t h e  i n c r e a s e  of t h e  p r e s e n t  average d i s t a n c e  
of popula t ion  d i s p e r s i o n  from approximately  115 km t o  approximately  185 
f o r  1985 and 195 f o r  2000. A d d i t i o n a l l y ,  t h e  c r e a t i o n  of a t t r a c t i o n  
p o i n t s  around t h e  High Dam, t h e  Nasser Lake, t h e  New Va l ley ,  t h e  Red Sea 
and t h e  S i n a i  Pen insu la  w i l l  tend t o  m u l t i p l y  t h e  long a u t o  t r i p s  of t h e  
country .  

Urban f r e i g h t  is a lmost  e x c l u s i v e l y  served by t r u c k s  (assumed t o  
s e r v e  96 p e r c e n t  of t h e  t o t a l  f r e i g h t  i n  1985 and 97. p e r c e n t  i n  2000). 
The mileage f o r  each ton  of f r e i g h t  i s  assumed t o  average 6.0 km f o r  
bo th  1985 and 2000 r e f l e c t i n g  both t h e  f a c t  t h a t  f a c t o r i e s  w i l l  tend t o  
b e  a t  t h e  o u t s k i r t s  of t h e  c i t i e s  and t h a t  once e s t a b l i s h e d ,  a n  indus- 
t r i a l  d i s t r i c t  w i l l  t end  t o  have s t a b i l i z e d  r e l a t i o n s h i p s .  

In ter-urban f r e i g h t  movement is f i r s t  a s s igned  t o  s p e c i f i c  modes, 
t h e n  an  average d i s t a n c e  of movement is assumed. The modal assignment 
s t a r t s  f i r s t  wi th  t h e  d e t e r m i n a t i o n  of t h e  expected c a p a c i t i e s  of t h e  
c r i t i c a l  modes, e.g., t h e  r a i l r o a d s  and t h e  waterways. I n  bo th  c a s e s  a  
t e c h n i c a l  judgment was n e c e s s a r y  i n  reaching an  assumption a s  t o  how 
much f r e i g h t  t h e  r a i l r o a d s  and waterways can s e r v i c e  i n  1985 and 2000 
wi thou t  d ramat ic  improvements i n  t h e  two systems. The conc lus ions  
reached were used a s  assumptions;  t hey  s t a t e  that: for 1985 a  marginal  
i n c r e a s e  of 10 p e r c e n t  f o r  waterways and a  s l i g h t l y  g r e a t e r  i n c r e a s e  f o r  
t h e  r a i l r o a d s  should be expected.  For t h e  y e a r  2000 an i n c r e a s e  of 50 
p e r c e n t  f o r  t h e  waterways and an i n c r e a s e  of 100 p e r c e n t  f o r  t h e  ra i lways  
over  1975 l o a d s  was assumed. These assumptions a r e  based p r i m a r i l y  on 
what i s  included i n  t h e  Five-Year P lan  f o r  Egypt and t h e  a s p i r a t i o n s  
expressed,  o r a l l y  by c e r t a i n  Egyptian a u t h o r i t i e s  i n  t h e  Spr ing of 1978. 
On t h a t  b a s i s ,  t h e  b u l k  of t h e  f u t u r e  f r e i g h t  should be assumed t o  be 
s e r v i c e a b l e  p r i m a r i l y  by t h e  t r u c k  f l e e t  of t h e  country .  



The p r o j e c t i o n  of t h e  average t r i p  l e n g t h  of in te r -u rban  f r e i g h t  
f o r  each mode was made accep t ing  t h e  c o n s e r v a t i v e  assumption t h a t  t h e  
1975 average  t r i p  l e n g t h s  w i l l  remain i n  e f f e c t  f o r  a l l  t h r e e  modes 
u n t i l  1985. Th is  assumption is supported by t h e  Louis  Berger Transpor- 
t a t i o n  Study. A s i m i l a r  assumption was made f o r  2000 f o r  t h e  waterways 
and r a i l r o a d  f r e i g h t .  For t r u c k  f r e i g h t  a  smal l  r e d u c t i o n  of t h e  
average  l e n g t h  was in t roduced  (from 210 km t o  200 km) . The b a s i c  
reasoning f o r  t h i s  r e d u c t i o n  is t h a t  an inc reased  s e l f - s u f f i c i e n c y  
w i l l  be  seen  w i t h i n  each r e g i o n  of t h e  c o u n t r y  as '  i t  matures .  Also,  
t h e r e  is  t h e  e x p e c t a t i o n  t h a t  long h a u l s  w i l l  tend t o  be  made by 
r a i l  and w a t e r ,  t h u s  the  s l i g h t  r e d u c t i o n  'of t r u c k  f r e i g h t  l e n g t h s .  
Obviously, any  r e l a x a t i o n  of t h e s e  assumptions w i l l  tend t o  produce 
major i n c r e a s e s  i n  in te r -u rban  f r e i g h t  t r i p  l e n g t h ,  e s p e c i a l l y  f o r  
t r u c k s ,  and t h e r e f o r e ,  w i l l '  have major implicat . ions on t h e  amount of 
energy consumed by t h i s  type of t r a n s p o r t  a c t i v i t y .  

The concluding s t e p  i n  p r o j e c t i n g  t h e  energy r e q u i r e d  by t h e  
t r a n s p o r t  s e c t o r  i n c l u d e s  t h e  d e t e r m i n a t i o n  of i n t e n s i t i e s  of use  of 
each mode and t h e  e f f i c i e n c y  o f  energy u t i l i z a t i o n  of each assumed set 
of t r a n s p o r t  equipment. Assumptions a r e  made concerning c a r  occupancy 
c o e f f i c i e n t s  f o r  a l l  t y p e s  of person t r i p s ,  load ing  f a c t o r s  f o r  t r u c k  
t r i p s ,  p r o p o r t i o n  of loaded t r u c k s ,  c o e f f i c i e n t s  f o r  r a i l  f r e i g h t  and 
passenger  t r a v e l ,  p r o p o r t i o n s  o f  empty wagons on t h e  r a i l r o a d s ,  load ing  
c o e f f i c i e n t s  on a l l  forms o f  mass t r a n s i t ,  c o e f f i c i e n t s  o f  water  ba rges ,  
a s  w e l l  a s  o p e r a t i n g ' c o e f f i c i e n t s  f o r  p i p e l i n e s  and a i r l i n e s .  

The Louis ,  Berger Study s u g g e s t s  a  c a r  occupancy r a t e  f o r  1975 of . 

3.6  f o r  urban a u t o  person t r i p s .  For in te r -u rban  . a u t o  person t r i p s  it  
r e p o r t s  a  r a t e  of 3.9 .  Car occupancy w i l l  b e  one of t h e  f i r s t  c o e f f i -  
c t e n t s  o f  i n t e n s i t y  of use t h a t  w i l l  be a f f e c t e d  a s  t h e  f l e e t  of c a r s  
i n c r e a s e s ,  ' as  pe rsona l  income rises, and as t h e  d i v e r s i t y  of o r i g i n s  and 
d e s t i n a t i o n s  grows. As a  r e s u l t ,  i t  is assumed t h a t  it  w i l l  dec rease  
f o r  1985 t o  2.75 f o r  urban t r i p s  and 2.9 f o r  in te r -u rban  t r i p s .  For 
2000 t h e  assumed r e d u c t i o n  w i l l  b r ing  t h i s  c o e f f i c i e n t  t o  about 2.6 f o r  
urban t r i p s  and 2.8 f o r  in ter-urban t r i p s .  These assumptions  a r e  q u i t e '  
c o n s e r v a t i v e  i n  s p i t e  of t h e  s i z a b l e  r e d u c t i o n s  t h e y  invo lve .  For 
comparison,  c a r  occupancy i n  the  P h i l a d e l p h i a  r e g i o n  i n  1960 was 1.6 
persons  pe r  c a r .  Cur ren t ly ,  e s t i m a t e s  i n  o t h e r  c o u n t r i e s  a r e  made w i t h  
c a r  occupancy r a t e s  va ry ing  from 1.5 t o  2.4 f o r  urban and in te r -u rban  
t r i p s ,  co r responding ly .  F igure  1 g r a p h i c a l l y  i n d i c a t e s  t h e  u t i l i z e d  
assumptions  f o r  urban and in te r -u rban  a u t o  t r i 'p  l e n g t h s  and ca r  occupancy 
r a t e s .  

The assumed l o a d s  f o r  t r u c k s  a r e  a l s o  qu i te '  c o n s e r v a t i v e .  For t h e .  
average  Egyptian in te r -u rban  9 .tonne t r u c k  i n  1975, t h e  load  repor ted  i n  
t h e  Louis Berger Study was 7.9 tonnes.  This  h igh  l o a d  c o e f f i c i e n t  was 
measured b y ' L o u i s  Berger because t h e i r  sample was taken p r i m a r i l y  from 
governmental companies which move t h e i r  t r u c k s  i n  a  h i g h l y  o rgan ized ,  
convoy-line manner. There fore ,  i t  .is assumed f o r  1985 t h a t  wt th  t h e  
growth o f  t h e  t ruck ing  i n d u s t r y  a  lower average load  w i l l  be r e a l i z e d .  
It is assumed f o r  the  year  2000 t h a t  e f f o r t s  w i l l  be made t o  i n c r e a s e  
e f f i c i e n c y .  The r e s u l t  is an assumed load of 7.0 t o n s  f o r  1985 and an  
assumed load of 8.0 t o n s  f o r  2000. 
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S i m i l a r l y  d e t a i l e d  assumpt ions  were made f o r  each of t h e  o t h e r  
modes i n d i c a t i n g  type  of equipment assumed, o p e r a t i n g  c o n d i t i o n s  assumed, 
e t c . ,  s o  t h a t  t h e  a c t i v i t y  l e v e l s  could  be  t r a n s l a t e d  i n t o  e x a c t  energy 
consumption e s t i m a t e s .  Table  2  p r e s e n t s  t h e  s e t  of assumptions u t i l i z e d  
d e f i n i n g  t h e  i n t e n s i t y  of energy u s e  assumed f o r  each mode. 

The next  s t e p  is, of course ,  t h e  comparison of t h e  " t rends"  p ro jec -  
t i o n  w i t h  t h e  Comparison Case p r o j e c t i o n  e s t i m a t e s  by f u e l  type.  I n  
s p i t e  of t h e  s e v e r a l  c o n s e r v a t i v e  assumptions inc luded  i n  t h e  t r e n d s  
p r o j e c t i o n s  of t r a n s p o r t  a c t i v i t y ,  ano the r  s t i l l  more c o n s e r v a t i v e  s e t  
of assumptions is  r e q u i r e d  t h a t  w i l l  t end  t o  reduce a u t o  and t r u c k  
t r a n s p o r t  a c t i v i t i e s  by e i t h e r  e l i m i n a t i n g  t h e s e  t r i p s  a l t o g e t h e r  o r  
s h i f t i n g  them t o  r a i l r o a d ,  b u s e s ,  and waterways--the t h r e e  modes t h a t  
consume l e s s  energy p e r  u n i t  of a c t i v i t y  than  a u t o s  and t r u c k s .  The new 
set of assumpt ions  a l s o  need t o  be w i t h i n  t h e  rea lm of r easonab leness  
and p l a u s i b i l i t y  f o r  Egypt. Th i s  h a s  been done, and forms t h e  second 
round of t r a n s p o r t  a c t i v i t y  p r o j e c t i o n s .  

2.3 Comparison Case Transpor t  A c t i v i t y  Leve l s  P r o j e c t i o n s  

The a n a l y t i c a l  d e t e r m i n a t i o n  of t h e  a c t i v i t y  l e v e l s  t h a t  can 
correspond t o  t h e  l e v e l s  of energy consumption by type  of f u e l  inc luded  
i n  t h e  Comparison Case s t a r t s  from t h e  de te rmina t ion  of t h e  primary type  
of t r a n s p o r t  a c t i v i t i e s ,  c o n t i n u e s  w i t h  t h e  "second l e v e l "  of t r a n s p o r t  
a c t i v i t i e s  (passenger  km and t o n  km) and concludes  w i t h  t h e  d e t e r m i n a t i o n  
of a  c o n s i s t e n t  set of d e t a i l e d  assumptions which i n d i c a t e s  t h e  i n t e n s i t y  
of use of each mode and t h e  e f f i c i e n c y  of energy u t i l i z a t i o n  of each s e t  
of t r a n s p o r t  equipment. 

On t h e  primary l e v e l ,  urban and in te r -u rban  f r e i g h t  a r e  assumed t o  
remain t h e  same a s  i n  t h e  u n r e s t r a i n e d  case .  However, new assumpt ions  
are in t roduced  f o r  urban and i n t e r - u r b a n  person t r i p s .  For urban pe r son  
t r i p s  t h e . c o n s e r v a t i v e  assumption i s  made t h a t  t h e  urban people  i n  Egypt 
w i l l  make only  0.10 t r i p s / d a y  more by 1985 t h a n  they  a r e  making i n  1975, 
and j u s t  a n o t h e r  0.10 t r i p s l d a y  more by 2000. Thus, t h e  d a i l y  t r i p  r a t e  
is assumed reduced from 1.00 t o  0.90 f o r  1985 and from 1.20 t o  1.10 f o r  
2000. F u r t h e r ,  i t  i s  assumed t h a t  f o r  t h e  yea r  2000 t h e r e  w i l l  be  i n  
p l a c e  no t  one b u t  t h r e e  major subway l i n e s  w i t h  a c a p a c i t y  of 3.4 x  10 
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t r i p s  p e r  yea r .  The r e s u l t  of t h e s e . t w o  assumptions is t h e  r e d u c t i o n  of 
u rban  person t r i p s  from 7.2 b i l l i o n l i n  1985 and 14.74 b i l l i o n  i n  2000 t o  
6.48 b i l l i o n  and 13.53 r e s p e c t i v e l y ,  and t h a t  of -(auto person t r i p s  from 
2.85 t o  2.31 b i l l i o n  f o r  1985, and from. 7.12 b i l i i o n  t o  4.87 b i l l i o n  f o r  
2000. Both assumpt ions  a r e  obviously  r e p l e t e  w i t h  i m p l i c a t i o n s  w i t h  
r e g a r d  t o  t h e  m o b i l i t y  of t h e  urban Egypt ian  i n  1985 and 2000, and w i t h  
r e g a r d  t o  t h e  commitment o f . t h e  government t o  have i n  p l a c e  t h r e e  major 
subway l i n e s  i n  Ca i ro  by t h e  y e a r  ,2000. 

For i n t e r - u r b a n  person t r i p s  i n  1985 i t  is assumed t h a t  i n d i v i d u a l s  
w i l l  be  making fewer a u t o  i n t e r c i t y  t r i p s  than  i n  t h e  t r e n d s  p r o j e c t i o n s  
i n  s p i t e  of t h e  i n c r e a s e d  a v a i l a b i l i t y  of t h e  v e h i c l e  f l e e t .  While t h e  
t r e n d  p r o j e c t i o n  assumes a  171 p e r c e n t  i n c r e a s e  over  1975 l e v e l s ,  t h e  
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Comparison Case assumes o n l y  a 134 p e r c e n t  i n c r e a s e  over 1975 l e v e l s .  
I n  2000 t h e  need f o r  f u r t h e r  r e d u c t i o n s  i n  a u t o  person t r i p s  n e c e s s i t a t e s  
t h e  assumption of improvements i n  t h e  r a i l r o a d  system and bus l i n e s .  
Thus, n o t  o n l y  a p o r t i o n  of "auto" person t r i p s  w i l l  become r a i l r o a d  and 
bus t r i p s  ( reduc ing  t h e  t r e n d s  e s t i m a t e s  from 201.00 t o  163.75 b i l l i o n )  
but  a number of a d d i t i o n a l  t r i p s  w i l l  be induced by t h e  two improved 
systems. There fore ,  t o t a l  i n t e r - c i t y  person t r i p s  w i l l  be g r e a t e r  i n  
t h e  Comparison Case than i n  t h e  Trends Case. 

F r e i g h t  movement p r o j e c t i o n s  f o r  t h e  Comparison Case assume an 
average  urban t r u c k  t r i p  l e n g t h  of 4.0 km f o r  1985, t h e  same a s  i n  Egypt 
i n  1975. The e s t i m a t e s  of in te r -u rban  f r e i g h t  t r u c k  t o n  km i n  t h e  
Comparison Case a r e  22.1 b i l l i o n  and 42.6 b i l l i o n  f o r  1985 and 2000, 
r e s p e c t i v e l y .  Th is  e s t i m a t e  assumes t h a t  highway f r e i g h t  w i l l  be 
reduced below t h e  Trends Case, and watergay f r e i g h t  and r a i l r o a d  f r g i g h t  
w i l l  be  i n c r e a s e d  by a t o t a l  of 8.5 x 10 tons  f o r  1985 and 36 x 10 
tons  f o r  2000. The average t r u c k  t r i p  l e n g t h  is assumed t o  be 200 km i n  
1985 and 150 km i n  2000. This assumption i m p l i e s  t h a t  t h e  l o n g e s t  
p o t e n t i a l  t r u c k  l o a d s  w i l l  swi tch  t o  r a i l r o a d s  and waterways; a swi tch  
t h a t  i n v o l v e s  a r e d u c t i o n  i n  t h e  t r u c k  loads '  average t r i p  l e n g t h  and an  
i n c r e a s e  of t h e  average  t r i p  . l eng th  of t h e  r a i l r o a d  and waterway tonnage.  
Indeed t h i s  assumption f o r c e s  an i n c r e a s e  of t h e  average t r i p  l e n g t h  of 
t h e  r a i l r o a d  tonnage from 280 i n  1975 t o  350 f o r  t h e  Comparison Case i n  
2000. For 1985 t h e  s h i f t  i s  minor and no i n c r e a s e s  of t r i p  l e n g t h  a r e  
assumed f o r  t h e  r a i l r o a d s  o r  t h e  waterways tonnage. 

With regard  t o  t h e  passenger  km changes,  major d e p a r t u r e s  from t h e  
Trends Case a r e  assumed f o r  bo th  urban and in te r -u rban  person km. For 
urban person km t h e  Comparison Case e s t i m a t e s  a r e  65 p e r c e n t  of t h e  
Trends Case e s t i m a t e s  f o r  1985 and 62 p e r c e n t  f o r  2000. For in ter-urban 
au to  pe rson  km t h e  r e d u c t i o n s  a r e  e q u a l l y  s i g n i f i c a n t ,  and aga in  invo lve  
swi tches  from a u t o s  t o  buses  and t r a i n s .  The Comparison Case e s t i m a t e s  
of a u t o  pe rson  km are 78 p e r c e n t  of t h e  Trends Case i n  1985 and 71 
p e r c e n t  i n  2000. In ter-urban au to  pe rson  t r i p  l e n g t h  is assumed t o  s t a y  
t h e  same f o r  1985 and 2000 a t  t h e  l e v e l  of 165 km ( i n s t e a d  of t h e  190 km 
assumed f o r  t h e  Trends Case).  This assumption i m p l i e s  t h a t  i n  s p i t e  of 
t h e  widespread expansion of u r b a n i z a t i o n  and i n d u s t r i a l  a c t i v i t y  i n  
Egypt o u t s i d e  t h e  N i l e  D e l t a  t h e  average t r i p  l e n g t h  f o r  in te r -u rban  
persona l  t r a v e l  w i l l  not  i n c r e a s e .  Obviously,  t h i s  is  a c o n s e r v a t i v e  
assumption made necessa ry  by t h e  requirement  t o  reduce t h e  es t imated  

. l e v e l  of t r a n s p o r t  a c t i v i t i e s  t o  a l e v e l  s e r v i c e a b l e  .by t h e  energy 
l e v e l s  included i n  t h e  Comparison Case. 

The concluding s t e p  i s  t o  determine t h e  s p e c i f i c  assumptions 
concerning t h e  i n t e n s i t y  of use by each mode; and t h e  energy e f f i c i e n c y  
of each mode f o r  1985 and 2000. For urban a u t o s ,  t h e  c a r  occupancy r a t e  
is  assumed f o r  t h e  Comparison Case t o  remain a s  h igh  as 2.90 f o r  1985, 
and 2.80 f o r  2000. Both measures a r e  obv ious ly  q u i t e  h igh.  For i n t e r -  
urban a u t o s  t h e  c a r  occupancy r a t e  is assumed t o  remain a s  h igh a s  3.0 
f o r  1985 and 2.9 f o r  2000. The load ing  f a c t o r s  f o r  urban f r e i g h t  a r e  
assumed t o  b e  t h e  same as i n  t h e  Trends Case s i n c e  t h e r e  is  l i t t l e  t h a t  
can be  done t o  i n f l u e n c e  t h a t  f a c t o r .  For in te r -u rban  f r e i g h t  t h e  



t r u c k  load ing  f a c t o r s ,  however, a r e  assumed t o  i n c r e a s e  from 7.0 and 8.0 
(1985 and 2000) t o  9.0 ton  per  t r u c k ,  o r  i n  o t h e r  words, t o  ach ieve  an  
a lmost  p e r f e c t  matching between l o a d s  and t r u c k  c a p a c i t y .  This  is ,  of 
course ,  ano ther  of t h e  necessa ry  bu t  very  c o n s e r v a t i v e  assumptions t h a t  
need t o  be included t o  meet t h e  energy r e s t r i c t i o n s  of t h e  Comparison 
Case. . .  . 

2.4 Conservat ion Option P r o j e c t i o n s  

A t h i r d  p r o j e c t i o n  of t r a n s p o r t  a c t i v i t i e s  was under taken u t i l i z i n g  a  
s e t  of assumptions r e p r e s e n t i n g  maximum e f f o r t  f o r  energy c o n s e r v a t i o n  on 
beha l f  of t h e  Egyptian Government, t h e  p r i v a t e  s e c t o r ,  and t h e  i n d i v i d u a l  
u s e r s  of t h e  system. These then  were t h e  m o s t ' o p t i m i s t i c  assumptions 
i n  terms of high i n t e n s i t y  of use  of a l l  modes. The s p e c i f i c  assumptions 
a r e  shown i n  f i g u r e  1 and t a b l e  2. 

2.5 The Process  

A s  can be s e e n  from t h e  preceding d i s c u s s i o n ,  t h e  p r o j e c t i o n  
p rocess  was c y c l i c a l ,  s t a r t i n g  from an  i n i t i a l  assumption of " n a t u r a l , "  
1 I u n r e s t r a i n e d "  growth of t r a n s p o r t  a c t i v i t i e s  and l e v e l s  of i n t e n s i t y  of 
use  of each mode, c a l l e d  t h e  " t rends"  project ion. . .  The r e s u l t a n t  energy 
consumption l e v e l s  were then  compared wi th  t h e  a  p r i o r i ,  g e n e r a l i z e d  
energy consumption p r o j e c t i o n s  by f u e l  type  of t h e  Comparison Case. 
This  comparison l e d  t o  a  new, more energy c o n s e r v a t i v e  s e t  of assumptions 
f o r  a l l  a u t o  and t r u c k  based t r a n s p o r t  a c t i v i t i e s ,  which i n  t u r n  were 
matched w i t h  t h e  Comparison Case p r o j e c t i o n  i n  a  d i saggrega ted  form, by 
mode and f u e l  type.  A second assessment was made a t  t h a t  p o i n t  which 
r e s u l t e d  i n  ano ther  s e t  of assumptions,  r e f l e c t i n g  maximum p l a u s i b l e  and 
reasonab le  p o t e n t i a l  f o r  energy conserva t ion .  This s e t  of assumptions 
l e d  t o  t h e  Conservat ion Option energy p r o j e c t i o n s .  

This c y c l i c a l  p rocess  i s  shown i n  f i g u r e  2. 

3.0 THE TRANSPORTATION SYSTEM I N  1975 

3.1 An Overview 
.. . 

The t r a n s p o r t a t i o n  s e c t o r  of .Egypt i n  1975 included an e x t e n s i v e  
highway system, an i n t e g r a t e d  r a i l r o a d  system, a  s i g n i f i c a n t  number of 
i n l a n d  c a n a l s  connected t o  a  system of p o r t s  and h a r b o r s  f o r  sh ipp ing ,  
and a  network of a i r  t r a n s p o r t  l i n e s .  These systems se rved  t h e  urban 
r e g i o n s  of t h e  country  a s  w e l l  as i n t e r r e g i o n a l  t r a n s p o r t  needs. Table  
3  shows s t a t i s t i c s  d e s c r i b i n g  t h e  t r a n s p o r t a t i o n  sys tem of Egypt i n  
1975, and t a b l e  4 r e p o r t s  on t h e  es t imated  composit ion of t h e  highway 
f l e e t  i n  1975 and 1978. 

During t h e  l a s t  t h r e e  y e a r s ,  more t h a n  100,000 new p r i v a t e  c a r s  
were added t o  t h e  f l e e t ,  compared t o  s m a l l  i n c r e a s e s  i n  t h e  number of 
buses .  The f l e e t  of t r u c k s  f o r  urban use  a l s o  grew s i g n i f i c a n t l y .  The 
highway f l e e t  amounted t o  8.18 v e h i c l e s  per  1,000 people  i n  1975, 
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TABLE 3 

EGYPT'S TRANSPORT NETWORKS AND NONAUTOMOTIVE VEHICLES, 1975 

Highways: . 

Rai l roads :  

I n l a n d  Waterways: 

Avia t ion:  

P i p e l i n e s :  

Paved.-Roads: . , 

Unpaved Roads : 
T o t a l  N a t i o n a l  Roads: 

T o t a l  l e n g t h  of l i n e s :  
Double t r a c k s :  
F r e i g h t  cars.: 
Passenger coaches:  
Locomotives: 

T o t a l  l e n g t h  of c a n a l s :  
C lass  I c a n a l s :  
C lass  I1 c a n a l s :  
Barges,  p u b l i c  u n i t s :  
P r i v a t e  u s e  u n i t s :  
S a i l i n g  b o a t s  : 

Domestic l i n e s  : 
Domestic f l i g h t s :  
Foreign l i n e s :  
~ o r e i ~ n  f l i g h t s :  

Length of l i n e s :  

Shipping P o r t s :  Major p o r t s :  
Minor p o r t s :  

12,000 k i l o m e t e r s  
14,000 km 
26,000 km 

3 
42 (weekly) 
31 (weekly) 
71 (weekly) 

Source: Egypt N a t i o n a l  Transpor t  Study. 



TABLE 4 -. 

EGYPT'S HIGHWAY F'LEET (THOUSANDS OF UNITS) 

1975 Vehicles Per 
Type of Vehicle 1975l 1 9 7 8 ~  (estimated) 1,000 Persons 

Automobiles 

Taxis 

Buses 

Trucks 

TOTAL VEHICLES 261.8 

Motorcycles 41.0 .60 

INCLUDING MOTOR- 302.8 464 8.18 
CYCLES 

Egypt National Transport Study. 

2 
Anthony Tomazinis, University of Pennsylvania 



but  grew t o  about 11.96 v e h i c l e s  pe r  1,000 peop le  i n  1978.n The rap id  
i n c r e a s e  of domestic and i n t e r n a t i o n a l  f l i g h t s  ( s e e  t a b l e  5 )  adds t o  t h e  
p i c t u r e  of t h e  r a p i d  and dynamic changes i n  t r a n s p o r t a t i o n  which a r e  
c u r r e n t l y  t a k i n g  p l a c e  w i t h i n  Egypt. 

3.2 T r a n s p o r t a t i o n  A c t i v i t i e s  

The a c t i v i t i e s  c a r r i e d  out by t h e  t r a n s p o . r t a t i o n  system i n  1975 a r e  . . 

shown i n  t a b l e  6. Urban mass t r a n s i t  is t h e  dominant passenger t r anspor -  
. . 

t a t i o n  a c t i v i t y  i n  urban a r e a s ,  whi le  i n t e r c i t y  highway f r e i g h t  t r a f f i c  
is t h e  dominant t r a n s p o r t a t i o n  a c t i v i t y  on t h e  n a t i o n a l - n e t w o r k s  of t h e  .. 
count ry .  

. . :  , . . . 

I n  terms of t r e n d s ,  urban mass t r a n s i t  h a s  long been a  dominant 
a c t i v i t y  w i t h i n  urban a r e a s ,  o p e r a t i n g  a t  i ts  c a p a c i t y  l e v e l s  (wi th  
c o n s i d e r a b l e  overuse of t h e  f l e e t ) .  I n  c o n t r a s t ,  i n t e r c i t y  f r e i g h t  
movement on Egypt's highway network h a s  been i n c r e a s i n g  d r a m a t i c a l l y  i n  
r e c e n t  y e a r s  and s a t i s f y i n g  a l l  t h e  new f r e i g h t  movement needs.  The 
growth of highway f r e i g h t  ( t r u c k s )  h a s  been accompanied by a  d e c l i n e  of 
r a i l r o a d  f r e i g h t  movement by about  20 p e r c e n t  i n  r e c e n t  y e a r s ,  and by 
a lmost  50 p e r c e n t  from t h e  peak per iod of r a i l r o a d  f r e i g h t  o p e r a t i o n s .  
The f i g u r e s  o f  t a b l e  4  i n d i c a t e  t h a t  i n  1975, t r u c k s  accounted f o r  14.5 ' 

p e r c e n t  of t h e  highway f l e e t ,  w e l l  above the  average of about 10 p e r c e n t  
t h a t  is  c h a r a c t e r i s t i c  of highway r o l l i n g  s t o c k  i n  c o u n t r i e s  wi th  more 
e x t e n s i v e  p r i v a t e  car ,  f l e e t s .  . I n  1975, t h e  coun t ry  had a  t r u c k  f l e e t  
dominated by 6,500 t r a i l e r s  and heavy t r u c k s  (21.6 p e r c e n t  of t h e  t r u c k  
f l e e t  was o f  10 t o n s  o r  more) t o  hand le  the  i n t e r c i t y  f r e i g h t  problem. 
The e x t e n t  of t h e  dominance of i n t e r c i t y  t r u c k  f r e i g h t  i s  a l s o  revealed 
i n  t h e  pe rcen tage  d i s t r i b u t i o n  of a c t i v i t y .  I n  1975, t r u c k s  c a r r i e d  
about 75 p e r c e n t  of ton-ki lometers ,  r a i l r o a d s  13.4 p e r c e n t ,  and waterways 
11.6 p e r c e n t .  By way of c o n t r a s t ,  corresponding s t a t i s t i c s  f o r  the  
United S t a t e s  show t h a t ,  i n  1975, i n t e r c i t y  t r u c k s  c a r r i e d  on ly  33.3 - .. 
p e r c e n t  of ton-miles,  t h e  waterways (ba rges )  22.2 p e r c e n t ,  and t h e  
r a i l r o a d s  44.5 p e r c e n t  o f  t h e  t o t a l .  

2  Egypt is a l a r g e ,  a lmos t  s q u a r e  coun t ry ,  386,160 m i  ?n a r e a .  
However, Egypt is  c h a r a c t e r i z e d  by l i n e a r  development along t h e  N i l e  
Val ley.  This c h a r a c t e r i s t i c  s u g g e s t s  an  a p p r o p r i a t e  p h y s i c a l  s e t u p  f o r  
e x t e n s i v e  r a i l r o a d  use  f o r  long-dis tance f r e i g h t  movement. It is 
r e a s o n a b l e  t o  c h a r a c t e r i z e  the  1975 d i s t r i b u t i o n  of ton-kilometer (75 
percen t -  t r u c k ;  13.4 percent-  r a i l r o a d ;  and 11.6 pe rcen t -  waterways) a s  
ex t remely  i n e f f i c i e n t  wi th  r e s p e c t  t o  energy and o t h e r  t r a n s p o r t  c o s t s .  
The movement of f r e i g h t  b y  t r u c k  i s  u s u a l l y  t h r e e  t o  f i v e  t imes more 
energy-consuming than its movement by r a i l r o a d s  and s i x  t o  t e n  t imes 

* 
T h i s  e s t i m a t e  was made by Anthony Tomazinis. S ince  t h e  completion 
of t h e  a n a l y s i s ,  new e s t i m a t e s  were g iven  t o  t h e  U. S. team by t h e  
Egyptian Transpor t  Planning Author i ty .  They e s t i m a t e  a  t o t a l  of 
344,000 motor v e h i c l e s  i n  Egypt a t  t h e  end of 1973. 

T r a n s p o r t a t i o n  A s s o c i a t i o n  of America. 



TABLE 5 

TRENT] ,IN. AIR TRAFFIC (THOUSANDS OF PASSENGERS) 

Type and Origin Annual Growth 
of Flights 1971 1972 1973 1974 1975 71/75 ( X )  

. < .. 

International 1,341.0 1,649.6 1,535.9 .. . . 1,999.5 2,359.8 15.2 

Domes tic 192.0 401.6 404.6 381.2 518.1 28.0 

Total 1,533.0 2,051.2 '1,940.5 2,380.7 2,877.9 - 16.2 

Cairo- 
Intcraational 1,333.8 1,648.2 1,535.9 1,999.0 2,359. / 15.3 

Cairo- 
Domestic 98.4 160.3 159.3 149.5 195.4 18.7 

Other- 
International 7. 1 1.4 --- 0.5 0.3 -- 

Other- 
Domestic . 94.3 241.3 245.4 231 7 322.7 35.9 

Source: Egyptian Civil Aviation Organization, 1975 Statistical Report. (Cited 
in Egypt National Transportation Study report.) 



TABLE 6  

EGYPT'S TRANSPORTATION ACTIVITIES (1975) 

Passenger F r e i g h t  % T o t a l  Ton- % T o t a l  
Transpor t  Passengers  Ki lometers  Tonnage F r e i g h t  Ki lometers  Ton-Kilo- 
Method (Mi l l ions )  ( B i l l i o n s )  (Mi l l ions )  Tonnage ( B i l l i o n s )  meters  

Highways 
I 

Urban 
Passengers  1220.0 3.6 

I n t e r c - i t y  
Passengers  16.1.0. 21.3 

Urban Trucks 

I n t e r c i t y  Trucks 

R a i l r o a d s  

Passenger 126.0 

F r e i g h t  

Waterways 

n.a. minor Airways 

P i p e l i n e s  

Shipping 

urban T r a n s i t  1700.0 11.9 

. . .  - , . .  . ~ .  - .  
Source: Es,t imates by Tomazinis. 



more energy consuming than  i t s  movement by b a r g e s  (depending on t h e  par- 
t i c u l a r  . e f f i c i e n c y  ach ieved  i n  each mode, i.e., s i z e  of b a r g e s ,  l e n g t h  of 
t r a i n s ,  s i z e  of  t r u c k s ,  s i z e  of f r e i g h t  wagons, mix of l o a d s ,  e t c . ) .  

3.3 Energy Requirements:  1975 

I n  s p i t e  of t h e  e x t e n s i v e  use  of  t r u c k s  f o r  i n t e r c i t y  f r e i g h t ,  
t r a n s p o r t a t i o n  was n o t  a  heavy u s e r  of energy s o u r c e s  i n  Egypt i n  1975. 
For i n s t a n c e ,  t r a n s p o r t a t i o n ' s  s h a r e  of a l l  . d i r e c t  uses  of  pet roleum 
produc t s  was o n l y  24 p e r c e n t ;  i f  a l l  p e t r o l e u m . u s e s ,  i n c l u d i n g  e l e c t r i c a l  
p r o d u c t i o n ,  a r e  taken i n t o  accoun t ,  i t s  s h a r e  was o n l y  14.4 p e r c e n t .  
Th i s  can be  c o n t r a s t e d  wi th  U.S. t r a n s p o r t a t i o n  s h a r e  of  53 p e r c e n t  of 
a l l  domest ic  pet roleum u s e r s  i n  1976. Obviously t h e  l i m i t e d  use  of 
p r i v a t e  c a r s  i n  Egypt i s  t h e  pr imary reason  f o r  such a  low s h a r e  i n  
pet roleum produc t s  consumption. A s  t a b l e  7  shows, au tomobi le  f u e l  
consumes o n l y  23.6 p e r c e n t  o f  a l l  pe t roleum p r o d u c t s ,  w h i l e  t r u c k s  
consume 43.4 p e r c e n t .  I n  c o n t r a s t ,  i n  the  U.S., t h e  automobi le  absorbed 
53.7 p e r c e n t  i n  1976, and t r u c k s  o n l y  21.5 p e r c e n t .  

Another impor tan t  o b s e r v a t i o n  concerning t r a n s p o r t  f u e l s  consumption 
i n  1975 is  t h a t  t h e  s h i p  t r a n s p o r t  system of Egypt consumes much l e s s  
energy p r o . p o r t i o n a l l y  than.  t h e  U.S. sys tem,  r e f l e c t i n g  i t s  l i m i t e d  s h a r e  
i n  i n t e r r e g i o n a l  f r e i g h t  t r a n s p o r t .  

3.4 T r a n s p o r t a t i o n  P l a n n i n ~  i n  1978 

S e v e r a l  p l a n s  c u r r e n t l y  under c o n s i d e r a t i o n  by t h e  government of 
Egypt a f f e c t  t h e  t r a n s p o r t a t i o n  s e c t o r .  For .example ,  t h e r e  a r e  p l a n s  t o  
i n c r e a s e  t h e  domest ic  p roduc t ion  of highway v e h i c l e s  i n  1985 t o  40,000 
v e h i c l e s  a n n u a l l y  (5,000 t r u c k s  and buses ,  35,000 passenger  c a r s ) ,  from 
a  c u r r e n t  l e v e l  of about 15,500 v e h i c l e s  (13,000 passenger  c a r s ;  1700 
t r u c k s ;  and 500 b u s e s ) ,  accord ing  t o  t h e  Five-Year Development P l a n ,  
1978-82, which a f f e c t s  a l l  of Egypt's t r a n s p o r t a t i o n  system components. 
Table  8  summarizes t h e  i t ems  included i n  t h e  Five-Year P lan .  Improvements 
of t h e  urban t r a n s i t  systems i n  C a i r o ,  Alexandr ia ,  and o t h e r  urban a r e a s  
a r e  proposed which aim t o  i n c r e a s e  t h e  c a p a c i t y  of  t h e s e  sys tems by  62.5 
p e r c e n t ,  28 p e r c e n t ,  and 57 p e r c e n t ,  r e s p e c t i v e l y .  S i m i l a r l y ,  improve- 
ments a r e  proposed f o r  t h e  r a i l r o a d  sys tem t o  pe rmi t  an  i n c r e a s e  of 
ton-k i lomete r s  and passenger-ki lometers  of c e r t a i n  s e c t i o n s  by 165 
p e r c e n t  and 32 p e r c e n t .  Addi t iona l  heavy t r u c k s  a r e  planned t o  ach ieve  
a  79 p e r c e n t  improvement i n  ton-ki lometers .  I n  r i v e r  t r a n s p o r t ,  t h e  
P lan  proposes  120 new b a r g e  u n i t s ,  e s t a b l i s h m e n t  of d i r e c t  n a v i g a t i o n  
l i n e s  l i n k i n g  Alexandria-Cairo-Aswan, and p r e l i m i n a r y  a c t i v i t i e s  
t o  p r e p a r e  Lake Nasser f o r  major n a v i g a t i o n .  The Plan '  a l s o  c a l l s  f o r  
improvements of  t h e  Alexandr ia  p o r t  t o  i n c r e a s e  i ts  c a p a c i t y  by  50 
p e r c e n t  (from 10 t o  15 m i l l i o n  tons  p e r  y e a r ) .  It i s  s i g n i f i c a n t  t h a t  
t h e  achievement of t h e  g o a l s  of  t h e  Five-Year p l a n  is  n o t  c e r t a i n  and 
w i l l  r e p r e s e n t  some breaks  from p a s t  t r e n d s .  

A major a n a l y s i s  of  t h e  t r a n s p o r t a t i o n  system of Egypt i s  t h e  Egypt 
N a t i o n a l  Transpor t  Study, completed i n  d r a f t  form i n  t h e  midd le  of 1977. 



TABLE 7 

COMPARISON CASE ENERGY DISTRIBUTION (1975) 

J e t  Lubr. To t a l  Egypt % D i s t .  U.S. % D i s t .  
2 

Gasoline D ie se l  Mazout Fuel E l ec t r .  O i l  Energy By Mode By Mode 

Automobile 15.31 0.04 15 35 23.45% . 53.76% 

Buses 0.03 0.89 0.05 0.97 1.48 1.07 

Railways 4.89 0.43 5.32 8.13 5.38 

Air  
Transport  

Ship 
Transport  

Trucks 14.94 13.28 28.22 43.13 21.50 

Pipe l i ne  
Storage 

Lubr. O i l  

To t a l  
3 

% D i s t .  46.26 29.77 2.26 13.13 1.02 7.56 100.00 
by Fuel 

1 
Disaggregations of f u e l  type by modes done .by Anthony Tomazinis. 

2 
U.S. d i s t r i b u t i o n  from Transpor ta t ion  Energy Conservation Data Book: Supplement 111, Oak Ridge Nat ional  

- 2 
"u 
13 

Laboratory,  May 1977. . I 
h, * 



TABLE 8 

TARGET SYSTEM IMPROVEMENTS AND ACTIVITY LEVELS OF THE 1978-82 TRANSPORTATION PLAN 
. . 

" .. . .  1 (ANNUAL COST LE 440 MILLION, TOTAL COST LE 2,198 MILLION) 
. . 

, . ; . .. . .  , . .  . . .  . .  . . . . .  . . 

. , . . . . 
Cost 197 8 1982 Percent 

Sector (LE 'millions) Capacity Capacity Increase 

Urban   ran sport at ion 

Cairo: Additional. 1,900 buses 168 
30: river units 

, .200 trolley cars (replacement) 

' c  

100 trolley cars (increase in fleet) 

Extended trolley lines 34 km 
Additional complementary projects 

Alexandria: Additional 200 buses and 
10 trolley cars ' 

other urban Areas: Additional 4,000 buses 10 0 
(for expans ion replacement ) 

. . Supplementary projects 
. ' 

Intercity Transportation 

Railroads : - Repair 1,000 kilometers 310 
- Additional 120 locomotives 
- Additional 1,600 freight cars 
- Additional 1,180 passenger cars 
- Additional supplementary pro- 

jects 
- Freight line Alexandria-Etar-el 

Baroud 
. - Completion of Port Said- 

Ismailia- El Mansura line 

Trucks: Add more 24-ton trucks " 25 

From 1,800 to 1,977 2,200 22.0 

..3,200 million 
passengers 1976 

5,200 million 62.5 
passengers 

430 (1976) . 550 million 28.0 
passengers 

5,000 (1975) 7,850 million 57.0 
passengers- 
kilometer 

, . 0 
Z 
I 
m 
0 

1,246 million tons-kilometer 3,300 million 165.0 
H 8,610 million/passengers- tons-kilome ter I 

kilometer (1975) 11,365 tu 32.0 cn 

2,231 million tons-kilometer 4,000 79.0 
(1975) 



TABLE 8 (Continued) 

Sector  
Cost 1978 

(LE m i l l i o n s )  Capacity 
1982 Percen t  

Capaci ty  I n c r e a s e  

I n t e r c i t y  T r a n s p o r t a t i o n  (cont 'd)  

River  Transpor t :  Maintenance of bod ies  and 
engines  

Add 120 new. u n i t s  

Roads: Add 1,260 ki l .ometers  paved roads  
Repair  180 k i l o m e t e r s  

" Three ' b r idges  over  N i l e  River  

Navigation: E s t a b l i s h  n a v i g a t i o n  l i n e  between 
Ca i ro  and Alexandr ia  . . 100 

E s t a b l i s h  n a v i g a t i o n  l i n e  between 
Cairo  and Aswan 

P r e p a r a t i o n  of Lake Nasser f o r  
n a v i g a t i o n  ( p l u s  f l o a t i n g  base )  
( r i v e r  and lock  u n i t s )  

Ocean Transpor t  and Alexandr ia  P o r t :  a d d i t i o n a l  
equipment, b o a t s ,  t r a c t o r s ,  l i f t e r s ,  

e t c .  
Add 14 merchant s h i p s .  ( r e p l a c e  

unserv iceab le )  . 

213.2 10 m i l l i o n  t o n s  (1975) . 15 m i l l i o n  t o n s  

'u 
P o r t s  and l i g h t h o u s e  a u t h o r i t y .  o w 

P o r t  S a i d ,  Suez, Udabia, Mersa . H 

Matruh, S a f a j a  P o r t s  % 
I 4  

Continue s t u d i e s  of t h e  new o z 
Damietta P o r t  I 

M 
Add ocean t r a n s p o r t  companies o 4 



TABLE 8 (Continued) 

Cost 19 78 19 82 Percen t  
Sector  (LE m i l l i o n s )  Capacity Capacity Increase  

A i r  Transport :  New p laces ,  hangers,  s e r v i c i n g ,  168.3 3 m i l l i o n  passengers  5 mi l l i on  66.0 
e t c .  passengers 

Air c o n t r o l  
Prepare  Luxor A i rpo r t  t o  be  an 

i n t e r n a t i o n a l  a i r p o r t  
s t a r t i n g  t h e  new Alexandria 

. . i n t e r n a t i o n a l  a i r p o r t .  
Developing t he  Mersa Matruh 
.port  ( f o r  l a r g e  p lanes )  

Improve Ca i ro . , a i rp .o r t  s e r v i c e s  . 

Improve met 'eorological  s e r v i c e s  
.C iv i l  a&.ation t r a i n i n g  

. . 
. - 

.. , 

Source: Egypt Five-Year Plan,  1978-1982. 



According t o  t h i s  s t u d y ,  which focuses  o n l y  on i n t e r c i t y  t r a n s p o r t  
sys tems and needs ,  i t  is proposed t h a t  t h e  t r a n s p o r t  system of Egypt b e  
developed t o  meet t h e  o b j e c t i v e s  shown i n  Table  9. B a s i c a l l y ,  t h e s e  
recommendations r e p r e s e n t  a  3-fold i n c r e a s e  i n  waterway ton-ki lometers  
and a  3.6-fold i n c r e a s e  i n  ra i lway  ton-k i lomete rs ,  b u t  o n l y  a  1.4-fold 
i n c r e a s e  i n  t r u c k  ton-ki lometers .  The Berger s t u d y .  i s  important  because  - - .  . - . 
i t  is e s s e n t i a l l y  t h e  f i r s t  and on ly  ~ o m ~ r e h e n ' s i v e  review of t h e  e n t i r e  
i n t e r c i t y  t r a n s p o r t a t i o n  sys tem of t h e  country .  However, i t  i g n o r e s  che 
demands t o  b e  p laced  on t h e  system by planned i n d u s t r i a l  and r e s i d e n t i a l  
development i n  t h e  new c i t i e s .  

. . .  

The Terms of Reference £0-r t h e  Phase I'I Nat iona l  Egypt Transpor t  . .. . 
Study a r e  now a v a i l a b l e .  Th i s  s tudy ,  when completed,  shou ld  expand con- 
s i d e r a b l y  t h e  p lann ing  base  f o r  Egypt's t r a n s p o r t  s e c t o r .  According t o  ' . '  "' 

t h e  Terms of  Reference,  t h e  o b j e c t i v e s  o f  t h e  s t u d y  a r e  " t o  a s s i s t  t h e  
Government t o  develop t e c h n i c a l  and o r g a n i z a t i o n a l  c a p a c i t y  t o  under take  
comprehensive t r a n s p o r t  p lanning a c t i v i t i e s  on a  cont inuous  b a s i s  . . . I 1  

The scope of work f o r  t h i s  p r o j e c t  d e t a i l s  an  ambi t ious  comprehensive 
planning and t r a i n i n g  s tudy .  The s t u d y  w i l l  b e  l i m i t e d  i n  t h a t  it  w i l l  
n o t  e x p l i c i t l y  c o n s i d e r  t h e  urban a r e a s  excep t  a s  they  impact i n t e r c i t y  
a c t i v i t y .  Hopeful ly ,  f u r t h e r  s t u d i e s  w i l l  a d d r e s s  t h e  t r a n s p o r t  needs 
of t h e  new and e x i s i t i n g  c i t i e s .  Within t h e  Phase I1 s t u d y ,  i t  i s  sug-.' 
ges ted  t h a t  energy requ i rements  b e  s p e c i f 2 c a l l y  cons idered  a s  w e l l  a s  
c o o r d i n a t i o n  between t h e  M i n i s t r y  o f  Transpor t  and t h e  o t h e r  M i n i s t r i e s .  ' . 

There i s  no comprehensive s tudy ,  comparable t o  t h e  Berger r e p o r t ,  
concerning t h e  urban t r a n s p o r t a t i o n  systems of t h e  country .  The few ad ' ' 

hoc r e p o r t s  f o r  Ca i ro  can p rov ide  o n l y  p a r t i a l  answers t o  s p e c i f i c  
problems; t h e y  h a r d l y  become t h e  b a s i s  f o r  f u t u r e  r e g i o n a l  p r o j e c t i o n s  
i n  t h e  a r e a s  o f  i n t e r f a c e  between t r a n s p o r t a t i o n  and energy.  

Other s o u r c e s  o f  Egyptian t r a n s p o r t a t i o n  p l a n s  a r e  s t u d i e s  of 
s p e c i f i c  development p r o j e c t s .  Examples a r e  t h e  s t u d i e s  of f o u r  new 
c i t i e s  (Sadat  C i t y ,  Tenth o f  Ramadan, King Khalid C i t y ,  and Ameriya). 
I n  a d d i t i o n ,  t h e r e  a r e  t h e  developmental  s t u d i e s  t h a t  d e a l  wi th  t h e  s u e = '  
c a n a l - ~ s m a i l i a ,  P o r t  Said Zone, t h e  s t u d i e s  on t h e  New Valley;  t h e  Lake . .  , 

Nasser-Aswan s t u d i e s ,  and t h e  s t u d i e s  concerning t h e  e a s t e r n  d e s e r t  i n  
upper Egypt. These a r e  i n  va ry ing  l e v e l s  o f  comple t ion ,  ranging from 
complete s t u d i e s  ( i . e . ,  Sadat  c i t y ) ,  t o  s imple  r e p o r t s ,  o r  even j u s t  
terms o f  r e f e r e n c e  r e p o r t s  f o r  f u t u r e  d e t a i l e d  s t u d i e s .  I n  most of 
t h e s e  s t u d i e s  t h e  t r a n s p o r t a t i o n  s e c t o r ,  o r  t h e  main t r a n s p o r t a t i o n  
i m p l i c a t i o n s  of t h e  proposed a c t i o n s ,  can b e  d i s t i n g u i s h e d .  I n  some 
c a s e s ,  however, t r a n s p o r t a t i o n  rece ived  on ly  p a s s i n g  a t t e n t i o n  (espe- 
c i a l l y  i n  t e r m s  of i ts  r e g i o n a l  and n a t i o n a l  i m p l i c a t i o n s ) .  

I n  reviewing t h e  complete set o f  p l a n s  and s t u d i e s  i t  was d i f f i c u l t  
t o  f i n d  comprehensive t r a n s p o r t a t i o n  p lann ing  s t u d i e s .  A s  of A p r i l  
1978, t h e r e  seemed t o  be  v e r y  l i t t l e  evidence of comprehensive t r anspor -  
t a t i o n  p lann ing  on t h e  urban,  t h e  r e g i o n a l ,  o r  t h e  n a t i o n a l  s c a l e .  
S i m i l a r l y ,  i t  was imposs ib le  t o  l o c a t e  modal s t u d i e s  and planning 
a n a l y s e s  concerning any o f  t h e  major t r a n s p o r t a t i o n  modes (highways, 
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TABLE 9 

RECOMMENDATIONS FOR THE TRANSPORTATION SYSTEM OF EGYPT (JANUARY 1977) 

Passengers  Passenger-or ' P a s s e n g e r s  Passenger o r  
Transpor t  o r  Tons Ton-Kilometers o r  Tons T o n - ~ i l o m e t e r s  
Component ( M i l l i o n s )  ( B i l l i o n s )  ( M i l l i o n s )  ( B i l l i o n s )  

Highway 

Trucks 
Buses 

R a i l r o a d s  

F r e i g h t  
Passengers  

Waterways 
( f r e i g h t )  4.2 

Airways 2.8  
(passengers)  . 

P o r t s  

Without phosphate 
e x p o r t s  15.0 
With phosphate 
e x p o r t s  15.0 

Source: Egypt ~ a t i o n a l  Transpor t  Study, Phase I.. 



r a i l r o a d s ,  urban t r a n s i t ,  i n l a n d  waterways, p i p e l i n e s ,  a v i a t i o n ,  and 
p o r t s ) .  Even t h e  SOFRETU s t u d y  concerning t h e  f u t u r e  subway system of 
Ca i ro  is r a p i d l y  becoming o b s o l e t e .  

There fo re ,  any complete assessment  of energy needs f o r  t h e  y e a r s  
1985 and 2000 must proceed c a r e f u l l y  and c o n s t r u c t ~ m o s t  of t h e  p lanning 
s t e p s  t h a t  a r e  normally inc luded  i n  comprehensive t r a n s p o r t a t i o n  s t u d i e s .  
Hopeful ly ,  t h e  Phase I1 s t u d y  w i l l  f i l l  i n  many of t h e s e  s t e p s .  

3.5 The E f f i c i e n c y  of Egypt ian  Transpor t  Modes 

Assessment of t h e  energy rkquirements  of Egypt ian  t r a n s p o r t a t i o n  
n e c e s s i t a t e d  assumptions about  t h e  energy i n t e n s i t i e s  of t h e  v a r i o u s  
modes of t r a n s p o r t .  F i g u r e  3 shows t h e  s u b d i v i s i o n s  w i t h i n  t r a n s p o r t  
t h a t  were considered.  It a l s o  g i v e s  e s t i m a t e s  of t h e  energy consumption 
of  each t r a n s p o r t  mode i n  Btu's p e r  u n i t  of a c t i v i t y .  These e s t i m a t e s  
were e s t a b l i s h e d ,  t h e o r e t i c a l l y  and o p e r a t i o n a l l y ,  i n  t h e  United S t a t e s .  
S ince  Egyp t - spec i f i c  e s t i m a t e s  were no t  a v a i l a b l e ,  and t ime  d i d  n o t  
permit  such e s t i m a t e s  t o  b e  made, U.S. a n d , . i n t e r n a t i o n a l  measures were 
a d j u s t e d  t o  r e f l e c t  t h e  Egypt ian  case .  For example, t h e  average  Egypt ian  
automobi le  is  s m a l l e r  than  t h e  average  U.S. automobile.  There fo re ,  i ts  
energy consumption is l e s s .  Table  10 shows t h e  energy consumption 
e s t i m a t e s ,  by mode, which were used i n  t h e  a n a l y s i s .  Appendix A c o n t a i n s  
a d d i t i o n a l  s t a t i s t i c s  on U.S. and i n t e r n a t i o n a l  energy i n t e n s i t i e s  of 
a l t e r n a t i v e  t r a n s p o r t  modes. 

4.0 THE COMPARISON CASE: 1985 and 2000' 

The Comparison Case f o r  1985 and 2000 is  based upon p r o j e c t i o n s  f o r  
each type  of f u e l  used i n  t r a n s p o r t a t i o n .  These p r o j e c t i o n s  were 
s u p p l i e d  by t h e  Egypt ian  General  Pet roleum Corpora t ion  dur ing  t h e  team 
v i s i t  t o  Egypt. It was agreed t h a t  t h e s e  p r o j e c t i o n s  would be  used i n  
t h e  Comparison Case even though they  might be  c o n t r a r y  t o  p r o j e c t i o n s  
genera ted  by t h e  t r a n s p o r t a t i o n  s p e c i a l i s t .  The s p e c i a l i s t  was t o  
d i s a g g r e g a t e  t h e  EGPC p r o j e c t i o n s  by mode of t r a n s p o r t .  From t h i s  
breakdown impl ied  a c t i v i t y  l e v e l s  were c a l c u l a t e d .  

The energy appor t ionment  among t r a n s p o r t  modes and t h e  s h a r e s  of 
each f u e l  type  a r e  shown i n . t a b l e  . l l . ' . A  number of impor tan t  o b s e r v a t i o n s  
can be made concerning t h e  d i s t r i b u t i o n . o f  energy among modes and f u e l  
types+  1985 and 2000. T o t a l  energy consumption rises from 65.45 
quads t o  111.12 quads i n  1985, and t o  227.6 quads i n  2000. I n  1985 . 

t h e  energy used by t h e  t r a n s p o r t  s e c t o r  i s  assumed t o  be  only  25 
p e r c e n t  of a l l  d i r e c t  pet roleum usage,  and t o  drop d r a m a t i c a l l y  between 
1975 and 1985 from 14 p e r c e n t  t o  only  5  p e r c e n t  of a l l  energy (pet roleum 
p l u s  o t h e r )  u s e  i n  t h e  coun t ry  ( i n c l u d i n g  p roduc t ion  of e l e c t r i c i t y ) .  
U s e  of e l e c t r i c i t y  i n  t r a n s p o r t a t i o n  i s  expected t o  i n c r e a s e  from 0.67 

* 1 5  
One quad e q u a l s  1 q u a d r i l l i o n  (10 ) j o u l e s  o r  approximate ly  

Btu. 



Motorcyclela 1,2501 b 

Subcompact. 130213255 

2.31518681 

Bus 77012,891' 

(Btu .per seat-rnile/.~tu~:~er::~assen~er~~il.el: 
Rail 

Light 300-900c/b 

'Heavy 40011,050cjb 

Rail 500-70014,433d 

Airplane 1 ,570-4,800etf/8,905 

/ 
Urban truck 1,400-5,000flb 

f i  Intercity truck 1,100-2,000f/2;000 

Rail 200-1,000f 1709 

Notes: ' Pipeline 100-3,500fti/b 

a~ssuming50.~p~,,.2-!ea@! - ' 

binsufficient data 
CHighly system dependent 
dl973 figure 
eRange from small pg$.senge'i p i a n ~ s . ~ o , ~ g ~ ~ ~ 8 ' n s i ~ d i ~ ~ ~ ~ ~ ~ a i r ~ a f t ~ a ~ u s e d  inl@arter:servicq ._ .. . . ..... . .. 

f~ize,and commodity dependent 
gAll cargo configuration 
h~pstream and downstream values account for additional variation 
i~dditional variation due to flow rates 

Fig .  3 Energy i n t e n s i t y  by t r a n s p o r t  a t  ion  mode ( t h e o r e t i c a l  
i n  B t u ' s  1972 o p e r a t i o n a l )  



TABLE 10 
URBAN. AND INTERCITY ENERGY MEASURES 

1975 - 1985 2000 
Comparison Option Trends Comparison ' Option Trends 

Transport  Mode Ac t iv i t y  Case Case Case Case Case Case 

Automobiles 
Urban l i t r e s1100  km 7 e 1 5  7.7 7.7 7.7 7.7 7.7 7.7 
I n t e r c i t y  l i t r e s I 1 0 0  km 6.65 6.65 6.65 6.65 6.65 6.55 

Trucks 
Urban l i t r e s I l 0  km 3.6 3.2 3.2 3.6 3.2 3.2 3.2 
I n t e r c i t y  l i t r e s I l 0  km 2.1 1.9 1.9 2.1 2.15 2.05 2.30 

 ailr roads 
Suburban Btulpass-km 165.0 165.0 165.0 165.0 270.0 270.0 360.0 
Nat. Pass. Btulpass-km 363.0 810.0 750.0 544.0 810.0 650.0 1,250.0 
Fre igh t  Btu/ ton-km 450.0 450.0 450.0 450.0 450.0 450 0 450.0 
ER + M + W* Btulcar-km 350.0 350.0 350.0 350.0 350 0 350.0 350.0 
Subway Btulpass-km ----- ------- ------- ------- 405.0 300.0 527.0 

Buses 
Tro l leys  Btulpass-km 40.0 110.0 110.0 110.0 110.0 110.0 110.0 
Urban Btulpass-km 30.0 92.0 130.0 200.0 174.0 174.0 275.0 
I n t e r c i t y  Btu/ pass-km 40.0 75.0 100.0 175.0 130.0 130.0 195.0 

P i p e l i n e s  Btu/ ton-km 250.0 190.0 190.0 190.0 168.0 168.0 168.0 g 

A i r  Transport  ?2 
Cd 

Domestic Btu/ pass-km 5,500.0 5,500.0 5,500.0 4,400.0 4,400.0 4,400.0 o 
6 9 5 0 0 * 0  5,500.0 5,500.0 5,500.0 

w 
I n t e r n a t i o n a l  Btu/pass-km 4,400.0 4,400.0 4,400.0 P 

H 
Inland Watdrways Btulton-km 400.0 325.0 300.0 415.0 374.0 374.0 500.0 o 

2 
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TABLE 11 , , 

ENERGY APPORTIONMENT-'AMONG TRANSPORT MODES: 
COMPARISON CASES, 1985 AND 2000 (QUADRILLION JOULES) 

1985 Comparison Case 

. . 
T r a n s p o r t  J e t  .. Lubr. T o t a l  % D i s t .  

Mode Gaso l ine  D i e s e l  Mazout F u e l  E l e c t r .  O i l  Energy By Mode 

Automobiles 33.79 0.26 34.05 30.65 
Buses 0.03 0.89 0.19 1.11. . 1.00 
Railways 7.82 4.70 12.52 11.37 
A i r  

T ranspor t  14.00 14.00 12.60 
Ship  

T r a n s p o r t  2.55 2.55 2.29 
Trucks 14.20 24.13 38.'33. . 34.49 
Pipe l i r i e  

S t o r a g e  0.67 0.67 0.60 
Lubr. O i l  8.89 8.89 8.00 . 
T o t a l  48.02 33.10 2.55 14.00 5.56 8.89 112;12 100.00 

% D i s t .  by, 
F u e l  Type 43.21 29.7'9 2.29 12.60 4.10 8.00 100.00 - . . .. 

T r a n s p o r t  J e t  Lubr. T o t a l  . ' % D i s t .  
Mode G a s o l i n e  D i e s e l  Mazout F u e l  E l e c t r .  O i l  Energy By Mode 

Automobiles 66.21 0.65 66.86 29.38 
Buses 2.32 0.19 2.51 1 .' lo 
Railways 3.67. 21.64 25.,31 11.12 
A i r  

T ranspor t  20.00 20 .:OO 8.79 
Ship 

Transpor t  7.33 7.33 3.22 
Trucks ' .25.21 59.71 84 ..92 37.31 . . 
P i p e l i n e  I .  

S t o r a g e  ' 1.30. 1.30 0.57 
Lubr. O i l .  . . 

a .  . 
' 19.37 19.37 

T o t a l  91.42 66.35 7.33. 20.00 23.13 19.37 227.60 100.00 

Source : EGPC ( t o t a l )  and Tomazinis ( d i s a g g r e g a t i o n )  . 



quads i n  1975 t o  4.56 quads i n  1985, and 23.13 quads i n  2000. Transpor- 
t a t i o n ' s  percentage is  assumed t o  i n c r e a s e  from 2.24 p e r c e n t  of t o t a l  
e l e c t r i c i t y  i n  1975 t o  4.15 p e r c e n t  i n  1985. Of pet roleum product  use ,  
g a s o l i n e  consumption is assumed t o  i n c r e a s e  by 58 p e r c e n t  i n  1985, whi le  
d i e s e l  w i l l  i n c r e a s e  by 70 p e r c e n t ,  and mazout by 72 percen t .  Of course ,  
use  of e l e c t r i c i t y  is  assumed t o  show t h e  l a r g e s t  i n c r e a s e :  680 percen t  
over  1975 l e v e l s .  

I n  terms of d i s t r i b u t i o n  of each f u e l  t y p e  t o  t h e  v a r i o u s  modes i n  
t h e  Comparison Case, o b s e r v a t i o n s  can be made f o r  g a s o l i n e ,  d i e s e l ,  and 
e l e c t r i c i t y .  While i n  1975 g a s o l i n e  was about evenly  d i s t r i b u t e d  between 
passenger  c a r s  and t r u c k s ,  i ts  d i s t r i b u t i o n  i n  1985 is  expected,  i n  t h e  
Comparison Case, t o  be  70 p e r c e n t  f o r  passenger c a r s .  The t r u c k  f l e e t  
and t h e  r a i l r o a d s  s h a r e  t h e  use  of t h e  d i e s e l  i n  s i m i l a r  p ropor t ions  i n  
1975 and 1985. E l e c t r i c i t y  u s e , i n  1985 i s  committed t o  t h e  i n i t i a t i o n  of 
r a i l r o a d  e l e c t r i f i c a t i o n  and automation of c l a s s i f i c a t i o n  yards  ,and s i g n a l  
i n s t a l l a t i o n .  

T o t a l  t r a n s p o r t a t i o n  consumption of energy i n  20'00 is expected t o  
i n c l u d e  91.42 quads of g a s o l i n e  (40.17.percent  of t r a n s p o r t a t i o n ' s  t o t a l  
energy consumption) and 66.33 quads of d i e s e l  (29.15 p e r c e n t  of t h e  t o t a l ) .  
Of t h e s e  two f u e l  types  t h e  automobi le  w i l l  r e c e i v e ,  i n  2000, 66.86 quads 
(29.38 p e r c e n t  of t h e  t o t a l )  and t h e  t r u c k  f l e e t  84.92 quads (37.31 percen t  
of t h e  t o t a l ) .  Between 1985 and 2000, t h e  use  of g a s o l i n e  i s  expected t o  
d e c r e a s e  from 43.21 p e r c e n t  t o  40.17 percen t  of t o t a l  energy consumed i n  
t h e  t r a n s p o r t a t i o n  s e c t o r .  D i e s e l  w i l l  remain a t  approximately t h e  s a m e  
r e l a t i v e  l e v e l  (from 29.80 percen t  ' i n  1985 t o  29.15 p e r c e n t  i n  2000). 

The Comparison Case appears  t o  underes t imate  energy use. The 
. e x t e n t  of t h i s  underes t imat ion  can be seen  by t r a c i n g  p r e s e n t  t r e n d s  i n  

energy consumption a n d , p r o j e c t i n g  them t o  t h e  year  2000. Table  12 
p r e s e n t s  t h e  augmentation of t h e  highway f l e e t  f o r  1985 and 2000 under . 

two s e t s  of assumptions.  The most c o n s i s t e n t  wi th  p r e s e n t  t r e n d s  (but  
s t i l l  on t h e  c o n s e r v a t i v e  s i d e )  a r e  t h e  upper l e v e l  p r o j e c t i o n s .  These 
sugges t  t h a t  by 2000, two m i l l i o n  motorized v e h i c l e s  w i l l  be i n  t h e  
c i v i l i a n  r e g i s t r y  i n  Egypt. I f  t h e s e  t r e n d s  con t inue ,  t o g e t h e r  w i t h  t h e  
t r e n d s  toward t h e  i n t e n s i v e  use  of p a s s e n g e r ' c a r s  i n  t h e  urban reg ions  
and of t r u c k  f l e e t s  f o r  i n t e r c i t y  f r e i g h t ,  t h e  e x p e c t a t i o n s  are t h a t  
Egypt could need approximately  150 quads i n  g a s o l i n e  and 104 quads i n  
d i e s e l .  The d i f f e r e n c e  between t h e  trend-based p r o j e c t i o n s  and t h e  
Comparison Case-based p r o j e c t i o n s  of motor v e h i c l e s  and t h e i r  concomi- 
t a n t  consumption of f u e l s  r e p r e s e n t s  t h e  e x t e n t  t o  which underes t imates  
may have been made i n  t h e  Comparison Case. 

C o n s t r a i n t s  on g a s o l i n e  and d i e s e 1 ; f u e l  u s e  can be t h e  reasons  
behind t h e  s i g n i f i c a n t  i n c r e a s e  i n  p r o j e c t e d  energy u t i l i z a t i o n  by t h e  
r a i l r o a d s  (from 11.52 quads i n  1985 t o  25.31 quads i n  2000) and by 
waterways t r a n s p o r t  (from 2.55 t o  7.33 quads).  Behind t h e s e  s h i f t s  i n  
energy u t i l i z a t i o n  i s  an e q u a l l y  s i g n i f i c a n t  s h i f t  i n  t r a n s p o r t  a c t i v -  
i t i es  from p e r s o n a l  t r a v e l  t o  group t r a v e l ,  and from t r u c k  f l e e t s  t o  t h e  
r a i l r o a d  system and t h e  waterways, i . e . ,  from t h e  less energy-e f fec t ive  



TABLE 12 

CIVILIAN REGISTRY HIGHWAY FLEET POSTULATIONS, 1985 and 2000 

(THOUSANDS OF UNITS) 

Vehicle  Type High ~ x ~ e c t a t i o n '  Low ~ x ~ e c t a t i o n ~  High ~ x ~ e c t a t i o n ~  Low Expecta t ion 4 

Automobiles 

Taxi.s 

Buses 

Trucks 

T o t a l  700 . 600' 1,750 
. * 

. . .. , ..,. 1,,200 

Motorcycles . . 

T o t a l  Vehicles. ,  ; 850, 750 2,000 1,400 

With 10.4 annual  i n c r e a s e  1975-85 ( a s  compared t o  10.8 pe rcen t  i n c r e a s e  
- suggested by t h e . L .  Berger Report ,  and 17.8 p e r c e n t  i n c r e a s e  exper ienced i n  1975-78). 

2 
. With only  6.85 percen t . annua1  inc rease .  

3' 
With 10 perc'ent annual  i n c r e a s e  from high 1985 p r o j e c t i o n s .  

4 
With 4.76 p e r c e n t  annual  i n c r e a s e  from high 1985 p r o j e c t i o n s  o r  6.66 p e r c e n t  annual  
i n c r e a s e  from low 1985 p r o j e c t i o n s .  



t o  t h e  more energy-e f fec t ive  modes. The d i f f e r e n c e  of 97 quads i n  
energy u t i l i z a t i o n  between t h e  trend-based p r o j e c t i o n  and t h e  Comparison 
Case-project ion f o r  c a r s  and t r u c k s  should be compared wi th  t h e  added 
energy used by buses ,  t r a i n s ,  and waterborne sh ipp ing .  

The major p o l i c y  q u e s t i o n s  focus  on t h e  e x t e n t  of p r i v a t e  c a r  
u t i l i z a t i o n  and on the  r e l a t i v e  r o l e  t h a t  the  t r u c k  f l e e t ,  t h e  r a i l r o a d s ,  
and t h e  i n l a n d  waterways w i l l  p l a y  i n  moving f r e i g h t .  For i n s t a n c e ,  i f  
p r e s e n t  t r e n d s  c o n t i n u e ,  by 1985 Egypt may have about 555,000 passenger  
c a r s .  A t  an  average annual d i s t a n c e  of 22,300 k i l o m e t e r s  per  c a r  ( a s  i n  
1975) and f u e l  consumption of 6.55 l i t e r s  per  100 k i l o m e t e r s  (economy 
c a r s )  , p l u s  150,000 motorcycles  ,.. p r i v a t e  t r a n s p o r t  w i l l  consume more 
than  42.38 quads of g a s o l i n e .  Adding t h e  g a s o l i n e  t h a t  t r u c k s  u s e ,  t h e  
p r e s e n t  t r e n d s  i n  t h e  growth of passenger  c a r  possess ion  and use w i l l  
mean about 73.00 quads o f  g a s o l i n e  devoted t o  t r a n s p o r t a t i o n  i n s t e a d  of 
t h e  48.02 quads t h a t  t h e  Comparison Case s u g g e s t s .  S i m i l a r l y ,  t h e  pre- 
s e n t  t r e n d s  of t r u c k  f l e e t  growth and use f o r  long d i s t a n c e  f r e i g h t  
movement would r e q u i r e  about 46.00 quads o f  d i e s e l  f u e l  i n s t e a d  of t h e  
33.10 quads allowed i n  t h e  Comparison Case. Resolving t h e s e  d i f f e r e n c e s  
depends upon t h e  e x t e n t  t o  which urban and i n t e r u r b a n  p u b l i c  t r a n s i t  can 
be  improved, between 1975 and 1985, t o  s e r v e  p e r s o n a l  t r a v e l  needs,  and - 
t h e  e x t e n t  t o  which t h e  in land  waterways and t h e  r a i l r o a d  system can be  
improved, between 1975 and 1985, t o  s e r v e  the  i n t e r c i t y  f r e i g h t  movement 
needs .  Even t h e  l a r g e  t r u c k s  of t h e  Egyptian p u b l i c  companies r e q u i r e  
about  20 t o n s  of f u e l  t o  s e r v e  1 m i l l i o n  ton-ki lometers  a s  opposed t o  
o n l y  4.2 t o n s  needed f o r  r a i l r o a d  s e r v i c e  and even l e s s  (by h a l f )  f o r  
i n l a n d  waterways s e r v i c e .  The energy e f f i c i e n c y  of urban mass t r a n s i t  
( i n  t h e  form of urban b u s ,  s t r e e t  c a r  o r  t r o l l e y  c a r  o r  suburban commuter 
t r a i n )  is  t e n  t o  twenty t imes  t h a t  of t h e  passenger  c a r ,  depending on 
load  f a c t o r s .  Obviously,  g r e a t e r  use  of t h e  more e n e r g y - e f f i c i e n t  modes 
of f r e i g h t  movement and persona l  t r a v e l  w i l l  r e q u i r e  a  s m a l l e r  t o t a l  
amount of energy  f o r  a  g iven  l e v e l  of t r a n s p o r t a t i o n  a c t i v i t y .  

A c t i v i t y  L e v e l s . P r o j e c t i o n .  The Comparison Case p r o j e c t i o n s  of . 

f u e l  use imply c e r t a i n  l e v e l s  of t r a n s p o r t a t i o n  a c t i v i t y .  Table  13 
i n d i c a t e s  t h e  l e v e l s  of t r a n s p o r t a t i o n  a c t i v i t i e s  by.  t r a n s p o r t  .,modes, 
f o r  urban and i n t e r u r b a n  needs ,  a s  implied by t h e  Comparison Case. Two 
major p o i n t s  can b e  made on t h e  b a s i s  of t a b l e  13. 

F i r s t ,  between 1978 and 1985, urban t r a n s i t  throughout t h e  coun t ry ,  
and e s p e c i a l l y  i n  C a i r o ,  n u s t  b e  expanded s u f f i c i e n t l y  t o  s e r v e  a t  l e a s t  
2.55 b i l l i o n  t r i p s  pe r  year  wi thout  t h e  i n t r o d u c t i o n  of any subway 
f a c i l i t i e s .  The Five-Year Development Plan f o r  Egypt i n c l u d e s  a  s i m i l a r  
e x p e c t a t i o n  ( s t a t i n g  a  d e s i r e d  62.5 p e r c e n t  i n c r e a s e  i n  Ca i ro ) .  The 
e x p e c t a t i o n s  a r e  based on the  a d d i t i o n  of 400 buses ,  100 t r o l l e y s ,  and 
34 k i l o m e t e r s  of t r o l l e y  l i n e s .  These p r o j e c t s ,  p l u s  t h e  planned 
e x t e n s i v e  improvements and replacement of t h e  p r e s e n t  f l e e t  and s e r v i c e s ,  
can be  expected t o  a c h i e v e  t h i s  o b j e c t i v e  i n  Cairo.  S imi la r  improvements 
a r e  included i n  t h e  Five-Year P lan  f o r  Alexandr ia  and i n t e r c i t y  passenger  



TABLE 13 

ACTIVITY LEVELS: , COMPARISON CASES, 1985 and 2000 

Transpor t  I t e m  1985 2000 

URBAN 

T o t a l  Urban Person T r i p s  ( B i l l i o n )  6.48 13.53 . 

T o t a l  T r a n s i t  T r i p s  ( B i l l i o n )  2.55 5.95 
Buses + T r o l l e y s  + Suburb T r a i n s  ( ~ i l l i o n s )  2.55 2.55 
Subway ( B i l l i o n )  ---- - 3.40 
Auto Passenger  T r i p s  ( B i l l i o n )  . . 2.31 4.87 
Auto Vehicle-km ( B i l l i o n )  3.16 8.70 
Auto Passenger-km ( B i l l i o n )  9.24 24.35 

T o t a l  F r e i g h t  ( M i l l i o n  Tons). 234.00 . 404.00 
Highway (Mi l l ion  Tons) 225.00 392.0.0 

5 1. F r e i g h t  Ton-km (Mi . l . 1 . i  an) 936.00' 2,350.00 

Truck Vehicle-km (Mi l l ion)  148.10 , 371.87 

INTERCITY 

T o t a l  Person T r i p s  ( M i l l i o n )  
Auto Passenger  T r i p s  (Mi l l ion)  
Ra i l road  T r i p s  ( M i l l i o n )  
Bus T r i p s  (Mi l l ion)  
A i r l i n e  Person T r i p s  ( M i l l i o n )  

T o t a l  F r e i g h t  ( M i l l i o n  Tons) 
Waterways ( M i l l i o n  Tons) 
R a i l r o a d s  ( M i l l i o n  Tons) 
Highways (Mi l l fon  Tons) 

T o t a l  F r e i g h t  Ton-km ( B i l l i o n )  
Water Ton-km ( B i l l i o n )  
Ra i l road  Ton-km ( B i l l i o n )  
Highway Ton-km . ( B i l l i o n )  

Auto Passenger-km ( B i l l i o n )  
Auto  Vehicle-km ( B i l l i o n )  

Truck Vehicle-km ( B i l l i o n )  

P i p e l i n e s  ( M i l l i o n  Tons) 
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t r a v e l ,  which adds 400 new buses ,  1,180 new passenger  coaches,  and 120 
new locomotives i n  t h e  r a i l r o a d  r o l l i n g  s t o c k .  I f  t h e  Five-Year Plan of 
1978 t o  1982 is  f u l l y  o p e r a t i v e  by 1985, t h e  c a p a c i t y  of t h e  sys tem t o  
s e r v e  t h e  passenger t r a v e l  needs of t h e  coun t ry  w i l l  indeed i n c r e a s e  t o  
t h e  a p p r o p r i a t e  l e v e l .  However, i t  is q u e s t i o n a b l e  whether t h e  a d d i t i o n a l  
c a p a c i t y  w i l l  be used t o  d i v e r t  automobile t r a v e l  (and possess ion)  o r '  
w i l l  be used t o  f u r t h e r  i n c r e a s e  popula t idq  m o b i l i t y  (and add some t r a v e l  
ameni ty) .  Nei ther  t h e  passenger  r a i l r o a d  improvements nor t h e  i n t e r c i t y  
bus f l e e t  included i n  t h e  Comparison Case a r e  r e a l l y  expected ( a s  men- 
t i o n e d  i n  t h e  Five-Year P lan)  t o  i n c r e a s e  i n t e r c i t y  passenger  load.  The 
purpose is e s s e n t i a l l y  t o  improve t h e  c o n d i t i o n s  and q u a l i t y  of t r a v e l  
f o r  u s e r s  s o  t h a t  t h e  p r e s s u r e  t o  a c q u i r e  and o p e r a t e  a  p r i v a t e  c a r  i s  
reduced, and economies i n  energy consumption by passenger  c a r s  a r e  
r e a l i z e d .  Inc reased  c a p a c i t y  of i n t e r c i t y  passenger  t r a v e l  f a c i l i t i e s  
i s  needed t o  suppor t  a c t u a l  i n c r e a s e s  i n  t r a f f i c  loads .  

Another q u e s t i o n  is whether i n l a n d  waterways and r a i l r o a d s  can be  
en la rged  and coord ina ted  s u f f i c i e n t l y  t o  s e r v e  24.5 m i l l i o n  t o n s  of 
f r e i g h t ,  o r  18.16 p e r c e n t  of t h e  t o t a l  expected load.  The two systems 
( r a i l  and waterways) were c a r r y i n g  only  12 m i l l i o n  t o n s  (17 p e r c e n t )  i n  
1975. A t  t h a t  t ime t h e  ba rge  f l e e t  was used a t  about  i t s  o p e r a t i n g  capac- 
i t y  (imposed by i t s  work r u l e s ) ,  whi le  the  r a i l r o a d  network could  have 
c a r r i e d  some a d d i t i o n a l  f r e i g h t ,  i f  t h e r e  had been more demand. By 1985 
t h e  two systems must double  t h e i r  c a p a c i t y  from 12 m i l l i o n  t o  24.5 
m i l l i o n  t o n s ,  whi le  r e t a i n i n g  t h e i r  p r o p o r t i o n a l  s h a r e s  of i n t e r c i t y  
f r e i g h t  movement. The Comparison Case e s t i m a t e s  a r e  based on t h a t  
e x p e c t a t i o n  and i ts  achievement w i l l  c r u c i a l l y  a f f e c t  Egypt's a b i l i t y  t o  
r e t a i n  t h e  p r e s e n t  l e v e l  of energy e f f i c i e n c y  i n  f r e i g h t  movement. Other- 
wise ,  ano ther  22 quads w i l l  be  needed t o  s e r v i c e  t h e  f r e i g h t  needs. 

The Comparison Case demands r a p i d  developments i n  r a i l r o a d  systems, 
t h e  i n l a n d  waterway system, and t h e  l and  use  e v o l u t i o n  of t h e  country .  
The Five-Year P lan  does i n c l u d e  1,600 f r e i g h t  c a r s  and 120 new locomo- 
t i v e s ,  a  f r e i g h t  l i n e  l i n k i n g  Alexandria-Etay-el Baroud and completion 
of t h e  P o r t  Said-Ismai l ia-El  Mansura l i n e .  It a l s o  i n c l u d e s  120 new 
barge  u n i t s  and t h e  es tab l i shment  of r e g u l a r  n a v i g a t i o n  l i n e s  between 
Alexandria-Cairo,  and Cairo-Aswan. I n  a d d i t i o n ,  it  i n c l u d e s  p r o v i s i o n s  
f o r  n a v i g a t i o n  i n  Lake Nasser.  A l l  t h e s e  planned p r o j e c t s  should  be 
completed by 1985, i f  t h e  Comparison Case energy a l l o c a t i o n s  a r e  t o  be 
workable. A d d i t i o n a l l y ,  t h e  road beds of most main l i n e s  of t h e  r a i l r o a d  
network w i l l  need s t r e n g t h e n i n g ,  and high q u a l i t y  connec t ions  between 
t h e  r a i l r o a d  system and a l l  new i n d u s t r i a l  p l a n t s  w i l l  need t o  be 
e s t a b l i s h e d .  F i n a l l y ,  r e l i a b i l i t y  of t h e  r a i l r o a d  o p e r a t i o n s  must be 
improved. B e t t e r ,  more e f f i c i e n t ,  work r u l e s  i n  t h e  waterway system 
a r e  needed so  t h a t  t h e  system can c a r r y  more f r e i g h t ,  up  t o  7  m i l l i o n  
t o n s  pe r  year .  I n c r e a s e s  i n  t h e  d a i l y  working hours  and t h e  a c t u a l  
working days pe r  month a r e  i n d i c a t e d .  

A s  t a b l e  11 r e v e a l s ,  t h e  Comparison Case p r o j e c t i o n s  f o r  2000 
r e q u i r e  t h a t  a d d i t i o n a l  emphasis be placed,  f i r s t ,  on urban mass t r a n s i t .  
The Comparison Case assumes t h a t  a  f u l l y  o p e r a t i o n a l  subway system w i l l  



be  a v a i l a b l e  by 2000 i n  Cairo .  Such a  system would have a t  l e a s t  t h r e e  
l i n e s  i n t e r s e c t i n g  t h e  reg ion  and could c a r r y  t w i c e  a s  much t r a f f i c  load 
as a l l  t h e  t r a n s i t  means i n  Cairo  i n  1975. I n  a d d i t i o n ,  t h e  improvement 
of s u r f a c e  t r a n s i t ,  assumed by t h e  Comparison Case of 1985, would a l s o  
b e  i n  p l a c e .  It could  reasonably  be  expected t o  reduce passenger  c a r  
use f o r  most t r i p s  i n  t h e  Cairo  reg ion .  Addi t iona l  improvements i n  t h e  
s u r f a c e  t r a n s i t  of  t h e  o t h e r  major urban a r e a s  o f  t h e  c o u n t r y  a r e  a l s o  
included i n  t h e  Comparison Case. Thus, of 13.53 b i l l i o n  person t r i p s  
expected i n  t h e  urban r e g i o n s  i n  2000, approximately  4.87 b i l l i o n  would 
b e  made by passenger  c a r ,  5.95 b i l l i o n  by mass t r a n s i t ,  and t h e  remaining 
by f o o t .  

Urban f r e i g h t  growth w i l l  be s i g n i f i c a n t  and i ts  dependency on 
smal l  and medium t r u c k s  a lmost  t o t a l .  By 2000, approximately  404 
m i l l i o n  t o n s  o f  f r e i g h t  w i l l  have t o  be  moved w i t h i n  urbanized r e g i o n s ,  
about 97 p e r c e n t  of i t  by d i s t r i b u t i o n  t r u c k s ,  and t h e  remaining 3  
p e r c e n t  by passenger  c a r s ,  s t a t i o n  wagons, an imals ,  and i n d i v i d u a l s .  

I n t e r c i t y  p e r s o n a l  t r a v e l  is  a l s o  expected t o  be s t r o n g l y  i n f l u e n c e d  
by t h e  assumptions  included i n  t h e  Comparison Case. Ra i l road  person  t r i p s  
a t e  expected t o  rise t o  t h e  l e v e l  of 200 m i l l i o n .  The i m p l i c a t i o n s  is 
t h a t  t h e  f l e e t  and l i n e  improvements suggested by t h e  Egypt Na t iona l  
Transpor t  Study f o r  1985 must be  i n  p l a c e  by 2000 a t  l e a s t ,  i f  t h e  
Comparison Case is t o  be r e a l i z e d .  Both t h e  bus and r a i l r o a d  systems 
would h e l p  t o  l i m i t  t h e  use  of passenger  c a r s  f o r  i n t e r c i t y  t r a v e l  t o  
on ly  one t r i p  e v e r y  two weeks per  c a r ,  i n s t e a d  of one t r i p  pe r  week a s  
o therwise  expected . 

The s i t u a t i o n  f o r  i n t e r c i t y  f r e i g h t  i s  a l s o  r e p l e t e  wi th  c l e a r  
requirements .  The p r e s e n t  t r end  p l a c e s  inc reased  emphasis on t h e  
highway t r u c k . f l e e t s ,  s i n c e  t h e  waterways and t h e  r a i l r o a d  systems 

, opera ted  near  t h e i r  p r e s e n t  c a p a c i t y  f o r  y e a r s  and allowed t h e  highway 
system t o  absorb t h e  a d d i t i o n a l  needs f o r  f r e i g h t  movement. Egypt's 
u n d e r u t i l i z e d  highways s t i l l  have a d d i t i o n a l  c a p a c i t y ,  and t h e  t r u c k  
f l e e t s  a r e  r e l a t i v e l y  e a s y  t o  expand. Thus, i n  1975, t h e  highways were 
s e r v i n g  82.9 p e r c e n t  of t h e  tonnage and 75 p e r c e n t  of ton-ki lometers  i n  
t h e  coun t ry ,  and were t r end ing  toward an inc reased  s h a r e  by 1985. Th is  
t r end .would  need t o  be  r e v e r s e d ,  t o  a l l o c a t e  35 m i l l i o n  tons  of f r e i g h t  
t o  t h e  waterways, and' 23 m i l l i o n  tons  t o  t h e  r a i l r o a d s ,  l e a v i n g  on ly  284 
m i l l i o n  t o n s  f o r  t h e  highway-truck. I n  t e r m s  of  ton-ki lometers  t h e  
t r end  would need t o  change so  t h a t  t h e  waterways would c a r r y  21.65 
p e r c e n t ,  t h e  r a i l r o a d s  12.45 p e r c e n t ,  and t h e  highways o n l y  65.90 
p e r c e n t  of t h e  t o t a l  ton-ki lometers .  

Although no t e c h n i c a l  s t u d y  a s s e s s e s  t h e  maximum p o s s i b i l i t i e s  of 
t h e  waterways and t h e  r a i l r o a d  system of Egypt, i n s p e c t i o n  of t h e  

' 

systems,  and review of t h e  a v a i l a b l e  r e p o r t s ,  sugges t  ' t h a t  it  is techn i -  
c a l l y  p o s s i b l e  t o  expand t h e s e  two systems so  t h a t  they  can p rov ide  t h e  
s e r v i c e s  presumed by t h e  Comparison Case. The c a n a l s ,  and e s p e c i a l l y  
t h e  N i l e  r i v e r ,  . a r e  u t i l i z e d  p r e s e n t l y  a t  a  v e r y  low l e v e l  .. The barge  
f l e e t  i s  a t  a  minimal l e v e l .  N i l e  working arrangements a r e  v e r y  r e s t r i c -  
t i v e  and t h e  p h y s i c a l  f a c i l i t i e s  a r e  minimal. I n  p a r t i c u l a r ,  t h e  



Cairo-Aswan s e c t i o n  of t h e  N i l e  can c a r r y  v a s t l y  more f r e i g h t  than  i t  
c u r r e n t l y  does ,  g iven  a much expanded barge  f l e e t  and well-developed and 
w e l l - i n t e g r a t e d  docking s p o t s ,  p o r t s ,  and t ransshipment  p o i n t s  i n  
f r e q u e n t  and w e l l  s e l e c t e d  l o c a t i o n s .  A s  Upper Egypt develops ,  t h e  
o p p o r t u n i t i e s  f o r  r i v e r  and c a n a l  shipment w i l l  a l s o  i n c r e a s e ,  a s  w i l l  
c o a s t a l  f r e i g h t  from Alexandr ia  and t h e  Mediterranean c o a s t  t o  the p o r t s  
of Safaga and Berenice.  

Concerning t h e  r a i l r o a d  system of t h e  coun t ry ,  t h e  assumed 23 
m i l l i o n  t o n s  f o r  t h e  Comparison Case f o r  t h e  year  2000 is  t h e  1985 
f r e i g h t  e x p e c t a t i o n  of t h e  Egypt Na t iona l  Transpor t  Study. For i t s  
r e a l i z a t i o n ,  a l l  t h e  system improvements suggested by t h a t  s t u d y  should 
b e  i n  p lace  by t h e  year  2000, a t  l e a s t .  (The improvements i n  t h e  
r a i l r o a d  system included i n  t h e  Five-Year Development P lan  c l o s e l y  
approximate t h e  sugges t ions  of t h e  Egypt N a t i o n a l  Transpor t  Study.) 

Table 13 r e v e a l s  two more p o i n t s ,  one concerning t h e  r a i l r o a d  
system and ano ther  concerning t h e  network of p i p e l i n e  and s t o r a g e  
f a c i l i t i e s  f o r  petroleum products .  The Comparison Case r a i l r o a d  system 
i s  expected t o  be e x t e n s i v e l y  e l e c t r i f i e d  by t h e  year  2000. The e l e c -  
t r i f i c a t i o n  should cover the  main l i n e s  of t h e  system ( i . e . ,  a l l  t h e  
double- t rack l i n e s )  and t h e  major c l a s s i f i c a t i o n  yards .  Th i s  change 
w i l l  s t r e n g t h e n  t h e  main l i n e s  a s  w e l l  a s  t h e  d i e s e l  locomotives on t h e  
rest of t h e  system. A reasonab le  e x p e c t a t i o n  is t o  have i n  p l a c e  a 
wel l - func t ion ing  system capab le  of competing w i t h  a l l  t h e  o t h e r  t r a n s p o r t  
modes f o r  median and long passenger  and f r e i g h t  t r i p s .  Addi t iona l  
e l e c t r i f i e d  u n i t s  can a l s o  be used throughout t h e  system f o r  good 
q u a l i t y ,  f r e q u e n t ,  passenger s e r v i c e s .  The a n t i c i p a t e d  l e v e l  of q u a l i t y  
i n c l u d e s  a i r  c o n d i t i o n i n g  and automated s i g n a l s .  

F i n a l l y ,  j e t  f u e l  p r o v i s i o n s  a r e  p r e d i c t e d  t o  i n c r e a s e  by on ly  42.8 
p e r c e n t  from 1985 w h i l e  t h e  a i r  t r a n s p o r t  a c t i v i t y  i s  expected t o  more 
t h a n  t r i p l e .  This p r e d i c t i o n  r e f l e c t s  a n  assumption of s u b s t a n t i a l  
improvements i n  a i r  t r a v e l  over  t h e  1975 s i t u a t i o n .  At t h a t  t ime, t h e  
passenger e f f i c i e n c y  of Egypt A i r  had much room f o r  improvement, averag- 
i n g  only 51 p e r c e n t  s e a t  u t i l i z a t i o n  and a 44 p e r c e n t  load  f a c t o r .  
Improvements i n  schedu l ing  and u t i l i z a t i o n  p l u s  t h e  i n t r o d u c t i o n  of wide 
body a i r c r a f t  can reduce energy consumption per  passenger  by a f a c t o r  of 
3 t o  4. 

5.0 ASSESSMENT OF THE OPTION CASE 

A major o b j e c t i v e  of t h e  t r a n s p o r t a t i o n  assessment was t o  i d e n t i f y  . 

o p p o r t u n i t i e s - f o r  f u e l  swi tch ing  and/or  energy c o n s e r v a t i o n  w i t h i n  t h e  
s e c t o r .  The o p t i o n  i d e n t i f i e d  i n c r e a s e s  u t i l i z a t i o n  of t h e  waterways 
and e l e c t r i f i e d  r a i l  and decreases  emphasis.upon highway movement of 
f r e i g h t  and passengers .  Table  14 shows t h e  use  of f u e l s  by mode i n  t h e  
Opt ion Case. I n  summary, t h e  Opt ion Case i n  1985 invo lves  a n  i n c r e a s e  
of t o t a l  energy consumption of 52 p e r c e n t  over  1975 l e v e l s ,  a s  compared 
t o  a 70 p e r c e n t  i n c r e a s e  i n  t h e  Comparison Case. I n  2000, t h e  Opt ion , 

Case consumes about .30 quads less t h a n  t h e  Comparison Case. .Th i s  '*is 2.5 



TABLE 14 

ENERGY APPORTIONMENT AMONG TRANSPORT MODES: 
OPTION CASES, 1985 and 2000 (QUADRILLION JOULES) 

_ 1  ' 

.. - ! , ,.. .* 1985 Option Case 

T r a n s p o r t  J e t  ~ u b ; .  T o t a l  % D i s t .  
Mode .Gaso l ine  D i e s e l  Mazout F u e l  E l e c t r .  O i l  Energy By Mode 

Automobiles 23.02 0.33 2 3 . 3 5  23.40 
Buses 1.67 1.67 1.67 
Railways 11.32 6.29 17.61 17.65 
A i r  

T r a n s p o r t  14.00 14.00 14.03 
Ship  

Transpor t  3.21 3.21 3.22 
Trucks 14.23 . 16.16. 30.39 30.45 
P i p e l i n e  

S to rage  0.67 0.67 0.67 
Lubr. O i l  8.89 8.89 8.91 ;' + TOTAL 37.25 29.48 3.21 ' 14.00 6.96 8.89 99.79 100.00 . 

% D i s t .  By 
, Fue l  Type 37.33 29.54 3.22 14.03 6.97 8.91 100.00 
1 

% 2000 Option Case 
2: 

T r a n s p o r t  J e t  Lubr. T o t a l  % D i s t .  
Mode Gaso l ine  D i e s e l  Mazout Fue l  E l e c t r .  O i l  Energy By Mode 

Automobiles 45.93 1.65 47.58 23.98 
Buses 2.92 2.92 1.47 
Railways 4.97 25 80 - 30.77 15.51 
A i r  20.00 20.00 10.08 

Transpor t  
Sh ip  8.44 8.44 4.25 

Transpor t  
Trucks 22.69 49.44 72.13 36.35 
P i p e l i n e  :I 

Storage  . 1.30 1.30 0.65 
Lubr. O i l  16.27 16.27 
T o t a l  68.62 58.98 8.44 20.00 27.10 16.27 198.41 ' 100.00 

% D i s t .  bp 
Fue l  Ty.pe ;34.55 29.72 4.25 10.08 13.15 8.20 100.00 
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t i m e s  t h e  1985 s a v i n g s  o f  t h e  Option over t h e  Comparison Case. The 
e s s e n t i a l  d i f f e r e n c e  is i n ' f u r t h e r  i n c r e a s e s  i n  the  use of t h e  energy- 
e f f i c i e n t  'modes f o r  i n t e r c i t y  p e r s o n a l  t r a v e l  and i n t e r c i t y  f r e i g h t  
movement. The two changes a r e  r e f l e c t e d  i n  t h e  a d d i t i o n a l  i n c r e a s e  i n  
t h e  use  of mazout ( sh ipp ing  and in land  waterways) and e l e c t r i c i t y  
( r a i l r o a d  u s e ) ;  . . ._ . 

' .. : . . I .  

- < ,  Since t h e  Comparison Case a l s o  impl ies  some moves toward conser- 
v a t i o n  and i n c r e a s e d  use of t h e  waterways and ' r a i l w a y s ,  a more s t r i k i n g  . 

comparison is wi th  t h e  Trends Case. I n  2000, t h e  Trends Case would use  
126 quads more than t h e  Option Case. 

I n  1985, f u e l  use  by automobi les  under t h e  Option is 23.35 quads 
v e r s u s  34.05 quads i n  t h e  Comparison Case. For t r u c k s ,  t h e  a n t i c i p a t e d  
use i n  1985 is 30.39 quads a s  compared t o  38.33 quads f o r  t h e  Comparison 
Case and 28.22 quads i n  1975. I n  c o n t r a s t  t o  t h e s e  two r e d u c t i o n s  i n  
f u e l  consumption, t h e  Option Case a n t i c i p a t e d  3.21 quads energy use f o r  
sh ipp ing  and i n l a n d  waterways i n s t e a d  of 2.55 quads i n  t h e  Comparison 
Case and 1.48 quad i n  1975. The 1985 Option Case a l s o  a n t i c i p a t e s  
energy use of 17.61 quads f o r  r a i l r o a d s ,  i n s t e a d  of 11.52 quads under 
t h e  Comparison Case and 5.38 quads i n  1975; and 1.67 quad f o r  t h e  bus 
f l e e t s  i n s t e a d  of 1.11 quad i n  the  Comparison and 0.97 quad i n  1975. 

I n  2000, t h e  Option Case is c h a r a c t e r i z e d  by a r e d u c t i o n  i n  g a s o l i n e  
consumption, a s  compared t o  t h e  Comparison Case, from 91.42 t o  68.62 
quads,  o r  from 40.1 t o  34.55 p e r c e n t  of t h e  t o t a l  t r a n s p o r t  energy 
consumption. A s i m i l a r  r e d u c t i o n  is observab le  i n  d i e s e l  f u e l  consump- 
t i o n ,  from 66.35 quads i n  t h e  Comparison C a s e ' i n  2000, t o  58.98 quads i n  
t h e  Option Case. S i n c e  t h i s  d e c r e a s e  i n  d i e s e l  usage is p r o p o r t i o n a l  t o  
t h e  t o t a l  dec rease  of energy consumption i n  t h e  Comparison v e r s u s  t h e  
Option Case, d i e s e l  f u e l  consumption remainsea t  .approximately  t h e  same 
r e l a t i v e  l e v e l  of t o t a l  energy consumption f o r  bo th  Cases. 

I n  terms o f  energy consumption by t r a n s p o r t  mode, i n  2000,' t h e  
Option Case i s  ~ h ~ r a c t e r i z e d  by r e d u c t i o n s  i n  t h e  consumption of f u e l s  
by passenger  c a r s ,  from 66.86 quads t o  47.58 quads o r  from 29.38 p e r c e n t  
t o  23.98 p e r c e n t  of t h e  t o t a l .  A second impor tan t  r e d u c t i o n  can be  noted 
i n  t h e  consumption l e v e l s  o f  t r u c k s ,  from 84.92 quads t o  72.13 quads,  o r  
from 37.31 p e r c e n t  t o  36.35 p e r c e n t  of t o t a l  t r a n s p o r t  energy consumption. 
The o t h e r  t r a n s p o r t  modes a r e  c h a r a c t e r i z e d  by i n c r e a s e s  i n  t h e i r  l e v e l s  
of energy consumption. For i n s t a n c e ,  i n  2000, t h e  r a i l r o a d  system 
i n c r e a s e s  i t s  consumption from 25.31 quads (Comparison Case) t o  30.77 
quads (Option Case) ,  o r  from 11.12 p e r c e n t  t o  15.51 p e r c e n t  of t h e  t o t a l  ' 

f u e l s  i n  t r a n s p o r t .  S i m i l a r l y ,  s h i p  t r a n s p o r t  r e g i s t e r s  an i n c r e a s e  from ' 

7.33 quads,  i n  t h e  2000 Comparison Case, t o  8.44 quads ,  i n  t h e  2,000 
Option Case. F i n a l l y ,  t h e  bus f l e e t  a l s o  shows g r e a t e r  consumptio'n f o r  
t h e  Option Case, 2.92 quads a s  compared t o  2.51 quads.  

I n c r e a s e s  i n  energy use by t h e  waterway, r a i l r o a d ,  and bus modes 
imply s p e c i f i c  l e v e l s  o f  t r a n s p o r t a t i o n  a c t i v i t i e s  c a r r i e d  out  by each  
mode, a s  w e l l  a s  s p e c i f i c  t r a n s p o r t a t i o n  p r o j e c t s  and n a t i o n a l  p o l i c i e s  
i n  t r a n s p o r t a t i o n ,  l and  use ,  u r b a n i z a t i o n ,  and i n d u s t r i a l i z a t i o n .  



The l ~ . v o l  of t r a n s p o r t a t i o n  a c t i v i t i e s  cxpccted i n  t h e  Opt ioa  Case 
is shown i n  t a b l e  15. The t a b l e  r e f l e c t s  t h e  i n c r e a s e  i n  t r a n s p o r t a t i o n  
a c t i v i t y  l e v e l s  over  t h e  Comparison Case l e v e l s  f o r  mass t r a n s i t ,  i n t e r -  
c i t y  pe rsona l  t r a v e l ,  and f r e i g h t  movement by t h e  waterways and t h e .  . 
ra i lway  system. The Option Case s u g g e s t s  a d d i t i o n a l  suppor t  f o r  urban 
mass t r a n s i t ,  i n  t h e  form of e i t h e r  a  f o u r t h  l i n e  of t h e  subway system 
i n  Ca i ro ,  o r  a  number of a d d i t i o n a l  bus l i n e s ,  and l i g h t  r a i l  l i n e s  of 
s e v e r a l  types  i n  Ca i ro ,  Alexandr ia ,  and o t h e r  l a r g e  urban a r e a s  of t h e  
y e a r  2000.* The e x t e n t  of t h e s e  a d d i t i o n a l  improvements would have t o  
equa l  t h e  t o t a l  urban t r a n s i t  use  i n  Egypt i n  1975. The s h i f t  of urban 
p e r s o n a l  t r a v e l  from passenger c a r  t r i p s  t o  bus t r i p s ,  subway t r i p s ,  o r  
l i g h t  r a i l  t r i p s  invo lves  s u b s t a n t i a l  and obvious economies i n  energy 
consumption. 

The t e c h n i c a l  q u e s t i o n  is  whether such a  s h i f t  can be  accomplished. 
A  review of t h e  SOFRETU s t u d y  of 1973 does n o t  i n d i c a t e  any s e r i o u s  
t e c h n i c a l  problems i n  des ign ing  a  f o u r t h  l i n e  i n t o  t h e  subway system. . 

I n  f a c t ,  t h e  t h r e e  l i n e s  proposed by t h a t  p l a n  l e a v e  major and dense ly  
developed a r e a s  of t h e  C a i r o  r e g i o n  completely unserviced.  S imi la r  
o p p o r t u n i t i e s  t o  add bus l i n e s  and l i g h t  r a i l  l i n e s  e x i s t  i n  Ca i ro ,  
Alexandr ia ,  Manura, and o t h e r  major c i t i e s  of Egypt. 

I n  terms of urban mass t r a n s i t  t h e  a c t i v i t y  l e v e l  included i n  t h e  
Option Case f o r  1985 i s  3.40 b i l l i o n  t r a n s i t  t r i p s  annua l ly ,  compared , 

w i t h  2.55 b i l l i o n  i n  t h e  Comparison Case and 1.70 b i l l i o n  i n  1975. It 
i s  apparen t  t h a t  t h e  bus system of t h e  Egypt ian met ropo l i t an  areas could  
be expanded d r a m a t i c a l l y ,  w e l l  beyond t h e  p r o v i s i o n s  of t h e  Five-Year 
Na t iona l  Plan,  based upon a n t i c i p a t e d  demand. For i n s t a n c e ,  a metropo- 
l i t a n  a r e a  of 8.5 m i l l i o n  p e o p l e - i n  1978 ( o r  12 m i l l i o n  i n  1985) needs 
more n e a r l y  3,500 t o  4,500 b u s e s . ( a n d  twice  a s  many l i n e s )  t o  be se rved  
proper ly . ,  This number f a r  -exceeds t h e  2,000 included i n  t h e  Five-Year 
Na t iona l  Plan. An i n c r e a s e  of t h i s  s c a l e ,  p l u s  t h e  improvements c a l l e d  
f o r  by t h e  Comparison Case, can be expected t o  s e r v e ,  a t  an  a c c e p t a b l e  
q u a l i t y  l e v e l ,  3.40 b i l l i o n  t r i p s  and i n  t u r n  hold  automobile t r i p s  t o  , 

1.46 b i l l i o n  i n s t e a d  of t h e  2.31 b i l l i o n  of t h e  Comparison Case. 

For i n t e r c i t y  p e r s o n a l  t r a v e l ,  t h e  a c t i v i t y  l e v e l s  expected under 
t h e  Option Case, f o r  1985, a r e  200 m i l l i o n  t r i p s  f o r  t h e  r a i l r o a d  
system, and 287 m i l l i o n  t r i p s  f o r  t h e  bus system.compared w i t h  126 
m i l l i o n  and 161 m i l l i o n  f o r  the.Comparison Case and 1975. These i n c r e a s e s  
w i l l  r e s u l t  from implementation of t h e  Egypt N a t i o n a l  Transpor t  Study 
recommendations: s u b s t a n t i a l  improvement of t h e  r a i l r o a d  s e r v i c e s  
( e s p e c i a l l y  passenger  coaches ) ,  a d d i t i o n a l  t r a i n s ,  and e l e c t r i f i e d  
u n i t s .  For i n t e r c i t y  buses ,  an approximate doubl ing by 1985 of t h e  
number of buses  and l i n e s  o p e r a t i n g  i n  1975 is  included i n  t h e  Option 
Case. This  a n t i c i p a t e s  a n  i n c r e a s e  of more than  100 p e r c e n t  (f-rom 9,300 
i n  1975 t o  about 20,000). 

*For t h e  purposes of t h i s  r e p o r t ,  l i g h t  r a i l  l i n e s ,  subway l i n e s , a n d  
commuter r a i l  l i n e s  a r e  included i n  t h e  c l a s s i f i c a t i o n  of r a i l r o a d s .  



TABLE 15 

ACTIVITY LEVELS: OPTION CASES, 1985 and 2000 

Transpor t  I tem -1985 . 2000 
, . 

URBAN 

T o t a l  Urban Person T r i p s  ( B i l l i o n )  6.48 13.53 

T o t a l  T r a n s i t  T r i p s  ( ~ i ' l l i o n )  3.40 7.65 
Buses + T r o l l e y s  + Suburb T r a i n s  ( B i l l i o n s )  3.40 2.55 
Subway ( B i l l i o n )  --- 5.10 
Auto.Passenger T r i p s  (Billion)-Highway 1.46 3. 17 
Auto Vehicle-km (Bi l l ion)  2.98 5.66 
Auto Passenger-km ( B i l l i o n )  8.76 19.02 

T o t a l  F r e i g h t  ( M i l l i o n  Tons) 234.00 404.00 
Highway (Mi l l ion  Tons) 225.00 392 00 

F r e i g h t .  Ton-km (Mi l l ion)  936.00 1,960.00 

Truck Vehicle-km (Mi l l ion)  148.10 310.10 - 

INTERCITY 

T o t a l  Person T r i p s  (Mi l l ion)  
Auto Passenger  T r i p s  
Ra i l road  T r i p s  ( M i l l i o n )  
Bus T r i p s  ( M i l l i o n )  
A i r l i n e  Person T r i p s  (Mil l ion) ,  

T o t a l  F r e i g h t  ( M i l l i o n  Tons) 
Waterways ( M i l l i o n  Tons) 
Ra i l roads  ( M i l l i o n  Tons) 
Highways (Mi l l ion  Tons) 

T o t a l  F r e i g h t  Ton-km ( B i l l i o n )  
Water Ton-km ( B i l l i o n )  
Ra i l road  Ton-km ( B i l l i o n )  
Highway Ton-km ( B i l l i o n )  

Auto Passenger-km ( B i l l i o n )  
Auto Vehicle-km ( B i l l i o n )  
Truck Vehicle-km ( B i l l i o n )  
P i p e l i n e s  ( M i l l i o n  Tons) 
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I n  2000, t h c  ~ h i f t  i n  modc involvca 18 m i l l i o n  t r i p s  d i v e r t e d  from 
passenger  c a r s  t o  r a i l r o a d s  and buses .  It a lso .  i n v o l v e s  approximately  
100 a d d i t i o n a l  induced t r i p s  t h a t  should be expected t o  b e  genera ted  due 
t o  t h e  assumed f u t u r e  h igher  q u a l i t y  of t h e  two modes. The energy 
e f f i c i e n c y  of a n  i n t e r c i t y  bus is  about t h r e e  t imes t h e  e f f i c i e n c y  o f  a 
f u l l y  loaded passenger  c a r ;  t h a t  of r a i l r o a d s ,  about  two and one-half 
t imes .  I n  combination wi th  f r e i g h t  t r a v e l ,  t h a t  e f f i c i e n c y  i n c r e a s e s  
s i g n i f i c a n t l y .  On t h a t  b a s i s  t h e  Option Case f o r  2000 i m p l i e s  f u r t h e r  
s t r e n g t h e n i n g  of t h e  i n t e r c i t y  bus  l i n e s  o f  t h e  coun t ry  and added 
r a i l r o a d  passenger  u n i t s  f o r  p e r s o n a l  t r a v e l  w i t h i n  the  D e l t a  and a long 
t h e  N i l e  t o  Upper. Egypt. Both s h i f t s  a r e  t e c h n i c a l l y  f e a s i b l e  w i t h i n  
t h e  Egyptian network of highways and r a i l r o a d  l i n e s .  

I n  terms of f r e i g h t  movement, t h e  Option Case p o s t u l a t e s  t h a t  a l l  
growth o f  f r e i g h t  movement by r a i l r o a d  and waterways, p r o j e c t e d  by t h e  
Egypt Na t iona l  Transpor t  Study, w i l l  b e  achieved by 1985, bo th  i n  terms 
of t o n s  and ton-ki lometers .  As t a b l e  15 i n d i c a t e s ,  t h e  r a i l r o a d  w i l l ,  
i n  t h i s  c a s e ,  c a r r y  23 m i l l i o n  t o n s  and 6.44 b i l l i o n  ton-ki lometers  
(19.4 p e r c e n t  of t h e  t o t a l  a c t i v i t y )  i n  1985, whi le  t h e  waterways w i l l  
c a r r y  18 m i l l i o n  tons  o r  7.99 b i l l i o n  ton-ki lometers  (24 p e r c e n t  of t h e  
t o t a l  a c t i v i t y ) .  The two modes w i l l  c a r r y  43.4 p e r c e n t  of t h e  t o t a l  
a c t i v i t y ,  whi le  t h e  t r u c k  f l e e t  w i l l  c a r r y  56.6 p e r c e n t ,  a s  compared 
wi th  73.7 p e r c e n t  i n  t h e  Comparison Case and 74.9 pe rcen t  i n  1975. Thus, 
o n l y  t h e  Option Case r e v e r s e s  t h e  c u r r e n t  t r e n d ,  which p l a c e s  major 
emphasis on t h e  t r u c k  f l e e t  . The Comparison Case succeeds  o n l y  i n  main- 
t a i n i n g  t h e  hau lage  s h a r e s  a t  t h e  1975 l e v e l s  (an  important  accomplishment 
i n  i t s e l f ,  s i n c e  o therwise  t h e  s h a r e  of t h e  t r u c k  f l e e t  would grow t o  91 
p e r c e n t ,  i f  no improvements t a k e  p l a c e  i n  t h e  r a i l r o a d s  and waterways). 

The Option Case i n  2000 s u g g e s t s  a modest i n c r e a s e  of r i v e r  f r e i g h t  
movement., from 35 mil ' l ion t o  40 m i l l i o n  tons ,  and a major i n c r e a s e  of 
r a i l r o a d  f r e i g h t  from 23 m i l l i o n  t o  45 m i l l i o n  tons .  The f i r s t  s h i f t  is 
o n l y  a s m a l l  p r o p o r t i o n a l  i n c r e a s e  over  t h e  Comparison Case f o r  2000 and 
appears  p o s s i b l e  by o n l y  s m a l l  increments  i n  i n d u s t r i a l  p roduc t ion  and 
i n  g e n e r a l  N i l e  ca rgo  d e s t i n e d  f o r  Upper Egypt. The on ly  t e c h n i c a l *  
requirements  a r e  an ex tens ion  of t h e  f l e e t  of b a r g e s ,  ad jus tments  of 
s e v e r a l  locks  on t h e  major c a n a l s ,  i n c r e a s e s  i n  t h e  f l e e t  o p e r a t i n g  
hours  p e r  month, r a i s i n g  s e v e r a l  low b r i d g e s ,  and b u i l d i n g  docks and 
p o r t s  a t  s t r a t e g i c  p o i n t s  a long  t h e  Ni le .  

T h e . ' r a i l r o a d  system needs ,  f i r s t  of a l l ,  t o  s i g n i f i c a n t l y  improve 
t h e  r a i l r o a d  s e r v i c e  a v a i l a b l e  a t  t h e  Alexandr ia  P o r t .  A d d i t i o n a l l y ,  i t  
needs  t o  add f r e i g h t  c a r s  o f  d i f f e r e n t  t y p e s , , a d d  a d d i t i o n a l  locomotives ,  
s t reng. then the  roadbed of a l l  main l i n e s ,  extend double  t r a c k s  i n  
s e v e r a l  c a s e s ,  and e s t a b l i s h  ( o r  r e e s t a b l i s h )  t h e  connec t ion  between t h e  
r a i l r o a d  system and t h e  new i n d u s t r i a l  developments of t h e  country .  
Th is  e f f o r t  w i l l  be i n s t r u m e n t a l  i n  r a i s i n g  t h e  ton-ki lometers  c a r r i e d  
by r a i l r o a d s ,  from 1 3  p e r c e n t  t o  22.4 p e r c e n t  of t h e  t o t a l .  

"Appendix B d i s c u s s e s  environmental  problems a s s o c i a t e d  wi th  u t i l i z a t i o n  
of t h e  waterways and p o t e n t i a l  s o l u t i o n s  t o  them. 
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By 2000, t h e  r a i l r o a d  system is  a l s o  expected t o  be  l a r g e l y  e lec-  
t r i f i e d .  E l e c t r i f i c a t i o n  is n o t  n e c e s s a r i l y  energy conserving and 
should be l im i t ed  t o  heav i ly  o r  f r equen t ly  t r ave l ed  l i n e s  of the  Egyptian 
r a i l r o a d  system. However, t h e r e  a r e  th ree  o ther  advantages of e l e c t r i -  
f i c a t i o n ,  which r a i s e  the q u a l i t y  of the  system f a r  above comparable 
systems and- Improve its competi t ive a b i l i t y  t o  a t t r a c t  passengers and 
f r e i g h t  . The t h r e e  advantages a r e :  . % 

o i t  reduces downtime of locomotives to. l e s s  than ha l f  of the  
most r e l i a b l e  d i e s e l  locomotives; 

o i t  r equ i r e s  l e s s  than one-third t he  maintenance cos t  of the  
most s t reamlined d i e s e l  locomotives; and 

o it doubles  t he  economic l i f e  of the locomotives. 

The Egyptian r a i l r o a d  system has been plagued with locomotive 
maintenance problems t o  the ex t en t  of being forced t o  cancel  or e l imina te  
s e v e r a l  thousand t r a i n s  i n  1975-1977. This  l a c k  of system r e l i a b i l i t y  
produces m u l t i f a r i o u s  e f f e c t s  i n  i ts s e r v i c e a b i l i t y  and appeal.  To 
r a i s e  the system t o  the  po in t  of se rv ic ing  45 mi l l i on  tons ,  e l e c t r i f i c a -  
t i o n  of t he  main l i n e s  is  imperat ive.  From a long-range po in t  of view, 
e l e c t r i f i c a t i o n  is a l s o  necessary because of t he  expec ta t ion  of g r e a t e r  
e l e c t r i c  than petroleum product energy a v a i l a b i l i t y  a f t e r  2000. 

The e f f o r t  t o  improve the waterway and rai lway systems w i l l  depend 
upon na t iona l  p o l i c i e s  support ing these  two modes by: 

o making c e r t a i n  t h a t  when major i n d u s t r i a l  e n t e r p r i s e s  choose 
t h e i r  l o c a t i o n  and determine ope ra t i ons ,  they consider  . the  r a i l -  
roads and/or the waterways a s  t h e i r  c e n t r a l  s e r v i c e  system; 

o making c e r t a i n  t h a t  any new urban development between now and 
1985 i s  loca t ed  on a s i t e  t h a t  is e a s i l y  s e rv i ceab le  by 
r a i l r o a d s  and/or waterways; and 

o encouraging ' the  two systems to  s t a r t  planning complementary 
i n t eg ra t ed  s e r v i c e s .  

Observations.  Some observa t ions  can be  made a t  t h i s  t i m e  con- 
cerning the  1985 and 2000 Comparison and Option Cases. F i r s t ,  t h e  
d i f f e r e n c e  between the  Comparison Case and t h e  Option Case is r a t h e r  . 

small  ( i n  1985 only 12.33 quads) f o r  two reasons.  One reason i s  t h a t  
the  Comparison Case is c l e a r l y  l i m i t e d ,  n o t  r e f l e c t i n g  t h e  p ro j ec t i on  
reached by extending presen t  t r ends  t o  p r e d i c t  the  increased r o l e  of the 
i n t e r c i t y  t r u c k  f l e e t  and the  growth of passenger ca r  ownership and 
u t i l i z a t i o n  ( a  d i f f e r e n c e  of more than 30 quads).  Another reason is 
t h a t  the  t i m e  betweeen 1978 and 1985 is too s h o r t  t o  implement major 
land use and development po l icy ,  such a s  development of new c i t i e s  and 
major i n d u s t r i a l  d i s t r i c t s .  



A second o b s e r v a t i o n  is  t h a t  ach iev ing  t h e  Comparison Case w i l l  not  b e  
easy.  Coordinated planning and a c t i o n  by s e v e r a l  m i n i s t r i e s ,  a u t h o r i t i e s ,  
and a g e n c i e s  would be  r e q u i r e d  b e f o r e  t h e  Comparison Case could be ensured 
and much more e f f o r t  would be  r e q u i r e d  t o  ach ieve  t h e  Option Case. Although 
both  p r o j e c t i o n s  are considered t e c h n i c a l l y  f e a s i b l e ,  s i g n i f i c a n t  planning 
and investment  i n  t h e  f i e l d  of t r a n s p o r t a t i o n  would be necessa ry  b e f o r e  
r e s u l t s  would beg in  t o  be  f e l t .  The f i r s t  a c t i v i t y  a long  t h e s e  l i n e s  is  
t h e  need f o r  comprehensive planning i n  the  f i e l d  of t r a n s p o r t a t i o n ,  s t a r t i n g  
from p o l i c y  s t u d i e s  f o r  each t r a n s p o r t  mode, i n c l u d i n g  p o l i c i e s  on urbani-  
z a t i o n  and i n d u s t r i a l i z a t i o n ,  and concluding wi th  a l t e r n a t i v e  a n a l y s e s  t h a t  
cons ider  energy requ i rements ,  u n i t  c o s t s  of o p e r a t i o n s ,  environmental  
e f f e c t s ,  and land use  i m p l i c a t i o n s .  

6.0 OBSERVATIONS AND CONCLUSIONS 

6.1 . S i g n i f i c a n c e  of t h e  Cases 

Table 16 summarizes t h e  t r a n s p o r t a t i o n  f u e l  use  f o r  1975 a s  w e l l  a s  
t h e  Comparison Case and Option Case t o t a l s  f o r  1985 and 2000. The energy 
consumed by t r a n s p o r t a t i n n  i n  Egypt i n  1975 was modest ,  o n l y  24.52 p e r c e n t  

:* of t h a t  used by a l l  d i r e c t  u s e r s .  A s i m i l a r  p r o p o r t i o n  is mainta ined f o r  
t h e  Comparison c a s e s  f o r  1985 and 2000. The Comparison f o r  both  1985 and 
2000 f a l l s  between t h e  Trends and t h e  Option Case. I n  p a r t i c u l a r ,  f o r  1985 

,. t h e  Comparison Case is a d e p a r t u r e  from t h e  Trends Case p r o j e c t i o n ,  showing 
a  r e d u c t i o n  o f  a lmost  45 quads. This  r e p r e s e n t s  a n  e f f o r t  toward more energy- 
e f f e c t i v e  t r a n s p o r t  modes. Any c o n s e r v a t i o n  e f f o r t  beyond t h i s  l e v e l  might 
be hard t o  ach ieve  by 1985, p r i m a r i l y  because  of t h e  s h o r t  t i m e  pe r iod .  

A s i m i l a r  s i t u a t i o n  p r e v a i l s  f o r  t h e  2000 p r o j e c t i o n s ,  b u t  w i t h  g r e a t e r  
consumption q u a n t i t i e s  involved.  By t h e n ,  t h e  Trends Case p r o j e c t i o n  would 
r e q u i r e  324 quads and consume 36.51 p e r c e n t  of d i r e c t  petroleum produc t s .  
I n s t e a d ,  t h e  Comparison Case c a l l s  f o r  96.4 quads l e s s  consumption and rep- 
r e s e n t s  24.8 p e r c e n t  of d i r e c t  petroleum produc t s  u t i l i z a t i o n .  The Option 
Case c a l l s  f o r  even less consumption: 29.29 quads,  which corresponds t o  
on ly  a  20.11 p e r c e n t  s h a r e  of d i r e c t  use of pet roleum produc t s .  I n  bo th  
c a s e s ,  i n  2000, e l e c t r i c i t y  w i l l  c o n t r i b u t e  s u b s t a n t i a l l y  t o  t r a n s p o r t a t i o n  
needs ,  supp ly ing  23.13 quads (Comparison Case) and 26.10 quads (Option 
Case).  Thus, b o t h  c a s e s  depend on important  c o n s e r v a t i o n  e f f o r t s ,  demanding 
s i g n i f i c a n t  e f f o r t s  f o r  t h e  achievement o f  e i t h e r .  The important  p o i n t ,  
however, i s  t h a t  changes i n  energy consumption p a t t e r n s  a r e  included i n  t h e  
energy p r o j e c t i o n s  o f  b o t h  t h e  Comparison and t h e .  Option Cases. Table 17 
p r e s e n t s  t h e s e  changes and r e v e a l s  t h e  emphasis p laced by t h e  p r o j e c t i o n s  
on t h e  e n e r g y - e f f i c i e n t  t r a n s p o r t  modes, i.e., t h e  r a i l r o a d  system, t h e  
i n l a n d  waterways, t h e  i n t e r c i t y  bus  system, and urban mass t r a n s i t .  

The energy d i s t r i b u t i o n  shown i n  t a b l e  17 r e p r e s e n t s  t h e  e n t i r e  energy 
demand i n  ' t h e  t r a n s p o r t a t i o n  s e c t o r  of t h e  coun t ry ,  - and i n c l u d e s  c i v i l i a n  
as w e l l  a s  government use requirements ;  t h e  l a t t e r  is assumed t o  be approx- 
imate ly  22.02 quads i n  1975 and t o  remain c o n s t a n t  f o r  t h e  y e a r s  1985 and 
2000. 

* 
U.S. t r a n s p o r t a t i o n  consumed about 53.6 p e r c e n t  of a l l  d i r e c t  uses  of 
pet roleum produc t s  i n  k976. 



TABLE 16 

SUMMARY OF ENERGY CONSUMPTION FOR THREE STUDY 
CASES (QUADRILLION JOULES) 

' \  

Case Amount P e r c e n t  * 
1975 Actua l  65.45 ,24.52 

1985 Comparison 112.12 25.04 

Option 99.78 21.97 

Trends 156.00 35.99 

2000 Comparison 227.60 24.81 

Option 198.41 20.11 

Trends 324.00 36.51 
. , 

*Percentage of pet roleum produc t s  used i n  t r a n s p o r t a t i o n  a s  
opposed t o  t o t a l  d i r e c t  usage of pet roleum products .  

. . 



TABLE 17 
DISTRIBUTION OF ENERGY REQUIREMENTS BY TRANSPORT MODE AND FUEL TYPE 

(QUADRILLION JOULES 10 

.ELECTRICITY JET FUEL GASOLZNE DIESEL MAZOUT 
T r a n s p o r t M o d e  1975 1985 2000 1975 1985 2000 1975 1985 2000 1975 1985 2000 1975 1985 2 0 0 0 ' .  

I 

COMPARISON CASE 
Automobiles 

Buses 0.05 0.19 0.19 6.03 ,0 .03 0.89 0.89 2.32 

Railways 0.43 4.70 21.64 4.89 7.82 3.67 

Airways 8.60 14.00 20.00 
. - 

Waterways 1.48 2.55 7.33 
* - f 

Trucks  14.94 14.20 25.21 .13.28 24.13 59.71 

P i p e s  a n d . s t o r a g e  0.19 0.67 1.30 0.37 1 

TOTALS 0.67 5.56 23.13 8.60 14.00 20.00 36.28 4 8 . 0 2  91.42 19.47 33.10 66.35 1.48' 2.55 7.33 

OPTION CASE 
Automobiles 

Buses 

6.29 25.80 11.32 4-97 Railways 

Airways 14.00 20.00 

Waterways : 3.21 8.44 g v, 
'd 

Trucks  . . 14.23 22.69 16.16 ' 49.44 o ,.. 
;: TS 

P i p e s  and s t o r a g e  0.67 1.30 51 
H 

TOTALS 6.96 27.10 14.00 20.00 ' 37.25 68.62 ' 29.48 58.98 3.21 8 . 4 4 7  
m 



TABLE 17 (CONTINUED) 

ELECTRICITY, JET' FUEL GASOLINE DIESEL ' MAZOUT 

TransportMode 1 9 7 5  1985 2000 1975 1985 2000 1975 1985 2000 1975 1935 ' 2 0 0 0  1975-  1985 2000 

TRENDS CASE - ' 

Automobiles - 
Buses 0.19 0.19 

0;86 19-56 7.82 3.67 Railways ' 

- Airways 19.00 30.00 

1.65 2.55 , Waterways 

Trucks 20.40 43.75 46.40 89.74 

Pipes and s to rage  0.67 1.30 

1.72 21.05 19.00' 30.00 66.88 137.46 51.34 101.07 1.65 2.55 TOTALS 



6.2 A v a i l a b l e  Courses of Act ion 

Egypt h a s  a t  l e a s t  t h r e e  courses  of a c t i o n  and t h r e e  t a r g e t s  f o r  
1985 and 2000 among which t o  choose. The s i t u a t i o n  could coatfnue t h e  
p a t t e r n  of t h e  Trends Case, s o  t h a t  b y  1985 a  t r a n s p o r t a t i o n  system and 
a  l and  use  p a t t e r n  (on t h e  r e g i o n a l  and n a t i o n a l  l e v e l )  could r e s u l t  
t h a t  would r e q u i r e  much more energy t h a n  t h e  Comparison Case a l l o c a t e s .  
A l t e r n a t i v e l y ,  concen t ra ted  e f f o r t  can b e  made i n  t h e  y e a r s  between 1978 
and 1985, i n  both  t h e  t r a n s p o r t a t i o n  system and t h e  a s s o c i a t e d  development 
p o l i c i e s  of t h e  coun t ry ,  toward a  more energy-e f fec t ive  system. S t i l l  
f u r t h e r ,  a  determined commitment t o  energy e f f i c i e n c y  may b e  followed 
by a p p r o p r i a t e  p r o j e c t s  and p o l i c i e s  i n  p u r s u i t  of ach iev ing  t h e  Option 
Case by 1985. S i m i l a r l y ,  f o r  the  y e a r  2000, t h e r e  a r e  a t  l e a s t  t h r e e .  
courses  of a c t i o n  corresponding t o  t h e  ones faced f o r  1985. However, i t  
i s  h i g h l y  u n l i k e l y  u n l e s s  c o n s e r v a t i o n  e f f o r t s  a r e  begun immediately,  

. t h a t  Egypt w i l l  be  a b l e  t o  reach  t h e  Option Case p r o j e c t i o n s  o r  even t h e  
Comparison Case p r o j e c t i o n s  f o r  2000. 

6 . 3  Need f o r  Assoc ia ted  P o l i c i e s  

It is d i f f i c u l t  t o  d e a l  wi th  t h e  energy requ i rements  of Egypt's 
t r a n s p o r t a t i o n  s e c t o r  and p r o j e c t  them t o  t h e  f u t u r e  wi thou t  t a k i n g  i n t o  
account s p e c i f i c  p o l i c i e s  t h a t  c r u c i a l l y  a f f e c t  t h e  consumption p a t t e r n s  
of t h e  t r a n s p o r t a t i o n  system. It i s  l i k e w i s e  d i f f i c u l t  t o  determine 
such p a t t e r n s  w i t h i n  t h e  t r a n s p o r t a t i o n  s e c t o r  wi thout  making b a s i c  
assumptions about t h e  d e s i r e d  o b j e c t i v e s  of o t h e r  s e c t o r s  of the  economy. 

Inc reased  p a r t i c i p a t i o n  of t h e  energy-e f fec t ive  t r a n s p o r t  modes i n  
t h e  t r a n s p o r t a t i o n  a c t i v i t i e s  o f  t h e  +count ry  r e q u i r e s  an immediate 
p o l i c y  of suppor t  and development of such modes. F i r s t  on t h e  l i s t  of 
p r i o r i t i e s  f o r  making t h e  t r a n s p o r t  system of Egypt energy-ef f e c t i v e  i s  
improvement and e x t e n s i o n  of t h e  r a i l r o a d  system, t h e  bus f l e e t ,  and 
urban t r a n s i t .  A l l  o t h e r  energy conserving s t e p s  i n  the  a r e a  of t r ans -  
p o r t a t i o n  depend on t h i s .  Only i f  and when t h e s e  systems a r e  a b l e  t o  
p rov ide  t h e  t r a n s p o r t a t i o n  s e r v i c e s  on a  r e g i o n a l  and n a t i o n a l  s c a l e ,  
which t h e  coun t ry  c r u c i a l l y  needs ,  w i l l  i t  b e  prudent  t o  i n i t i a t e  
measures t o  reduce t h e  use  of and dependency on t h e  i n t e r c i t y  t r u c k  
f l e e t  and t h e  passenger  c a r .  . . 

Many t h i n g s  could  be done t o  improve t h e  r a i l r o a d s  and t h e  i n l a n d  
waterways. Beyond improving t h e i r  f l e e t s  and t h e  c u r r e n t  network, i t  is 
p a r t i c u l a r l y  impor tan t  t o  s t u d y  and under take measures t o  improve t h e s e  
systems i n  two o t h e r  ways: 

1. The s e r v i c e a b i l i t y  of t h e  N i l e  River  waterway would be improved 
by e s t a b l i s h i n g  and equipping c l o s e l y  spaced depo ts  on s t r a t e g i c  
l o c a t i o n s  a long t h e  r i v e r  and by i n t e g r a t i n g  them with  t h e  l o c a l  
highway network and wi th  t h e  r a i l r o a d  system of t h e  region.  

2. Methods of connec t ing  t h e  r a i l r o a d  system wi th  a l l  new i n d u s t r i a l  
e n t e r p r i s e s  and i n t e g r a t i n g  i t  wi th  t h e  i n l a n d  waterways should 
b e  s t u d i e d  and i n i t i a t e d .  The two systems should be planned t o  
supplement and complement each o t h e r  and, i n  f a c t ,  work a s  one 
i n t e g r a t e d  system. 



The n e x t  important  p o l i c y  o r i e n t a t i o n  i n  t h e  t r a n s p o r t a t i o n  f i e l d  
i n v o l v e s  l a n d  use  developments w i t h i n  e x i s t i n g  urban a r e a s ,  and h a s  two 
s p e c i f i c  o b j e c t i v e s .  F i r s t ,  i t  is  important  t o  promote, w i t h i n  urban 
r e g i o n s ,  a  developmental  p a t t e r n  t h a t  can be s e r v i c e d  e f f e c t i v e l y  b y  
mass t r a n s i t .  This  is ex t remely  important  d u r i n g  t h e  developmental  
pe r iod  of Egyptian urban r e g i o n s ,  when they a r e  i n  t h e  i n i t i a l  s t a g e s  of 
expansion.  Once b u i l t ,  i t  w i l l  be d i f f i c u l t ,  i f  n o t  imposs ib le ,  t o .  I- 

improve t h e i r  d e n s i t y  and land use  p a t t e r n s  t o  pe rmi t  e f f e c t i v e  mass 
t r a n s i t  s e r v i c e .  C u r r e n t l y ,  t h e  tendency i s  t o  develop s o l u t i o n s  t h a t  
are automobile-dependent . I f  t h i s  t r end  c o n t i n u e s ,  even the  b u i l d i n g  of 
a  subway system may n o t  b e  a b l e  t o  r e v e r s e  the  t r e n d s ,  a s  o t h e r  major 
urban r e g i o n s  of t h e  world have proven, e.g., Mexico C i t y  and Sao Paulo;  
C a i r o  may p r e s e n t  a  s i m i l a r  f u t u r e  example. Immediate and h i g h  q u a l i t y  
connec t ions  should be planned wi th  t h e  r a i l r o a d  system of t h e  coun t ry  
and ,  i f  p o s s i b l e ,  wi th  t h e  i n l a n d  waterways of t h e  country .  I n  f a c t ,  
f o r  each l a r g e  i n d u s t r i a l  e n t e r p r i s e  w i t h i n  m e t r o p o l i t a n  reg ions ,  s i t e  
s e l e c t i o n  and development o f  new i n d u s t r i a l  d i s t r i c t s  should cons ider  
r a i l r o a d  and waterway s e r v i c e a b i l i t y .  

The t h i r d  impor tan t  p o l i c y  o r i e n t a t i o n  concerns  t h e  c o n t r i b u t i o n s  
o r  impediments o f  t r a n s p o r t a t i o n  t o  t h e  i n d u s t r i a l i z a t i o n  of t h e  country.. 
I n  i n t e g r a t i n g  i n d u s t r i a l  and t r a n s p o r t a t i o n  a c t i v i t i e s ,  a l l  s i g n i f i c a n t  
new e n t e r p r i s e s  must b e  assured  of primary and e f f e c t i v e  s e r v i c e  by 
e i t h e r  t h e  i n l a n d  waterways o r  t h e  r a i l r o a d  system; wherever p o s s i b l e  by 
b o t h  systems. Most i n d u s t r i a l  f r e i g h t  must b e  c a r r i e d  by t h e  waterways 
o r  t h e  r a i l r o a d s  by 1985. The p r e s e n t  s i t u a t i o n  must b e  reversed .  It is  
u n d e s i r a b l e  t o  have,  as i n  1975, 84 p e r c e n t  of c e r e a l s  tonnage,  94 p e r c e n t  
of sand ,  g r a v e l ,  c l a y ,  and l imes tone ,  95 p e r c e n t  o f  s t e e l ,  98 p e r c e n t  of 
c o n s t r u c t i o n  m a t e r i a l s ,  91 p e r c e n t  of manufactured f e r t i l i z e r s ,  and 28 
p e r c e n t  of m i n e r a l  o r e s  t r a n s p o r t e d  i n  i n t e r c i t y  t r a v e l  by highway. I n  , 

a d d i t i o n ,  i t  is  economical ly  impor tan t  t o  minimize. change from one mode of 
t r a n s p o r t  t o  ano ther  f o r  any commodity between i ts o r i g i n  and i ts  d e s t i -  
n a t i o n .  This  i s  p a r t i c u l a r l y  t r u e  f o r  t h e  e x p o r t  i n d u s t r y .  A s i n g l e  
t r anssh ipment  u s u a l l y  c o s t s  a s  much as a l l  t h e  o t h e r  t r a n s p o r t  c o s t s  of 
t h e  commodity, and , i n v o l v e s  added r i s k s .  The t r a n s p o r t  c o s t  of such 
commodities may make them noncompet i t ive  i n  t h e  i n t e r n a t i o n a l  market.  

The f o u r t h  impor tan t  p o l i c y  o r i e n t a t i o n  f o r  t r a n s p o r t a t i o n  is t h e  
u r b a n i z a t i o n  p o l i c y  o f  t h e  coun t ry ,  e s p e c i a l l y  as i t  a f f e c t s  t h e  es tab-  
l i shment  o f  new c i t i e s .  Dec i s ions  concerning t h e  t h r e e  new l a r g e  c i t i e s  
(Sadat  C i t y ,  Tenth of Ramadan, and King Khalid Ci ty )  appear  t o  have been 
made wi thout  g i v i n g  s u f f i c i e n t  a t t e n t i o n  t o  n a t i o n a l  t r a n s p o r t a t i o n  
p o l i c i e s  and requirements .  As a  r e s u l t ,  a l l  t h r e e  c i t i e s  a r e  placed 
o u t s i d e  the  i n l a n d  waterway and r a i l r o a d  networks.  For i n s t a n c e ,  o n l y  a  
dead-end branch r a i l r o a d  l i n e  s e r v e s  Sadat C i t y ,  and on ly  a  branch of 
t h e  Noburia Canal ,  w i t h  a  minimal b a s i n  f o r  maneuvers, i s  p a r t  of t h e  
i n d u s t r i a l  d i s t r i c t  o f  t h e  c i t y .  Nor a r e  the  two systems i n t e g r a t e d ;  
y e t ,  t h e  e x p e c t a t i o n s  a r e  f o r  a  major expor t  . i n d u s t r i a l  base  i n  Sadat . 
C i t y .  The p l a n s  o f  t h e  o t h e r  two c i t i e s  ( p l u s  t h e  s m a l l e r  one,  Ameriya, 
proposed f o r  development near  Alexandr ia)  r e v e a l  on ly  marg ina l  consider-  
a t i o n ,  i f  any,  of n a t i o n a l  t r a n s p o r t a t i o n  p o l i c i e s .  For i n s t a n c e ,  t h e r e  
is no evidence of p l a n s  f o r  major r a i l r o a d  s e r v i c e  f o r  e i t h e r  c i t y ,  nor  
f o r  any major o r  minor c a n a l  connect ion and p o r t  f a c i l i t y .  



There is s t i l l  much t o  be d e s i r e d  i n  t h e  c o o r d i n a t i o n  of p lans  and 
p o l i c i e s  between t h e  v a r i o u s  s e c t o r s  of governmental a c t i v i t y .  As f o r  
t h e  new c i t i e s ,  t h e  problem seems t o  be  determining r e s p o n s i b i l i t y  f o r  
implementing n a t i o n a l  o b j e c t i v e s ,  where r e s p o n s i b i l i t i e s  f o r  p r o j e c t s  
over lap .  Which m i n i s t r y ,  i n  f a c t ,  de te rmines  t h e  optimum l o c a t i o n  and 
t h e  r e q u i r e d  t r a n s p o r t a t i o n  f a c i l i t i e s  of t h e  new c i t i e s ,  and b e a r s  t h e  
r e s p o n s i b i l i t y  f o r  t h e  d e c i s i o n ,  does n o t  seem t o  be  c l e a r l y  de f ined .  
The u r b a n i z a t i o n  p o l i c y  i n c l u d e s  s e v e r a l  e x p l i c i t  o b j e c t i v e s  f o r  popula- 
t i o n  and i n d u s t r i a l  d e c e n t r a l i z a t i o n ,  as w e l l  a s  f o r  conserva t ion  of 
a g r i c u l t u r a l  l and ,  b u t  i t  does no t  s t a t e  d e f i n i t e  o b j e c t i v e s  f o r  n a t i o n a l  
t r a n s p o r t a t i o n  e f f i c i e n c y  and energy e f f e c t i v e n e s s .  C o r r e c t i v e  a c t i o n s  
need t o  be planned a s  soon as p o s s i b l e ,  and i n i t i a t i v e s  e x e r c i s e d  by t h e  
proper  a u t h o r i t i e s  on t h e  d e s i r e d  development of t h e  t h r e e  new c i t i e s  
and a l l  o t h e r  u r b a n i z a t i o n  p l a n s  and programs of t h e  country .  

The f i f t h  important  e x t e n s i o n  of n a t i o n a l  p o l i c i e s  f o r  t r a n s p o r t a -  
t i o n  is t h e  a p p l i c a t i o n  of development p o l i c i e s  t o  e f f o r t s  t o  develop 
whole new reg ions .  This p a r t i c u l a r l y  complicated and demanding problem 
is c r u c i a l  t o  t h e  proper  development of t h e  t r a n s p o r t a t i o n  system. 
E s s e n t i a l l y ,  t h e  concerns  a r e :  

o  t h e  need t o  a s s i g n  p r i o r i t i e s  t o  r e g i o n s  w i t h  g r e a t e r  s e r v i c e -  
a b i l i t y ,  where cho ices  a r e  p o s s i b l e  and reasonab le ;  and 

o  t o  p l a n  f o r  an i n t e g r a t e d  and comprehensively des igned system 
t o  s e r v e  a l l  t h e  needs of t h e  new r e g i o n s  e f f e c t i v e l y  and 
energy-ef f  i c i e n t l y  . 

Both concerns  a r e ' p a r t i c u l a r l y  important  because t h e i r  d i s r e g a r d  
may produce a r t i f i c i a l ,  s h o r t - l i v e d  successes  which cannot s u r v i v e  

. w i t h o u t  e x c e s s i v e  s u b s i d i e s .  Thus, r e g i o n a l  development should be 
planned w i t h  t h e  complete s e t  of r e g i o n a l  t r a n s p o r t a t i o n  needs i n  each 
c a s e ,  so  t h a t  complementary economies can be developed. Problems of 
i n i t i a t i v e ,  comprehensiveness,  and c o o r d i n a t i o n  may a r i s e  among a g e n c i e s  
over  r e s p o n s i b i l i t i e s  f o r  t h e  implementation of t r a n s p o r t a t i o n  po l icy .  
Never the less ,  t h e  r e g i o n a l  developmental  p o l i c y  of Egypt must be based 
on a  sound t r a n s p o r t a t i o n  system which can bo th  s e r v e  t h e  t r a n s p o r t a t i o n  . 

needs of t h e  r e g i o n  and promote t h e  n a t i o n a l  o b j e c t i v e s .  

6 . 4  Need f o r  Comprehensive T r a n s p o r t a t i o n  P lann ing  

The assessment  of energy requirements  and p rospec t s  i n  t h e  t r anspor -  
t a t i o n  s e c t o r  of Egypt has  revea led  l i m i t e d  comprehensive t r a n s p o r t a t i o n  
planning f o r  b o t h  t h e  r e g i o n a l  and t h e  n a t i o n a l  t r a n s p o r t a t i o n  systems. 
The on ly  two t r a n s p o r t a t i o n  s t u d i e s  t h a t  were l o c a t e d  were t h e  SOFRETU 
s t u d y  f o r  t h e  m e t r o p o l i s  of Ca i ro ,  1973, and t h e  Egypt Na t iona l   r ran sport 
System Study of 1977. The remaining s t u d i e s  were l i m i t e d  i n  scope,  
focused on s p e c i f i c  p r o j e c t s ,  o r  were p a r t  of s t u d i e s  addressed t o  
o b j e c t i v e s  o t h e r  than  t h e  comprehensive planning of t h e  t r a n s p o r t a t i o n  
system. 



One of t h e  most c r i t i c a l  c u r r e n t  needs f o r  Egypt, i n  t h e  f i e l d  of 
t r a n s p o r t a t i o n ,  i s  comprehensive p lann ing  on a n a t i o n a l  s c a l e  f o r  each 
mode and f o r  each major region.  Egypt has  a unique o p p o r t u n i t y  t o  
c a p i t a l i z e  on t h e  i n i t i a l  s t e p s  of economic development and t o  d i r e c t  
i t s  e f f o r t s  towards a more sound, e f f i c i e n t  , and e f f e c t i v e  development 
p a t t e r n  t h a t  w i l l  i n c l u d e  an e f f i c i e n t  t r a n s p o r t a t i o n  system. 
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7 . 1  A p p e n d i x  A: E n e r g y  E f f i c i e n c y  T a b l e s  a n d  F i g u r e s  



TABLE A-1 

SHARE OF PASSENGER AND FREIGHT TRANSPORTATION ENERGY 
USE FOR SEVEN WORLD REGIONS, 1975, 1985 and 2000 

Passenger  F r e i g h t  
1975 1985 2000 1975 1985 2000 

World 

Uni ted S t a t e s  

Western Europe 

Japan 

U.S.S.R. 

E a s t e r n  Europe 

Advanced Developing . 53.2 47.5 46.8 52.5 

Less  Developed 

Egypt (Comparison) * 
(Trends) ** - 43 42 - 57 58 

Source : Robert  U. Ayres , Worldwide Transpor ta t ion /Energy  Demand 
F o r e c a s t s :  1975-2000, Vol. 1, Del ta  Research Corp., 
A r l i n g t o n ,  V i r g i n i a ,  March 1978. 

*Egypt /U. S. Cooperat ive  Energy Assessment, Main Report-Comparison c a s e  - 

**Dr. Anthony Tomazinis , U n i v e r s i t y  ,. . of  . Pennsylvania  ,. 

, .. 

. . . . . .  . . ' .  



TABLE A-2 

TRANSPORTAT-TON ENERGY AS A PERCENT OF TOTAL ENERGY . .  . 
. .. I N  TWELVE COUNTKLES, 1972 and 1985 ' ;.:" :' ,.' ''.' "" 

. . % Change % Change 
. 1972 1985 i n  Shares  energy 

United S t a t e s  

Canada 

Denmark 
. 

Fin land  

France 
! 

Germany 

I t a l y  

Japan 

Mexico 

Norway 

Sweden 

United Kingdom 

Egypt (1975) * 

Source: Paul  S. B a s i l ,  e d i t o r ,  F i r s t  Technica1,Repor t  of t h e  Workshop .. 

on A l t e r n a t i v e  Energy S t r a t e g i e s  (WAES): Ana lys i s  of 1972 
Demand and P r o j e c t i o n s  of 1985 Demand, 1977. 

*Egypt/U.S. Cooperat ive  Energy Assessment, Main Report-Comparison Case 



YEAR 

Fip. A-1 Total Annual Fuel Consumption by Type of Vehicle . . .. ' . '! 

Source : U. S. Department ,of Transportat ion, Federal .Highway 
Administration,'Highway statistics, table Vm-l,.annual. 



P i g .  8-2 Average Annual Fuei Consumption by Type' of Vehicle . . - .  

Source : U.S. Departmeht of ~ r ~ n s ~ o r t a t  ion, ~ k d e r a l  : ~ i ~ h w & .  
Administration, ~ i g h w a ~  S t a t i s t i c s ,  table Vm-1, annual. 

, . . . . .  . , 

, . 



TABLE A-3 

ENERGY INTENSITY FOR TRUCKS, 1974 t o  1980 

S p e c i f i c  Energy 
T r i p  Average Vehic le  S t o p / S t a r t  Cycle 

Cargo Maximum Length T r i p  Time Type of S t a t u t e  
Use Dens i t3  Payload ( s t a t u t e  ( h r  a t  Fuel  Miles /  BtuITon- 

( l b / f t  ) ( i n  t o n s )  m i l e s )  mph) Gal Ton-MilesIGal. M i l e  

Urban . 20-100 9.0 10 0.4125 Gas 
I 

Urban 20- 100 8.0 10 0.4125 Diesel 12.0 96 1,446 

Urban 10-30 3.1 10 0.4125 Gas 8.0 25 5,040 

I n t e r c i t y  20- 100 25.0 100 . 1.8155 D i e s e l  5.0 125 1,110 

I n t e r c i t y  15 14.3 100 1.8155 Diesel 4.8 

Source: W. F. Gay, U.S. Department of T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  Systems Center ,  Energy S t a t i s t i c s ,  
Cambridge, Mass., 1975, p. 139. 



;. . . . 

TABLE A-4 

TRUCK OPERATING ENERGY EFFICIENCY AND.1NTENSITY 
BY WEIGHT CLASS, 1972 (POUNUS) 

I 110,000 (14,000 116,000 119,501 (26,000 1 I 
I I to 1 to ( to I to I to I Over I 

)14,000 116,000 119,500 126,000 133,000 .133,OOOL 
I I I I I I I I 
1 Gas Btulton-mile 17,353 (7,764 16,944 13,079 12,129 11,7011 
I I I I I I I I 
I Ton-mileslgal 1 17 1 16.1 1 18 1 40.6 1 58.7.) 73-51 
I I 1 I I I I I 
I I I I I I I I 
I Diesel Btulton-mile I I I ( 2,872 1 2,102 1 1,6221 
I I I I I I I : I 
I Ton-mileslgal 1 I I 1 48.3 ( 66 1 85.51 

Source: D.A. Hurter and W.D. Lee, Arthur D. Little Inc., A Study of 
Technological Improvements to Optimize Truck Configurations 
for Fuel Economy, Washington, D.C., Sept. 1975, pp. 3-4 
through 3-6. 
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TABLE A-5 

'ENERGY INTENSITY OF PASSENGER TRAINS, 1974 TO 1980 

. . 

I I I I I I . '  I I I 
I I I T r ip  I Average I I Vehicle I I Specific,  Energy, I 
1 I Gross I Length I T r ip  lFuel I S t a t u t e  I Number I S top IS ta r t  Cycle I 
I Vehicle Type I Weight I ( s t a t u t e 1  . Time lType I MilesIGal lo£ Sea ts  I Seat-Miles11 Btu l  I 
I l ( 1 0  l b ) ( . m i l e s . ' .  1 (hr)  I I I I Gal I Seat-Milel 

I 1 Urban t r a i n  79 1 . 0.75 1 0.02 IE lec t r i c  1(57,600 Btu/mi) 1 50-60 1 106 ' , I  1,320 1 
I I I I - '  1:. I I I , I I 
( N e w  Tokaido l i ne1  2,000 1 1 4 0 . 0 0  1 1.40 IE lec t r i c  I 0.4 - 1  1,400 1 30 5 1 427 1 
I I I I 1.. I I I . - I I 
IStandard d i e s e l  1 1,200 1 .  ., 50.00 1 0.75 !Diesel  I 0.66 1 360 1 240 .. . 1 583 1 
I I I I 1.'. I , I I " I I 

Source: W. F. Gay, U.S. Department of Transportat ion;  Transpor ta t ion  System Center,  Energy S t a t i s t i c s ,  
Cambridge, Mass., 1975, p. 139. 



OPERATING ENERGY INTENSITY OF' PASSENGER TRAIN s , 
... .  . 

1970 THROUGH 1974 :. . . 

PASSENGER TRAINS WITH LOCOMOTIVES RAIL MOTOR TRAINS 

Year Tota Energy Btu/ 1 2  ~ t u /  . TotahEnergy Btu/ Btu/ 
(10 Btu) Car-Mile Passen er-  4 (10 ,Btu) Car-Mile P a s s e n g ~ r -  

Mile Mile 

1 
Tota l  Energy used by passe,nger t r a i n s  with locomotive divided by' car-miles. 

2 
Tota l  energy used by passenger t r a i n s  with locomotive divided by passenger- 
miles. 

Tota l  energy used by r a i l  motor c a r s  divided b; commuter car-miles. 
. . . . .  .. 

4 
Tota l  energy used by r a i l  motor c a r s  d iv ided .by  commuter passenger-miles. 

. . .  

. . .  

Source: The Aerospace Corporation; Charac te r iza t ion  of t h e  U.S. Transpor ta t ion  
Systems, vol .  4 - Railroads . (Freight  and Passenger) ,  Los Angeles, Ca l i f . ,  
March 1977, pp. 5-17. . . 

I_ ' 



TABLE -8-7 

BTU PER TON-MILE ESTIMATES FOR RAILROAD FREIGHT (LOADED MOVEMENTS) 

CAR TYPE .. . 

COMMODITY Covered . F l a i  ' ' Open-top Tank Misc2 
Boxcar Hopper Car Gondola ' Hopper . Car Cars 

A g r i c u l t u r a l  p roduc t s  
M e t a l l i c  o r e s  
Coal ,  coke produced from c o a l  
Crude o i l ,  pet roleum 
Nonmetall ic m i n e r a l s  
Food, k indred  p roduc t s  , and tobacco 
T e x t i l e s ,  a p p a r e l ,  and l e a t h e r  
Lumber, wood p r o d u c t s ,  and f u r n i t u r e  
Pu lp ,  paper ,  and a l l i e d  p roduc t s  
Chemicals,  a l l i e d  p roduc t s  
Rubber, p l a s t i c  p roduc t s  
Clay,  c o n c r e t e ,  g l a s s ,  and s t o n e  
Primary meta l  p roduc t s  
F a b r i c a t e d  metal p roduc t s  
N o n e l e c t r i c a l  machinery 
E l e c t r i c a l  machinery 
T r a n s p o r t a t i o n  equipment 
Ins t ruments ,  photo  goods 
Waste, s c r a p  m a t e r i a l s  

Empty movements ( d i s t a n c e  weighted) 390 42 0 796 420 32 0 399 390-450 ? 
2 



TABLE A-8 

CALCULATED ENERGY INTENSITY OF URBAN RAIL SYSTEMS, 
HEAVY RAIL 

. i .  . 

Btu - VEHICLE MILE Btu PASSENGER MILE 

D i s t a n c e  Maximum   ax im&n 
Between Occupancy A l l  Occupancy A l l  30% 

Stops  Inc  1 ud i n g  S e a t s  Inc lud ing  S e a t s  seats 
(mi les )  S tandees  Occupied Standees  Occupied Occupied 

T o t a l  Load: 140 passengers ;  s e a t s :  80 
' 

Maximum ~ o a d  weight:  : 122,100 lbs .  
, . ' 9 1 , 9 2 0 ' l b s '  Ehpty weight:  .. 

Maximum speed : 55 MPh 

Source: The Aerospace Corporat ion,  C h a r a c t e r i z a t i o n  of t h e  U.S. 
T r a n s p o r t a t i o n  System - Urban R a i l  T r a n s i t ,  Los Angeles, 
C a l i f p r n i a ,  J u l y  1976, p. 21. ( D r a f t )  



TABLE A-9 

CALCULATED. ENERGY INTENSITY OF URBAN RAIL SYSTEMS, 
LIGHT RAIL 

' Btu VEHICLE MILE. Btu PASSENGER MILE 
. . 

D i s t a n c e  Maximum Maximum 
A l l  A 1  1 B e  tween occupancy Occupancy 30% 

s t o p s  . Inc lud ing  ' S e a t s  Inc lud ing  S e a t s '  S e a t s  
(mi les  ) Standees  Occupied Standees  'Occupied Occupied 

. . 

, . . , .. 
T o t a l  Load: 320 passengers  ; seats- : .  77' 
Maximum Load weight:  109,400 lbs .  ' '.' :.':::.: .' -. . . . . . . . 

55,815 l b s  ., . .  . 
. .  , .  

Empty weight:  
Maximum speed: 55 MPh 

Source: The Aerospace Corporat ion,  C h a r a c t e r i z a t i o n ' o f  t h e  U.S. 
T r a n s p o r t a t i o n  System - Urban R a i l  T r a n s i t ,  Los Angeles,  
C a l i f o r n i a ,  J u l y  1976, p. 21. ( D r a f t )  



TABLE A-10 

BARGE ENERGY INTENSITY BY WATERWAY*. . .. .., . . 
. . 

. . . . . . 

Upstream Downstream 
Waterway 'Btul ton-mile  ' Btul ton-mile  

Ohio River  System 456 173 
Upper M i s s i s s i p p i  River  System 49 5  182 
Lower M i s s i s s i p p i  R iver  System 276 103 
Gulf I n t r a c o a s t a l  Waterway 475 '475 
A t l a n t i c  I n t r a c o a s t a l  Waterway 33 0 330 
P a c i f i c  Coast  Waterway 242 24 2  

W e i g h t e d  average  v a l u e s ;  t h e  energy i n t e n s i t y  is  i n f l u e n c e d  by tow 
s i z e ,  commodity shipped,  tow v e l o c i t y ,  r i v e r  c u r r e n t , : a n d  o t h e r  such  
f a c t o r s .  

. .  . 

Source: R.H. L e i l i c h ,  R.D Coh@n, A. Green, and M.J .  Kendrick,  P e a t ,  
Marwick, M i t c h e l l  and Co., Energy and Economic Impacts of P r o i e c t e d  
F r e i g h t  T r a n s p o r t a t i o n  Improvements, Washington, D.C., May 1977, - 
pp. 2-28 and 2-29. 



TABLE A-1 1 

BARGE ENERGY INTENSITY BY COMMODITY TYPE 

~ -. . . . .. . . . . . .  . . . 
Commodity Btu/  ton-mile 

A g r i c u l t u r e  

M e t a l l i c  Ores 

Coal and coke 

Petroleum 

Nonmet m i n e r a l  

Food p roduc t s  

T e x t i l e s  

Lumber and f u r n i t u r e  

Pulp and paper 

Chemicals 

Rubber and p l a s t i c  , 

Stone and g l a s s  

Primary m e t a l  

F a b r i c a t i o n  meta l  

Non-electr  i c  machine 

. E l e c t r i c  machine 

Transpor t  equipment 270 

Scrap 

Average . .. 272 

. . 

Source:  R.H. L e i l i c h ,  R.'D. Cohen, A. Green, and M . J .  
Kendrick,  P e a t ,  Marwick, M i t c h e l l  and Co., Energy and 
~ c o n o m i c  Impacts of P r o j e c t e d  F r e i g h t  T r a n s p o r t a t i o n  
Improvements, washington,  D.C.. , Fkiy 1977,. p p ~  2-28 
and 2-29. ? 



TABLE A-12 

ENERGY INTENSITY FOR CARGO AIRCRAFT, 1974-1980 

Payload Spec i f  i c  Average S p e c i f i c  Energy, 
Maximum Gross T r i p  T r i p  Vehicle  S t o p i s t a r t  Cycle Fuel  

A i r c r a f t  Payload Dens i t3  Length Time2 S t a t u t e  TY pe 

. . ( t o n s )  ( l b l f  t ) S t a t u t e  Miles ( h r )  MileIGal Ton-MilesIGal BtuITon-M3les 
(XlOOO) 

Turbofan,  narrow body 20.6-58.7 8.3-11.6 500 1.3 0.19-0.44 8.4-11.1 11.1-14.7 Kerosene 

Turbofan, narrow body 20.6-58.7 8.3-11.6 . 1,000 2.3 0.22-0.53 9.6-12.8 9.6-12.9 Kerosene 

Turbofan, narrow ,.body 46.8-58.7 10.9-11.6 2,000 4.4 0.23-0.27 12.6-13.6 9.1- 9.8 Kerosene 

Turbofan, wide body 77.9-126.0 10.0 1 , 000 2.3 0.12-0.23 13.7-15.0 8.,2- 9.0 Kerosene 

. Turbofan, wide body '77.9-126.0 10.0 2 , 000 4.4 0.13-0.24 14.2-16.0 7.7- 8.7 Kerosene 

1 
A l l  f u e l  consuchbt'ion d a t a  ob ta ined  d i r e c t l y .  from a i r c r a f t  manufacturers  f o r  a l l - f r e i g h t e r  or. c o n v e r t i b l e -  
. f r e i g h t e r  a i r c r a f t  models. 

2 
T r i p  t i m e s  assumed same a s  passenger  schedules  ob ta ined  from " O f f i c i a l  A i r l i n e  Guide," Jan. 15, 1974, schedu le  
t imes p l o t t e d  a g a i n s t  t r i p  d i s t a n c e .  rn 

3 
Kerosene a t  18;400 ~ u t / l b  and 6.7 lb /gal . lon.  

k 
Source: W.F. Gay, U.S; Department of T r a n s p o r t a t i o n ,  T r a n s p o r t a t i o n  Systems Cente r ,  Energy S t a t i s t i c s ,  Cambridge, n 

0 
Mass., 1975, p. 140. z 

.I 
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TABLE A-1 3 

CITY PAIR AIRPLANE ENERGY EFFICIENCIES, INCLUDING CIRCUITRY. 
1 

Ci ty  Pa i r   rea at C i r c l e  Distance Air ATA 2 
Btu/Great .C i r c l e  

(mi les ,  a i r p o r t  to  a i r p o r t )  ( r a n g e , m i l e s )  C i r c u i t r y  ( s t a t u t e  &) Btu/sm 
- .  

Los Angeles-San Diego 109 190 1.74 14-24 : ' 2 4-4 2 

N e w  York-Washington 

Chicago-St. Louis 

Portland-San Francisco 550 638 1.16 30-4 2 ,35-4 9 

N e w  York-Chicago 738 82 8 1.12 32-4 6 3 6-5 2 

New York-Miami 

Seattle-Denver 

Minneapolis-San Francisco 

Atlanta-Los Angeles 

Miami-Los Angeles 

E f f i c i ency  f i g u r e s  were ca l cu l a t ed  assuming a 100 percent  load f a c t o r  and tak ing  t h e  a c t u a l  a i r c r a f t  m i x  f o r  
the rou t e  i n  1974 i n t o  account. e 

'2 
V) 

These a i r  d i s t a n c e s  were ca l cu l a t ed  using A i r  Transport  Associat ion (ATA) f u e l  allowance formulas. 

k Source: Boeing Commercial Airplane Company, I n t e r c i t y  Passenger   ran sport at ion Data Energy Comparisons, Vol. 2 , ~  . . . . 
S e a t t l e ,  Wash., May '1975. . ? 



TABLE A-14 

ENERGY INTENSITY BY MODE 

Btu Per Kilometer U.S. Less  Developed Count r i e s  

Truck 2,200 

Waterways 340 

R a i l  450 350 

Source: Robert U. Ayres, Worldwide T r a n s p o r t a t i o n  Energy 
Demand Forecas t :  1975-2000, Vol. I., D e l t a  Research 
Corp., A r l i n g t o n ,  V i r g i n i a ,  March 1978. 

TABLE A- 15 

TRANSPORTATION ENERGY PROJECTIONS 

-. - Advanced Less 
Developed Developed 

U.S. Nat ions  Nations,  Egypt . 

T o t a l  T r a n s p o r t a t i o n  
197512000 33% 45 6 359 347 

. . 
Passenger  T r a n s p o r t a t i o n  

1975/12000 24% 600. 26 7 425 

F r e i g h t  T r a n s p o r t a t i o n  , 4 - 2 .  t a  

19,7512000 . 71% 388 409 32 1 
6 .. 

, . 
Source:, J o e l  Darmstadter ,  Joy Dunkerley,  and J a c k  Alterman, 

How I n d u s t r i a l  S o c i e t i e s  Use Energy: a Comparative 4 .  2 
:, " ' : ' k a l y s i s ,  Resources f o r  t h e  ~ , u t u k . e ,  Johns Hopkins . , .  s 

, I 

P r e s s ,  1977. 



PIPE DIAMETER IN INCHES 

~ f q .  A-3 Energy Intensity for Oil Pipelines 
. . 
Source : The Aerospace Corporation, ~haracte;ization of the U. S. 

'' ~rans~ortation System - Pipeline Transportation Systems, LOS Angeles, 
. , . - California,.March 1977, p. 1-25. (Draft) 



.:. . . , . . . - -. TRANSPORTATION-EGYPT- . . .  

Fig. A- 4 Energy Intensity of Natural Gas Pipelines 
.*  1 1 '  

Source: The Aerospace Corporation, Characterization of the U.S. - 
, ' 

Transportation System - Pipeline Transportation Systems, 
Los Angeles, California, March 1977. (Draft) 



7.2 Appendix B: Waterways and Environmental  Problems 

The waterways f a c e  t h r e e  t e c h n i c a l  problems i n  t h e  case  of inc reased  
t r a f f i c  on them: 

. . 
o . . d r e d g i n g ,  e s p e c i a l l y  t h e  N i l e  River between Cairo  and, Aswan; 

o bank p r o t e c t i o n  of t h e  c a n a l s ,  e s p e c i a l l y  t h e  narrow ones  
( o r  t h e  narrow. p a r t s  of t h e  wider ,  C lass  I c a n a l s ) ;  and 

o water  p o l l u t i o n  of t h e  c a n a l s .  

Since  t h e  b u i l d i n g  of t h e  High Dam t h e  v e l o c i t y  of t h e  r i v e r  has  
been reduced, a change which produced an inc reased  s i l t a t i o n  of e n t r a i n e d  
matter. P r e s e n t l y  t h e r e  a r e  o n l y  two dredges  above Cairo  i n  t h e  N i l e  
River .  Th i s  number would need t o  be  inc reased  f i v e - f o l d  t o  main ta in  a 
c o n s t a n t  1.8 meter d r a f t .  However, t h e  real and f i n a l  s o l u t i o n  of t h e  
dredging problem i s  t h e  t o t a l  r e g u l a t i o n  of t h e  r i v e r  wi th  b a r g e s  and 

' 

l o c k s  t h a t  r e g u l a t e  f low and t r a f f i c .  

The problem of bank p r o t e c t i o n  is a b i t  more d e l i c a t e ,  b u t  e a s i e r  t o  
f a c e  inc rementa l ly .  ' B a n k  e r o s i o n  occurs  i n  narrow c a n a l s  when barge  
t r a f f i c  is f r e q u e n t  and heavy. One such c a s e  is  a p o r t i o n  of t h e  
B e h e i r i  Canal j u s t  o u t s i d e  of Alexandr ia ,  about  200 mete r s  i n  f r o n t  of 
t h e  last  two l o c k s  of t h e  c a n a l .  T h e - c a n a l ,  which is  planned t o  be  
widened t o  32 mete r s  i n  t h e  immediate f u t u r e ,  i s  o n l y  25 mete r s  wide a t  
t h i s  p o i n t .  The M i n i s t r y  o f  I r r i g a t i o n  h a s  n o t  y e t  agreed t o  widening 
t h e  c a n a l  t o  40 mete r s ,  which would reduce bank e r o s i o n .  Two c r o s s i n g  
b a r g e s ,  o f  two o r  t h r e e  u n i t s  each ,  a t  f u l l  speed,  w i l l  produce wakes 
t h a t  cause  bank e r o s i o n .  Both t h e  B e h e i r i  Canal and t h e  c o n t i n u a t i o n  
towards C a i r o ,  t h e  Noburia Canal,  have no bank p r o t e c t i o n .  The problem 
is  c r e a t e d  by t h e  backwash waves o f  pass ing  barges  and aggravated by t h e  
fine-sand s u b s o i l  by t h e  c a n a l s .  The c u r r e n t  (even as s low a s  0.5 
meter/second) and t h e  p r o p e l l e r  screws of t h e  v e s s e l s  suck up t h e  sand 
under t h e  bank, even where t h e  bank i s  p a r t i a l l y  p r o t e c t e d .  Typical  and 
e f f e c t i v e  p r o t e c t i o n  a g a i n s t  e r o s i o n  is a l a y e r  of r i p - r a p  n e t  placed on 
a l a y e r  o f  g r a v e l  and s m a l l  s t o n e s .  I n  c a s e s  of l o c a l i z e d  damage, t h e  
gaps i n  t h e  bank can be  f i l l e d  wi th  s l i g h t l y  l a r g e r  s t o n e  m a t e r i a l .  
P l a n t i n g  a d d i t i o n a l  r e e d s  cou ld  a l s o  add t o  bank p r o t e c t i o n  i n  l e s s  
demanding c i rcumstances .  

The environmental  problems of i n l a n d  waterways a r e  those  of n o i s e  
p o l l u t i o n  i n  t h e  immediate v i c i n i t y  o f  t h e  c a n a l ,  and o i l  p o l l u t i o n  from 
motor c r a f t .  The f i r s t  problem can b e  reso lved  by a d o p t i n g  proper  
c o n s t r u c t i o n  s t a n d a r d s  a s  w e l l  a s  o p e r a t i n g  s t a n d a r d s  f o r  ba rges  which 
w i l l  reduce t h e  e f f e c t i v e  n o i s e  i n  t h e  immediate v i c i n i t y  o f  t h e  c a n a l s .  
The problem of o i l  p o l l u t i o n  of t h e  in land  waterways stems from water  
e n t e r i n g  t h e  v e s s e l s  through t h e  bear ing  of t h e  t a i l  s h a f t ,  and accumu- 
l a t i o n s  o f  waste  o i l  p roduc t s  a t  t h e  bottom of t h e  v e s s e l s  due t o  random 
l e a k s  of pumps, c l e a n i n g  of t h e  eng ines ,  o i l  changes,  e t c .  



In  t y p i c a l  European barge opera t ions  one may expect  up to  1.5 
tons of waste petroleum products annually.  A s i m i l a r  amount should be 
expected f o r  f u t u r e  Egyptian opera t ions .  The most e f f e c t i v e  so lu t ion  to  
t h i s  problem i s  c o n t r o l  a t  its source.  This i s  done with t he  construc- 
t i o n  of p roper ly  designed and located s t a t i o n s ,  wi th in  the  network of 
cana ls , 'where  barges  can convenient ly  and economically be  cleaned 
and t h e i r  waste petroleum products disposed o f .  Regulations r equ i r ing  
such ope ra t i ons  and annual inspec t ions  a r e  a l s o  needed. Such environmental 
con t ro l  s t a t i o n s  a r e  r e l a t i v e l y  s imple t o  cons t ruc t  and ope ra t e ,  cons is t -  
ing of two s e t t l i n g  tanks and one o r  two pumps t o  draw t h e  waste m a t e r i a l s  
from a l l  p a r t s  of the  v e s s e l  t o  the  s e t t l i n g  tanks.  
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1.0 OVERVIEW 

Egypt's f o s s i l  energy r e s o u r c e s  a r e  e s s e n t i a l l y  t h o s e  of pet roleum 
and n a t u r a l  g a s ,  b u t  c o a l  d e p o s i t s  e x i s t ,  one of which h a s  a p o t e n t i a l  
f o r  development. Inconc lus ive  evidences  of bituminous s h a l e s  have been 
noted. Tar  sands  s o  f a r  have n o t  been discovered.  Petroleum r e s e r v o i r s  
have been d e l i n e a t e d  i n  t h e  Gulf of Suez and i n  t h e  Western Deser t .  The 
major p roduc t ion  of n a t u r a l  g a s  is  t h a t  a s s o c i a t e d  w i t h  Gulf of Suez o i l  
product ion.  Gas p roduc t ion  i n  t h e  Western Desert and i n  t h e  Delta 
r e g i o n s  is  non-associa ted k i t h  o i l  product ion.  

Th is  i n v e s t i g a t i o n  of Egypt's f o s s i l  energy supp ly  o p t i o n s  was 
c a r r i e d  o u t  over  t h e  two month p e r i o d  from MarchiApri l ,  1978, and 
inc luded  a p e r i o d  of v i s i t s  and i n t e r v i e w s  i n  Egypt. A number of 
o p t i o n s  have been i d e n t i f i e d  and e v a l u a t e d  i n  terms of t h e i r  a p p l i c a -  
b i l i t y  toward supp ly ing  Egypt's energy needs f o r  t h e  ba lance  of t h e  
century.  The l i m i t e d  t ime  a v a i l a b l e  f o r  i n v e s t i g a t i o n  .compels t h e  
f i n d i n g s  t o  be q u a l i t a t i v e  i n  t h e i r  impacts ,  p a r t i c u l a r l y  wi th  r e s p e c t  
t o  t h e  f i n a n c i a l  impacts. Useful  work t o  develop t h e s e  o p t i o n s  f u r t h e r  
shou ld  i n c l u d e  c o s t  e s t i m a t i o n s  f o r  t h e  more promising. 

1.1 Coal, 

The most s i g n i f i c a n t  market f o r  c o a l  is a p o t e n t i a l  one. It would 
e x i s t  i n  t h e  supp ly  of m e t a l l u r g i c a l  coke f o r  t h e  i r o n  and s t e e l  i n d u s t r y  
a t ,Helwan.  By 1982, Egypt should  be import ing 1.5 m i l l i o n  m e t r i c  t o n s  
of m e t a l l u r g i c a l  c o a l  p e r  y e a r  f o r  coke making. Other  markets  could  b e  
t h e  thermal  g e n e r a t i o n  of e l e c t r i c i t y ,  steam r a i s i n g ,  and o t h e r  indus- 
t r i a l  h e a t  a p p l i c a t i o n s .  F u t u r e  demand f o r  e l e c t r i c i t y  w i l l  exceed t h e  
h y d r o e l e c t r i c  g e n e r a t i o n  c a p a c i t y ,  and d e f i c i e n c i e s  w i l l  have t o  be  met 
from o t h e r  energy sources .  

1.1.1 Reserves:  The c o a l  r e s e r v e s  s o  f a r  e x i s t  a t  Maghara i n  t h e  
S i n a i ,  about  150 k i l o m e t e r s  (km) e a s t  of I s m a i l i a .  Recoverable r e s o u r c e s  
a r e  e s t i m a t e d  t o  be 35.6 m i l l i o n  m e t r i c  t o n s  wi th  p r o s p e c t s  t h a t  t h i s  
q u a n t i t y  might double i f  e x p l o r a t i o n  were c a r r i e d  f u r t h e r .  Coal e x i s t s  
i n  t h e  d e p o s i t  i n  two s e p a r a t e d  mineable seams, t h e  upper 0.80 meter (m) 
t h i c k  (2.6 f e e t )  and t h e  lower main seam 1.9 m (6.25 f e e t ) .  The two 
seams l i e  an  unknown d i s t a n c e  a p a r t  w i t h i n  a zone of c o a l  b e a r i n g  
sequences 90-100 m t h i c k  (300-350 f e e t ) .  Coal q u a l i t y  is e q u i v a l e n t  t o  
subbituminous wi th  c h a r a c t e r i s t i c s  ranging a s  fo l lows :  

Upper Seam Lower (Main) Seam 

Mois tu re ,  wt. % 

S u l f u r ,  w t .  % 
(combustible) 

Gross Heat ing Value 
Kg-Cal/Kg 
Btu / lb  



The known r e s e r v e s  a t  Maghara can s u p p o r t  a  maximum produc t ion  
e x t r a c t i o n  r a t e  of 1.2 m i l l i o n  m e t r i c  t o n s  p e r  y e a r  and w i l l  p rov ide  a n  
a d e q u a t e l y  long  p e r i o d  (30 y e a r s )  f o r  a m o r t i z a t i o n  of c a p i t a l  inves tments .  

1.1.2 P r o d u c t i o n / E x t r a c t i o n :  The e x t r a c t i o n  o p t i o n  i s  conven t iona l  
underground mining by e i t h e r  t h e  room and p i l l a r  method o r  t h e  longwal l  
mining method. The p r e c i s e  method f o r  e x t r a c t i o n  r e q u i r e s  a  b e t t e r  
p h y s i c a l  knowledge of t h e  d e p o s i t .  For example, t h e  longwal l  method may 
n o t  b e  a p p l i c a b l e  when'two seams a r e  t o  b e  e x t r a c t e d  i n  t h e  same zone. 
However, i f  t h e  room and p i l l a r  method i s  s e l e c t e d ;  r ecovery  of  c o a l  may 
b e  reduced,  the reby  dropping t h e  r e s e r v e s  t o  about 25 m i l l i o n  t o n s .  
E x t r a c t i o n  r a t e s  may b e  e i t h e r  300,000 o r  1,200,000 m e t r i c  tons  p e r  yea r  
depending on t h e  u t i l i z a t i o n  of t h e  c o a l .  

1.1.3 T r a n s p o r t a t i o n :  The c l o s e s t  p o i n t  of a c c e s s  t o  t h e  market  
from t h e  mine s i t e  i s  I s m a i l i a ,  about  150 km t o  t h e  west .  The o p t i o n s  
f o r  t r a n s p o r t  a r e  t r u c k  and highway a t  any c a p a c i t y  of e x t r a c t i o n ,  and 
f o r  maximum c a p a c i t y  t h e  c o n s t r u c t i o n  of a  r a i l  l i n e  o r  a  s l u r r y  p i p e l i n e .  
I n  a l l  o p t i o n s  a  c r o s s i n g  of t h e  Suez Canal is r e q u i r e d ,  e i t h e r  by br , idge  
o r  t u n n e l .  The highway o p t i o n  w i l l  r e q u i r e  i n £  r a s t r u c t u r e  improvement 
of  t h e  I s m a i l i a I E l  Ar i sh  road and of t h e  branch road t o  t h e  m i n e s i t e .  
The p r e s e n t  c o n d i t i o n  of t h e s e  roads  i s  unknown. 

1.1.4. Conversion:  The most a t t r a c t i v e  o p t i o n  appears  t o  b e  t h e  
b l e n d i n g  of t h e  Maghara c o a l  w i t h  imported m e t a l l u r g i c a l  c o a l  a t    el wan. 
By 1982, abou t  300,000 m e t r i c  t o n s  cou ld  be blended wi th  about  1,200,000 
m e t r i c  t o n s  of imported coking c o a l  t o  produce t h e  coke r e q u i r e d  a t  
Helwan. Ear ly  work b e f o r e  1967 i n d i c a t e d  t h a t  a  s a t i s f a c t o r y  coke could  
be  made t h i s  way, and t h e  f a c i l i t y  t o  t e s t  coke b l e n d s  on a  l a b o r a t o r y  
s c a l e  i s  be ing  i n s t a l l e d .  The s m a l l  b l a s t  f u r n a c e  (450 T / D )  a t  Helwan 
can  b e  u t i l i z e d  t o  test t h e  a c c e p t a b i l i t y  of  l a r g e  samples of coke 
produced from b lends  of Maghara c o a l  and imported coa l .  

Other o p t i o n s  o r i e n t e d  toward t h e  i r o n  and s t e e l  i n d u s t r y  i n v o l v e  
t h e  p o t e n t i a l  i n c r e a s e  i n  t h e  consumption of Maghara c o a l  by,  f o r  . . 

example, f i r s t  c a r b o n i z i n g  and t h e n  b lend ing  t h e  char .  Presuming sue,- 
c e s s f u l  exper imenta t ion ,  t h e  q u a n t i t y  of  Maghara c o a l  might b e  i n c r e a s e d  
t o  1.2 m i l l i o n  m e t r i c  t o n s  pe r  yea r  wi th  concomitant  p roduc t ion  of  c o a l  
t a r  p roduc t s .  The p r o d u c t i o n  of formed coke cou ld  a l s o  b e  cons ide red  t o  
r e p l a c e  a l l  imported c o a l  provided exper imenta t ion  i s  s u c c e s s f u l  and 
c o a l  r e s e r v e s  can b e  a t  l e a s t  t r i p l e d  through f u r t h e r  b x p l o r a t i b n .  ' 

' ..; 
. .  . 

An e x t r a c t i o n  of 300,000 m e t r i c  t o n s  pe r  cbuld  s u p p o r t ,  a t  t h e  
mine s i te ,  t h e  g e n e r a t i o n  of about  80 megawatts ( m e )  of e l q c t r i c i t y .  . 
T h i s  would be  a  l o c a l i z e d  supply  des igned t o s u p p o r t  r e g i o n a l  development. 
A t r a n s m i s s i o n  l i n e  -from Isma'i l ia  would be  r e q u i r e d  t o  sec'ure t h e  's.upply,. 
o r  t o  ' p rov ide  a n  o u t l e t  f o r  any' s u r p l u s  g e n e r a t i o n .  Another'  o p t i o n N i s  . . 
t h e  c o n s t r u c t i o n  of g e n e r a t i o n  c a p a c i t y  a t  I s m a i l i a  a t  t h e  f u l l  mine 
o u t p u t  t o  p rov ide  375 MWe t o  Egypt's Uni f i ed  Power System. This. would 
b e  a  base-loaded s t a t i o n ,  and cou ld  avoid  t h e  use. of r e s i d u a l  -fuel '  0x1, 
t h e r e b y  r e l e a s i n g  a  co r respond ing  q u a n t i t y  (15., 100 BID): o f .  f u e l  o i l  f o r  

- . :  . :. . - . .. 
e x p o r t .  
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Other p o s s i b i l i t i e s  inc lude  steam r a i s i n g  and i n d u s t r i a l  hea t  
a p p l i c a t i o n s  (e.g., cement k i l n s ) .  

1.1.5 Impacts: Open mining opera t ions  a t  Maghara a t  the low 
e x t r a c t i o n  r a t e  could provide employment,, according t o  a  recent  (1977) 
e s t ima te ,  f o r  about 1,325 miners. Accordingly, a  g ros s  fo recas t  of the 
s i z e  of t he  mining community might be  the following: 

Low Rate  High Rate  

Output, MTY 300,000 1,200,000 

Employment, Di rec t  1,325 5,300 

I n d i r e c t  175 200 

Tota l  1,500 5,500 

Community Populat ion 9,000 33,000 

Therefore ,  investments would be required f o r  the  opening of the  mine and 
the  cons t ruc t ion  of the  community f a c i l i t i e s ,  inc lud ing  housing, markets,  
schools ,  h o s p i t a l ,  mosques, e l e c t r i c i t y  supply, water supply, and. roads. 
Pa r t  of t he se  investments,  perhaps 40 t o  50 pe rcen t ,  could be expended 
i n  f o r e i g n  exchange. 

Mining opera t ions  a t  Maghara, on the  o ther  hand, could provide 
sav ings  o r  earn ings  i n  cu r r en t  o r  p ro jec ted  fo re ign  exchange a s  fol lows:  

Option 

Blend Coal with Imported 
Me ta l l u rg i ca l  Coal 

Power Generation 375 MWe 

Prospect ive Earning (E) or  
Foreign Exchange Savings (S) 
Without Option With Option 

Mi l l ion  U .S . $ /YR Mi l l ion  U .S. $/YR 

22.5(S). . 

60.6 (E) 

1.1.6 Po l i cy  impl ica t ions :  The development of the  S ina i  coa l  
resource is c o n s i s t e n t  with Government po l i cy  t o  d i spe r se  populat ion.  
Depending on the ex t en t  of the  resource ,  a  new permanent community can 
be e s t ab l i shed  of 9,000 t o  33,000 populat ion s o l e l y  t o  support  mining 
a c t i v i t i e s .  I f  t he  p r o j e c t  t o  develop a g r i c u l t u r a l  land i n  the  S ina i  
through the  extension of the  I sma i l i a  cana l  is  implemented, t h e  farming 
community t hus  e s t ab l i shed  and the  mining community can be mutual ly  
suppor t ive .  

1.1.7 Key ' i n i t i a t i n p  ac t i ons :  No ac t ion  is p r a c t i c a l  u n t i l  the  
na t ion  is phys i ca l l y  i n  possession of t he  t e r r i t o r y  i n  which the  coa l  
depos i t  occurs .  A t  such a , t i m e ,  t h e  information on the  depos i t  would 



have t o  be  supplemented, probably  wi th  f u r t h e r  d r i l l i n g ,  t o  enab le  a 
mining p lan  t o  be  e s t a b l i s h e d  and c o s t  e s t i m a t e s  t o  be  prepared.  This  
p l a n  would be p r e r e q u i s i t e  t o  f i n a n c i n g  t h e  c a p i t a l  c o s t  and t o  t r a i n i n g  
t h e  manager ia l  and o p e r a t i n g  personnel .  Co inc iden ta l  wi th  t h e  planning 
o f . t h e  mine, l a r g e  samples of t h e  c o a l  would be  shipped t o  t h e  coke 
works a t  Helwan t o  enab le  them t o  experiment wi th  b lends ,  t o  produce 
coke.exper imental . ly  f o r  q u a l i t y  e v a l u a t i o n ,  and,  e v e n t u a l l y ,  t o  produce 
l a r g e  samples of coke f o r  e v a l u a t i o n  i n  t h e  s m a l l  b l a s t  f u r n a c e  of t h e  
s t e e l  works. The r e s u l t s  would e n a b l e  a p r i c e  t o  b e  set f o r  t h e  coke, 
and ,  i n  t u r n ,  a p r i c e  t o  be paid  a t  t h e  coke works f o r  t h e  Maghara c o a l .  

F i n a l l y ,  a s  t h e  mining p r o j e c t  beg ins  t o  b e  implemented, and a cash  
f l o w  o c c u r s ,  some funds  can b e  a l l o c a t e d  t o  f u r t h e r  e x p l o r a t i o n  aimed a t  
e s t a b l i s h i n g '  t h e  u l t i m a t e  e x t e n t  o f ,  and t h e  r e s e r v e s  i n ,  t h e  c o a l  
d e p o s i t .  Then t h e  d e s i r a b i l i t y  and a t t r a c t i v e n e s s  of e x e r c i s i n g  t h e  
o t h e r  o p t i o n s  can b e  assess'ed. 

1.2 Petroleum 

The markets f o r  Egyptian petroleum a l r e a d y  e x i s t ,  bo th  domes t ica l ly  
f o r  petroleum p r o d u c t s ,  and i n t e r n a t i o n a l l y  f o r  t h e  expor t  of c rude  o i l  
and s e l e c t e d  petroleum p r o d u c t s  such  as r e s i d u a l  f u e l  o i l  and l i g h t  
naphtha . 

1.2.1 Reserves:  Egypt's petroleum r e s e r v e s  a r e  es t imated  t o  range  
between 2.1 and 5.1 b i l l i o n  b a r r e l s .  The Egyptian General  Petroleum 
Corporat ion h a s  e s t i m a t e d  r e s e r v e s  a t  t h e  end of 1977 a t  2.1 b i l l i o n  
b a r r e l s ,  w i t h  a corresponding p roduc t ion  of 414,000 b a r r e l s  per  day. 
Known r e s e r v e s  correspond t o  13.9 y e a r s  of p roduc t ion  a t  t h i s  rate. 
Most of t h e  r e s e r v e s  a r e  l o c a t e d  i n  t h e  Gulf of Suez where t h e  r e s e r v e s  
range  i s  e s t i m a t e d  t o  b e  2.4 t o  3.3 b i l l i o n  b a r r e l s  i n  20 f i e l d s  n o t  
producing o i l .  Other r e s e r v e s  occur  i n  t h e  Western Desert. 

A n a t i o n a l  g o a l  i s  t o  a t t a i n  p roduc t ion  of o i l  ( i n c l u d i n g  t h e  o i l  
e q u i v a l e n t  of n a t u r a l  g a s )  i n  1982 of 1,000,000 BID. This  would r e q u i r e  
t h e  doubl ing of r e s e r v e s  a s  e s t i m a t e d  by EGPC t o  4.2 b i l l i o n  b a r r e l s ,  a  
l e v e l  which i s  w i t h i n  t h e  range  es t imated  by o t h e r s .  

Only 40 p e r c e n t  of t h e  promising o i l  p rospec t ing  a r e a s  of Egypt 
have been addressed wi th  more than a cursory  examination.  The Gulf of 
Suez h o l d s  t h e  most immediate p r o s p e c t s  f o r  r e p l a c i n g  o r  i n c r e a s i n g  the. 
r e s e r v e s ,  b u t  wi th  d imin i sh ing  r e s u l t s  a s  medium dep th  s t r u c t u r e s  a r e  
d r i l l e d .  Masking s a l t  beds  i n  t h e  Gulf have prevented i n t e r p r e t a t i o n  of 
t h e  lower s t r u c t u r e .  

.1? . . 

,1.2.2 Product ion:  Petroleum produc t ion  i n  Egypt o c c u r s ' m a i n l y  i n  
t h e  .primary mode, i.e., through t h e  movement of o i l  i n t o  w e l l s  because 
of t.he n a t i v e  energy p r e s e n t  i n  t h e  r e s e r v o i r .  No a c t i v i t y  i s  o c c u r r i n g  
t o  main ta in  t h e  r e s e r v o i r  p r e s s u r e  through g a s  o r  water  i n j e c t i o n ,  and 
l i t t l e '  t o  i n c r e a s e  recovery through waterf looding o r  t o  improve recovery 
through r e s e r v o i r  s t i m u l a t i o n .  One exper ience  in .  wa te r f lood ing  took 
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p l a c e  a t  t h e  E l  Morgan f i e l d ,  which was f looded on ly  a f t e r  r e s e r v o i r  
p r e s s u r e  had decreased t o  one-third of t h e  i n i t i a l  l e v e l .  A second 
wate r f lood ing  p r o j e c t  i s  scheduled f o r  t h e  J u l y  f i e l d  i n  t h e  Gulf of 
Suez l a t e r  i n  1978. 

S e p a r a t e l y  from t h i s  assessment ,  t h e  Egyptian Government and t h e  
U.S. Department of Energy a r e  coopera t ing  i n  a  p r o s p e c t i v e  enhanced o i l  
recovery p r o j e c t  i n  the  R a s  Gharib f i e l d .  These r e s u l t s  can p rov ide  a 
b a s i s  f o r  p r o j e c t s  i n  o t h e r  producing f i e l d s .  

1.2.3 T r a n s p o r t a t i o n :  By 1982, a l l  Egyptian r e f i n e r i e s  excep t  
those  -in A l e x a n d r i a w i l l  be a b l e  t o  r e c e i v e  c rude  o i l  from t h e  Gulf of 
Suez by p i p e l i n e .  The Alexandria r e f i n e r i e s  w i l l  r e c e i v e  crude o i l  by 
t a n k e r .  Th i s  p a t t e r n  seems adequate  f o r  t h e  f u t u r e  d e l i v e r y  of c r u d e  
o i l  t o  r e f i n e r i e s .  

1.2.4 Ref in ing :  The two o p t i o n s  f o r  meeting demand f o r  r e f i n e d  
petroleum produc t s  a r e  t h e  c o n s t r u c t i o n  of low-gasoline r e f i n e r i e s  and 
high-gasol ine  r e f i n e r i e s .  The o p t i o n  of no r e f i n e r i e s  wi th  e x p o r t s  of 
c r u d e  o i l  and import  of p roduc t s  i s  r e j e c t e d  a s  unresponsive  t o  Egyptian 
n a t i o n a l  p o l i c y .  The i n d i c a t i o n  is t h a t  t h e  demand p a t t e r n  can b e  
f u l f i l l e d  by the low-gasoline type r e f i n e r y .  

Throughput c a p a c i t y  f o r  each r e f i n e r y  p r o j e c t  would ' reasonab ly  b e  
' 100,000 BID, which is t h e  c a p a c i t y  f o r  t h e  c u r r e n t  p r o j e c t  a t  Suez. 

Ref ine ry  l o c a t i o n s  should s u i t  t h e  market  c e n t e r s ,  and l i k e l y  l o c a t i o n s  
i n  t h e  f u t u r e  appear t o  be El  Shukheir  ( a  new r e f i n e r y  a t  t h e  l o c a t i o n  
o f  t h e  p r o j e c t e d  on-shore t e rmina l  of t h e  g a t h e r i n g  system f o r  t h e  
o f f - shore  p roduc t ion  i n  t h e  Gulf of Suez) and a d d i t i o n s  t o  t h e  r e f i n e r i e s  
a t  Cairo  (Mostorod) and Alexandr ia  ( E l  Almeriya).  According t o  Egyptian 
government v iews ,  one new r e f i n e r y  would. be c o n s t r u c t e d  dur ing  each 
f ive-year-plan per iod .  Thus, two o r  t h r e e  r e f i n e r i e s ,  p l u s  t h e  Suez 
u n i t  a l r e a d y  planned,  should  cover i n c r e a s e s  i n  demand f o r  petroleum 
produc t s  through t h e  year  2000. 

1.2.5 Suez coke product ion:  A c o n t r a c t u a l  agreement between t h e  
Suez O i l  P rocess ing  Company and t h e  Aluminum Company of Egypt covers  t h e  - . . 

supp ly  of pet roleum coke from a  r e f i n e r y  a t  Suez f o r  e l e c t r o d e  manufac- 
t u r e  a t  t h e  s m e l t e r  a t  Nag Hammadi. A major investment  is underway t o  
r e c o n s t r u c t  t h e  coking u n i t  a t  t h e  S u e z ' r e f i n e r y .  It appears  t h a t  a  
major t e c h n i c a l  problem w i l l  e x i s t  i n  t h e  vanadium and n i c k e l  con ten t  of 
t h e  coke which w i l l  be too h i g h  by a f a c t o r  of two. Desp i te  c o n t r a c t u a l  
o b l i g a t i o n s  t o  a c c e p t ,  t h e  smel te r  may b e  f o r c e d .  t o  r e j e c t  Suez coke and 
con t inue  t o  import  a  s a t i s f a c t o r y  m a t e r i a l .  I n  t h i s  e v e n t ,  a n  o p t i o n  '.., 

e x i s t s  t o  d i v e r t  Suez pet roleum coke t o  Helwan f o r  b lending wi th  
imported m e t a l l u r g i c a l  c o a l  f o r  coke making. However, t h i s  would 
exclude t h e  o p t i o n  t o  u t i l i z e  Maghara c o a l  i n  t h e  same f a s h i o n .  

1.2.6 E l e c t r i c i t y  g e n e r a t i o n :  About 50 p e r c e n t  of t h e  r e f i n e r y  
~ r o d u c t  mix, c u r r e n t l y  and f o r  t h e  f u t u r e ,  i s  r e s i d u a l ' f u e l  o i l .  The 
;wo o p t i o n s - f o r  t h e  d i s p o s a l  of t h i s  product  a r e  ( a )  expor t  and (b )  t h e  



g e n e r a t i o n  of e l e c t r i c  power. Egypt is advantageously  l o c a t e d  w i t h  
r e s p e c t  t o  e x p o r t  markets  f o r  f u e l  o i l ,  s i n c e  s h i p s  i n  t r a n s i t  i n  t h e  
Suez Canal o f t e n  need rebunker ing-  and payments made b e n e f i t  t h e  f o r e i g n  
exchange balance.  Thus, d i v e r s i o n  of f u e l  o i l  t o  e l e c t r i c i t y  g e n e r a t i o n  
can be  thought of a s  a  l o s s  i n  f o r e i g n  exchange revenue,  depending upon 
t h e  q u a n t i t i e s  involved.  

New c o n s t r u c t i o n  of r e s i d u a l - o i l  f u e l e d  power s t a t i o n s  shou ld  b e  of 
modern low h e a t - r a t e  des ign  s i z e d  t o  t h e  c a p a c i t y  of Egypt's Uni f i ed  
Power System, namely about  450 MWe. S t a t i o n s  would be c o n s t r u c t e d  a s  
r e q u i r e d  by load  growth a t  sites s u i t e d  t o  t h e  load  c e n t e r s ,  as permi t t ed  
by t h e  a v a i l a b i l i t y  of c o o l i n g  water.  Designs may be  chosen t o  minimize 
c o o l i n g  wate r  consumption through r e c i r c u l a t i o n .  A s  t h e  t o t a l  c a p a c i t y  
of t h e  Uni f i ed  Power System i n c r e a s e s ,  new g e n e r a t i n g  u n i t  c a p a c i t i e s  
would l i k e w i s e  i n c r e a s e  s o  t h a t  each new u n i t  i s  about  10 p e r c e n t  of 

. system capac i ty .  

Peak power g e n e r a t i o n  is  l i k e l y  t o  be  f u e l e d  w i t h  n a t u r a l  gas ,  b u t  
s t andby  d i s t i l l a t e  f u e l  would be  needed i n  t h e  even t  of i n t e r r u p t i o n s  i n  
t h e  n a t u r a l  gas  supply.  As new l a r g e r  c a p a c i t y  is c o n s t r u c t e d ,  t h e  
o l d e r ,  s m a l l e r ,  l e s s  e f f i c i e n t  u n i t s  shou ld  b e  r e e v a l u a t e d  f o r  peaking 
s e r v i c e .  

1.2.7 Impacts:  The most important  e f f e c t  of Egypt's a c t i v i t i e s  i n  
t h e  pet roleum s e c t o r  is  t h e  f o r e i g n  exchange t h a t  can be  earned from t h e  
e x p o r t  of c rude  o i l . .  Given t h e  achievement of t h e  s t a t e d  g o a l  of 
p roduc t ion  of c rude  o i l  i n  1982 of 1 m i l l i o n  b a r r e l s  p e r  day, i n c l u d i n g  
t h e  c rude  o i l  e q u i v a l e n t  of n a t u r a l  g a s ,  t h e  d i s p o s i t i o n  would be t h e  
fo l lowing  : 

1. Produc t ion  of N a t u r a l  Gas 
(580 m i l l i o n  SCFD) 

2. E x p l o r a t i o n  and Produc t ion  
Companies' Share  

3. Egypt ian Government Share  
(a )  .To r e f i n e r y  
(b) To e x p o r t  

T o t a l  1,000,000 B I D  

The expor t  of 316,000 B I D  f o r  a y e a r  a t  a U.S. $12 p e r  b a r r e l  p r i c e  
r e p r e s e n t s  a  f o r e i g n  exchange e a r n i n g  of U.S. $1,390 m i l l i o n .  I n  
a d d i t i o n ,  some of t h e  r e f i n e d  p roduc t ion  i s  l i k e w i s e  e x p o r t a b l e ,  namely, 
t h e  f u e l  o i l  and l i g h t  naphtha f r a c t i o n s .  

I f  markets j u s t i f y  i t ,  t h e  c o n s t r u c t i o n  of a r e f i n e r y  a t  E l  Shukheir ,  
where t h e  o f f - shore  p roduc t ion  w i l l  be  c o l l e c t e d  f o r  t r a n s m i s s i o n  by 
p i p e l i n e  t o  Suez, can  p rov ide  a b a s e  f o r  i n d u s t r i a l  development and 
concomitant employment. Th i s  l o c a t i o n  may be  a good b a s e  f o r  t h e  supply 



of f u t u r e  market growth southward a long t h e  c o a s t  t o  t h e  alumina p o r t  a t  
Safaga and thence  in land  t o  t h e  Oena-Aswan area. The o t h e r  p r o s p e c t i v e  
Locations f o r  new r e f i n e r i e s  i n v o l v e  a d d i t i o n s  t o  e x i s t i n g  r e f i n e r i e s  
and would have on ly  a  marginal  e f f e c t  on employment. 

The El Shukheir  s i te  could p rov ide  employment f o r  perhaps  1,000 
persons  and add 6,000 persons  t o  t h e  l o c a l  a r e a .  A r e f i n e r y  a d d i t i o n  i n  
an a l r e a d y  developed a r e a  could have about h a l f  t h e  employment r e s u l t s .  

1.2.8 P o l i c y  i m p l i c a t i o n s :  To a s s u r e  t h a t  t h e  g o a l  of a  m i l l i o n  
b a r r e l s  per  day p roduc t ion  can be achieved,  government p o l i c y  may need 
r e c o n s i d e r a t i o n  i n  two ways. One apparen t  p o l i c y  seems t o  be  s e c r e c y  
wi th  r e s p e c t  t o  t h e  exchange of geo log ic  d a t a  of a  r e g i o n a l  n a t u r e .  
Accordingly ,  no b e n e f i t  i s  gained through d i s c u s s i o n s  of i n t e r p r e t a t i o n s  
of t e c h n i c a l  in fo rmat ion  t h a t  normal ly  does  n o t  impact on t h e  p r i v a t e  
i n t e r e s t s  of c o n c e s s i o n a i r e s  b u t  r a t h e r  enab les  each of them t o  be  more 
e f f e c t i v e  i n  ach iev ing  s u c c e s s f u l  e x p l o r a t i o n  of h i s  concess ion.  

A second example is  t h e  apparen t  l a c k  of a  concer ted  p o l i c y  t o  
cons ider  comprehensive secondary and t e r t i a r y  recovery  o f  t h e  known 
petroleum r e s e r v o i r s ,  a l though  some a c t i v i t y  i n  secondary recovery  o f  an 
ad-hoc n a t u r e  is  noted.  A concer ted  p o l i c y  i n  t h i s  r e s p e c t  i s  needed i n  
o r d e r  t o  p r o t e c t  t h e  goverluuenc i n t e r e s t s  i n  maximizing recovery which 
may n o t  c o i n c i d e  wi th  t h e  i n t e r e s t s  of c o n c e s s i o n a i r e s  who o f t e n t i m e s  
have o t h e r  non-Egyptian a l t e r n a t i v e s  f o r  investment and p roduc t ion  which 
a r e  of no b e n e f i t  t o  Egypt. 

With r e s p e c t  t o  consumption of r e s i d u a l  f u e l  o i l ,  a  p o l i c y  of 
encouraging more e f f i c i e n t  combustion, p a r t i c u l a r l y  i n  i n d u s t r i a l  
f u r n a c e s  and power b o i l e r s ,  and of conver t ing  o l d e r ,  low-ef f  i c i e n c y ,  
g e n e r a t i o n  s t a t i o n s  t o  peaking use  through replacement by l a r g e r  h i g h  
e f f i c i e n c y  u n i t s ,  w i l l  r e l e a s e  q u a n t i t i e s  o f  f u e l  f o r  expor t .  These 
q u a n t i t i e s  may b e  s i g n i f i c a n t  enough t o  warrant  t h e  f o r e i g n  exchange 
c o s t s  of t h e  new inves tments .  

1.2.9 Key i n i t i a t i n g  a c t i o n s :  Three a c t i o n s  appear  warranted.  
F i r s t ,  g e o l o g i c a l  and geophysical  communication should be f a c i l i t a t e d  
through s t a n d a r d i z a t i o n  of s u b s u r f a c e  s e c t i o n s  wi th  s t andard  nomenclature.  
Th i s  would e n t a i l  t h e  s e r v i c e s  o f  e x p e r t s  i n  a  thoroughly planned 
program of d a t a  e v a l u a t i o n  from t h e  s t r a t i g r a p h i c a l l y  d e e p e s t  w e l l s  
throughout ' t h e  o i l  provinces .  Second, b a s i c  r e g i o n a l  framework,' begin- 
n ing wi th  basement t e c t o n i c s  and pa leozo ic  rock d i s t r i b u t i o n s ,  needs  t o  
b e  b e t t e r  unders tood.  Th is  could  i n v o l v e  new f i e l d  work t o  e s t a b l i s h  
r e f e r e n c e  se i smic  r e f r a c t i o n  l i n e s  t o  which a v a i l a b l e  d a t a  can be  
r e l a t e d  f o r  b e t t e r  i n t e r p r e t a t i o n . '  S t r a t i g r a p h i c  a n a l y s i s  would f o l l o w ,  
through d r i l l i n g  .a number of test h o l e s  and performing s e i s m i c  s t r a t i -  
graphy. Th i rd ,  t h e  s i t u a t i o n  regard ing  t h e  p o s i t i o n  of secondary and 
t e r t i a r y  recovery  of r e s e r v o i r s  should be reviewed a t  t h e  appropr ' i a t e  
l e v e l  i n  government i n  terms o f  n a t i o n a l  i n t e r e s t  t o  under take t h i s  type 
of o i l  product ion.  Concession p o l i c i e s  should be modif ied t o  encourage 
such recovery  t o  t h e  e x t e n t  n a t i o n a l  i n t e r e s t  d i c t a t e s .  

. . . . 
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F i n a l l y ,  a n  i n s t i t u t i o n a l  e f f o r t  t o  promote e f f i c i e n c y  i n  t h e  
combustion of r e s i d u a l  f u e l .  o i l ,  e s p e c i a l l y  among t.he l a r g e r  consumers, 
shou ld  be launched a s  a government s e r v i c e .  The scope of t h i s  e f f o r t  
cou ld  i n v o l v e  t h e  i n s t a l l a t i o n  and r e c o n d i t i o n i n g  of d e v i c e s  t o  measure 
e f f i c i e n c y  and t h e  d e t e r m i n a t i o n  of bo th  d e s i g n  and o p e r a t i o n a l  modifi-  
c a t i o n s  t o  combustion d e v i c e s  t o  i n c r e a s e  e f f i c i e n c y .  

1.3 N a t u r a l  Gas 

The markets  f o r  Egyptian n a t u r a l  g a s  a r e  e s s e n t i a l l y  domestic.  
Q u a n t i t i e s  of r e s e r v e s  do n o t  appear  t o  war ran t  expor t .  

1.3.1 Reserves/Product ion:  Egypt's n a t u r a l  g a s  r e s e r v e s  a r e  
es t imated  t o . r a n g e  from 2.5 t o  4.0 t r i l l i o n  c u b i c  f e e t .  An e s t i m a t e  by 
t h e  Egyptian General  Petroleum Corporat ion of r e s e r v e s  a t  t h e  beginning 
of 1978 i s  3.9 t r i l l i o n  c u b i c  f e e t  (74 m i l l i o n  t o n s ) .  The 1977 produc- 
t i o n  was 88.3 b i l l i o n  c u b i c  f e e t ,  of  which 70.6 b i l l i o n  c u b i c  f e e t  was 
a s s o c i a t e d  g a s  and 17.7 cub ic  f e e t  non-associated.  The p r o j e c t i o n  f o r  
1978 produc t ion  is  678 m i l l i o n  cub ic  f e e t  p e r  day (240 b i l l i o n  cub ic  
f e e t  per y e a r ) .  Of t h e  1977 produc t ion ,  53.0 b i l l i o n  cub ic  f e e t  i s  
e s t i m a t e d  t o  have been a s s o c i a t e d  g a s  t h a t  was f l a r e d  i n  t h e  Gulf o f  
Suez. This i s  e q u i v a l e n t  i n  h e a t i n g  v a l u e  t o  23,200 b a r r e l s  per  day of 
r e s i d u a l  f u e l  o i l .  

1.3.2 U t i l i z a t i o n :  The o p t i o n  is t o  p rov ide  f o r  t o t a l  u t i l i z a t i o n  
of t h e  g a s  and t h e  e l i m i n a t i o n  of waste  i n  f l a r i n g  by c r e a t i n g  a  n a t i o n a l  
p i p e l i n e  g r i d  t o  connect  a l l  consuming l o c a t i o n s .  The g r i d  can be  
s u p p l i e d  from a l l  sources  of a s s o c i a t e d  g a s ;  d e f i c i e n c i e s  can b e  made up 
by the .non-assoc ia ted  g a s  product ion.  Some elements  of such a  g r i d  a r e  
a l r e a d y  i n  e x i s t e n c e ,  e.g., t h e  24-inch l i n e  from Abu Gharadig t o  
Helwan. A 16-inch l i n e  is  under s tudy  t o  b r i n g  t h e  a s s o c i a t e d  g a s  from 
t h e  Gulf of Suez t o  Suez and Cairo .  Smaller  l i n e s  connect  non-associated 
g a s  p roduc t ion  i n  t h e  D e l t a  t o  s p e c i f i c  consumers. The o p t i o n  r e q u i r e s  
t h a t  a l l  e x i s t i n g  and new p i p e l i n e  p r o j e c t s  b e  i n t e g r a t e d  i n t o  one 
n a t i o n a l  p i p e l i n e  system u l t i m a t e l y  reach ing  a l l  s i g n i f i c a n t  popula t ion  
c e n t e r s .  The system would o p e r a t e  so  t h a t  t h e  p r i o r i t y  s o u r c e  of g a s  
would be any a s s o c i a t e d  g a s  product ion.  The p r i c i n g  formula  f o r  t h e  
p i p e l i n e  g a s  can b e  des igned t o  a s s u r e  t h e  consumption of a l l  a s s o c i a t e d  
g a s  produced. The c a n d i d a t e  p r i c i n g  c a t e g o r i e s  appear  t o  b e  t h e  fo l lowing :  

o  Urban d i s t r i b u t i o n  f o r  water  h e a t i n g  and cooking; 

o  U t i l i z a t i o n  as a chemical  f e e d s t o c k ;  

.o Peak e l e c t r i c i t y  p roduc t ion ;  and 

o  Baseload e l e c t r i c i t y  g e n e r a t i o n .  

The p r i c i n g  formula  adopted should recognize  t h e  use  p a t t e r n  t h a t  b e s t  
s e r v e s  t h e  n a t i o n a l  i n t e r e s t .  
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1.3.3 Urban D i s t r i b u t i o n :  An urban d t s t r i b u t i o n  system is a l r e a d y  
undcr way, in tended  f o r  c u u p l e t i o n  by 1983. It w i l l  d i s t r i b u t e  g a s  from 
Helwan t o  t h e  Helwan, Maadi, Nasr C i t y ,  and H e l i o p o l i s  suburbs  o f  Ca i ro .  
A r e c e n t l y  formed ~ a t i ' o n a l  Gas Company ' w i l l  under take t h e  market ing and 
p u b l i c  r e l a t i o n s  e f f o r t s  t o  "sell" t h e  m e r i t s  o f  n a t u r a l  gas  vis-a-vis  
bu tagas .  Burner o r i f i c e s  w i l l  be a l t e r e d  g r a t i s .  

Expansion could be considered t o  Cairo  i t s e l f ,  through a s e p a r a t e  
system t o  Alexandr ia ,  and t o  t h e  l o c a t i o n s  where new c i t i e s  a r e  planned. 

1.3.4 Chemical f eeds tock :  The two s i g n i f i c a n t  consumers i n  the  
f u t u r e  can be  ammonia-based f e r t i l i z e r  p roducers  and companies a s s o c i a t e d  
wi th  t h e  i r o n  and s t e e l  indust . ry ,  doing d i r e c t  r e d u c t i o n  of i r o n  o r e .  

The two ammonia-based f e r t i l i z e r s  manufactured i n  E g p t  a r e  .calcium 
ammonium n i t r a t e  (CAN) f o r  which about 340 cub ic  meters(M ) (12,000 
SCF) of n a t u r a l  gas  would be  consumed p e r  m e t r i c  ton  of CAN p r  duced; 
and u r e a ,  f o r  which. t h e  n a t u r a l  gas  consumption is about 500 M 

S 
(18,000 SCF) per  m e t r i c  ton of urea .  

The d i r e c t  r e d u c t i o n  of i r o n  o r e  consum s ,  depending on the  o r e  and 5 
t h e  r e d u c t i o n  p r o c e s s ,  between 400 and 600 M ' (15,000-20,000 SCF) per 
m e t r i c  ton  of s t e e l  produced. Addi t iona l  f u e l  ( e l e c t r i c i t y  o f  f u e l  o i l )  
would be  r e q u i r e d  f o r  t h e  s t e e l  making p rocess .  

1.3.5 Peak-load e l e c t r i c i t y  product ion:  Na tura l  gas  is an  i d e a l  
f u e l  f o r  g e n e r a t i o n  of e l e c t r i c i t y  t o  meet peaks i n  demands. The g a s  
t u r b i n e  is  t h e  key equipment i t em and such s t a t i o n s  a l r e a d y  e x i s t  i n  .'-... 
Egypt. One o p t i o n  is  t o  con t inue  on t h i s  pa th  and t o  s i t e  new peaking 
s t a t i o n s  conven ien t ly  n e a r  t h e  n a t i o n a l  p i p e l i n e  g r i d .  D i s t i l l a t e  
pet roleum f u e l  would be the  standby. Another o p t i o n  is t o  r e t i r e  t h e  . 
o l d e r ,  s m a l l e r ,  i n e f f i c i e n t  steam c y c l e  s t a t i o n s  from baseload s e r v i c e ,  
and conver t  them t o  peaking s e r v i c e  wi th  n a t u r a l  g a s  and/or  d i s t i l l a t e  
f u e l s .  This  o p t i o n  would no t  b e  a s  convenient  t o  o p e r a t e  a s  t h e  g a s  
t u r b i n e ,  b u t  i t  could  reduce c a p i t a l  needs and conserve r e s i d u a l  f u e l  
o i l .  New peaking s t a t i o n s  would probably  have a c a p a c i t y  of about 50 
MWe and would be i n s t a l l e d  a s  n e a r  a s  p r a c t i c a l  t o  load c e n t e r s .  

1.3.6 Base-load e l e c t r i c i t y  genera t ion :  The c y c l e  g a s  t u r b i n e  and 
steam t u r b i n e  could  be combined t o  g e n e r a t e  b a s e  load  e l e c t r i c i t y  on t h e  
s c a l e  of about  450 MWe. Such a s t a t i o n  could comprise f o u r  s t andard ized  
77 MWe g a s  t u r b i n e s ,  each  y i t h  an e l e c t r i c i t y  g e n e r a t o r  and waste-heat 
b o i l e r .  The combined steam g e n e r a t i o n  would o p e r a t e  one 154 MWe steam 
t u r b i n e .  The t o t a l  c y c l e  would have an e f f i c i e n c y  o f  42 p e r c e n t ,  which 
corresponds t o  a h e a t  r a t e  qf about 2,040 KgCal/kWh (8,100 ~ t u / k W h ) ,  o r  
a g a s  consumption of 0.23nM (8.05 SCF) per  kWh. 

A l t e r n a t i v e l y ,  n a t u r a l  gas  could be used i n  more conven t iona l  
c y c l e s  by p rov id ing  e x i s t i n g  o r  new i n s t a l l a t i o n s  wi th  d u a l  f i r i n g  
c a p a b i l i t y .  Each steam g e n e r a t o r  could be f i r e d  wi th  e i t h e r  r e s i d u a l  
f u e l  o i l  o r  n a t u r a l  gas ,  o r  a combination of b o t h .  Th is  is  an  o p t i o n  
a l r e a d y  under c o n s i d e r a t i o n .  



1 . 3 . 7  Impact: The es tab l i shment  of a  n a t i o n a l  p i p e l i n e  g r i d  w i l l  
have two r e s u l t s ,  bo th  a f f e c t i n g  f o r e i g n  exchange.. I f  t h e  n a t u r a l  gas  is  
f u r t h e r  d i s t r i b u t e d  f o r  urban u s e ,  a  major decrease  i n  t h e  f o r e i g n  
exchange expendi tu res  f o r  imported LPG (butagas)  can occur which can 
h e l p  o f f s e t  t h e  f o r e i g n  exchange component i n  t h e  p i p e l i n e  investments .  
I f  t h e  p a t t e r n  of use f o r  t h e  n a t u r a l  gas  is c o n t r o l l e d  i n  an a p p r o p r i a t e  
manner, two b e n e f i t s  may b e  achieved : 

o  The f o r e s e e a b l e  a s s o c i a t e d  gas  p roduc t ion  can be consumed 
d o m e s t i c a l l y  i n  Egypt, t h e r e b y  r e l e a s i n g  e x p o r t a b l e  f u e l s  
(e.g., r e s i d u a l  f u e l  o i l )  o r  reducing t h e  impor ta t ion  of 
m e t a l l u r g i c a l  c o a l s  f o r  s t e e l  making. 

o  Non-associated gas  r e s e r v e s  can b e  conserved f o r  t h e  f u t u r e  by 
producing on ly  enough t o  meet d e f i c i e n c i e s  i n  supply f o r  
p r e v a i l i n g  demands. 

1.3.8 P o l i c y  i m p l i c a t i o n s :  No c u r r e n t  formal p o l i c y  encourages  
t h e  fo rmat ion  of a  n a t i o n a l  n a t u r a l  gas  p i p e l i n e  g r i d  o r  s e t s  p r i o r i t i e s  
f o r  t h e  u t i l i z a t i o n  o f  t h e  n a t u r a l  g a s  r e s e r v e s .  'l'he g e n e r a l  t h i n k i n g ,  
however, seeks  t o  g i v e  p r i o r i t y  t o  (1)  i n d u s t r i a l  p rocess  use ,  ( 2 )  
domestic use ,  and ( 3 )  e l e c t r i c i t y  g e n e r a t i o n .  The markets  i n  t h e s e  a r e a s  
a r e  n o t  f i r m l y  - e s t a b l i s h e d  y e t .  

1 . 3 . 9  Key i n i t i a t i n g  a c t i o n s :  Two s e p a r a t e  a c t i o n s  a r e  i n d i c a t e d .  
The f i r s t  is t o  extend t h e  scope of t h e  p r e s e n t  s t u d y  of t h e  El Shukhe i r l  
SuezICairo n a t u r a l  g a s  p i p e l i n e  to  i n c l u d e  t h e  problems of i n t e g r a t i n g  
such a l i n e  wi th  t h e  e x i s t i n g  l i n e s  and wi th  t h e  l i n e s  under c o n s t r u c t i o n .  
The second is t o  a s s e s s  i n  some dep th  t h e  r o l e  d e s i r e d  f o r  n a t u r a l  gas  
i n  meet ing f u t u r e  demands f o r  energy.  Th is  assessment  should  i n c l u d e  a  
p r i o r i t y  sys tem ( i . e . ,  a  system of s u p e r i o r / i n f e r i ' o r  uses )  and a  p r i c i n g  
p o l i c y  t h a t  would a s s u r e  t h e  consumption of f u t u r e  assoc ia ted-gas  
p roduc t ion  i n  a manner , t h a t  most b e n e f i t s  t h e  n a t i o n a l  economy. 

1 . 4  Observa t ions  

The key supp ly  o p t i o n s  t h a t  emerge a r e  pet roleum e x p l o r a t i o n  and 
p roduc t ion  and t h e  u t i l i z a t i o n  of t h e  a s s o c i a t e d  n a t u r a l  gas  product ion.  
Also of pr imary importance is  t h e  p o t e n t i a l  c o s t l y  impasse regard ing  t h e  
supp ly  of petroleum coke f o r  e l e c t r o d e  manufacture  a t  t h e  Nag Hammadi 
aluminum s m e l t e r ,  t h e  need f o r  more e f f i c i e n t  u t i l i z a t i o n  of f u e l  o i l ,  
and t h e  p r i o r i t y  use  f o r  t h e  Maghara c o a l  when it becomes a v a i l a b l e .  
Other  s i g n i f i c a n t  energy supp ly  o p t i o n s  a r e  t h e  c o n s t r u c t i o n  of petroleum 
r e f i n i n g  c a p a c i t y  a s  t h e  need arises and t h e  c o n s t r u c t i o n  of thei-mal 
e l e c t r i c  g e n e r a t i n g  s t a t i o n s  t o  s u i t  r i s i n g  demand f o r  e l e c t r i c i t y . '  
These s t r a i g h t f o r w a r d  supp ly  o p t i o n s  d o  no t  appear  t o  c o n f l i c t  wi th  
e x i s t i n g  p o l i c i e s  o r  r e q u i r e  any unusual  i n i t i a t i n g  a c t i o n s  t o  enab le  
implementation.  

1 . 4 . 1  Petroleum e x p l o r a t i o n :  The e x p l o r a t i o n  and p roduc t ion  
r e c o r d s  of a l l  o i l  companies i n  Egypt need a n a l y s i s .  Summaries need t o  
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be  prepared of r e g i o n a l  r e p o r t s  c u s t o m a r i l y  avai.1 ah1 P ,  and t h e s e  madc 
p u b l i c  t o  assist i n  p r i v a t e  e x p l o r a t i o n  a c t i v i t i e s .  A s p e c i a l i z e d  f i e l d  
e x p l o r a t i o n  program is  a l s o  requ i red .  This  i s  v i t a l  i f  Egypt's s t a t e d  
g o a l  of 1 m i l l i o n  b a r r e l s  pe r  day p roduc t ion  of c r u d e  o i l  ( i n c l u d i n g  
c rude  o i l  e q u i v a l e n t  of n a t u r a l  gas )  i s  t o  be achieved.  There is 
u n c e r t a i n t y  t h a t  t h e s e  needs can be f u l f i l l e d  by 1982. 

1.4.2 Petroleum produc t ion  s t i m u l a t i o n :  Petroleum produc t ion  
s t i m u l a t i o n  is d i s t i n c t  from pr imary p roduc t ion  t h a t  depends on t h e  

I n a t i v e  energy p r e s e n t  i n  t h e  r e s e r v o i r .  The techniques  of p roduc t ion  
s t i m u l a t i o n  i n c l u d e  r e s e r v o i r  p r e s s u r e  maintenance through g a s  o r  water  
i n j e c t i o n ,  wa te r f lood ing ,  o r  enhanced o i l  recovery methods. The use of 
t h e s e  techniques  can i n c r e a s e  recovery of o i l  from known f i e l d s  , permit-  
t i n g  achievement of t h e  p roduc t ion  g o a l  e a r l i e r  than by t h e  e x p l o r a t i o n  
a c t i v i t i e s  noted above. But,  r ecovery  a t t r a c t i v e  t o  t h e  c o n c e s s i o n a i r e ,  
i n  terms o f  p r o f i t  and f l e x i b i l i t y  t o  o p e r a t e  wor ldwide . in  h i s  own 
i n t e r e s t ,  would n o t  n e c e s s a r i l y  b e  a t t r a c t i v e  t o  a government a c t i n g  
i n  t h e  n a t i o n a l  i n t e r e s t .  Na t iona l  i n t e r e s t s  would probably  d i c t a t e  a  
h i g h e r  recovery  t h a n  a  c o n c e s s i o n a i r e  is  w i l l i n g  t o  achieve.  

The f i r s t  p roduc t ion  r e s u l t s  a v a i l a b l e  from wate r f lood ing  i n  t h e  El 
Morgan f i e l d  a r e  encouraging i n  terms o f  s t r i k i n g  t h e  b a l a n c e  between 
p u b l i c  and p r i v a t e  i n t e r e s t s .  The p r e s e n t  70130 formula  f o r  d i v i d i n g  
p roduc t ion  between t h e  government and p r i v a t e  i n t e r e s t s  needs  t o  be 
r e e v a l u a t e d .  The d i v i s i o n  formula ,  wi th  r e s p e c t  t o  inc rementa l  produc- 
t i o n  ob ta ined  from r e s e r v o i r  p r e s s u r e  maintenance,  w a t e r f l o o d i n g ,  and 
enhanced o i l  recovery,  needs  t o  be recons idered .  The e x t e n t  of change, 
namely t h e  r e d u c t i o n  i n  t h e  Government's s h a r e  of o i l  produced by 
s t i m u l a t i o n  methods., shou ld  be the  minimum t h a t  would s t i l l  make use of 
such methods a t t r a c t i v e  t o  t h e  c o n c e s s i o n a i r e .  

1.4.3 U t i l i z a t i o n  of a s s o c i a t e d  n a t u r a l  gas :  Gas produced i n  
a s s o c i a t i o n  w i t h  o i l  i n  t h e  Gulf o f  Suez i s  now being f l a r e d  f o r  l a c k  of 
c o l l e c t i o n ,  t r a n s m i s s i o n ,  d i s t r i b u t i o n  f a c i l i t i e s ,  and developed markets 
f o r  n a t u r a l  gas .  I n d u s t r i a l  development p l a n s  and growing e l e c t r i c i t y  
demand w i l l  u l t i m a t e l y  g e n e r a t e  markets  probably  exceeding Egypt's 
p roduc t ion  c a p a c i t y  f o r  a l l  n a t u r a l  gas.  

The c u r r e n t  s t u d y  o f  t h e  c o l l e c t i o n  of t h e  Gulf o f  Suez a s s o c i a t e d  
n a t u r a l  gas  appears  u n r e l a t e d  t o  o t h e r  n a t u r a l  gas  a c t i v i t i e s  i n  the  
country .  A p o l i c y  t h a t  ( a )  i n t e g r a t e s  all n a t u r a l  gas  p i p e l i n e s  i n t o  a 
n a t i o n a l  i n t e r c o n n e c t e d  system t h a t  can be supp l ied  from a l l  p roduc t ion  
l o c a t i o n s  and reaches  a l l  s i g n i f i c a n t  consuming l o c a t i o n s  and ( b )  es tab-  
l i s h e s  a  p r i c i n g  schedu le  t h a t  a t  l e a s t  a s s u r e s  t h e  consumption of a l l  
a s s o c i a t e d  g a s  p roduc t ion ,  shou ld  be i n  the  n a t i o n a l  i n t e r e s t .  Th i s  
n a t i o n a l  g r i d  concept o f f e r s  t h e  f a c i l i t y  t o  absorb a l l  f o r e s e e a b l e  
p roduc t ion  of a s s o c i a t e d  n a t u r a l  gas  and t h e r e b y  avo id  waste.  This  g a s  
p roduc t ion  can s e r v e  d i s t i n c t  marke t s ,  and t o  t h e  e x t e n t  it  does  s o ,  can 
l i b e r a t e  e q u i v a l e n t  l i q u i d  o i l  f u e l s  f o r  expor t .  



1.4.4 Petroleum coke impasse: A s i t u a t i o n  seems t o  be  developing 
i n  which a major investment  being made i n  t h e  r e s t o r a t i o n  of petroleum 
coking c a p a c i t y  a t  Suez may have l i t t l e  o r  no r e t u r n  on t h e  c a p i t a l ,  
because t h e  e x c e s s i v e  vanadium c o n t e n t  i n  t h e  coke p roduc t  'makes it  
unuseable  by t h e  aluminum smelter a t  Nag Harnmadi. The smel te r  has  
c o n t r a c t e d  f o r  t h e  coke ou tpu t  and w i l l  be s u b j e c t  t o  a p e n a l t y  i f  they  
e v e n t u a l l y  do n o t  accep t  t h e  product .  I f  t h e  aluminum is t o  be s a l a b l e  
on t h e  world market (70 p e r c e n t  of t h e  s m e l t e r  ou tpu t  i n  1982 i s  t o  
b e  e x p o r t e d ) ,  t h e  s m e l t e r  may have no cho ice  but t o  r e j e c t  t h e  coke 
product .  The s i t u a t i o n  should be reviewed promptly a t  t h e  a p p r o p r i a t e  
l e v e l  i n  government t o  a s c e r t a i n  (a )  whether i n  f a c t  an impasse w i l l  
e x i s t ,  and (b) i f  s o ,  what remedial  s t e p s  a r e  now i n  o r d e r .  

1.4.5 F u e l  o i l  u t i l i z a t i o n  e f f i c i e n c y :  Observat ions  made dur ing  
t h e  sample of f i e l d  v i s i t s  t o  power s t a t i o n s  and r e f i n e r i e s  showed a  
l a c k  of knowledge a s  t o  t h e  e f f i c i e n c y  wi th  which f u e l  o i l  was be ing  
consumed. Measuring i n s t r u m e n t s  were e i t h e r  l a c k i n g  o r  i n a p p r o p r i a t e .  
Gross o b s e r v a t i o n s  of f u r n a c e  c o n d i t i o n s  and d i s c u s s i o n s  wi th  o p e r a t i n g  
personne l  p o i n t  t o  t h e  p r o s p e c t s  t h a t  combustion c o n d i t i o n s  could  be 
improved wi th  minimal investment  and e f f o r t .  The f u e l  o i l  q u a n t i t y  t h u s  
l i b e r a t e d  becomes a v a i l a b l e  t o  suppor t  new i n d u s t r i a l  expansion o r  
f o r  expor t .  The s i t u a t i o n  w a r r a n t s  a  q u a n t i t a t i v e  a n a l y s i s  based on 
a c t u a l  e f f i c i e n c y  measurements o f  major f u e l  o i l  consumers. 

1.4.6 Maghara c o a l  u t i l i z a t i o n :  When t h e  c o a l  d e p o s i t s  a t  Maghara 
become a v a i l a b l e ,  t h e  b e s t  o p t i o n  is t o  f o l l o w  t h e  o r i g i n a l  i n t e n t i o n  t o  - 
use t h i s  c o a l  a s  a  component of t h e  c o a l  blend t o  t h e  m e t a l l u r g i c a l  
coke-ovens a t  Helwan. Th is  use could l ead  t o  a mining o p e r a t i o n  on the  
s c a l e  of 300,000 m e t r i c  t o n s  per  year  and t h e  g e n e r a t i o n  of a  cash 
flow. Then f u r t h e r  e x p l o r a t i o n  t o  d i s c o v e r  a d d i t i o n a l  c o a l  r e s e r v e s  can 
b e  under taken.  I f  r e s e r v e s  i n c r e a s e  s u b s t a n t i a l l y ,  c o n s i d e r a t i o n  could 
then be g i v e n  t o  t h e  o t h e r  o p t i o n s  f o r  c o a l  which cou ld  f u r t h e r  reduce 
t h e  import  of m e t a l l u r g i c a l  c o a l  or  p rov ide  an a l t e r n a t i v e  f u e l  f o r  t h e  
g e n e r a t i o n  of e l e c t r i c i t y  o r  i n d u s t r i a l  h e a t .  

2.0 ASSESSMENT OF FOSSIL ENERGY RESOURCES 

The r e c o r d s  and r e p o r t s  on f i l e  in t h e  o f f i c e s  of t h e  Egyptian 
General  Petroleum Corpora t ion  and t h e  Geological  Survey o f  Egypt were 
t h e  b a s i s  f o r  a s s e s s i n g  t h e  f o s s i l - e n e r g y  r e s o u r c e s  o f  Egypt. Accord- 
i n g l y ,  no new d a t a  a c q u i s i t i o n  a c t i v i t i e s  were involved.  A d e t a i l e d  
assessment  of r e s o u r c e s  i s  con ta ined  i n  a s e p a r a t e  Annex. A b r i e f  
summary of t h e  f i n d i n g s  r e l e v a n t  t o  the  d i s c u s s i o n  of supp ly  o p t i o n s  is 
presen ted  h e r e  f o r  convenience.  

The e x t e n t  of Egypt's carbonaceous and o i l  s h a l e  r e s o u r c e  appears  
t o  be marg ina l  i n  comparison wi th  the  p r e s e n t l y  known c o a l ,  pet roleum,  
and n a t u r a l  gas  r e s o u r c e s .  Accordingly,  carbonaceous and o i l  s h a l e s  a r e  
excluded a s  a  r e s o u r c e  and no supp ly  o p t i o n s  a r e  i d e n t i f i e d  i n  t h i s  
Annex. NO r e f e r e n c e  t o  t h e  occurrence of t a r  sands  i n '  Egypt was found. 
Accordingly,  t a r  sands  a r e  a l s o  excluded and no supp ly  o p t i o n s  a r e  
i d e n t i f i e d .  



2.1 Coal - 

Numerous occur rences  of c o a l  i n  Egypt a r e  known. I n  most a r e a s ,  
t h e  knowledge i s  der ived  l a r g e l y  from w e l l  c u t t i n g s ,  e l e c t r i c  l o g s ,  and 
a smal l  number of c o r e s  from w e l l s  d r i l l e d  i n  s e a r c h  of o i l  i n  r e c e n t  
years .  In  t h e  S i n a i  Pen insu la  and a t  a few l o c a l i t i e s  west of t h e  Gulf 
of Suez, t h e  coal-bear ing sequences  a r e  exposed and c l o s e  t o  t h e  s u r f a c e .  
I n  t h e s e  a r e a s  t h e  c o a l  measures have been i n v e s t i g a t e d  by geo log ic  
mapping, d r i l l i n g  and tunne l ing .  

Coal d e p o s i t s  a r e  of d i f f e r e n t  geo log ic  ages  and a r e  t h i n ,  impure, 
l e n t i c u l a r ,  and/or  too  deep (more than  1,000 meters below t h e  s u r f a c e )  . 
Hence, they  a r e  n o t  a t t r a c t i v e  f o r  recovery by conven t iona l  e x t r a c t i o n  
methods. The on ly  c o a l . w i t h  an apparen t  economic p o t e n t i a l  occurs  i n  a 
sedimentary  sequence exposed on t h e  nor thwes te rn  f l a n k  of t h e  Maghara 
a n t i c l i n e ,  a n o r t h e a s t e r l y  t r e n d i n g  s t r u c t u r e  i n  t h e  n o r t h - c e n t r a l  S i n a i  
Peninsula .  

Exp lora t ion  f o r  c o a l  i n  t h e  a r e a  of t h e  Maghara a n t i c l i n e  began 
d u r i n g  1958. An i n t e n s i v e  geo log ic  mapping and e x p l o r a t i o n  program was 
i n s t i t u t e d ,  which r e s u l t e d  i n  d e l i n e a t i n g  r e s e r v e s  s u f f i c i e n t  t o  j u s t i f y  
opening t h e  Safa Mine, about  150 km n o r t h e a s t  of I s m a i l i a  on t h e  Suez 
Canal and 70 km s o u t h e a s t  of El  Ar i sh ,  a p o r t  on t h e  Mediterranean Sea. 
A r a i l w a y  between t h e  two towns (which may have been dismant led)  passes  
w i t h i n  42  km of t h e  Safa mine, and an a s p h a l t  road ( i n  an unknown 
c o n d i t i o n )  connec t ing  t h e  two towns i s  11 km t o  t h e  south .  The a r e a  i s  
surrounded by d r i f t i n g  sand which encroaches  i n  a l l  d i r e c t i o n s ,  p a r t i -  
c u l a r l y  from t h e  n o r t h  and west .  E leva t ions  i n  t h e  a r e a  range from 
300 t o  560 mete r s  above s e a  l e v e l .  

The coal-bear ing sequence i s  90 t o  ,100 m t h i c k  and c o n t a i n s  a s  many 
a s  10 c o a l  seams; however, on ly  two a t t a i n  a mineable  t h i c k n e s s  ( g r e a t e r  
than  0.65 m t h i c k ) .  The two mineable  beds ,  r e f e r r e d  t o  a s  t h e  Main and 
Upper seams, a r e  s e p a r a t e d  by 10 t o  1 3  m of s h a l e ,  sandstone and lime- , 

s t o n e .  The main seam a t t a i n s  a maximum t h i c k n e s s  of approximately 1.90 
m, and t h e  upper seam, 0.80 m. The beds d i p  8-112 t o  11 degrees  nor th-  
w e s t e r l y  and a r e ,  a t  p l a c e s ,  o f f s e t  by f a u l t s .  

Both beds have been explored by a d i t s  and by d r i l l i n g  on a g r i d  
p a t t e r n  wi th  a 400-m spac ing  between h o l e s  i n  t h e  a r e a  of t h e  Safa mine 
and a 1,000-m spac ing  i n  a d j a c e n t  a r e a s .  Coal r e s e r v e s ,  i n  beds t h i c k e t  
than  0.65 m and a s  t h i c k  as 1.9 m ( i n c l u d i n g  c o a l  of main and upper 
seams),  a r e  r e p o r t e d  a s  fo l lows :  

Gross proved 
Probable  
To ta l  

Workable ( r e c o v e r a b l e )  r e s e r v e s  : 

39,900,000 t o n s  
11,900,000 t o n s  
51,800,000 t o n s  

Net proved c o a l  . , 27; 800,000 t o n s  
Probable  7,800,000 t o n s  
To ta l  35,600,000 t o n s  
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The i n d i c a t e d  recovery of 70 p e r c e n t  i s  based on a  "longwall" 
mining t echn ique  f o r  e x t r a c t i o n .  

The c o a l  h a s  a  low a s h  and a  h igh  v o l a t i l e  and s u l f u r  co'ntent .  The 
average  proximate a n a l y s i s  of 23 samples from t h e  main seam is :  5.3 
p e r c e n t  m o i s t u r e ,  10.9 p e r c e n t  a s h ,  49.6 p e r c e n t  v o l a t i l e  m a t t e r ,  31.0 
p e r c e n t  f i x e d  carbon, and 3.35 p e r c e n t  s u l f u r .  The h e a t i n g  v a l u e  i s  
6,855 'K c a l l k g  (12,300 B t u l l b ) .  The average  of 10 samples from t h e  
upper seam is: 4.4 p e r c e n t  m o i s t u r e ,  4.9 p e r c e n t  a s h ,  52.2 p e r c e n t  
v o l a t i l e  m a t t e r ,  38.5 p e r c e n t  f i x e d  carbon, and 2.43 p e r c e n t  s u l f u r .  
The h e a t i n g  v a l u e  i s  7,430 K c a l l k g  (13,400 ~ t u l l b ) .  

By ASTM s t a n d a r d s  t h e  c o a l  is  s u b b i t ~ f n o u s  C r a n k ,  a l though  i t  
c o n t a i n s  a  h igher  pe rcen tage  of v o l a t i l e s  t h a n  t y p i c a l  American western  
subbituminous C c o a l ,  wi th  which i t  can b e  equated.  The c o a l  produces a  
weak coke. The c o a l  i s  d e s c r i b e d  a s  d a r k  brown t o  b l a c k  wi th  v i t r e o u s  
t o  semi-vi t reous  l u s t e r ,  and conchoidal  f r a c t u r e .  Average s p e c i f i c  
g r a v i t y  i s  .1.26. 

A t  t h e  t ime of t h e  I s r a e l i  occupa t ion  of t h e  S i n a i  Pen insu la ,  t h e  
Egyptian Geological  Survey had opened a  s h a f t  and an a d i t ;  had extended 
an  i n c l i n e  360 mete r s  downdip; and had d r i v e n  a  d r i f t  160 mete r s  a long a  
s t r i k e  on t h e  main seam. Also, a n  i n c l i n e  had been d r i v e n  325 mete r s  
downdip a long t h e  upper seam. Reserve d a t a  ob ta ined  subsequent t o  t h e  
opening of t h e  Safa mine i n d i c a t e s  t h a t  t h e  mine opening should be  moved 
t o  a new l o c a t i o n  where mineable r e s e r v e s  are more a c c e s s i b l e .  

The c o a l  b e a r i n g  sequence h a s  n o t  been f u l l y  explored i n  a r e a s  
surrounding t h e  Safa mine. Where t h e  sequence i s  a t  o r  near  t h e  s u r f a c e ,  
i t  may c o n t a i n  a d d i t i o n a l  economic r e s e r v e s .  A methodical  e x p l o r a t i o n  
program w i l l  b e  r e q u i r e d  t o  d i s c o v e r  new d e p o s i t s .  Although l a r g e  
r e s e r v e s  a r e  n o t  a n t i c i p a t e d ,  i t  may b e  p o s s i b l e  t o  double  t h e  known 
r e s e r v e s  i n  t h e  a r e a .  Exploratory  d r i l l i n g  appears  warranted t o  t h e  
nor thwest  and s o u t h e a s t  of t h e  p r e s e n t l y  explored a r e a .  

2.2 Petroleum 

The Egyptian General  Petroleum Corporat ion is  t h e  d e p o s i t o r y  f o r  
e x p l o r a t o r y  and p roduc t ion  r e c o r d s  of a l l  o i l  companies i n  Egypt. n ' e  
r e p o r t s  and r e c o r d s  provided f o r  review were m u l t i t u d i n o u s  and,  i n  some 
c a s e s ,  much too  d e t a i l e d .  The few summary and r e g i o n a l  r e p o r t s ,  mainly  
from d i f f e r e n t  o i l  companies, used d i f f e r e n t  nomenclature and proved t o  
b e  c o n t r a d i c t o r y  i n  major i n t e r p r e t a t i o n s .  These made a  confusing b a s i s  
f o r  even a q u a l i t a t i v e  assessment  of t h e  petroleum p o t e n t i a l  o f ' E g y p t .  
Accordingly ,  a  q u a n t i t a t i v e  assessment  of t h e  petroleum r e s o u r c e s  can b e  
many y e a r s  away, even i f  e x p l o r a t i o n  and d r i l l i n g  a r e  i n t e n s i f i e d .  

Es t imates  of proved r e c o v e r a b l e  o i l  r e s e r v e s  i n  Egypt range from 
2.1 t o  5.1 b i l l i o n  b a r r e l s .  Product ion f o r  1976 averaged over 320,000 
b a r r e l s  a day,  and t h e  Egyptian government hopes t o  a t t a i n  a  r a t e  of 
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1 500,000 b a r r e l s  a day i n  1978 and 1,000,000 b a r r e l s  a day i n  1982.9 
S p e c i f i c a l l y ,  EGPC r e p o r t s  r e s e r v e s  a t  t h e  end of 1977 a s  2.1 x  10 

6  b a r r e l s  and p roduc t ion  i n  1977 of 151 x  10 b a r r e l s ,  o r  an  average  
d a i l y  p roduc t ion  of 414,000 b a r r e l s .  

Most r e s e r v e s  a r e  i n  t h e  Gulf of Suez b a s i n  (es t imated  range from 
2.4 t o  3.3 b i l l i o n  b a r r e l s ) ,  where 20 f i e l d s  produce o i l .  Six commercial 
o i l  d i s c o v e r i e s  have been made i n  t h e  Western Deser t .  The r e s e r v e s  
d i scovered  a r e  e s t i m a t e d  a t  220 m i l l i o n  b a r r e l s  of o i l  and condensate.  
Six  o t h e r  r e c e n t  d i s c o v e r i e s  i n  t h i s  r e g i o n  have n o t  y e t  been eva lua ted .  

The a  e a  of promising petroleum p r o s p e c t s  i n  Egypt t o t a l  more than 5 2 
600,000 km of which on ly  230,000 km a r e  r e p o r t e d  t o  have rece ived  
more than a  c u r s o r y  examination.  P rospec t s  appear  v e r y  f a v o r a b l e  f o r  
s u b s t a n t i a l  undiscovered r e s e r v e s  i n  many p a r t s  of t h i s  l a r g e  a r e a .  

The Gulf of Suez b a s i n  ho lds  t h e  most immediate p r o s p e c t s  f o r  
r e p l a c i n g  and i n c r e a s i n g  t h e  r e s e r v e s ,  b u t  w i l l  have d imin i sh ing  r e s u l t s  
a s  t h e  l a r g e r  medium-depth s t r u c t u r e s  a r e  d r i l l e d .  The development of 
new s e i s m i c  t echn iques  t h a t  w i l l  permit  i n t e r p r e t a t i o n  of s t r u c t u r e  
beneath  t h e  masking sa l t  beds i n  t h e  Gulf of Suez may open new deep 
e x p l o r a t i o n  programs i n  t h e  nex t  few y e a r s .  

The most promising f r o n t i e r  r e g i o n s  a r e  t h e  r e l a t i v e l y  unexplored 
broad expanses of t h e  Western Deser t ,  N i l e  Basin,  t h e  N i l e  De l ta  Basin,  
and n o r t h e r n  S i n a i  a long wi th  t h e  a d j a c e n t  o f f s h o r e  t r a c t s .  It does 
seem p o s s i b l e  t h a t  an  i n t e n s i v e  e x p l o r a t i o n  and d r i l l i n g  program could 
double  t h e  p r e s e n t  r e s e r v e s  i n  10 y e a r s .  

The d i s p a r i t y  i n  t h e  r e s e r v e  d a t a  may b e  t h e  r e s u l t  a£ a l a c k  of 
adequate  communication and exhange of t e c h n i c a l  d a t a  of a  r e g i o n a l  
n a t u r e .  During t h e  review of t h e  d a t a  and l o c a l  r e p o r t s  i n  t h e  f i l e s  of 
t h e  EGPC i t  became apparen t  t h a t  l i t t l e  communication, and perhaps no 
d i s c u s s i o n ,  o f  i n t e r p r e t a t i o n s  of a  r e g i o n a l  n a t u r e  t a k e s  p l a c e  between 
companies, u n i v e r s i t i e s ,  and government agenc ies .  The s t r i c t  confiden- 
t i a l i t y  imposed on most d a t a  b o t h  by the' companies and by t h e  government 
t e n d s  t o  p reven t  t h i s .  Even r e g i o n a l  d a t a  and r e p o r t s  n o t  concerned 
wi th  l o c a l  p r o s p e c t s  have been l i t t l e  used i n  t h e  few pub l i shed  papers .  
A d m i n i s t r a t i v e l y ,  t h i s  is  unders tandable .  It i s  always much s imple r  t o  
r e l e a s e  nothing than t o  make judgments a s  t o  t h e  r e a l  need f o r  sec recy  
i n  t e c h n i c a l  d a t a  of a  r e g i o n a l  na tu re .  

S p e c i f i c a l l y ,  publ ished g e o l o g i c a l  r e p o r t s  of a  r e g i o n a l  n a t u r e  a r e  
needed t o  encourage s c i e n t i f i c  d i s c u s s i o n ,  such a s  o c c u r s  i n  t h e  United 
S t a t e s ,  and t o  permit  l a t e r  workers t o  b u i l d  on e a r l i e r  r e s u l t s .  

7%; 1982 p r o j e c t i o n  i s  f o r  t h e  p roduc t ion  of c rude  o i l  and t h e  
c rude  o i l  e q u i v a l e n t  of n a t u r a l  gas .  One b a r r e l  of o i l  has  a  
h e a t i n g  v a l u e  of 5.8 m i l l i o n  Btu. 
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Examples a r e  ( a )  an  aeromagnetic map, (b)  a g r a v i t y  map, ( c )  a  s e i s m i c  
map, (d )  a  basement t e c t o n i c  map, and ( e )  a  Pa leozo ic  i sopach  map, a l l  
on base  maps a t  1:2,000,000 s c a l e  cover ing a l l  Egypt. These could  b e  
a t t empted  w i t h  t h e  c o l l a b o r a t i o n  of company, u n i v e r s i t y ,  and government 
g e o s c i e n t i s t s  i n  sequence,  s o  t h a t  each year  one o r  two produc t s  could  
b e  a v a i l a b l e  f o r  p u b l i c a t i o n .  The es tab l i shment  of an  Egyptian Petroleum 
Explora t ion  Soc ie ty  a f f i l i a t e d  wi th  t h e  American A s s o c i a t i o n  of Petroleum 
G e o l o g i s t s ,  a  worldwide o r g a n i z a t i o n  of n e a r l y  20,000 members, would be 
a n  easy s t e p  i n  t h e  d i r e c t i o n  of i n t e r c h a n g e  of g e o l o g i c a l  and geophysi- 
c a l  in fo rmat ion  of a  t h e o r e t i c a l  o r  a r e g i o n a l  n a t u r e .  The a v a i l a b i l i t y  
of r e l i a b l e  d a t a  i n  t h e s e  a r e a s  can e s t a b l i s h  t h e  t h i r d  dimensLon of 
Egyptian geology,  and t h e  b a s i s  f o r  main ta in ing ,  if n o t  expanding,  
Egyptian petroleum resources .  

Thus, two b a s i c  concep t s  a r e  needed t o  e s t a b l i s h  t h e  t h i r d  dimension 
i n  Egyptian geology. F i r s t ,  s tandard- type s u b s u r f a c e  s e c t i o n s  wi th  
s t a n d a r d  nomenclature are necessa ry  f o r  g e o l o g i c a 1 , a n d  geophys ica l  
communications. These could  be  b e s t  e s t a b l i s h e d  by s e l e c t i o n  of t h e  
s t r a t i g r a p h i c a l l y  d e e p e s t  w e l l s  wi th  complete samples,  c o r e s ,  and e l e c -  
t r i c  l o g s  i n  each b a s i n  o r  province,  and t h e  p r e p a r a t i o n  of composite 
sample l o g s  by e x p e r t s .  These l o g s  would i n c l u d e  n o t  on ly  l i t h o l o g y  and 
e l e c t r i c a l  c h a r a c t e r i s t i c s  b u t  a l s o  f o s s i l s ,  o i l ,  g a s  and water informa- 
t i o n .  These s t a n d a r d  l o g s  could  then  b e  used t o  extend c o r r e l a t i o n s  
a long c r o s s  s e c t i o n s  des igned t o  o u t l i n e  t h e  r e g i o n a l  s t r a t i g r a p h y  and 
f a c i e s  changes. It might s u f f i c e  t o  have one o r  two s tandard  w e l l  l o g s  
f o r  each p rov ince  such a s  t h e ' w e s t e r n  Deser t  and t h e  N i l e  De l ta ,  and per- 
haps two c r o s s  s e c t i o n s  a t  a  v e r t i c a l  s c a l e  of 1" = 100' a t  r i g h t  a n g l e s  
a c r o s s  each reg ion .  Other e l e c t r i c  l o g s  could  t h e n  be  t i e d  t o  them. 

The second e q u a l l y  g r e a t  need i s  t o  unders tand t h e  b a s i c  r e g i o n a l  
framework. Th is  w i l l  have t o  be  developed, beg inn ing  wi th  t h e  basement 
t e c t o n i c s  and t h e  Paleozoic  rock d i s t r i b u t i o n ,  now s u b j e c t  t o  widely 
d i f f e r e n t  i n t e r p r e t a t i o n s .  One approach t h a t  may b e  suggested i s  
shoo t ing  two s e i s m i c  r e f r a c t i o n  l i n e s  a c r o s s  t h e  Western Deser t  a t  about  
r i g h t  a n g l e s  t o  each o t h e r ,  and each about 100 m i l e s  long ,  t o  determine 
t h e  v e l o c i t y  of t h e  s e i s m i c  i n t e r f a c e s  a t  depth .  This  could  p rov ide  
needed c o n t r o l  t o  determine t h e  tops  of t h e  basement and t h e  Paleozoic  
rocks  f o r  t h e  b a s i c  t e c t o n i c  framework. R e f l e c t i o n  s e i s m i c ,  aero-  
magnetic,  and g r a v i t y  d a t a  now a t  hand can b e  r e l a t e d  t o  t h i s  and b e t t e r  
i n t e r p r e t e d .  

Following t h i s ,  s t r a t i g r a p h i c  a n a l y s i s  of b a s i n s  i s  needed. In 
a d d i t i o n ,  numerous s t r a t i g r a p h i c  t e s t  h o l e s  may b e  r e q u i r e d  t o  e s t a b l i s h  
t h e  v a l i d i t y  of t h e  geophys ica l  r e s u l t s .  Seismic work o f f s h o r e  i n  t h e  
Medi terranean,  e s p e c i a l l y  around t h e  N i l e  D e l t a ,  i s  needed. Seismic 
s t r a t i g r a p h y ,  a r e l a t i v e l y  new approach,  may b e  a p p l i e d  i n  t h e s e  a r e a s .  

Success fu l  e x p l o r a t i o n  i n  Egypt might be  encouraged by s u b s i d i z e d  
e d u c a t i o n a l  e f f o r t s  cover ing  modern concepts  and techniques .  The b a s i c  
g e o l o g i c a l  e d u c a t i o n  of Egyptian e a r t h  s c i e n t i s t s  i s  v e r y  sound, b u t  



con t inu ing  c o n t a c t  w i t h  new t h e o r y  and techn ique  js needed. Topics of 
s p e c i a l  importance i n c l u d e  s t r a t i g r a p h i c  i n t e r p r e t a t i o n  of se i smic  d a t a  
and modern sedimentologic  a n a l y s i s  o f  c l a s t i c ,  c a r b o n a t e ,  and e v a p o r i t e  
d e p o s i t i o n a l  systems. 

2.3 N a t u r a l  Gas 

Na tura l  gas  p roduc t ion  i n  Egypt began i n  1974, and t h e  1977 produc- 
t i o n  o f  g a s  is  es t imated  a t  88.3 b i l l i o n  cub ic  f e e t  (70.6 b i l l i o n  
a s s o c i a t e d ,  17.7 non-associa ted) .  Es t imates  of proved gas  r e s e r v e s  
range  from 2.5 t o  4 t r i l l i o n  cubic  f e e t ;  of  t h i s ,  one e s t i m a t e  a s s i g n s  
1.5 t o  2.5 t r i l l i o n  cub ic  f e e t  t o  the  D e l t a  Basin, 1 t o  1.5 t r i l l i o n  
cub ic  f e e t  t o  t h e  Western D e s e r t ,  and t h e  remainder,  some used f o r  g a s  
l i f t  o f  o i l  and some f l a r e d ,  t o  t h e  El  Morgan f i e l d  i n  t h e  Gulf of. Suez 
b a s i n .  S p e c i f i c a l l y ,  t h e  EGPC h a s  es t imated  3.9 t r i l l i o n  cub ic  f e e t  o f  
g a s  r e s e r v e s  a t  t h e  end of 1977. P r o j e c t i o n s  f o r  1978 produc t ion  a r e  
675 m i l l i o n  cub ic  f e e t  a  day. 

3.0 SELECTION OF SUPPLY OPTIONS 

A supp ly  o p t i o n  is one i d e n t i f i e d  p a t h  among s e v e r a l ,  l i n k i n g  an 
energy r e s o u r c e  wi th  an energy demand. The.path  s e r v e s  t o  h e l p  f i l l  t h e  
demand from t h e  energy r e s o u r c e ,  and i t  is l i k e l y  t o  be  t e c h n o l o g i c a l  i n  
n a t u r e .  The pa th  can invo lve  a  combination of ( a )  t h e  e x t r a c t i o n  of t h e  
r e s o u r c e  t o  make it a v a i l a b l e ,  (b)  t h e  convers ion of t h e  e x t r a c t e d  
r e s o u r c e  t o  ano ther  form s u i t e d  t o  t h e  consuming dev ice ,  and ( c )  t h e  
t r a n s p o r t  of t h e  e x t r a c t e d  resource  o r  t h e  energy form b e f o r e  o r  a f t e r  
convers ion.  

The u l t i m a t e  consumption of a n  e x t r a c t e d  r e s o u r c e  o r  the  energy 
form by t h e  consuming dev ice  is a  s e p a r a t e  i s s u e .  Ana lys i s  of t h e  
v a r i o u s  ways i n  which consumption can occur l e a d s  t o  the  i d e n t i f i c a t i o n  
of demand o p t i o n s ,  which are considered h e r e  t o  be d i s t i n c t  from supply  
o p t i o n s .  The scope of t h i s  Annex i s  l i m i t e d  t o  d i s c u s s i o n  and e v a l u a t i o n  
of supp ly  o p t i o n s  on ly .  

3.1 S e l e c t i o n  C r i t e r i a  

The c r i t e r i a  f o r  s e l e c t i n g  supp ly  o p t i o n s  should a s s u r e  t h a t  each 
supp ly  o p t i o n  w i l l  be attractive, p r a c t i c a b l e ,  and implementable d u r i n g  
t h e  t i m e  frame s e l e c t e d  f o r  the  assessment ,  i . e . ,  from t h e  p r e s e n t  t o  
t h e  year  2000. The c r i t e r i a  t h a t  promise t h i s  a s s u r a n c e  a r e  accord ing ly :  

The U t i l i z a t i o n  of Developed and Proven Technologies .  This  
c r i t e r i o n  s e r v e s  t o  reduce u n c e r t a i n t y  t o  a  manageable l e v e l  wi th  
r e s p e c t  t o  ( a )  schedu les  i n  which implementation of a  supply  o p t i o n  can 
be ach ieved ,  (b)  t h e  c o s t s  which w i l l  be incur red  dur ing  t h e  achieve- 
ment, and ( c )  t h e  r i s k  t h a t  t h e  d e s i r e d  supp ly  r e s u l t s  w i l l  n o t  b e  
ob ta ined .  Thus, t h i s  c r i t e r i o n  e n a b l e s  r e a l i s t i c  f o r e c a s t s  t o  be  made 
of c o s t s  o f  p roduc t ion ,  t h e  amount and a t t r a c t i v e n e s s  of inves tments ,  
and t h e  impacts on t h e  economy, environment,  and i n s t i t u t i o n s .  



The Promotion of Se l f -Re l i ance .  The e x t e n t  t o  which a  n a t i o n  
wishes  t o  b e  s e l f - r e l i a n t ,  i .e . ,  t h e  e x t e n t  t o  which u p s e t s  t o  i t s  
w e l f a r e  can be  avoided when supp ly  channe l s  suddenly  and unexpectedly  
d i s a p p e a r ,  i s  c l e a r l y  a  m a t t e r  f o r  i n t e r n a l  judgment. Never the less ,  , 

supp ly  o p t i o n s  which o f f e r  l o c a l  p roduc t ion  of energy forms t o  f i l l  . 

l o c a l  demands a r e  g iven  p a r t i c u l a r  a t t e n t i o n  and p r e f e r e n c e .  

Amenabi l i ty  t o  L o c a l  F a b r i c a t i o n .  Local  f a b r i c a t i o n  reduces  
f o r e i g n  exchange demand, u t i l i z e s  inves tments  a l r e a d y  made, and in- 
c r e a s e s  l o c a l  employment. These a r e  a l l  p o s i t i v e  f a c t o r s  t h a t  encourage 
economic growth and promote g e n e r a l  w e l f a r e .  

Adequate Reserves  of Energy Resource.  The e x t e n t  of  r e s e r v e s  f o r  
a n  energy r e s o u r c e  shou ld  e n a b l e  t h e  supp ly  o p t i o n  t o  b e  e x e r c i s e d  i n  
f u l f i l l i n g  a demand on a s i g n i f i c a n t l y  l a r g e  s c a l e .  The d e s i r e  i s  t o  
avoid  an  import  of t h a t  same r e s o u r c e  i n  o r d e r  t o  s u p p o r t  t h e  con- 
templated s c a l e  of o p e r a t i o n .  

S u p e r i o r  Usage of t h e  Resource.  I f  a  g iven  r e s o u r c e  i s  l i m i t e d  i n  
r e s e r v e s  and i f  a l t e r n a t i v e  energy r e s o u r c e s  e x i s t ,  which may b e  more. 
p l e n t i f u l  and which can l i k e w i s e  s e r v e  t o  f i l l  a  p a r t i c u l a r  demand, t h e  
a t t r a c t i v e n e s s  of t h e  g iven  s c a r c e r  r e s o u r c e  i n  f i l l i n g  t h a t  demand 
shou ld  be reduced.  

3.2 Supply Opt ions  R e j e c t e d  

The supp ly  o p t i o n s  d i s c u s s e d  below a r e  r e j e c t e d  through a  g e n e r a l  
a p p l i c a t i o n  of t h e  c r i t e r i a  enumerated above. 

3.2.1 Coal-based o p t i o n s  : 

I n - S i t u  G a s i f i c a t i o n .  The deep c o a l  f i n d s  i n  t h e  Western D e s e r t  of  
Egypt may b e  amenable t o  i n - s i t u  g a s i f i c a t i o n  w i t h .  a i r l s t e a m  ,or  oxygen/ 
steam m i x t u r e s  t o  produce low o r  medium h e a t i n g . v a l u e  f u e l  g a s e s  ' . 
r e s p e c t i v e l y .  The- low-Btu g a s e s  cou ld  be  used- fo r  b a s e l o a d - e l e c t r i c i t y  
g e n e r a t i o n ,  and t h e  medium-Btu f u e l  g a s e s  f o r  upgrading t o  s u b s t i t u t e  
p i p e l i n e  g a s ,  f o r  c o n v e r s i o n  t o  hydrogen f o r  ammonia p r o d u c t i o n ,  o r  f o r  
methanol p roduc t ion .  The development of i n - s i t u  g a s i f i c a t i o n  tech- . 
n o l o g i e s  h a s  been underway s i n c e  t h e  1930's i n  many c o u n t r i e s .  The 
U.S.S.R. i s  b e l i e v e d  t o  have i n s t a l l a t i o n s  s t i l l  o p e r a t i n g  f o r  power 
p r o d u c t i o n ,  b u t  i t  a l s o  appears  t h a t  t h e  U.S.S.R. h a s  l a r g e l y  abandoned 
t h e  technology i n  f a v o r  of c o n v e n t i o n a l  c o a l  e x t r a c t i o n  f o r  power. The 
program i n  t h e  United S t a t e s  i s  one of r e s e a r c h  and.development  wi th  
demons t ra t ion  planned f o r  t h e  mid-1980's. 

I 



Given t h e  n a t u r a l  gas  r e s o u r c e  of Egypt, t h e  l a c k  o'f an e x t e n s i v e  
g a s o l i n e  market which might favor  methanol p r o d u c t i o n ,  t h e  amenab i l i ty  
of t h e  c o a l  d e p o s i t  a t  Maghara t o  convent ional  e x t r a c t i o n ,  and non- 
a v a i l a b i l i t y  of well-developed and proven i n - s i t u  g a s i f i c a t i o n  tech- 
nology b e f o r e  t h e  S a t e  1980's, c o n s i d e r a t i o n  of t h i s  o p t i o n  should be 
delayed.  It could  be  recons idered  when f u t u r e  energy demand p a t t e r n s  in  
Egypt and t h e  e x t e n t  of energy r e s o u r c e s  a r e  b e t t e r  known, perhaps  
b e f o r e  t h e  la te  1980's, and when adequa te ly  developed and proven 
technology i s  a v a i l a b l e .  

Above-Ground G a s i f i c a t i o n .  This  pa th  p e r t a i n s  t o  t h e  p roduc t ion  of 
low, medium, o r  i n d i r e c t l y  d e r i v e d  h i g h  Btu f u e l  gases  from mined c o a l .  
These g a s e s  could  have t h e  same u s e s  as t h e  g a s e s  from i n - s i t u  process-  
i n g ,  noted above. F i r s t - g e n e r a t i o n  g a s i f i c a t i o n  t echnolog ies  a r e  
a v a i l a b l e  which have been i n  commercial use f o r  many years .  C u r r e n t l y ,  
second-generat ion t echnolog ies  t h a t  should reduce p roduc t ion  c o s t s  a r e  
a t  v a r i o u s  s t a g e s  of r e s e a r c h ,  development, o r  demonstra t ion.  The 
second-generat ion t echnolog ies  would o p e r a t e  a t  such a  l a r g e  s c a l e  t h a t  
t h e  known Maghara c o a l  r e s e r v e s  would suppor t  o p e r a t i o n s  f o r  on ly  10-15 
y e a r s .  Demonstration and u t i l i z a t i o n  of t h e s e  t echnolog ies  w i l l  no t  
occur  b e f o r e  t h e  l a t e  1980's. 

The f i r s t - g e n e r a t i o n  t echnolog ies  could  o p e r a t e  a t  a smal le r  
s c a l e ,  b u t  most l i k e l y  a t  a  h igh  c o s t  o f  product ion compared t o  t h e  
a l t e r n a t i v e  f u e l  gas  ( n a t u r a l  gas )  a v a i l a b l e  i n  Egypt. The demand 

a s i t u a t i o n  appears  e a s i l y  supported by a v a i l a b l e  n a t u r a l  gas  r e s o u r c e s  i n  
Egypt 

Accordingly,  t h i s  supp ly  o p t i o n  should be d e f e r r e d  i n d e f i n i t e l y ,  
and reviewed a g a i n  when it becomes c l e a r  t h a t  ( a )  Egypt's c o a l  r esources  
a r e  g r e a t e r  than p r e s e n t l y  i n d i c a t e d ,  and (b )  t h e  n a t u r a l  gas  r e s o u r c e  
i s  l i m i t e d  i n  terms of domestic demand. 

L i q u e f a c t i o n .  Th is  o p t i o n  p e r t a i n s  t o  t h e  p roduc t ion  of l i q u i d  
hydrocarbon produc t s  ob ta ined  through t h e  p rocess ing  of mined coa l  by 
hydrogenat ion.  A 50-year-old technology base  reached wartime commercial 
o p e r a t i o n  i n  Germany (1939-1945). The p roduc t s  range  from heavy l i q u i d s  
(which may b e  s o l i d  at  o r d i n a r y  t empera tu re ) ,  s u i t e d  f o r  e l e c t r o d e  . 
manufacture ,  t o  l i g h t  hydrocarbon d i s t i l l a t e s  s u i t e d  a s  t r a n s p o r t  
f u e l s .  C u r r e n t l y ,  i n  t h e  United S t a t e s ,  c o n s i d e r a b l e  p rocess  develop- 
ment e f f o r t  i s  d i r e c t e d  toward l i q u e f a c t i o n ,  aiming a t  c o s t  r e d u c t i o n  
v i a  second g e n e r a t i o n  p rocess ing .  A l a r g e  d i s t i l l a t e  f u e l  demon- 
s t r a t i o n  f a c i l i t y  i s  now under c o n s t r u c t i o n  a t  Ashland, Kentucky, 
and p r o c e s s  development u n i t s  a r e  opera ted  i n  Washington S t a t e  and 
Alabama f o r  us ing  s o l v e n t  r e f i n e d  c o a l  (SRC) a s  a  s u p e r i o r  low-sulfur ,  
low-ash b o i l e r  f u e l .  



L i q u e f a c t i o n  of c o a l  t o  produce a  t r a n s p o r t  f u e l  i s  a  supply o p t i o n  
t h a t  should  be  r e j e c t e d  f o r  t h e  reasons  ( a )  t h e  c o a l  r e s o u r c e  i n  Egypt 
i s  . l i m i t e d  i n  terms o f  needed s c a l e  of o p e r a t i o n  and (b)  t h e  g a s o l i n e  
demand i n  Egypt i s  low. In f a c t ,  Egypt e x p o r t s  s u r p l u s  l i g h t  d i s t i l -  
l a t e s  produced from petroleum. 

The product ' ion of SRC, however, a p p e a r s  t o  be  of i n t e r e s t  a s  
a f e e d s t o c k  f o r  e l e c t r o d e  manufacture t h a t  can s e r v e  Egypt's aluminum 
f a c i l i t y  a t  Nag Hammadi', t h e  p r o j e c t e d  phosphorus r e d u c t i o n  f a c i l i t i e s  
i n  t h e  New Val ley ,  and e x i s t i n g  and p r o j e c t e d  e l e c t r i c  f u r n a c e  s t e e l -  
making f a c i l i t i e s .  Cons idera t ion  of t h i s  supp ly  o p t i o n ,  however, shou ld  
be d e f e r r e d  u n t i l  t h e  supp ly  o p t i o n  d i s c u s s e d  below, e l e c t r o d e  produc- 
t i o n  from petroleum coke,  i s  reso lved .  

Coal Impor ta t ion .  A supp ly  o p t i o n  t h a t  i s  p r a c t i c a l  i n  many 
s i t u a t i o n s  worldwide i s  import  of steam c o a l  f o r  power g e n e r a t i o n .  I n  
t h e  c a s e  of Egypt, t h e  import  of steam coal. f o r  new, power g e n e r a t i o n  
f a c i l i t i e s  could  r e l e a s e  e q u i v a l e n t  f u e l  o i l  f o r  expor t .  Foreign 
exchange thus  earned could  suppor t  t h e  import  of c o a l .  This  i s  n o t  
cons idered  h e r e  because  t h e  a n a l y s i s  would r e q u i r e  an e v a l u a t i o n  of 
world c o a l  markets  which is  beyond t h e  scope of t h i s  assessment .  Also,  
i t  does n o t  meet t h e  s e l f - r e l i a n c e  c r i t e r i o n ,  even though i t  is  tech- . . 
n i c a l l y  f e a s i b l e  t o  p rov ide  a  b o i l e r  d e s i g n  w i t h  a  d u a l  f i r i n g  capa- 
b i l i t y ,  p l u s  t h e  import  of steam c o a l  by an  oi l -producing n a t i o n  may n o t  
b e  p o l i t i c a l l y  f e a s i b l e .  

3.2.2 Petroleum based op t ions :  

Minimal R e f i n e r y  Cons t ruc t ion .  With s u r p l u s  r e f i n e r y  c a p a c i t y  
e x i s t i n g - i n  many l o c a t i o n s  world-wide, Egypt could  avoid  t h e  investment  
i n  new r e f i n e r y  c o n s t r u c t i o n  by import ing p roduc t s  t o  f i t  i t s  demand 
p a t t e r n ,  w h i l e  e x p o r t i n g  t h e  c rude  o i l  p roduc t ion  n o t  consumed i n  
domest ic  r e f i n e r i e s .  This  supp ly  o p t i o n  i s  r e j e c t e d  f o r  t h e  reasons .  ( a )  
i t  v i o l a t e s  t h e  s e l f - r e l i a n c e  c r i t e r i o n ,  and (b) t h e  economy would l o s e ,  
t h e  value-added b e n e f i t s  of a  complete r e f i n i n g  a c t i v i t y .  

I n t e n s i v e  Gaso l ine  Produc t ion .  Gasol ine  p roduc t ion  could  be  
i n c r e a s e d  wi thou t  an  i n c r e a s e  i n  r e f i n e r y  c r u d e  o i l  throughput by 
i n s t a l l i n g  c a t a l y t i c  c rack ing  o r  r e s i d u e  hydrogenat ion i n  t h e  e x i s t i n g  
o r  f u t u r e  r e f i n e r i e s .  Th i s  supply  o p t i o n  i s  r e j e c t e d  because ( a )  t h e  
c u r r e n t  demand p a t t e r n  r e q u i r e s  no new g a s o l i n e  p roduc t ion  o t h e r  than  
t h a t  produced by c a t a l y t i c  reforming of s t r a i g h t  r u n  g a s o l i n e ,  and 
( b )  t h e  f u t u r e  demand p a t t e r n  i s  expected t o  b e  s i m i l a r  and should 
r e q u i r e  o n l y  a  p r o p o r t i o n a t e  i n c r e a s e  i n  r e f i n e r y  c a p a c i t y .  



3.2.3 N a t u r a l  gas based o p t i o n s :  

Export  as LNG. The l i q u e f a c t i o n  and e x p o r t  of n a t u r a l  gas  i n  
s p e c i a l l y  c o n s t r u c t e d  t a n k e r s  i s  a  growing worldwide a c t i v i t y  between 
a r e a s  of low c o s t  n a t u r a l  gas  s u r p l u s e s  and n a t u r a l  g a s  d e f i c i e n c i e s .  
such shipments r e q u i r e  l a r g e - s c a l e  l i q u e f a c t i o n  i n s t a l l a t i o n s .  Th i s  
supp ly  o p t i o n  is r e j e c t e d  f o r  t h e  reason  t h a t  no i n d i c a t i o n  e x i s t s  t h a t  
n a t u r a l  gas  p roduc t ion  i n  Egypt w i l l  r e s u l t  ' i n  s u r p l u s  p roduc t ion  beyond 
n a t i o n a l  needs.  

Methanol S y n t h e s i s .  Na tura l  gas  can be u t i l i z e d  conven ien t ly ,  
wi thout  maj o r  m o d i f i c a t i o n  t o  t h e  conven t iona l  i n t e r n a l  combust i o n  
eng ine ,  by convers ion  t o  methanol and blending wi th  g a s o l i n e .  I n  t h i s  
mode, n a t u r a l  gas  can s e r v e  t o  r e l e a s e  g a s o l i n e  s u p p l i e s  and reduce 
c rude  o i l  consumption domes t ica l ly .  This  o p t i o n  is  r e j e c t e d .  The 
reasons  a r e  ( a )  t h e  Egyptian t r a n s p o r t  needs  a r e  minimal f o r  g a s o l i n e  
and (b)  g a s o l i n e  f r a c t i o n s  of t h e  c rude  o i l  are a l r e a d y  s u r p l u s  and 
a v a i l a b l e  f o r  expor t  a s  l i g h t  naphtha.  Th is  p a t t e r n  of consumption is 
expected t o  con t inue  through t o  t h e  year  2000. 

3 . 3  Options  S e l e c t e d  

The o p t i o n s  s e l e c t e d  a r e  summarized i n  t a b l e  1 and eva lua ted  i n  
t h e  fo l lowing  c h a p t e r .  . .  e 

4.0 EVALUATION OF OPTIONS 

. . 
This  c h a p t e r  a d d r e s s e s  t h e  supply o p t i o n s  i ~ l e c t d d  ' ( table" '1) .  The 

g o a l  was t h e  q u a n t i t a t i v e  e v a l u a t i o n  of each o p t i o n  i n  terms of i t s  
f i n a n c i a l ,  environmental ,  economic, s o c i a l  and i n s t i t u t i o n a l  e f f e c t s ,  
bu t  needed d a t a  were no t  always a v a i l a b l e ,  e s p e c i a l l y  t h e  c o s t s  and 
r e s o u r c e .  consumption a s s o c i a t e d  wi th  t h e  imp1ementatio.n of an o p t i o n .  
The major reasons  f o r  t h e  l a c k  of d a t a  were t h e  a c c e l e r a t e d  schedule-  
adopted f o r  t h e  energy assessment  p r o j e c t  and t h e  l i m i t e d  p r o j e c t  
r e s o u r c e s  t h a t  could  be concen t ra ted  on c o s t  e s t imat ions , .  There fore ,  

, t h e  e v a l u a t i o n s  are b a s i c a l l y  q u a l ' i t a t i v e  wi th  q b a n t i t a t i v e  aspects . ' "  
d i s c u s s e d  on ly  a s  f a r  a s  t h e s e  could be s u p p o r t e d .  ~ n v h o n m e n t a l  
a s p e c t s  a r e  summarized r a t h e r  then de ta i l ed . , .  s i n c e ,  t h e  environmental" 
e f f e c t s  o f  energy snppl.y, o p t i o n s  are '  co?e,red ' i'n t h i s  o i f&ra l l  assessment  

' 

by a  s e p a r a t e  annex. 

4.1 Coal  

Egypt's c o a l  r e s o u r c e s  f o r  t h e  p r e s e n t  and through . . .  - , .  t h e  year  ..... 20003 * . .  

appear t o  be a  s i n g l e  d e p o s i t  a t  Maghara i n  t h e  S i n a i ,  with '  proveii".hnd 
- ' 

probab le  recoverable '  c o a l  r e s e r v e s  o f  35.6 m i l l i o n  m e t r i c  tons .  Once 



:. TABLE 1 

LIST OF SELECTED SUPPLY OPTIONS 

--- 

Resource O b j e c t i v e  Options 

- - -  - 

E x t r a c t i o n  of r e s o u r c e  Room and P i l l a r  Mode; 300,000 MTY 
Room and P i l l a r  Mode ; 1,200,000 MTY 
Longwall Mode; 1,200,000 MTY 

Truck and Highway; 300,000 MTY 
Truck and Highway; 1,200,000 MTY 
Railway; 1,200,000 MTY 
S l u r r y  P i p e l i n e  ; 1,200,000 MTY 

T r a n s p o r t a t i o n  t o  p l a c e  
of use 

E l e c t r i c i t y  g e n e r a t i o n  Mine S i t e  ; 80 MW; 300,000 MTY 
I s m a i l i a ;  375 MW; 1,200,000 MTY 

Blending Agent; 300,000 MTY 
Blending Agent (Char) ; 1,200,000 MTY 
Formed Coke Manufacture; 1,200,000 M: 

M e t a l l u r g i c a l  coke 
manufacture 

Petroleum Product ion ?r imary 
Reservoir  P r e s s u r e  Maintenance 
Water f l o o d i n g  
Enhanced O i l  Recovery 

Petroleum 

Petroleum 

Refining 100,000 BID (5 m i l l i o n  MTY) modules, 
low g a s o l i n e  product  mix. 

A l t e r n a t i v e  u t i l i z a t i o n  of 
petroleum coke p roduc t  

Manufacture of m e t a l l u r g i c a l  coke by 
b lend ing  w i t h  m e t a l l u r g i c a l  coa l .  

8. Petroleum E l e c t r i c  power g e n e r a t i o n  a .  450 MW Module des igned f o r  low h e a t  
r a t e  and r e s i d u a l  o i l  f i r i n g .  

b. Peak g e n e r a t i o n  needs ,  combined wi th  
s i m i l a r  supp ly  o p t i o n  f o r  n a t u r a l  ga: 
d i s t i l l a t e  o i l  f u e l  standby. 

9. Na tura l  Gas' Product ion a .  No e v i d e n t  o p t i o n  beyond conventiona.  
, product ion.  

10. Na tura l  Gas Link a s s o c i a t e d  g a s  pro- a .  Formation' of a Nat iona l  P i p e l i n e  G r i c  
duc t i o n  w i t h  non-asso- 
c i a t e d  p roduc t ion  i n  a . 

u n i f i e d  supp ly  system 

i 
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TABLE 1 (CONTINUED) 

Resource Objec t ive  Options 

11. Natura l  Gas D i s t r i b u t e  n a t u r a l  g a s  
from t h e  u n i f i e d  supply 
system t o  t h e  popula t ion  
c e n t e r s  

12. N a t u r a l  Gas Provide f u e l  f o r  expan- 
s i o n  of s e l e c t e d  indus- 
t r i e s  

13. Na tura l  Gas Peak l o a d  e l e c t r i c i t y  

14. Na tura l  Gas Base load  e l e c t r i c i t y  
g e n e r a t i o n  

a. Cons t ruc t ion  of urban d i s t r i b u t i o n  
system 

a. Use a s  a  Chemical Feedstock f o r  ammonia 
based f e r t i l i z e r  manufacture  and f o r  
d i r e c t  reduced i r o n  o r e  

a. 50 MW g a s  t u r b i n e  ( o r  s u r p l u s  o l d e r  
base-loaded u n i t s )  peaking s t a t i o n s  

a .  Construct  new combined c y c l e  u n i t s  
b. I n s t a l l  dua l  f i r i n g  w i t h  f u e l  o i l  
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f u r t h e r  e x p l o r a t i o n  can b e  f inanced ,  such ' a s  through cash  f low genera ted  
by e x p l o i t a t i o n  of t h e  known r e s e r v e s ,  i t  i s  l i k e l y  t h a t  e x t e n s i o n s  can 
b e  found t o  t h e  Maghara d e p o s i t ,  which cou ld  perhaps a t  l e a s t  double  t h e  
recoverab.le r e s e r v e s .  

The o p t i o n s  d i s c u s s e d  below a r e  based on a  h i g h s i d e  l i m i t a t i o n  of 
1.2 m i l l i o n  t o n s  p e r  year  e x t r a c t i o n .  This  r a t e  w i l l  g i v e  t h e  known- 
d e p o s i t  a  l i f e  of 30 y e a r s ,  s u f f i c i e n t  t o  suppor t  t h e  f u l l  d e p r e c i a t i o n  
of c a p i t a l  inves tments  made t o  e x t r a c t  and u t i l i z e  t h e  c o a l .  

4.1.1 E x t r a c t i o n :  The o p t i o n  s e l e c t e d  i s  one of conven t iona l  
e x t r a c t i o n  by underground mining a t  r a t e s  s u i t e d  t o  t h e  u t i l i z a t i o n  
o p t i o n s  d i s c u s s e d  below. The dep th  of t h e  two c o a l  seams i d e n t i f i e d  
appears  t o  e l i m i n a t e  t h e  o p t i o n  of s u r f a c e  mining. Thus, a two-level  
mining o p e r a t i o n  underground i s  r e q u i r e d  t o  e x t r a c t  t h e  upper and t h e  
lower seams. ' 

The mining methods s e l e c t e d  a r e  ( a )  t h e  room and p i l l a r  type ,  which 
tends  - t o  r e q u i r e  a  lower c a p i t a l  investment  and more . labor i n t e n s i v e  
o p e r a t i o n ,  and (b) t h e  longwal l  mining type ,  which t e n d s  t o  r e q u i r e  a 
h igher  c a p i t a l  investment  and l e s s  l a b o r  i n t e n s i v e  o p e r a t i o n .  The 
d i sadvan tage  of room and p i l l a r  mining i s  i t s  l i m i t a t i o n  on recovery t o  

.' about 50 p e r c e n t  of t h e  d e p o s i t ,  t h u s  d e l i v e r i n g  l e s s  c o a l  t o  t h e  
Egyptian economy from t h e  e x i s t i n g  d e p o s i t .  As noted above ( s e c t i o n  
2.1), r e c o v e r a b l e  r e s e r v e s  of c o a l  a r e  based on about a  70 p e r c e n t  
r ecovery ,  which i s  u s u a l  f o r  longwal l  mining. Room and p i l l a r  mining, 
a c c o r d i n g l y ,  would decrease  t h e  Maghara r e c o v e r a b l e  r e s e r v e s  about 10 
m i l l i o n  tons .  Room and p i l l a r  mining i s  sometimes amenable t o  enhanced 
recovery of c o a l  through c o n t r o l l e d  roof c o l l a p s e  by p i l l a r  removal, t h e  
p i l l a r s  y i e l d i n g  t h e  i n c r e a s e d  c o a l  recovery.  

Longwall mining,  which i s  based on c o n t r o l  of roof c o l l a p s e  d u r i n g  
t h e  e x t r a c t i o n  of t h e  c o a l ,  can have a  l i m i t e d  a p p l i c a t i o n .  Some 
c o n t r o l l i n g  f a c t o r s  a r e  r e s t r i c t i o n s  imposed on t h e  mining o p e r a t i o n  
( t r u e  a l s o  of t h e  p i l l a r  recovery above) t o  avoid  s u r f a c e  subs idence ;  
t h e  need f o r  f a i r l y  cont inuous  r e c t a n g u l a r  b locks  of c o a l  t h a t  permit  
long runs  wi th  each equipment s e t u p ;  t h e  p resence  of roof s t r u c t u r e s  
t h a t  a r e  amenable t o  c o n t r o l l e d  c o l l a p s e ;  t h e  need f o r  a  c l e a n  c o a l  seam 
f r e e  of a b r a s i v e  s h a l e  o r  s l a t e  i n t r u s i o n s  t h a t  wear t h e  b i t s ;  and 
avoidance of two o r  more seams ( a  noteworthy l i m i t a t i o n  wi th  r e s p e c t  t o  
t h e  Maghara d e p o s i t ) .  The p r e c i s e  s e l e c t i o n  of mining method can 
only  b e  made a f t e r  thorough e v a l u a t i o n  of t h e  p h y s i c a l  n a t u r e  of t h e  
c o a l  d e p o s i t .  

The fo l lowing  o b s e r v a t i o n s  may b e  r e l e v a n t  when c o a l  mining a c t i v i t y  
beg ins .  

Cons t ruc t ion .  Excavation t o  open t h e  mine would be  accomplished by 
l o c a l  l a b o r ,  r e q u i r i n g  minimal f o r e i g n  exchange f o r  t o o l s  and equipment. 
Roof b o l t s  and s i m i l a r  equipment could  be  l .oca l ly  f a b r i c a t e d  once 
des igns  a r e  e s t a b l i s h e d  by c o n s u l t a n t s .  Mining equipment, e s p e c i a l l y  i f  



machinery i s  used,  would be  imported. Coal c l e a n i n g  equipment probably 
would i n v o l v e  t h e  procurement of a p l a n t  of s t a n d a r d i z e d  d e s i g n  from 
recognized s u p p l i e r s .  

Operat ion.  Coal mining i s  among the  most dangerous occupa t ions  i n  
t h e  United S t a t e s .  It i s  t o o  e a r l y  t o  e s t i m a t e  what s a f e t y  r e g u l a t i o n s  
and p r a c t i c e s  would be  i n s t i t u t e d  i n  Egyptian mines, when t h e  Maghara 
d e p o s i t  would be opened, and no p a r a l l e l s  wi th  t h e  U. S. occupa t iona l  
i n j u r y  r a t e s  i n  c o a l  mining should be  drawn. Comments may b e  made, 
however, f o r  i l l u s t r a t i v e  purposes.  

The scams are r e l a t i v e l y  t h i n ,  and headroom probably  would n o t  
permit  miners  t o  s t a n d  f u l l  h e i g h t .  P a r t i c u l a r  a t t e n t i o n  would need t o  
be paid  t o  s a f e t y  p r a c t i c e s ,  i n c l u d i n g  i n s t i l l i n g  awareness of hazards  
i n t o  underground personne l .  The e f f e c t i v e n e s s  of modern s a f e t y  p r a c t i c e s  
may b e  i l l u s t r a t e d  by t h e  exper ience  i n  Pennsylvania  i n  1975, where one 
f a t a l i t y  occurred f o r - e a c h  4 m i l l i o n  tons  of bituminous c o a l  mined and 
one non-fa ta l  i n c i d e n t  occurred f o r  each 26,000 t o n s  of c o a l  mined. 
About 600 t o n s  p e r  day of water  would be  needed t o  produce 300,000 MTY 
of c o a l .  A t  a  1.2 m i l l i o n  MTY r a t e ,  water  consumption could  rise t o  
15,000-20,000 t o n s  pe r  day. The mining a r e a  appears  t o  have adequate  
f o s s i l  waters. 

Support ing I n d u s t r y .  A c o a l  mining i n d u s t r y  cou ld  be s e l f - s u f f i -  
"' c i e n t  wi th  r e s p e c t  t o  i t s  own o p e r a t i o n s .  It could  perform i t s  own 

maintenance.  However, i t  would depend on t h e  o p e r a t i o n  of t r a n s p o r t  
i n d u s t r i e s  t o  t a k e  t h e  c o a l  t o  t h e  market c e n t e r s .  

Environment. Comparisons can be  made wi th  t h e  environmental  
impacts  of c o a l  mining i n  t h e  United S t a t e s  o n l y  i n  a l i m i t e d  sense .  
The amount of l and  d i s t u r b a n c e  a s s o c i a t e d  wi th  underground mining i s  
g e n e r a l l y  much l e s s  than  f o r  s t r i p  mining. Disposal  of mine water  is  a 
problem i n  both  t y p e s  of U.S. mines due t o  t h e  conta ined p o l l u t a n t s .  It 
i s  n o t  known i f  mine water would be found o r  b e  a problem i n  an Egyptian 
mine, b u t  adequate  means of d i s p o s a l  could  b e  found i n  t h e  v a s t  d e s e r t  
waste lands  which surround t h e  Maghara d e p o s i t .  

In  a d d i t i o n  t o  t h e  r e l e a s e  of aqueous p o l l u t a n t s ,  a tmospher ic  
p o l l u t i o n  can accompany mining opera t ions .  However, a tmospher ic  po l lu -  
t i o n  r e l e a s e  from an Egyptian mine would be  of less consequence because 
o f  t h e  surrounding d e s e r t  and t h e  extremely low p o p u l a t i o n  d e n s i t i e s  
t h a t  c h a r a c t e r i z e  d e s e r t  a r e a s .  Set t lement  a r e a s  would have t o  b e  
p r o t e c t e d  , however. 

The p rocess ing  of c o a l  ( i . e . ,  removal of non-combustibles and s i z e  
r e d u c t i o n )  i s  ano ther  source  of r e s i d u a l s  f o r  d i s p o s a l .  There should b e  
no d i f f i c u l t y  i n  f i n d i n g  d i s p o s a l  a r e a s  compat ible  w i t h s t h e  d e s e r t  
environment. 

Manpower. Ear ly  p l a n s  (1967) t o  o p e r a t e  t h e  Maghara mine included 
a l a b o r  f o r c e  of 1,742 miners  producing an ou tpu t  of 300,000 MTY. In 
1977, a more mechanized o p e r a t i o n  was proposed t h a t  would reduce t h e  



l abor  fo rce  t o  1,326 miners. A t  a  1.2 mi l l i on  MTY e x t r a c t i o n  r a t e ,  t h e  
l abo r  f o r c e  might increase  t o  5,300. Allowing f o r  175 and 200 i n d i r e c t  
superv isory  and admin i s t r a t i ve  personnel and a  m u l t i p l i e r  of 6  f o r  t o t a l  
populat ion,  t h e  mining community population would be 9,000 and 33,000 
r e spec t ive ly  f o r  the two l e v e l s  of c o a l  ex t r ac t i on .  Because of t he  
uniqueness of t he  opera t ion  i n  terms of Egyptian experiences ,  comprehen- 
s i v e  t r a i n i n g  i n  job p r a c t i c e s  and s a f e t y  would be requi red .  

S o c i a l / ~ n s t i t u t i o n a l .  The establ ishment  of a  mining community 
would represen t  a  populat ion d i s p e r s a l  and a nucleus f o r  f u r t h e r  deve- 
lopment of the  region surrounding the mining a r ea .  The mining operat ion 
i t s e l f  'would probably be  under the 'control of a  bus iness  e n t e r p r i s e  
charged with producing according t o  the c o s t / p r i c e  condi t ions  e s t ab l i shed  
beforehand. The t r a n s p o r t a t i o n  of the  coal  could b e  taken over by 
e x i s t i n g  i n s t i t u t i o n s  a l r eady  engaged i n  t r anspo r t  by convent ional  
means. I f  the  means is a  s l u r r y  p i p e l i n e ,  t h e  l o g i c a l  a c t i o n  might be  
t o  make t h i s  a  r e s p o n s i b i l i t y  of the  coa l  organizat ion.  

* 
Economic. Making coa l  a v a i l a b l e  t o  the Egyptian economy would 

a f f e c t  r e s i d u a l  f u e l  expor t s  and me ta l l u rg i ca l  coa l  imports.  Both 
commodities may be  valued a t .  about U.S. $75/metric ton (b.E. 51). About 
1.7 tons of c o a l  would be needed t o  d i sp l ace  1 ton  of r e s i d u a l  f u e l  o i l ,  
whi le  m e t a l l u r g i c a l  coa l  may be d i sp laced  a t  a  ton per  ton r a t e  i n  quan- 
t i t i e s  up t o  the  1ower.mining r a t e .  A t  t he  higher mining r a t e  about 2.7 
tons  of Maghara coa l  could d i sp l ace  one ton of imported me ta l l u rg i ca l  
c o a l ,  meanwhile making a v a i l a b l e  a  l i n e  of l i q u i d  hydrocarbon products.  
Accordingly, a t  the  lower mining r a t e ,  t h e  fo re ign  exchange va lue  of the 
coa l  is about U.S. $13 m i l l i o n  (b.E. 8.8 mi l l i on )  annual ly  t o  r ep l ace  
r e s i d u a l  f u e l  o i l  f o r  export  and about U.S. $22.5 m i l l i o n  (b.E. 15.3 
mi l l i on )  annual ly  t o  reduce m e t a l l u r g i c a l  coa l  imports.  A t  the  higher 
r a t e ,  t h e  va lue  of f u e l  o i l  l a  about U.S. $52 m i l l i o n  (b.E. 35.4 mi l l i on ) .  
A va lue  wi th  r e s p e c t  t o  imported me ta l l u rg i ca l  coa l  is too  d i f f i c u l t  t o  
determine a t  t h i s  s tage .  Achieving these  r e s u l t s  would r e q u i r e  .new 
investments which can have a  s i g n i f i c a n t  fore ign  exchange component, 
b u t ,  a t  t he  same time, g ros s  n a t i o n a l  product can increase .  Analysis 
r equ i r e s  f u r t h e r  s tudy  involv ing  the  development of r e a l i s t i c  es t imates  
of investment and opera t ing  cos t  es t imates .  

4.1.1.1 Room and p i l l a r  mode. 300.000 MTY r a t e :  , The c a p i t a l  
cos t  and opera t ing  requirements f o r  an underground coal  mining opera t ion  
a r e  l o g i c a l l y  developed only a f t e r  es tabl ishment  of a  mining plan t h a t  
r e f l e c t s  t h e  r e a l i t i e s  of  the  coa l  depos i t  and the  r a t e  of e x t r a c t i o n .  
The v a r i a b l e s  t h a t  c o n t r o l  t he  c o s t s  a r e :  

.o The height  of the  seam, which is  repor ted  a s  0.6 m f o r  
the  upper seam and 1.9 m f o r  the main seam; 

1 . .  

* 
Discussion i n  t h i s  s e c t i o n  r e f e r s  t o  and incorpora tes  a spec t s  of 
the coa l  conversion opt ions  not  ye t  mentioned but evaluated below. 



o R o o f  s t r u c t u r e ,  which can a f f e c t  the s i z e s  of  rooms and 
p i l l a r s ,  and thus t he  coa l  recovery; 

o  Bottom ( f l o o r )  q u a l i t y ,  which can a f f e c t  the load bearing 
c a p a b i l i t y  and hence the type and c o s t s  of haulage 
underground; 

. .. 

o Methane l i b e r a t i o n ,  which can a f f e c t  v e n t i l a t i o n  c o s t s  
and the  provis ion  f o r  hazard con t ro l ;  

o  Hardness of seam, which can a f f e c t  the s e l e c t i o n  of mine 
f ace  equipment and techniques,  and hence p roduc t iv i t y ;  

o  Depth of seam below s u r f a c e ,  which can he lp  t o  a s s e s s ,  
f o r  example, t h e  q u a l i t y  of t he  roof s t r u c t u r e ,  and 

o The presence of water ,  which involves  c o s t s  f o r  con t ro l  
and removal . 

Knowledge of these  v a r i a b l e s  then enables  sd l ec t i o*  of the  des ign  
f a c t o r s  upon which c o s t s  can be based. Examples a r e  the s i z e s  of t he  
p i l l a r s ,  t h e  widths of openings,  t h e  depth of c u t s ,  roof support  tech- 
niques,  and the  percentage of recovery. The mining plan would inc lude  
the  method of e n t r y ,  whe t h e r  by. d r i f t  (when. the depos i t  outcrops a s  . i s  

' t he  case  a t  Maghara) , s h a f t  , o r  s lope  ; and .  the method of haulage. 

It is noteworthy t h a t ,  a f t e r  the opening of the  Safa mine, f u r t h e r  
knowledge of t he  deposi t -  became a v a i l a b l e  which i n d i c a t e s  another  more 
favorab le  l o c a t i o n  f o r  opening a  mine.. The Maghara depos i t  poses even 
g r e a t e r  d i f f i c u l t y  t o  proper planning because of t he  ev ident  l e n t i c u l a r  
na tu re  of t h e  depos i t .  A 1964 estimate ind ica ted  f o r  a  300,000 t o n  per 
year product ion by t h e  longwall  method, a fo re ign  exchange c a p i t a l  cos t  
equiva len t  t o  L.E. 4.1 m i l l i o n  and a l o c a l  cos t  of  L.E., 4.8 mill ion..  
~ i m i i a r  c o s t s  i n  1978 a r e  perhaps two t o  t h r ee  times these  es t imates .  
The product ion c o s t s  e s t ima te  was L.E. 4.60 per  me t r i c  ton ,  which i n  
1978 is  probably i n f l a t e d  t o  L.E. 9 t o  14 per  ton. 

4.1.1.2 Room and p i l l a r  mode. 1.2 m i l l i o n  MTY r a t e :  This 
e x t r a c t i o n  opt ion  is  i d e n t i c a l  with t he  lower e x t r a c t i o n  r a t e  of the  
op t ion  above, with the  except ion t h a t  the  ' ex t rac t ion  r a t e  .is 1.2 mi l l i on  
met r ic  tons per year .  The problems of e s t a b l i s h i n g  a  mining plan a r e  
the  same, except t h a t  the  phys ica l  a c t i v i t i e s  w i l l  occur on a  l a r g e r  
s c a l e ,  and the  c a p i t a l  investments w i l l  be la rger . .  . . 

4.1 .I  .3 Longwall mining mode, 1.2 m i l l i o n  MTY r a t e :  
Longwall mining is  a t t r a c t i v e  when l a r g e  blocks of coa l  can be de l inea t ed ,  
having dimensions on the order  of approximately 90-120 m (300 t o  400 f e e t )  
wide and perhaps 180-210 m (600 o r  700 f e e t )  long. Two e n t r i e s  a r e  dr iven  
along the  length  of t he  block of c o a l  and e x t r a c t i o n  occurs  along the  
width by a  mining machine. The roof over the excavated a r ea  is supported 
along the  width of  the  f ace  by a  system of interconnected jacks.  The 
coa l  is  removed by a  haulage system. A s  coa l  is  mined, t h e  mining 
machine and j.ack . system.. adyanre toward ...th a, .f ac,e , .and. .thg:.!:yoof area.. t h a t  , 

becomes' . ~ & u p p o r t e d . .  is J al,low&d to. c&ll&pP&'- ".'?':,I.. . . '.. . . .;. : \.,'..:.-" .. .'.. . .'. :: 1 
. . , . . . . .  . . 
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Since t h e  mining system i s  c a p i t a l  i n t e n s i v e ,  i t s  a t t r a c t i v e n e s s  
l i e s  i n  t h e  a b i l i t y  t o  d e l i n e a t e  t h e  l a r g e  b locks  of c o a l  con t inuous ly  
'over the  l i f e  of t h e  equipment. The a v a i l a b l e  knowledge of t h e  Maghara 
d e p o s i t  i n d i c a t e s , a  l e n t i c u l a r  d e p o s i t ,  n o t  s u i t e d  t o  longwall .  Also,  
w i t h  two seams t o  be mined, a t  u n s t a t e d  dep ths ,  t h e  c o l l a p s e  of t h e  roof 
f o r  the  main ( lower)  seam may make t h e  upper seam unmineable, i n  which 
c a s e  s u b s t a n t i a l  r e s e r v e s  would be l o s t .  I n  t h i s  r e s p e c t ,  i t  is  note- 
worthy t h a t  t h e  Egyptian mining p lan  b e f o r e  1967 contemplated longwal l  
mining . 

4.1.2 T r a n s p o r t a t i o n :  I n  the  event  t h e  u t i l i z a t i o n  of t h e  c o a l  i s  
t o  occur away from t h e  mine s i te ,  t h e  o p t i o n  s e l e c t e d  i s  t r a n s p o r t a t i o n  
from t h e  mine s i te  t o  I s m a i l i a .  From t h i s  . l o c a t i o n  t h e  c o a l  can be  
moved westward and southward by t h e  t r a n s p o r t a t i o n  i n f r a s t r u c t u r e  
a l r e a d y  i n s t a l l e d  and i n  o p e r a t i o n .  The t r a n s p o r t a t i o n  modes s e l e c t e d  
a r e  road/highway/ t rucks ,  r a i l w a y ,  and c o a l  s l u r r y  p i p e l i n e .  For t h e  
low-rate e x t r a c t i o n  op t  i o n  above, because of t h e  r e l a t i v e l y  s m a l l  
c a p a c i t y ,  o n l y  t h e  f i r s t  mode (road/highway/ t r u c k )  should be cons idered .  

I s m a i l i a  is s e l e c t e d  because it  is  t h e  c l o s e s t  l o c a t i o n  t o  t h e  c o a l  
d e p o s i t  t h a t  r e p r e s e n t s  a  well-developed l i m i t  of Egypt's t r a n s p o r t a t i o n  
i n f r a s t r u c t u r e .  R a i l ,  highway and canal-barge f a c i l i t i e s  should be 
a v a i l a b l e .  

However, a d d i t i o n a l  infrastructure~development would probably  b e  
needed t o  improve t h e  in land  Ismai l ia-El  Arish  road up t o  i ts  i n t e r s e c -  
t i o n  wi th  t h e  mine road and t o  p rov ide  a  tunne l  or  b r i d g e  c r o s s i n g  of 
t h e  Suez Canal. Es t imates  of r e q u i r e d  inves tments  a r e  n o t  f e a s i b l e ,  
s i n c e  t h e  p r e s e n t  c o n d i t i o n  of t h e s e  roads  is  unknown. 

4.1.2.1 Truck and hiphway, 300,000 MTY r a t e :  The d i s t a n c e  
from mine kite t o  I s m a i l i a  (combination of mine road and highway) is 
about 190 km. The t o t a l  t r a n s p o r t ,  mine s i t e  t o  I s m a i l i a ,  i s  about 57 
m i l l i o n  tonne-km annua l ly .  I f  t h e  c a r r y i n g  c a p a c i t y  o f  each t r u c k  i s  
taken  a s  20 t o n s  of c o a l ,  and i f  t h e  average  outward speed is  40 km/hr 
( t h e  t r i p  t o  I s m a i l i a  i s  downhi l l  wi th  a  t o t a l  e l e v a t i o n  drop of about 
700 meters)  and inward speed is  30 km/hr, each t r u c k  w i l l  have an annual  
t r a n s p o r t  c a p a c i t y  (24 hour ,  5  day o p e r a t i o n )  of 8,840 t o n s  of c o a l .  
Thus, (300,000) / (8 ,840)  = 34 t r u c k s  would be  r e q u i r e d .  Trucks would be  
spaced on the  road ( 2 4 ) ( 6 0 ) / ( 3 4 )  = about 42 minutes  a p a r t .  

4.1.2.2 Truck and highway, 1.2 m i l l i o n  MTY r a t e :  Th is  
o p t i o n  is  i d e n t i c a l  wi th  tHe o p t i o n  above, excep t  f o r  c a p a c i t y ,  which is 
f o u r  t imes l a r g e r .  It would appear warranted t o  use  l a r g e r ,  25-ton 
c a p a c i t y  t r u c k s  wi th  a  f a s t e r  inward speed (40 km/hr) . Then each t r u c k  
would have an annual  t r a n s p o r t  c a p a c i t y  o f  12,500 tonnes ,  and (1,200,000)/  
(12,500) ,  o r  96 t r u c k s  would be requ i red .  Trucks would be spaced on t h e  
road about ( 2 4 ) ( 6 0 ) / ( 9 6 )  about 15 minutes a p a r t .  

4.1.2.3 Railway. 1.5 m i l l i o n  MTY r a t e :  A new heavy d u t y  
(60 Kg/ meter r a i l )  s i n g l e  t r a c k  r a i l r o a d  i n  a  right-of-way would b e .  



c o n s t r u c t e d .  A right-of-way a t  t h e  a p p r o p r i a t e  g r a d e  (p robab ly  g r e a t e r  
than normal because o f  t h e  downhi l l  s l o p e  of t h e  loaded t r a i n )  would 
need t o  b e  surveyed. Such a  l i n e  may b e  found t o  be 125 km long. 
S i g n a l s ,  communications, s t r u c t u r e ,  wooden o r  s t e e l  s l e e p e r s ,  g rad ing ,  
and b a l l a s t  would be  involved.  

I f  each c a r  can c a r r y  50 t o n s  and a  t r a i n  of 50 c a r s  is  taken ,  and 
i f  t h e  average  outbound speed is  30 kmlhr and in-bound speed ( u p h i l l -  
unloaded) is  l i k e w i s e  30 kmlhr,  t h e  annual  c a r r y i n g  c a p a c i t y  of a  t r a i n  
would be (5  days per  week o p e r a t i o n )  e x a c t l y  1.2 m i l l i o n  tons .  There fore ,  
o n l y  one t r a i n  would be  r e q u i r e d .  Loading hopper c a p a c i t y  of a t  l e a s t  
2,500 t o n s  would be requ i red  at  t h e  mine. 

4.1.2.4 S l u r r y  p i p e l i n e .  1.2 m i l l i o n  MTY r a t e :  A c o a l  
s l u r r y  p i p e l i n e  system would comprise t h e  s l u r r y  p r e p a r a t i o n  f a c i l i t i e s ,  
t h e  l i n e  i t s e l f ,  and t h e  s l u r r y  dewater ing f a c i l i t i e s .  The on-stream 
f a c t o r  may b e  98 p e r c e n t  (357 days pe r  year )  wi th  a  l i f e  expectancy f o r  
t h e  system of 40 y e a r s .  The l i n e  could be s t r a i g h t ,  100 km long. It 
would be overs ized  t o  permit  blocked o p e r a t i o n ,  i n  which, f o r  p a r t  of 
t h e  t ime,  wa te r  from t h e  dewater ing o p e r a t i o n  is r e t u r n e d , f o r  use i n  the  
s l u r r y i n g  of new c o a l .  S ince  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between mine 
s i te  and Ismai1.i.a I s  approximately  700 m y  t h e  a v a i l a b l e  head could 
p rov ide  p i p e 1  i n e  f l o w  a t  adequate  v e l o c i t y  wi thout  pumping--depend ing  
on t h e  l i n e  s i z e  and r o u t e  s e l e c t e d .  For c a p a c i t y  of 1.2 m i l l i o n  m e t r i c  
t o n s  of c o a l  pe r  y e a r ,  t h e  l i n e  diameter  i n  blocked o p e r a t i o n  would be  
about 14" OD (356 mm).  The p r e p a r a t i o n  p l a n t  would i n c l u d e  t h e  water  
supply ,  hand l ing  and s t o r a g e ,  and a g i t a t e d  s l u r r y  s t o r a g e .  The dewater- 
i n g  p l a n t  would i n c l u d e  the  necessa ry  s l u r r y  t a n k s  and water  t r ea tment .  

4.1.3 E l e c t r i c i t y  g e n e r a t i o n :  The combustion of c o a l  t o  produce 
e l e c t r i c i t y  i s  one o p t i o n  s u i t e d  t o  Egypt's f u t u r e  energy needs .  The 
use o f  a  s o l i d  f u e l  would be a  unique t e c h n o l o g i c a l  e f f o r t ,  s i n c e  
thermal g e n e r a t i o n  of e l e c t r i c i t y  i n  Egypt i n  r e c e n t  y e a r s  has  u t i l i z e d  
on ly  gaseous  and l i q u i e d  hydrocarbon f u e l s .  The new o p e r a t i o n s  would 
invo lve  t h e  handl ing of c o a l  ( s t o r a g e ,  c rush ing  and feed ing  t o  t h e  
b o i l e r s )  t h e  d i s p o s a l  of t h e  incombust ib le  a s h ,  and t h e  management of 
ash  accumulat ions  w i t h i n  the  b o i l e r  i t s e l f .  Otherwise ,  a l l  o p e r a t i o n s  
(such a s  i n  t h e  t u r b o e l e c t r i c  a r e a )  a r e  conven t iona l  and w e l l  known 
and p r a c t i c e d  i n  Egypt. 

Two s c a l e s  o f  g e n e r a t i o n  a r e  cons idered ,  each corresponding t o  one 
.. 

of-  t h e  -soar 'h i t ' rBct i6n r a t e s  d i s c u s s e d  above. The. 300,.000 -mk.tric- t o a  - 

per year  rate corresponds t o  an 80 MWe s t a t i o n  a t  a  h e a t  r a t e  of about 
3,275 Kcallkwh (13,000 BtuIkWh). The 1.2 m i l l i o n  r a t e  corresponds t o  a  
375 MWe s t a t i o n  a t  a h e a t  r a t e  of about 2,770 Kcal/kWh (11,000 Btu/kWh). 

The combustion of c o a l  f o r  power g e n e r a t i o n  would e f f e c t  t h e  
environment p a r t i c u l a r l y  th rough  t h e  emiss ions  of a s h ,  s u l f u r  ox ide ,  and 
n i t r o g e n  ox ides .  A t  80 MWe g e n e r a t i o n ,  t h e  annual  emiss ion wi thout  
c o n t r o l  of a s h  would be approximately  9,600 t o n s  of s u l f u r  ox ides ,  
approximately  17,000 t o n s  of n i t r o g e n  o x i d e s ,  and approximately  2,450 
t o n s  o f  p a r t i c u l a t e s .  A t  375 MWe, t h e  emiss ions  become 38,400 t o n s ,  
68,000 t o n s ,  and 9,800 t o n s  r e s p e c t i v e l y .  



The c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  power s t a t i o n s  would be  an 
inc rementa l  a c t i v i t y  of t h e  Eg.yptian E l e c t r i c i t y  A u t h o r i t y ,  bu t  would 
i n v o l v e  new techn iques  f o r  t h e  combustion of a  s o l i d  f u e l .  Tra in ing  of 
pe rsonne l  i n  hand l ing ,  c r u s h i n g ,  combustion, and waste d i s p o s a l  would be 
r e q u i r e d .  

4.1.3.1 80 MWe g e n e r a t i o n :  An 80 MWe c o a l - f i r e d  e l e c t r i c i t y  
g e n e r a t i o n  s t a t i o n  would be designed t o  have a l i f e  of 30 y e a r s ,  and t o  
b e  baseloaded.  It would be  l o c a t e d  a t  t h e  s i t e  of t h e  coal mine. The 
c o o l i n g  water  c i r c u i t  would be des igned , f o r  a maximum r e c y c l e  and tower 
c o o l i n g .  On t h i s  b a s i s  i t  is  b e l i e v e d  t h a t  adequate  water  is a v a i l a b l e  
a t  t h e  mine l o c a t i o n  t o  p rov ide  t h e  .make-up q u a n t i t y .  The h e a t  r a t e  . .. 
would be about 3,275 ~ c a l / k W h  (13,000 Btu per  kwh). 

The ou tpu t  would p r o v i d e  a  l o c a l  power s o u r c e  f o r  s e t t l e m e n t s  i n  
t h e  v i c i n i t y  of t h e  c o a l  mine. Th is  energy  s u p p l y  could  r e i n f o r c e  
development p l a n s  t o  extend t h e  I s m a i l i a  Canal,  under and a c r o s s  t h e  
Suez Canal about 100 km i n t o  t h e  S i n a i ,  t o  p rov ide  i r r i g a t i o n  water .  
Cons t ruc t ion  of an 80 MWe c a p a c i t y  t r a n s m i s s i o n  l i n e  f r o m ' t h e  n a t i o n a l  
g r i d  a t  I s m a i l i a  t o  t h e  main s i te  would a s s u r e  r e l i a b i l i t y  o f  t h e  
e l e c t r i c i t y  supply.  Also,  s u r p l u s  power g e n e r a t i o n  could  be fed back t o  
t h e  Na t iona l  Power Grid through t h i s  same l i n e .  No t r a n s p o r t  of c o a l  
would be r e q u i r e d .  

The e x p e c t a t i o n s  a r e  t h a t  c o n s i d e r a b l e  c o a l  washing w i l l  be requ i red  
because of t h e  t h i n  c o a l  seams, i f  t h e  combustion of c o a l  occurs  i n  a 
conven t iona l  steam g e n e r a t o r .  The use  of f l u i d  bed combustion equipment -. .. 
could e l i m i n a t e  t h e  need f o r  washing s i n c e  i t  can accommodate a lmost  any 
combus t ib le  m a t e r i a l .  Th i s  technology i s  i n  an advanced s t a g e  of 
development and could be a v a i l a b l e  w i t h i n  t h e  t ime frame of t h i s  
assessment .  

4.1.3.2 3'75 MWe genera t ion :  A 375 MWe c o a l - f i r e d  e l e c t r i c i t y  
g e n e r a t i o n  s t a t i o n  would be des igned t o  b e  baseloaded t o  supp ly  t h e  - -  - 
Nat iona l  Power Grid a t  a  r a t e  t h a t  cor responds  t o  t h e  maximum r a t e  of 
e x t r a c t i o n  o f  c o a l  from proven and probable  c o a l  r e s e r v e s .  I f  t h e  
r e s e r v e s  should expand through f u t u r e  e x p l o r a t i o n ,  t h e  c a p a c i t y  o f  t h e  
s t a t i o n  could b e  inc reased .  The l o c a t i o n  of t h e  s t a t i o n  would be . .. 
I s m a i l i a ,  which would r e q u i r e  t h e  t r a n s p o r t  o f  c o a l  from mine t o  s t a t i o n ,  
as d i s c u s s e d  above. Cool ing ,wate r  could  b e  taken from and re tu rned  t o  
t h e  Suez Canal. The h e a t  rate would. be about 2,770 Kcal/kWh (11,000 

- - s-? . Q Btu.lper ..kJhX, Q u g l j c a t e  f i r i n g  eq,uipnynt,for. f u e l  o.il w u l d - - b e  bc;Luded~ .I--L-, .:c 
t o  a l l o w  f o r  o p e r a t i o n  d u r i n g  .per iods  o f  i n t e r r u p t e d  c o a l  supply .  
Because of t h e  t r a n s p o r t ,  coal .  c l e a n i n g  f a c i l i t i e s  would be provided a t  
t h e  mine s i t e .  This  would r e q u i r e  f i n d i n g  a '  source  of water  a t  t h e  
s i te  o r  b r i n g i n g  i t  from I s m a i l i a  on t h e  r e t u r n  t r i p  of t h e  c o a l  
t r a n s p o r t  f a c i l i t i e s .  

4.1.4 M e t a l l u r p i c a l  c o a l  manufacture:  Egypt's main i r o n  and s t e e l  
manufactur ing i n d u s t r y  i s  l o c a t e d  a t  Helwan, t o  t h e  sou th  o f  Ca i ro ,  and 
is based on the  b l a s t  f u r n a c e  r e d u c t i o n  of domestic i r o n  o r e .  The coke 



needed f o r  t h e  r e d u c t i o n ,  howeves, i s  produced from jmported m e t a l l u r g i c a l  
c o a l  by a  conven t iona l  by-product coke oven i n s t a l l a t i o n  a d j a c e n t  t o  t h e  
s t ee lworks .  A p robab le  r e a l i s t i c  p r i c e  f o r  t h i s  c o a l ,  d e l i v e r e d  a t  t h e  
coke works, i s  about  b.E. 51. When t h e  c u r r e n t  expansion a t  Helwan i s  
completed,  about  1982, t h e  q u a n t i t y  of imported coking c o a l  w i l l  reach 
about  1.5 m i l l i o n  m e t r i c  t o n s  annua l ly .  Thus, f o r e i g n  exchange requ i re -  
ments w i l l  be  about  b.E. 76.50 m i l l i o n .  

S u f f i c i e n t  t e c h n i c a l  exper ience  e x i s t s  worldwide t o  permit  a 
p o r t i o n  of t h e  Maghara c o a l  t o  be  blended wi th  imported coking coa l .  I n  
f a c t ,  e a r l y  exper iments  i n  Egypt i t s e l f  i n d i c a t e  t h a t  up t o  20 p e r c e n t  . 

of t h e  blended c o a l  charged t o  t h e  coke ovens might b e  Maghara c o a l ;  and 
i f  t h i s  were demonstra ted,  t h e  sav ings  i n  f o r e i g n  exchange a n n u a l l y  
cou ld  be as much a s  b.E. 15.30 m i l l i o n .  

Other exper ience  i n d i c a t e s  t h a t ,  i f  t h e  c o a l  were f i r s t  ca rbon ized ,  
t h e  char  might b e  admixed t o  t h e  e x t e n t  of 30 p e r c e n t  of t h e  blend.  The 
f o r e i g n  exchange sav ings  would rise t o  L.E. 23 m i l l i o n ,  b u t  a  p rocess ing  
p l a n t  would need t o  b e  i n s t a l l e d ,  which would r e q u i r e  a c a p i t a l  i n v e s t -  
ment. Moreover, a  domest ic  market would be  needed f o r  a number of c o a l  
t a r  p roduc t s ,  such as BTX (benzene, t o l u e n e ,  and xylene)  and c r e o s o t e s .  

F i n a l l y ,  i t  i s  l i k e l y  t h a t  a l l  t h e  Maghara c o a l  could  be  conver ted 
e n t i r e l y  t o  an a c c e p t a b l e  reducing agen t  f o r  t h e  b l a s t  fu rnace ,  a s  
formed coke. An 8 5 , 0 0 0 , t o n  p e r  year  p l a n t  h a s  now opera ted  f o r  many 
y e a r s  a t  Kemmerer, Wyoming, p r 0 d u c i n g . a  formed coke f o r  phosphorus 
r e d u c t i o n  f u r n a c e s  from a  l o c a l  Wyoming subbituminous c o a l ,  a  c o a l  
s i m i l a r  t o  t h e  Maghara c o a l .  

Thus, t h r e e  o p t i o n s  a r e  a v a i l a b l e  f o r  u t i l i z a t i o n  of Egyptian c o a l  
a s  a  s o l i d  reducing agen t ;  t h e i r  v a l i d i t y  depends on t h e  a c c e p t a b i l i t y  
of t h e  e v e n t u a l  coke product  a t  t h e  i r o n  and s t e e l ' w o r k s .  

The coke works i s  planning t h e  a c q u i s i t i o n  of a 100 kg l a b o r a t o r y  
coke oven by l a t e  1978. This  w i l l  e n a b l e  them t o  produce t r i a l  b a t c h e s  
of coke and t o  test v a r y i n g  b lends  of c o a l .  The promising b lends  of 
c o a l  can then  be  t r i e d  i n  a group of f u l l - s i z e d  ovens t o  produce l a r g e  
samples of coke,  whose a c c e p t a b i l i t y  can b e  eva lua ted  by t h e  i r o n  and 
s t e e l  company i n  i t s  450 t o n  per  day b l a s t  furnace.  The e v a l u a t i o n  
would i d e n t i f y  t h e  e f f e c t s  on b l a s t  f u r n a c e  p r o d u c t i v i t y  of a  p o s s i b l e  
h igher  s u l f u r  c o n t e n t  (which means p o s s i b l y  g r e a t e r  l imes tone  a d d i t i o n s  

.------- - t o  the--bbr&en'In- the%i'a& h r n a c e  'and a  'highef o r  lower a s h  koiitene t n  C r  -<x- - - - 
t h e  coke).  From t h e s e  e f f e c t s ,  t h e  t r a n s f e r  p r i c e  for '  t h e  coke can b e  
e s t a b l i s h e d ,  and consequent ly ,  t h e  p r i c e  t h a t  Maghara c o a l  could  e a r n  i n  
t h i s  use.  

I n s t i t u t i o n a l l y ,  Egypt w i l l  be  i n  a good t o  e k p l o r e  t h e  
a t t r a c t i v e n e s s  of domestic c o a l  s u p p l i e s  f o r  m e t a l l u r g i c a l  use  and f o r  
decreas ing  imports  and g e n e r a t i n g  l o c a l  employment. 



4.1.4.1 Blendinn agen t  ( c o a l ) :  The s u b s t i t u t i o n  of Maghara 
c o a l  f o r  p a r t  of t h e  c o a l  blend charged t o  t h e  coke ovens a t  Helwan does 
n o t  r e q u i r e  s i g n i f i c a n t  new investment  a t  t h e  p l a n t  i t s e l f .  The new 
p h y s i c a l  a c t i v i t i e s  invo lve  in t roduc ing  changes i n  m a t e r i a l  handl ing 
p r a c t i c e s .  The c o a l  p r i c e  t h a t  evo lves  from t h e  t e s t s  noted above would 
have t o  be  n e t t e d  back t o  t h e  mine si te through s u b t r a c t i o n s  of I s m a i l i a  
t o  Helwan t r a n s p o r t  c o s t s  and inine s i te to  1 s m a i l i a  t r a n s p o r t  c o s t s .  
Transpor t  from Ismailia t o  Helwan is expected t o  i n v o l v e  the  e x i s t i n g  
t r a n s p o r t  i n £  r a s t r u c t u r e  and t r a n s p o r t  i n s t i t u t i o n s  wt?ich would charge a 
customary f e e  f o r  t h i s  ' t r a n s p o r t  f u n c t i o n .  ' The netback p r i c e  and t h e  
f o r e i g n  exchange i m p l i c a t i o n s  would then  become the  b a s i s  f o r  j u s t i f y i n g  
t h e  opening of t h e  c o a l  mine. 

Before f u l l  implementat ion,  a per iod  of perhaps  a  year  would be 
needed f o r  t h e  sequence of t e s t i n g  noted above,  i n  t h e  l a b o r a t o r y  and 
commercial coke ovens,  and i n  the  s t e e l  company's 450 t o n  per  day b l a s t  
fu rnace .  Assoc ia ted  c o s t s ,  beyond t h e  v a l u e  of marke tab le  p roduc t s  made 
dur ing  t h e  t e s t s ,  should  be c a p i t a l i z e d  and e v e n t u a l l y  recovered from 
t h e  u l t i m a t e  commercial o p e r a t i o n .  One such c o s t  would be t h e  p re l imi -  
n a r y  mining o p e r a t i o n  a t  Maghara t o  o b t a i n  s u f f i c i e n t  samples o f  t h e  
c o a l .  

The i n d i c a t i o n s  from p a s t  exper imenta t ion  a r e  t h a t  a  s u c c e s s f u l  
t e s t i n g  program i s  v i r t u a l l y  a s s u r e d ,  s o  t h a t  t h e  i n c e n t i v e  u l t i m a t e l y  
can e x i s t  t o  e x e r c i s e  t h i s  o p t i o n .  The e x e r c i s e  of t h i s  o p t i o n  could' 
beg in  as soon a s  t h e  c o a l  d e p o s i t s  become a v a i l a b l e .  The per iod of 
t e s t ,  e v a l u a t i o n ,  opening of mine, and t h e  i n s t a l l a t i o n  of mine/Ismailia.--------.-- ..-. 

t r a n s p o r t  f a c i l i t i e s  should r e q u i r e  about a three-year  pe r iod .  

Assuming t h a t  t h e  scope of t h i s  o p t i o n  beg ins  wi th  t h e  d e l i v e r y  o f  
Maghara c o a l  a t  Helwan, t h e  fo l lowing  o b s e r v a t i o n s  may b e  made: 

Cons t ruc t ion .  Some m o d i f i c a t i o n  t o  t h e  m a t e r i a l  handl ing f a c i l i t i e s  
a t  t h e  coke works t o  permit  t h e  b l e n d i n g , o f  Maghara c o a l  wi th  imported 
coking coa l  a r e  probably  needed. But t h e s e  appear  t o  be i n s i g n i f i c a n t  
i n  terms o f  money v a l u e ,  e s p e c i a l l y  s i n c e  i t  appears  t h a t  even now 
imported c o a l s  from d i f f e r e n t  s o u r c e s  a r e  be ing  blended. 

Operat ion.  The coke p l a n t  a l r e a d y  b l e n d s  imported Russian c o a l  
wi th  imported U.S. c o a l .  The i n t r o d u c t i o n  of a domestic c o a l  i n t o  t h e  
b lend ing  o p e r a t i o n  should have l i t t l e  o r  no e f f e c t  on o p e r a t i o n s  and i t  

.. . - -. could b e  handled wi thout  problems. - - - .. 

Suppor t ing  I n d u s t r y .  The suppor t ing  i n d u s t r y  would be a  c o a l  
mining o p e r a t i o n  a t  t h e  Maghara c o a l  d e p o s i t .  The e x i s t i n g  t r a n s p o r t a -  
t i o n  i n d u s t r y  would have t o  be  extended t o  reach  from I s m a i l i a  t o  t h e  
mine si te.  

Environmental  Impact.  The i n t r o d u c t i o n  of Maghara c o a l  would 
i n v o l v e  the  i n t r o d u c t i o n  of an a d d i t i o n a l  q u a n t i t y  o f  s u l f u r .  S ince ,  i n  
t h e  s t e e l  making p r o c e s s ,  t h e  s u l f u r  i n  c o a l  is d i scharged  i n  t h e  s o l i d  
s l a g  i n  a s t a b l e  form, t h e r e  should be  no a i r  p o l l u t i o n  f o r  t h i s  
o p t i o n .  No change i n  p l a n t  e f f l u e n t s  would be involved.  



Social/Economic/Institutional Impact. No changes a r e  l i k e l y  from 
t h e  p o i n t  of  v iew of  s o c i a l  and i n s t i t u t i o n a l  e f f e c t s .  However, t h e  
economic e f f e c t  of  a  r e d u c t i o n  i n  f o r e i g n  exchange demand should  be 
s i g n i f i c a n t  . 

Manpower. Manpower requ i rements ,  and l e v e l s  o f  s k i l l s ,  w i l l  be 
unchanged . 

4.1.4.2 Blending a g e n t  ( c h a r ) :  A s  noted above,  i f  t h e  c o a l  
is f i r s t  ca rbon ized  and t h e  r e s u l t a n t  c h a r  is used a s  t h e  b lend ing  
a g e n t ,  t h e  p r o p o r t i o n  of t h e  b lend t h a t  i s  c h a r r e d  could rise t o  30 
p e r c e n t ,  o r  p o s s i b l y  h i g h e r .  Cons ide rab le  d e f i n i t i v e  exper imenta l  work 
t o  t h i s  end was under way i n  Yugoslavia a t  the  Bor i s  K i d r i c  coke works 
a t  Tuzla  i n  t h e  e a r l y  1960's. 

From t h e  p e r s o n a l  e x p e r i e n c e s  of  one of t h e  a u t h o r s ,  who v i s i t e d  
t h e  o p e r a t i o n  i n  e a r l y  1964, i t  is  known t h a t  t h e  g o a l  a t  the  t ime was a  
50150 blend of c h a r  w i t h  imported U . S .  coking c o a l .  The char  was 
produced i n  a  suspens ion  of r e c i r c u l a t i n g  h o t  coke f i n e s  wi th  f r e s h  f i n e  
l i g n i t e ,  i . e . ,  by t h e  L u r g i  Ruhrgas Process .  Liquid  p r o d u c t s  a r e  
coproduced, 'namely t a r s  which could  be used f u r t h e r  f o r  t h e  p roduc t ion  
o f  'el. .ectrode coke and a lighter b o i l i n g  f r a c t i o n  from which phenols ,  BTX 
p r o d u c t s ,  and c r e o s o t e s  can be  made. 

Given a  p o t e n t i a l  of b lend ing  of about 30 p e r c e n t ,  t h e n  450,000 
m e t r i c  . t o n s  pe r  yea r  of c h a r  would b e  needed. From t h e  f i x e d  carbon 
an.al.ysis of  Maghara coal.. of 31 p e r c e n t  (main ..-. .seam)_ and38,5 per-cent. . .. 
(upper seam) , about  1.2 m i l l i o n  tons  o f  ' c o a l  would have t o  be  p rocessed ,  
assuming an average  37 p e r c e n t  y i e l d  of c h a r .  Th i s  i s  t h e  maximum r a t e  
a t  which t h e  known r e s e r v e s  a t  Maghara should  be e x t r a c t e d .  Thus, i n  
t h i s  o p t i o n  about 2.7 t o n s  o f  Maghara c o a l  would be  r e q u i r e d  t o  r e p l a c e  
one ton  of imported coking c o a l .  But co-products ,  c o a l  l i q u i d s ,  would 
be  produced. 

The c u r r e n t  p r a c t i c e s  o f  t h e  Bor i s  K i d r i c  coke works could  be  
t r a n s f e r a b l e  t o  Egypt, b u t  t h i s  p o t e n t i a l  would f i r s t  need t o  be  i d e n t i -  
f i e d .  The q u a n t i t a t i v e  a s p e c t s  of  t h i s  o p t i o n  r e q u i r e  f u r t h e r  i n v e s t i -  
g a t i o n  and s t u d y  t o  e s t a b l i s h  t h e  y i e l d s ,  p roduc t  u t i l i z a t i o n ,  and 
inves tments  involved.  I n  t h e  meantime, some q u a l i t a t i v e  o b s e r v a t i o n s  
a r e  f e a s i b l e .  

Performance C a p a b i l i t i e s .  A r e a s o n a b l e  e x p e c t a t i o n  is t h a t  t h e  
q u a n t i t y  of  imported m e t a l l u r g i c a l  c o a l  could b e  reduced by 1982 by 
about 450,000 m e t r i c  t o n s  per  y e a r .  The . e n t i r e  ou tpu t  of t h e  Maghara 
mine a t  t h e  h i g h  e x t r a c t i o n  r a t e  would b e  d e d i c a t e d  t o  p rov id ing  t h e  
char  s u b s t i t u t e  f o r  t h e  m e t a l l u r g i c a l  c o a l .  The, l i q u i d  p roduc t s  made i n  
c o n j u n c t i o n  w i t h  t h e  char  would be a d d i t i v e  ' t o  similar' p r o d u c t s  a l r e a d y  
be ing  made i n  t h e  coke works a t  Helwan. 

A v a i l a b i l i t y  and Timing. The c a r b o n i z a t i o n  p r o c e s s  t o  produce the  
char  is  a v a i l a b l e  from a  r e p u t a b l e  commercial s u p p l i e r .  P l a n t s  employing 



t h e  p rocess  e x i s t  e lsewhere ,  and t h e  e x p e c t a t i o n  is  t h a t  conven t iona l  
commercial arrangements a r e  p r a c t i c a l .  Samples of Maghara c o a l s  cou ld  
b e  s e n t  f o r  p rocess ing  i n  l a b o r a t o r y  coke making, q u a l i t y  t e s t i n g ,  and 
t h e  product ion of exper imenta l  q u a n t i t i e s  f o r  use  i n  t h e  s t e e l  company's 
s m a l l  b l a s t  furnace.  Thus, no commitment t o  p l a n t  c o n s t r u c t i o n  would 
b e  needed u n t i l  t h e r e  was t o t a l  s a t i s f a c t i o n  t h a t  t h e  p roduc t ion  was 
a c c e p t a b l e  and marketable .  About one o r  two y e a r s  of such experimenta- 
t i o n  would be  needed once t h e  Maghara c o a l  became a v a i l a b l e ,  a f t e r  which 
t i m e ,  g i v e n  a t t r a c t i v e  r e s u l t s ,  a  commitment t o  p l a n t  c o n s t r u c t i o n  a t  
Helwan cou ld  be  made. A t o t a l  of f i v e  o r  s i x  y e a r s  would probably b e  
r e q u i r e d  a f t e r  t h e  c o a l  became a v a i l a b l e  b e f o r e  t h i s  o p t i o n  could  b e  
f u l l y  implemented. 

Cons t ruc t ion  and Operat ion.  Commitment f o r  c o n s t r u c t i o n  of t h e  
p l a n t  cou ld  be  made wi th  r e p u t a b l e  and r e l i a b l e  eng ineer ing  c o n s t r u c t i o n  
f i r m s  and p rocess  s u p p l i e r s .  The p rocess  o p e r a t e s  a t  low p r e s s u r e  and 
t h e  e x p e c t a t i o n s  are t h a t  much of t h e  equipment may b e  manufactured 
l o c a l l y .  The Maghara c o a l  would be supp l ied  a t  t h e  p l a n t  g a t e .  The 
o p e r a t i o n a l  requirements  are on t h e  same t e c h n i c a l  l e v e l  a s  t h e  p r e s e n t  
coke p l a n t  wi th  i t s  f e r t i l i z e r  f a c i l i t i e s .  The maintenance f a c i l i t i e s  
a l r e a d y  i n  e x i s t e n c e  shou ld  be adequate .  

Support ing I n d u s t r y .  The suppor t ing  i n d u s t r y  would be  t h e  i n d u s t r y  
s e t  up t o  mine Maghara c o a l  and t h e  t r a n s p o r t a t i o n  i n d u s t r i e s  involved 
t o  b r i n g  t h e  c o a l  from mine s i te  t o  t h e  p l a n t  g a t e  a t  Helwan. 

Environmental Impact. An a n a l y s i s  of emiss ions  should b e  based on 
t h e  system a t  Helwan, which would comprise t h e  coking f a c i l i t i e s  and any 
new c a r b o n i z a t i o n  f a c i l i t i e s  i n s t a l l e d  f o r  t h e  p roduc t ion  of char .  
Given t h e  blend of e s s e n t i a l l y  a  non-vo la t i l e  c h a r  t o  r e p l a c e  some of 
t h e  v o l a t i l e  m e t a l l u r g i c a l  c o a l ,  t h e  expected e f f e c t  would be  a r e d u c t i o n  
i n  emiss ions .  D e f i n i t i v e  d a t a  i n  t h i s  r e s p e c t  should  come, g i v e n  t h e  
f e a s i b i l i t y  of a c c e s s ,  from observa t ion  and measurements a t  t h e  Yugoslav 
p l a n t .  

S o c i a l / I n s t i t u t i o n a l  Impact. A c a r b o n i z a t i o n  p l a n t  would probably 
b e  i n s t a l l e d  as one of t h e  f a c i l i t i e s  a t  t h e  Helwan coke p l a n t .  A s  such,  
any s o c i a l  o r  i n s t i t u t i o n a l  e f f e c t s  would b e  marginal  and probably  of no 
s i g n i f i c a n c e .  , . 

. -- . - . - -. . . cpno~:c -~mpac . t+ .  .. %,e . econom%c-, eff,ec,t cou ld  be-.maj o r ,  and i t  . . ... . . 

- - a  r%?lZatEs t o  t h e  t rade-off  between t h e  f orekgn, e x c G n g e  s a ~ e a  &r%ugfi a- - . .  

r e d u c t i o n ,  by 1985, o f  m e - t a l l u r g i c a l  c o a l  imports  t o  t h e  e x t e n t  of 
450,000 m e t r i c  t o n s  p e r  y e a r  (having a  v a l u e  of approximately  L.E. 23 
m i l l i o n )  and t h e  f o r e i g n  exchange component of c o n s t r u c t i n g  t h e  carboni-  
z a t i o n  f a c i l i t y .  The e x p e c t a t i o n s  a r e  t h a t  t h e , t r a d e - o f f  would have a 
f a v o r a b l e  economic e f f e c t  . 

Manpower. Employment would be  inc reased  t o  meet t h e  o p e r a t i o n a l  ,, 
needs of t h e  c a r b o n i z a t i o n  f a c i l i t y .  The l e v e l  of s k i l l s  should  be  
e q u i v a l e n t  t o  those  now needed t o  run  t h e  coking o p e r a t i o n  and t h e  
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f e r t i l i z i n g  f a c l l l t l e s  a t  Helwan. Any s p e c i a l . . s k i l l s  and experience 
requi red  could be obtained through a mutual agreement, such a s  with 
Yugoslavia, t o  permit t r a i n i n g  of Egyptian personnel a t  the  Boris 
Kidr ic  Coke works. This prospect  presumes t h a t  the experiences  i n  
Yugoslavia have been p o s i t i v e .  

I ' . . 
4.1.4.3 Fbrmed coke manufactlre:  Technology i n  va r ious  

s t a g e s  of development is c u r r e n t l y  a v a i l a b l e  which could provide a 
m e t a l l u r g i c a l  coke product made e n t i r e l y  from l o c a l  Egyptian coal .  I f  
t he  ex t en t  of Egypt's c o a l  . resources  a r e  found l a t e r  t o  be g r e a t e r  than 
c u r r e n t l y  i n d i c a t e d ,  t h e  import of me ta l l u rg i ca l  coa l  might be  completely 
e l imina ted .  Organizat ions edgaged i n  the .development of formed coke 
processes  e x i s t  worldwide. Perhaps t he  most advanced is t h e  F'MC Corpora- 
t i o n  of t he  United 'S t a t e s ,  whose process  l s  new operated i n  Kemmerer, 
Wyoming, on a production s c a l e  of 85,000 t o m  o f  formed coke per year.  
Other o rgan iza t ions  a c t i v e l y  engaged i n  a l t e r n a t i v e  proceseee a r e  Lurgi  
(Frankfur t  , Germany) and the  U. S. S t e e l  Engineere and Consul tants  
(P i t t sbu rgh ,  USA). Other work i s  repor ted  i n  the Union of Soviet  
S o c i a l i s t  Republics,  Japan, Rumania, England, Australia, R a n c e ,  .Poland, 
and Belgium. 

. .. . . .  :. . . . .  . . . .  . . 

The K e m m e r e r  i n s t a l l a t i o n  mlght funttim analeg~ml.~. t o  .the Yugoslav 
p l a n t  noted above i n  terms of providing ,a firm qrrd .physical basis f o r  
q u a n t i t a t i v e  a n a l y s i s  o f  an Egyption formed-coke manufacturing i n s t a l l a -  
t i on .  This p l a n t  has operated f o r  a t  l e a s t  Id yea r s  and provides  coke 
f o r  the  FMC phosphorus reduc t ion  p l a n t  i n  Poca t e l l o ,  Idaho. A t  one t i m e  

. i g s  ou t  put of f orm,ed' coke :was. -te&:ed..-~...-U..~.zT~7$ge%+..-~<j$kL&t.iorn_h...an-. . 
G -. .L. pe r-$men t a 1 blab t fur<&5-g -.ad& :f &&=.. ,k0:.. .~ t~ i~~5C-7:3s, f :Qal . .~TI~ae~'8 ' .~~~c~6. . i ; -~ i~  

.. 

The Kemmerer f a c i l i t y  might func t ion  t o ' e v a l u a t e  the t echn ica l  and cost  
p o t e n t i a l  of prodkcing formed -coke from Egyptian coa l  and provide 
samples f o r  l a r g e  s c a l e  eva lua t ion  i n  the small  b l a s t  furnace i n  the  
Helwan s t e e l  works. 

Thus, t h e  q u a n t i t a t i v e  a spec t s  of t h i s  op t ion  r equ i r e  f u r t h e r  
i n v e s t i g a t i o n  and s tudy  t o  e s t a b l i s h  the y i e l d s ,  product u t i l i z a t i o n ,  
and the  investments.  In the meantime, some q u a l i t a t i v e  observa t ions  a r e  
f e a s i b l e .  

Performance C a p a b i l i t i e s .  About 3.75 mi l l i on  tons of Egyptian coa l  
would be required annual ly  t o  produce 1.5 mi l l i on  tons f o r  formed coke. 
This e x t r a c t i o n  r a t e  is about t h r ee  t i m e s  the  maximum r a t e  economically 
justifiable .by t-he. .cur,rently known r e se rves  a t  Maghara. I f  adequate new 
re se rves  a r e  not found through a d d i t i o n a l  explora t ion ,  then  importing of . . 
meta l lu rg i ca l  coa l  w i l l  be needed t o  s a t i s f y  t h e  demand f o r  coke. 

Given the  necessary per iod of t e s t i n g  t i m e ,  t h e  performance of the  
b l a s t  furnace w i l l  not  be  a f f e c t e d ,  un l e s s  the  s u l f u r  conten t  of the  
formed coke is higher  than the coke now u t i l i z e d .  The e x t r a  l imestone 
add i t i on  t o  the  burden could reduce the p roduc t iv i t y  of t he  b l a s t  
furnace'somewhat. 

A v a i l a b i l i t y  and Timing. Whether the  manufacturing technology i s  
a v a i l a b l e  without developmental r i s k  needs t o  be determined. The F'MC 
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process  a p p e a r s  t o  be  so  a v a i l a b l e .  A r e q u i r e d  per iod  of t e s t i n g ,  l a r g e  
s c a l e  sample p r e p a r a t i o n ,  and sample e v a l u a t i o n  could  t a k e  about two 
years .  Given t h e  j u s t i f i c a t i o n  f o r  p l a n t  c o n s t r u c t i o n ,  ano ther  t h r e e  t o  
f o u r  y e a r s  would be  r e q u i r e d .  Thus, a  f i v e  t o  s i x  year  l a g  i s  l i k e l y  
a f t e r  t h e  c o a l  becomes a v a i l a b l e  b e f o r e  t h i s  o p t i o n  could  be  f u l l y  
implemented. 

Cons t ruc t ion  and Operat ion.  The p rocess  operaees  a t  low p r e s s u r e  
a t  a  t e c h n o l o g i c a l  l e v e l  of complexity t h a t  i s  comparable t o  t h e  e x i s t i n g  
coke-solids and g a s e s ,  an o p e r a t i o n  t h a t  h a s  n o t ,  a p p a r e n t l y ,  s o  f a r  
been p r a c t i c e d  i n  Egypt. Much of t h e  equipment should be  amenable t o  
l o c a l  f a b r i c a t i o n .  The maintenance f a c i l i t i e s  should  be  no d i f f e r e n t  
from those  a v a i l a b l e  f o r  t h e  coke oven equipment. 

Support ing I n d u s t r y .  The p l a n t  could  b e  i n s t a l l e d  w i t h i n  t h e  
e x i s t i n g  coke works. The suppor t ing  i n d u s t r y  t h e r e f o r e  i s  t h a t  which 
i n v o l v e s  t h e  e x t r a c t i o n  of t h e  c o a l  and i t s  t r a n s p o r t  t o  t h e  p l a n t  
g a t e .  

Environmental  Impact. If formed coke manufacture could  d i s p l a c e  
conven t iona l  coke-oven p roduc t ion  complete ly ,  a  b e n e f i c i a l  environmental  
e f f e c t  would r e s u l t .  The formed coke p rocess  i s  e n t i r e l y  con ta ined  
under nominal p r e s s u r e  so  t h a t  emiss ions  a r e  r e a d i l y  c o n t r o l l e d .  The 
emiss ions  normal ly  encountered i n  t h e  coke oven dur ing  charg ing ,  coking,  
pushing,  and quenching a r e  e n t i r e l y  e l i m i n a t e d .  The p r e c i s e  emiss ions  
from f  ormed-coke manufacture  would need t o  b e  a s c e r t a i n e d  through 
moni tor ing p roduc t ion .  The e l i m i n a t i o n  of l i q u i d  p roduc t s  i n -  formed 
coke manufacture should r e s u l t  i n  a  r e d u c t i o n ,  i f  n o t  e l i m i n a t i o n ,  of 
l i q u i d  e f f l u e n t s .  No s o l i d  d i s p o s a l  problems would e x i s t .  

S o c i a l / I n s t i t u t i o n a l  Impact. Since  formed coke manufacture would 
d i s p l a c e  t h e  p r e s e n t  conven t iona l  coke manufacture f a c i l i t i e s  a t  t h e  
Helwan coke works, t h e  s o c i a l  and i n s t i t u t i o n a l  e f f e c t  would be  marg ina l ,  
and probably i n s i g n i f i c a n t .  

Economic Impact. The major b e n e f i t  i s  t h e  p a r t i a l  o r  complete 
e l i m i n a t i o n  of t h e  import  of m e t a l l u r g i c a l  coa l .  Complete e l i m i n a t i o n  
would mean f o r e i g n  exchange sav ings  of approximately  h.E. 79 m i l l i o n  
annua l ly .  On t h e  o t h e r  hand, t h e  investment  i n  t h e  e x i s t i n g  coke works 
a t  Helwan would have t o  be  w r i t t e n  o f f  e n t i r e l y  (excep t  f o r  t h e  s c r a p  
v a l u e  of t h e  s t e e l  and equipment) and a  f o r e i g n  exchange component .. .. 
expended f o r  c o n s t r u c t i o n  of the '  formed coke fac i l i t i e s . ' . - "The"£  G ' r t i i i z e r  
manufactur ing f a c i l i t i e s  a t  Helwan would be  a f f e c t e d  by t h e  l o s s  of t h e  
coke oven g a s  supply.  Na tura l  gas c o u l d  be s u b s t i t u t e d ,  b u t  an a d d i t i o n a l  
p rocess ing  s t e p  t o  reform t h i s  g a s  t o  s y n t h e s i s  g a s  would need t o  be  
i n s t a l l e d .  This  would r e p r e s e n t  an  a d d i t i o n a l  f o r e i g n  exchange expend- 
i t u r e .  The i n d i c a t i o n s  a r e ,  however, t h a t  t h e  t r a d e o f f s  would be  
f a v o r a b l e  t o  t h e  economy. This o b s e r v a t i o n  needs conf i rmat ion  through 
q u a n t i t a t i v e  a n a l y s i s .  

Manpower. Manpower requirements  probably would n o t  change s i g n i f i -  
c a n t l y .  Tra in ing  f o r  new o p e r a t i n g  skills would be  . r e q u i r e d ,  e s p e c i a l l y  



f o r  t h o s e  s k i l l s  t h a t  involved t h e  o p e r a t i o n  of f l u i d  bed dev ices .  Such 
t r a i n i n g  should b e  a v a i l a b l e  overseas  i n  an o p e r a t i n g  p l a n t .  

4.1.5 Other  c o a l  uses .  S e v e r a l  o t h e r  u s e s  f o r  c o a l  i n  Egypt have 
been suggested.  These i n c l u d e  use  i n  cement k i l n s ,  u s e  i n  Ca i ro  and 
Alexandr ia  gas  works, u s e  i n  e x t r a c t i n g  l e a d  and z i n c  from t h e i r  o r e s  i n  
t h e  Red Sea c o a s t a l  a r e a s ,  and o t h e r s .  These were n o t  e v a l u a t e d  h e r e  
due t o  a  l a c k  of s u b s t a n t i v e  informat ion.  

4.2 Petroleum 

I n  c o n t r a s t  w i t h  c o a l  p roduc t ion ,  pet roleum e x p l o r a t i o n ,  p roduc t ion ,  
t r a n s p o r t ,  and r e f i n i n g  is  a  w e l l  e s t a b l i s h e d  i n d u s t r y  i n v o l v i n g  p a r t i -  
c i p a t i o n  of f o r e i g n  c o u n t r i e s  and having an i n s t i t u t i o n a l  framework i n  
Egypt f o r  t h e  p r o t e c t i o n  of n a t i o n a l  i n t e r e s t s .  Thus, pet roleum supply 
o p t i o n s  w i l l  t end  t o  be  inc rementa l  t o  c u r r e n t  a c t i v i t i e s  and i n v o l v e  
l i t t l e  o r  no u n f a m i l i a r  t echnolog ies .  

2 
A s  of November 1977, a  t o t a l  a r e a  i n  Egypt of more than  625,000 km 

was s u b j e c t  t o  e x p l o r a t i o n  agreements,  a s  compared w i t h  about 511,000 km 
i n  1976. Some 47 concess ions  were involved.  O i l  and gas  f i e l d s ,  con- 
c e s s i o n s ,  and' s i g n i f i c a r ~ l :  e x p l o r a t o r y  w e l l s  as of March 1978 extend 
throughout  t h e  Egypt ian t e r r i t o r y  and a r e  concen t ra ted  i n  t h e  Western 
Desert, t h e  N i l e  D e l t a ,  and t h e  Gulf of Suez. 

During 1977, e x p l o r a t i o n  a c t i v i t i e s  a c c e l e r a t e d  a t  a  r a t e  s l i g h t l y  
over  t h a t  of 1976, a l though  a few companies r e l i n q u i s h e d  some of t h e i r  
e x i s t i n g  b locks  of co,ncessions.  Seismic a c t i v i t y  i n  1977 e q u a l l e d  95 
p a r t y  months, and 393,000 f e e t  of e x p l o r a t o r y  h o l e s  were d r i l l e d ,  a-  
s m a l l  i n c r e a s e  over  t h e  369,000 f e e t  d r i l l e d  i n  1976. Two new d i scover -  
ies were made. Reserves  r e p o r t e d  by t h e  Egypt ian General  Petroleum 
Corpora t ion  a t  t h e  end of 1977 were 2.1 b i l l i o n  b a r r e l s .  

For 1977, p roduc t ion  was 151 m i l l i o n  b a r r e l s  of pet roleum ob ta ined  
from 373 producing w e l l s ,  an  average d a i l y  p roduc t ion  dur ing  t h e  y e a r  
of 414,000 b a r r e l s .  The d a i l y  p roduc t ion  a t  t h e  end of 1977 was 500,000 
b a r r e l s .  About 60 p e r c e n t  came from t h e  El  Morgan f i e l d  i n  t h e  Gulf of 
Suez. Th is  is  a f i e l d  which h a s  been waterf looded s i n c e  1974. Egypt ian 
a u t h o r i t i e s  e s t i m a t e  t h a t  t h e y  can ach ieve  a  p roduc t ion  r a t e  by 1982 of 
1 m i l l i o n  b a r r e l s  d a i l y  of combined c rude  o i l  and c rude-o i l  e q u i v a l e n t  
of n a t u r a l  gas. Table  2 c o n t a i n s  e s t i m a t e s  of p r o j e c t e d  oil and gas  
r e s e r v e s .  Table  3  g i v e s  e s t i m a t e s  of p r o j e c t e d  o i l  p roduc t ion  by 
producer.  

Egypt is  a  n e t  e x p o r t e r  of pet roleum and petroleum products .  I n  
1977, e x p o r t s  i n  m i l l i o n s  of b a r r e l s  were: pet roleum 43.9, p roduc t s  
2.8. Imports  were: petroleum 3.6; p roduc t s  2.8. Table  4 p r o j e c t s  
e x p o r t s  and imports  through 1982. Table  5 summarizes c rude-o i l  e x p o r t s  
by d e s t i n a t i o n .  Table  6  g i v e s  t h e  s o u r c e  of c u r r e n t  and p r o j e c t e d  
crude-oi l  imports.  Table 7  summarizes t h e  pet roleum s e c t o r  t r a d e  
va lues .  



TABLE 2 

PROJECTED EGYPTIAN PETROLEUM PRODUCTION AND RESERVES (1978-1982) 

EXISTING FIELDS NEW DISCOVERIES TOTAL 
6 6 10 Tons 10 Tons lo6 BBL 10 Tons lo6 BBL 

6 lo6 BBL 

1978 - 
R e s e r v e s ,  f i r s t  

o f  y e a r  297 2 ,138 4 1 295 338 2 ,433 , 

P r o d u c t i o n  2 6 187 - - 26 18  7 
R e s e r v e s ,  end  . . 

of  y e a r  271 i , 9 5 1  : 68  : 490 339 2 , 4 4 1 ,  

1979 - 
R e s e r v e s ,  f i r  st 

o f  y e a r  271 1 ,951 6 8 490 339 
P r o d u c t i o n  32 22 9 - - 32 
R e s e r v e s ,  end  

o f  y e a r  239 1,722 117 84 2 356 

1980 - 
R e s e r v e s ,  f i r  st 

o f  y e a r  239 1,722 117 ' 84 2 356 
P r o d u c t i o n  3 5 255 ' 1 . 7  36 
R e e e r v e s  , end  

of y e a r  204 1,467 164 1,181 368 

1981 - 
R e s e r v e s ,  f i r s t  

o f  y e a r  204 .1,467 -' 164 1 ,181  368 
P r o d u c t i o n  3 4 244 8 58 42 
R e s e r v e s ,  end  

of  y e a r  ' 170 1 ,223  204 1,469 3 74 

1982 
.Reserves ,  f i r s t  

o f  y e a r  
:P roduc t ion  
R e s e r v e s ,  end  

, of  y e a r  

5-Year P l a n  
R e s e r v e s ,  
b e g i n n i n g  
P r o d u c t i o n  
R e s e r v e s ,  end  

I ' - . . . ,. . ..: >:..:::'.:,:qw>;t: ',. I--4.' ,, ;;.*:.. PCn- .?,C*r;>, $ . .: . 
. . ; :: ,.,.;. ;, . .; v; ..:-< , $,?. .-:;* ,,% .:<;q.!--T;> :?:h,$; ..,is ,y*63i.;:zTy?:~;>:,:: ;, ,; ,, -, 
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1 * s . Q ~ ~ , c &  : ;, :~ypt.$.&.'.h~~~ir. . . & a i & \ ~ ~ , ~ , ; , ~ ~ r , & ~  1,978, , ' . . .- . . , . .  
. . ' . . .. .. ? .  



ACTUAL, ESTIMATED, AND PROJECTED PETROLEUM PRODUCTION BY PRODUCING 
ORGANIZATION ( 1  977-1 982) 

, . 
ACTUAL ESTIMATED PROJECTED 

COMPANY 1977 1978 1979 1980 1981 1982 

lo6 lo6 lo6 lo6 lo6 lo6 lo6 lo6 lo6 lo6 lo6 lo6  
T o n s  BBL T o n s  BBL T o n s  BBL T o n s  BBL T o n s  BBL T o n s  BBL 

. . - .  . . . :  . ,  
. . . '  . . . ... G e n e r a l  
. . ., . . . . . P e t r o l e u m  
: .II ...: 

.:. . . -. 
C o m p a n y  1.5 10.8 1.2 8.7 1.1 7.9 1.0 7.2 0.95 6.8 0.8 5.8 

.>. 

O r i e n t a l  
P e t r o l e u m  
C o m p a n y  3.5 25.2 4.4 31.7 4.0 28.8 4.4 31.7 4.2 30.2 3.8 27.4 

. . . . 

G u l f  of S u e z  
P e t r o l e u m  . . 
C o m p a n y  14.4 103.7 18.9 136.1 25.1 180.7 28.7 206.6 28.0 201.6 24-'75 178.6 

A b u  G h a r a d i q  
R a z z a k  0.9 6.5 ,0.8 5.8 0.7 5.0 0.4 2.9 -- -- -- . -- 
Western D e s e r t  
P e t r o l e u m  
C o m p a n y  0.6 4.3 0.5 3.6 0.6 4.3 0.5 3.6 0.3 2.2 0.1 0.7 

Western D e s e r t  
P e t r o l e u m  
C o m p a n y  
(Moleha) -- -- -- -- -- -- 0.1 0.7 0.15 1.1 0.15 1.1 

D i m n e x  -- -- -- -- 0.3  2.2 0.3 2.2 0.3 2.2 0.3 2.2 

New 
D i s c o v e r i e s  -- -- -- -- -- -- 1.0 7.2 8.0 57.6 17.0 122.4 

TOTAL 20.9 150.5 25.8 185.8 31.8 229.0 36.4 262.1 41.9 301.7 46.9 338.2 

SOURCE: E g y p t i a n  G e n e r a l  P e t r o l e u m  C o r p o r a t i o n ,  A p r i l  1978. 



TABLE 4 

PROJECTED EGYPTIAN TRADE I N  CRUDE OIL AND PETROLE', ?I PRODUCTS 
(1 977-1982) 

ACTUAL ESTIMATED PROJECTED 
1977 1978 1979 1980 1981 1982 

Tons BBL Tons BBL Tons BBL Tons BBL Tons BBL Tans BBL 

CRUDE OIL 

Expor ts  
1 

6.1 43.9 9.3 67.0 10.4 74.9 12.1 87.1 14.3 103.0 16.4 118.1 

Imports  
2 

0.5 3.6 1.0 7.2 0.2 1.1 0.2 1.1 - - - - 

Net Flow 5.6 40.3 8.3 59.8 10.2 73.8 11.9 86.0 14.3 103.0 16.4 118.1 

PRODUCTS 

Expor ts  1.9 14.0 2.6 19.0 3.0 21.7 3.2 23.0 3.6 25.9 3.8 27.7 

Imports  0.3 2.8 0.6 4.4 0.6 4.1 0.4 3.2 0.4 3.2 0.4 . 3.2 

Net Flow 1.6 11.2 2.0 14.6 2.4 17.6 2.8 19.8 3.2 22.7 3.4 24.5 

1 
Of Egyptian s h a r e  of p roduc t ion .  

Inc lud ing  purchases  from p a r t n e r  companies. 

Source: Egypt.ian General  Petroleum Corporat ion,  A p r i l  1978. 



TABLE 5 

DESTINATION OF EGYPTIAN CRUDE OIL EXPORTS I N  1977 

DESTINATION 1977 

6 
10 Tons 

6 
10 BBL 

Greece 0.7 5.0 

East  Germany 0.1 0.7 

United S t a t e s  1.0 ' 7.2 

I t a l y  1.- 9 13.7 

France 0.3 2.2 

Yugoslavia 0.3 2.2 

I n d i a  . 0.3 2.2 

. . 

TOTAL 4.5 32.4 r 
1 

, - 

Corresponding f i g u r e  i n  Table 4 i s  6.1 m i l l i o n  t o n s  (43.9 m i l l i o n  b a r r e l s ) .  

SOURCE: Egyptian General  Petroleum Corporat ion,  Apr t l  1978. . . 



TABLE 6 

ACTUAL AND PROJECTED EGYPTIAN CRUDE OIL IMPORTS BY SOURCE 
(1977-1982) 

PURCHASES 
IMPORTS FROM PARTNERS TOTAL 

, . , . 

.. 106 i o6 6 
YEAR 10 1 o6 lo6 1 o6 

T o n s  BBL T o n s  BBL T o n s  BBL ' " 

A c t u a l  

F r o m  I r a q  

SOURCE.: E g y p t i a n  G e n e r a l  P e t r o l e u m  C o r p o r a t i o n ,  A p r i l  1978. 
. . 



TABLE 7 

. EGYPTIAN PETROLEUM SECTOR &E VALUES 
( M i l l i o n s  U. S. $) 

ACTUAL ESTIMATED PROJECTED 
1977 1978 1979 1980 . 1981 1982 

EXPORTS 710'.4 1,031.5 l,i41.4 ' 1,316.2 1,514.0 1,713.0 

. , 487.6 . 765.5 829.8. 968.0 1,140.0 85.0 
5 

Crude O i l  

Sumed Company , 5.2 32.5 75.0. 75.0 80.0 318.2 

Petroleum Produc t s  208.3 . 233.5 236.6. 263.2 294.0 150.7 

- - - Other . .9.3 - - 
IMPORTS 175 -8 256 *5 191.6 186.3 164.5 150.7 : 

-. 

Crude O i l  and 
Na tu ra l  Gas 43.7 98.0 1.4. 6 16.2 1.6 1.6 

. ... . ' .  . .  , , 

~e t ro ieum , . . . 

Pr oduc t s 45.7 77.1 75.7 62.6 59.1 54.1 

Other Produc t 5 
and S e r v i c e s  86.4 81.4 101.3 101.3 103.8 95.0 

BALANCE CJF ~. . I .  . . . . 
TRADE 534.6 775.0 949.8 i , .  1,349.5 1,562.3 

BALANCE 2F 
TRADE 

L.E. 1 = $2.50 

2 
S p e c i a l  p roduc t s ,  l u b e s ,  s p a r e  p a r t s ,  chemica l s ,  and t r a n s p o r t  c o s t s  between 
f i e l d s  t o  r e f i n e r i e s .  

I f  a l l  new d i s c o v e r i e s  of pet roleum were developed a s  p r e d i c t e d .  

I f  50 p e r c e n t  of new d i s c o v e r i e s  of pet roleum were developed.  

Should be  1,244.1 i f  d a t a  are c o n s i s t e n t .  

SOURCE: Egyptian General  Petroleum Corpora t ion ,  A p r i l  1978. 



Accordingly, t h e  supply op t ions  f o r  petroleum evaluated below a r e  
those which e i t h e r  increase  the p roduc t iv i t y  of e x i s t i n g  f i e l d s  o r  se rve  
t o  supply e x i s t i n g  or  p ro jec ted  domestic markets.  

4.2.1 Production: Petroleum production occurs  i n  four  modes: (1) 
primary, (2)  r e se rvo i r  p r e s su re  maintenance through gas  o r  water injec-  
t i o n ,  (3)  waterf looding,  and (4)  enhanced o i l  recovery. 

Primary i s  the  product ion of o i l  t h a t  is moved i n t o  producing we l l s  
through t h e  n a t i v e  energy presen t  i n  the r e s e r v i o r ,  i .e., through a gag 
cap,  gas i n  s o l u t i o n ,  o r  water d r i v e ,  o r  a combination thereof .  A l l  of 
t he se  production modes can be  a s s i s t e d  by g r a v i t y  drainage.  Current 
Egyptian p r a c t i c e  inc ludes  t he  use of r e c i r c u l a t e d  assoc ia ted  gas f o r  
l i f t i n g  t h e  crude o i l .  

Reservoir p r e s su re  maintenance is the  i n j e c t i o n  of '  f l u i d s  (gas o r  
water) i n t o  t he  producing r e s e r v o i r  before  the i n i t i a l  r e se rvo i r  p r e s su re  
has dropped s i g n i f i c a n t l y .  This mode has been and is  being prac t iced  t o  
some ex ten t  i n  the United s t a t e s .  It is  a l s o  being widely used i n  the 
Soviet  Union, and t h i s  may be  one reason why Russia can c i t e  a percentage 
of recovery of the  o r i g i n a l  oi l - in-place considerably h igher  (up t o  60 
percent)  than the  average U. S. percentage (about 32 percent )  . Reservoir 
p ressure  maintenance has no t  been p rac t i ced  i n  Egyptian f i e l d s .  

Waterflooding i s '  t he  i n j e c t i o n  of water i n t o  s e l ec t ed  wel l s  t o  
f o r c e  o i l  t o  . ad jacent  production wel l s .  Normally waterf looding is 
begun when the r e se rvo i r  p r e s su re  has dec l ined  t o  the  po in t  where 
e f f i c i e n t  and economic primary product ion no longer is  f e a s i b l e .  
I n  t h e  case  of t he  waterflooded E l  Morgan f i e l d ,  t h e  r e se rvo i r  p r e s su re  
had decreased t o  about one-third t h e  i n i t i a l  r e se rvo i r  p ressure  (about 
1,000 p s i  below t h e  bubble po in t )  by t h e  time water i n j e c t i o n  was 
s t a r t e d .  

Enhanced o i l  recovery. (EOR) , sometimes r e f e r r e d  t o  a s  t e r t i a r y  
recovery, g e n e r a l l y  i s  understood t o  include s t imu la t i ve  methods appl ied  
t o  a r e se rvo i r  a f t e r  waterf looding has  reached an economic l i m i t .  EOR . 

techniques,  however, can a l s o  be appl ied fol lowing primary production or  
p ressure  maintenance. The p r i n c i p a l  EOR methods a r e  chemical f looding 
(micellar-polymer, polymer, c a u s t i c ,  o r  o the r s ) ;  thermal (steam cyc l ing ,  
steam d r ive ,  forward and reverse  i n  s i t u  combustion, o r  o the r s ) ;  and 
miscible-phase i n j e c t i o n  (carbon d ioxide ,  high-pressure hydrocarbons, o r  
o t h e r s ) .  

4.2.1.1 Primary production: It i s  important ,  during 
primary product ion from a r e s e r v o i r ,  t o  produce a t  a r a t e  not  exceeding - 

the  maximum e f f i c i e n t  r a t e  (MER) f o r  t h a t  r e s e r v o i r .  Detai led product ion 
d a t a  fo r  i nd iv idua l  Egyptian r e s e r v o i r s  a r e  not a v a i l a b l e ,  but  the 
assumption is t h a t  the  engineer ing e x p e r t i s e  a v a i l a b l e  wi th in  EGPC and 
i ts pa r tne r  o i l  companies is  such t h a t  the  f i e l d s  a r e  being and w i l l  
continue t o  be produced a t  a r a t e  below t h e  MER, which should r e s u l t  i n  ' 
no r e s e r v o i r  damage. :This is no t  a d i s t i n c t  op t ion .  Nevertheless ,  i t  
should be p rac t i ced  regard less  of o t h e r  op t ions .  



4.2.1.2 Reservo i r  p r e s s u r e  maintenance: P r e s s u r e  
maintenance has  a p p a r e n t l y  n o t  been p r a c t i c e d  by t h e  companies o p e r a t i n g  
Egyptian f i e l d s .  It is h i g h l y  u n l i k e l y  t h a t  p r e s s u r e  maintenance b y  g a s  
i n j e c t i o n  i s  an a t t r a c t i v e  o p t i o n  because of t h e  h igh  and i n c r e a s i n g  
v a l u e  of n a t u r a l  g a s  and t h e  a p p r e c i a b l e  c o s t s  of compression and in- 
j e c t i o n .  P r e s s u r e  maintenance by water i n j e c t i o n ,  however, should  be 
a t t r a c t i v e  and must b e  considered a s  one o p t i o n .  I n  the  e x e r c i s e  of 
t h i s  o p t i o n ,  c o n s i d e r a t i o n  should be g iven  t o  main ta in ing  t h e  p r e s s u r e  
b e f o r e  it  d r o p s  below t h e  bubble  p o i n t .  

4.2.1.3 Waterflooding: Waterf looding was begun i n  the  
E l  Morgan f i e l d  i n  the  Gulf of Suez i n  February 1974. m e  Kareem 
Sandstone is  f looded a t  an average dep th  of 6,100 f e e t .  The lo rmat ion  
h a s  an  average  t h i c k n e s s  o f  400 f e e t ,  an  average p e r m e a b i l i t y  o f  600 
m i l l i d a r c y s ,  and an average p o r o s i t y  of 21 p e r c e n t .  Sea wat,er, t r e a t e d  
t o  reduce oxygen c o n t e n t ,  a d j u s t  pH, and 'guard  a g a i n s t  c o r r o s i o n  and 
b a c t e r i a l  a c t i o n ,  i s  i n j e c t e d  a t  an average wellhead p r e s s u r e  of 1,200 
p s i  and an average i n j e c t i o n  r a t e  of 200,000 b a r r e l s  d a i l y .  Cumulative 
water i n j  ec  t ed  e q u a l s  252 m i l l i o n  b a r r e l s .  No i n j e c t i o n  problems were 
r e p o r t e d .  Reservo i r  p r e s s u r e ,  i n i t i a l l y  3,000 p s i ,  had dropped t o  about 
1,000 p s i ,  o r  about 1,000 p s i  below t h e  bubble  p o i n t  when i n j e c t i o n  was . 

s t a r t e d .  Water is i n j e c t e d  p e r i p h e r a l l y  from t h e  sou th  and west edges of 
t h e  f i e l d .  O i l  product3on a s  a  r e s u l t  of water  i n j e c t i o n  averages  
25,000 b a r r e l s  d a i l y ;  cumul'ative waterf lood o i l  p roduc t ion  is 20 m i l l i o n  
b a r r e l s .  Water produc t ion  is about 18,000 b a r r e l s  d a i l y ,  wi th  18.8 
m i l l i o n  b a r r e l s  cumulat ive .  The success  o f  wa te r f lood ing  i n  t h e  El 
Morgan f i e l d  i s  encouraging.  It is  n o t  p r a c t i c a b l e  t o  c a l c u l a t e  t h e  
a d d i t i o n a l  o i l  t h a t  might have been recovered had water i n j e c t i o n  been , .  

s t a r t e d  a t  a h igher  r e s e r v o i r  p r e s s u r e .  

The El  Morgan waterf lood i s  t h e  o n l y  c u r r e n t  oil-production-stimu- 
l a t i o n  p r o j e c t  i n  Egypt. Current  p l a n s  are t o  begin  a  wa te r f lood  i n  the  
J u l y  f i e l d ,  i n  t h e  Gulf o f  Suez, l a t e r  i n  1978. It is  n o t  known whether 
t h e  p r e s s u r e  i n  t h i s  r e s e r v o i r  has  f a l l e n  below t h e  bubble  p o i n t .  The 
p o s s i b i l i t y  of waterf  lood ing  o t h e r  f i e l d s  is  an o p t i o n  t h a t  should 
r e c e i v e  c a r e f u l  c o n s i d e r a t i o n .  

4.2.1.4 Enhanced o i l  recovery:  Enhanced o i l  recovery (EOR) 
i n  the  United S t a t e s  i s  r e c e i v i n g  inc reased  emphasis from both  i n d u s t r y  
and government. Of t h e  v a r i o u s  EOR t e c h n o l o g i e s ,  c y c l i c  steam i n j e c t i o n  
and,  t o  a lesser e x t e n t ,  conven t iona l  steam-drive technology may b e  
considered t o  b e  commercial p rocesses .  Carbon d i o x i d e  f lood ing  may b e  
considered near  commercial. A t  p r e s e n t ,  EOR technology c o n t r i b u t e s  
about 373,000 barrels d a i l y  o f  t h e  United S t a t e s  8  m i l l i o n  b a r r e l s  o f  
product ion.  The EOR t o t a l  i n c l u d e s  some o i l  produced by c y c l i c  steam 
and non-C02 gas  i n j e c t i o n .  

A t  p r e s e n t  t h e  U. S. Department of Energy (DOE) has  21 c o n t r a c t s  
wi th  i n d u s t r y  f o r  f i e l d  demons t ra t ions ,  on a  s i g n i f i c a n t  s c a l e ,  of EOR 
processes .  T o t a l  e s t imated  c o s t  of t h e  program i s  about $155 m i l l i o n  
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over a four-  t o  s ix-year  p e r i o d ,  toward which t h e  i n d u s t r y  i s  funding 
about 64 percen t .  Goals a r e  a n  inc rementa l  d a i l y  i n c r e a s e  i n  product ion 
of 800,000 b a r r e l s  and a d d i t i o n s  t o  proven r e s e r v e s  of 3 b i l l i o n  
b a r r e l s  by 1985. 

DOE h a s  been coopera t ing  wi th  t h e  Egyptian Government i n  a s tudy  of 
t h e  f e a s i b i l i t y  of applying EOR technology t o  t h e  Ras Gharib f i e l d .  A 
p r e l i m i n a r y  r e s e r v o i r  e v a l u a t i o n  was made by DOE e n g i n e e r s ,  and t h e  
scope of a recommended r e s e r v o i r  eng ineer ing  s tudy  was prepared f o r  use  
by EGPC i n  r e q u e s t i n g  p r o p o s a l s  f o r  conduct ing t h e  s tudy.  It is  under- 
s tood ( A p r i l  1978) t h a t . r e q u e s t s  w i l l  be  d e l i v e r e d  t o  p o t e n t i a l  contrac-  
t o r s  soon. DOE h a s  o f f e r e d  t o  e v a l u a t e  t h e  r e s e r v o i r  engi.nee.ring s tudy  
when i t  is  completed and t o  r e c e i v e  two o r  more Egyptian petroleum 
eng ineers  a t  one o r  more of i t s  Energy Research Cente r s  a f t e r  t h e  
e v a l u a t i o n  i s  complete,  t o  f a m i l i a r i z e  them wi th  EOR technology. 

I f  t h e  r e s e r v o i r  s t u d y  i n d i c a t e s  t h a t  t h e  Ras Gharib f i e l d  may b e  
amenable t o  an EOR technology,  a p p l i c a t i o n  t o  o t h e r  Egyptian f i e l d s  
should be considered.  

Q u a l i t a t i v e l y ,  t h e  fo l lowing  o b s e r v a t i o n s  may b e  made wi th  r e s p e c t  
t o  petroleum product ion:  

Performance C a p a b i l i t i e s .  O i l  i s  produced i n  Egypt l a r g e l y  by 
Egypt ian- in te rna t iona l  o r  wholly i n t e r n a t i o n a l  companies. The e x p e r t i s e  
possessed by t h o s e  companies and by t h e  Egyptian e n g i n e e r s  i s  such t h a t  
t h e r e  should be  no p a r t i c u l a r  performance problems. Egypt h a s  an  
adequate  l a b o r  f o r c e .  For example, t h e  number of petroleum eng ineers  
graduated appear t o  be  about  t h r e e  t imes  t h e  immediate domestic need. 
Technicians  may n o t  be  as p l e n t i f u l ,  and t h e r e  may b e  some need f o r  
. a d d i t i o n a l .  t r a i n i n g  of s k i l l e d  and semi-sk i l l ed  o i l f i e l d  workers.  

A v a i l a b i l i t y  and Timing. The a v a i l a b i l i t y  of EOR t e c h n o l o g i e s  i s  
immediate, and t h e  t iming of i n c r e a s e d  o i l  p roduc t ion  from t h e i r  a p p l i -  
c a t i o n  may depend most ly  upon cont inued high world o i l  p r i c e  ( a  realis- 
t i c  e x p e c t a t i o n )  and t h e  p roduc t ion  p o t e n t i a l  o f ' n e w  f i e l d s  discovered 
a s  a r e s u l t  of c u r r e n t  h i g h  l e v e l  of e x p l o r a t i o n  a c t i v i t i e s .  

Cons t ruc t ion ,  Operat ion,  Maintenance C h a r a c t e r i s t i c s .  A s  a l r e a d y  
n o t e d ,  c o n s t r u c t i o n ,  o p e r a t i o n ,  and maintenance c a p a b i l i t i e s  should  be  
adequate .  

Support ing I n d u s t r y  Requirements. .  O i l  p roduc t ion  w i l l  r e q u i r e  
s t e e l  and o t h e r  meta l  p r o d u c t s ,  such  a s  d r i l l i n g  r i g s  .and p la t fo rms ,  
t u b u l a r  goods, pumps, compressors ,  t a n k s ,  i n s t r u m e n t s ,  and chemicals ,  
(e.g., d r i l l i n g  a d d i t i v e s  and s u r f a c t a n t s ) .  Egypt should  be i n  a 
c o m p e t i t i v e  p o s i t i o n  w i t h  t h e  rest of t h e  oi l -producing world i n  acquir -  
i n g  such p roduc t s .  

Environmental Impact. The environmental  f a c t o r s  a s s o c i a t e d  wi th  
o i l  p roduc t ion  i n  Egypt a r e  much l i k e  those  i n c i d e n t a l  t o  p roduc t ion  i n  
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o t h e r  c o u n t r i e s .  There is  always a p o s s i b i l i t y  of g r e a t e r  adverse  
environmental  impacts  i n  o f f s h o r e  p roduc t ion  than i n  onshore  o p e r a t i o n s ,  
such  as through o i l  s p i l l s .  Increased p roduc t ion  should n o t  d ispropor-  
t i o n a t e l y  i n c r e a s e  c u r r e n t  adverse  environmental  e f f e c t s .  Reservoir  
r e p r e s s u r i n g ,  such a s  by p r e s s u r e  maintenance,  wa te r f lood ing ,  o r  by an 
EOR technology,  might i n c r e a s e  t h e  p o s s i b i l i t y  o f  contaminat ion of 
a q u i f e r s .  In chemical  f l o o d i n g ,  t h e  produced waste  may c o n t a i n  some 
harmful chemicals.  

s i n c e  produced w a t e r s  u s u a l l y  a r e  s a l i n e  t o  some degree ,  t h e i r  
d i s p o s a l ,  whether by i n j e c t i o n  i n t o  t h e  o i l  r e s e r v o i r  o r  i n t o  some o t h e r  
s u b s u r f a c e  fo rmat ion ,  o r  by d i s c h a r g e  i n t o  t h e  Gulf o r  s e a ,  always poses  
some problem. It is  n o t  l i k e l y  t h a t  t h e  problem would be  g r e a t l y  
magnif ied i f  t h e  wa te r  con ta ined  some smal l  c o n c e n t r a t i o n  of chemicals.  

On t h e  whole, i n c r e a s e d  o i l  and g a s  p roduc t ion  i n  Egypt should  n o t  
cause  unmanageable environmental  problems. 

Social/Economic/Institutional. The socioeconomic and i n s t i t u t i o n a l  
e f f e c t s  of enhanced o i l  recovery a r e  obscure  and hence d i f f i c u l t  t o  
e v a l u a t e .  Economically, i n c r e a s e d  o i l  and g a s  p roduc t ion  should r e s u l t  
i n  a h i g h e r  GNP, an  i n c r e a s i n g l y  f a v o r a b l e  b a l a n c e  o f  t r a d e  wi th  e x p o r t s  
a p p r e c i a b l y  exceeding impor t s ,  and a r e s u l t i n g  g e n e r a l  i n c r e a s e  i n  t h e  
s t andard  of l i v i n g .  

Manpower. More s k i l l e d  and Oemi-skilled workers should  become 
employable i n  t h e  o i l  i n d u s t r y .  The number of a v a i l a b l e  Egyptian 
pet roleum e n g i n e e r s  should  be adequate .  

Other  Resources.  P o t e n t i a l  i n c r e a s e s  i n  o i l  and g a s  p roduc t ion  
would r e q u i r e  i n c r e a s e d  s e r v i c e s  of d r i l l i n g  companies, o i l f i e l d  s e r v i c e  
companies, and o t h e r  a n c i l l a r y  i n d u s t r i e s .  

4.2.2 New r e f i n e r y  c o n s t r u c t i o n :  Egypt's c u r r e n t  p lanning f o r  
petroleum r e f i n i n g  c a p a c i t y  i n v o l v e s  t h e  c o n s t r u c t i o n  of a 100,000 
b a r r e l  pe r  day ( 5  m i l l i o n  m e t r i c  t o n s  pe r  y e a r )  low-gasoline type 
r e f i n i n g  u n i t  a t  t h e  Suez r e f i n i n g  complex, which w i l l  b e  completed by 
1982. Thus, i n  1982, Egypt's domestic r e f i n i n g  c a p a c i t y  w i l l  be 16.55 
m i l l i o n  m e t r i c  t o n s  pe r  y e a r ,  d i s t r i b u t e d  a s  shown i n  t a b l e  8. 

A low-gasoline type r e f i n e r y  means ' t h a t  no p rocess ing  (e.g., 
c a t a l y t i c  c rack ing)  i s  i n c o r p o r a t e d .  This i n c r e a s e s  t h e  y i e l d  of 
g a s o l i n e  p e r  b a r r e l  of c r u d e  o i l  beyond t h e  s t r a i g h t - r u n  y i e l d .  Only 
c a t a l y t i c  r e f i n i n g  i s  i n c o r p o r a t e d  t o  improve g a s o l i n e  q u a l i t y  (oc tane  
r a t i n g ) .  This  p a t t e r n  of p rocess ing  produces t h e  mix of petroleum 
produc t s  which f i t s  Egypt's h i s t o r i c  p a t t e r n  of demand. It appears  t h a t  
t h i s  p rocess  mix w i l l  f i t  t h e  deinand p a t t e r n  through 2000. 

Two minor e x c e p t i o n s  e x i s t .  The Suez r e f i n e r y  of t h e  Suez O i l  
Process ing Company i n c l u d e s  a coking u n i t  which was i n s t a l l e d  i n  t h e  
1960's - probably i n  a n t i c i p a t i o n  of a demand f o r  petroleum coke f o r  
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TABLE 8 

PETROLEUM REFINERIES I N  EGYPT - 1982 

. > 

Locat ion c a p a c i t y  Responsible  Company 

6 
10 MTY . 

Suez 1 

Suez 1 

New Refinery Unit 

. .. .. Nasr Petroleum Company 

1 ' . . 
Suez 0.8 Suez O i l  Process ing Co. 

Cairo  (Mostorod) 3.5 Suez O i l  Process ing Co. 

Tanta 0.75 Suez O i l  process ing Co. 

El Almeriya (Alexandr ia)  2.0 Nasr ~ e t r ' o l e u m  Company 

El  Mex (Alexandr ia)  3.0 Alexandr ia  Petroleum Co. 

The new r e f i n i n g  u n i t  may b e  incorpora ted  w i t h  t h e  two e x i s t i n g  r e f i n e r i e s  
i n t o  one r e f i n e r y  wi th  a  s i n g l e  a d m i n i s t r a t i o n .  : . . 

Source: Egyptian General  ~ e t r o l e u p  c o r p o r a t i o n  



e l e c t r o d e  manufacture s p e c i t i c a l l y  f o r  Egypt's aluminum smelter  a t  Nag 
Hammadi. The coking u n i t  i s  now damaged, bu t  is being r e b u i l t  t o r  a 
capac i ty  s u i t e d  t o  t he  planned smelter  capac i ty .  Coking u n i t s  a r e  
normally incorporated i n t o  t he  r e f i n e r y  processing when t h e r e  i s  a 
market f o r  t he  coke produced. Although l i g h t  d i s t i l l a t e  products  a r e  
s imultaneously produced, t he se  a lone  do not  warrant t h e  coking u n i t  
i n s t a l l a t i o n .  . The-reason i s t h e  h igh ly  unsaturated s t a t e  of t h e  d i s t i l -  
l a t e s ,  which r e q u i r e  s t a b i l i z a t i o n  and hydro t rea t ing  t o  s a t u r a t e  t h e  
mo lecu le s~and  remove s u l f u r  t o  be  marketable.. The p re fe r r ed  routeowhen 
t h e  r e f i n e r y  product mix emphasizes l i g h t e r  d i s t i l l a t e s  over r e s i d u a l  
f u e l  o i l s  i s  hydrocracking. 

' 
The o the r  except ion i s  the  i nc lu s ion  of l u b r i c a t i n g  o i l  processing 

f a c i l i t i e s  f o r  t he  E l  Almeriya r e f i n e r y ,  which processes  western Egyptian 
p a r a f f i n i c  type crude o i l .  The e f f e c t  i s  t o  reduce r e s idua l  f u e l  o i l  
product ion a t  t he  r e f i n e r y  t o  the  ex t en t  t h a t  t h i s  f r a c t i o n  conta ins  t h e  
needed lube  6 i 1  f r a c t i o n s .  The capac i ty  of t he  lube  o i l  processing 
f a c i l i t i e s  a t  E l  Almeriya i s  less than the  expected f u t u r e  domestic 
demand. Some a spha l t  f o r  road pavement is a l s o  produced, which has been 
o f f  s p e c i f i c a t i o n  because of inadequate  removal of wax. 

Current and pro jec ted  production of r e f i n e r y  products i s  shown i n  
t a b l e  9. The propor t ions  of t h e  d i f f e r e n t  products i n  t h e  mix a r e  
remarkably c o n s i s t e n t  through t h e  completion of t h e  planned new r e f i n i n g  
u n i t  a t  Suez. 

Egypt c u r r e n t l y  produces a su rp lus  of l i g h t  naphtha and f u e l  o i l  
which i s  exported. However, some d i s t i l l a t e  products a r e  imported, 
p a r t i c u l a r l y  where product mix imbalances with domestic demand a r e  
b e t t e r  redressed a t  a lower c o s t  by import of s e l ec t ed  products  with a 
corresponding export  of crude o i l .  In 1977, t he  monetary va lue  of 
product expor t s  was b.E. 141.6 m i l l i o n  whfle the  va lue  of product 
imports was b.E. 31.1 mi l l i on .  The fo recas t  f o r  1982, when the  100,000 
b a r r e l  per day r e f i n e r y  a t  Suez i s  completed, i s  f o r  t he  expected 
expor t s  t o  be  valued a t  L.E. 105 mi l l i on ,  and the  product imports a t  
h.E. 37 mi l l i on  a s  shown in '  t a b l e  7. 

By 1982, crude o i l  o r i g i n a t i n g  i n  t he  Gulf of Suez w i l l  be suppl ied 
t o  t he  r e f i n e r i e s  ( t a b l e  8)  by p ipe l ine ,  except f o r  t he  supply t o  t h e  
t w o  r e f i n e r i e s  i n  Alexandria. It appears  t h a t  both r e f i n e r i e s  a t  
Alexandria rece ive  a l l  t h e i r  crude o i l  by tanker ,  both from western 
d e s e r t  production and from Gulf of Suez production. An o i l  p ipe l ine ,  
26" i n  diameter ,  i s  now i n  the  e a r l y  s t a g e s  of cons t ruc t ion .  It w i l l  
extend from E l  Shukheir t o  Suez. O i l  i s  t o  be received a t  El Shukheir 
by a submarine l i n e  from the  o f f sho re  El- Morgan f i e l d .  Completion i s  
expected by 1981. It i s  not  c l e a r  from the  information gathered i n  Egypt 
whether t he  o i l  p ipe l ine  from Suez t o  Cairo t o  Tanta t o  Damanhour a l s o  
extends'  t o  Alexandria. 

In t h e  period 1982 through 2000, Egypt w i l l  r equ i r e  a d d i t i o n a l  
r e f i n i n g  capaci ty .  It seems reasonable  t o  p r o j e c t  t h a t  t h e  product mix 



TABLE 9 

CURRENT AND PROJECTED PRODUCT MIX FROM EGYPTIAN REFINERIES (1 978-1 982) 

PRODUCT 1977 1978 1982 
Actual Estimated Projected 

3 
~ O ~ M T Y  wt% 10 MTY W ~ X  ~ O ~ F ~ Y  w ~ %  

Kerosene 

Turbine Fuel 

Gas Oi l IDiese l  Fuel 

Fuel  O i l  

Asphalt 

Lube Oils 

Others 

TOTAL 

- - -- -- - - - - 

SOURCE: .Egyptian General Petroleum Corporation. 



w i l l  n o t  change, t .hat  EGPC i n t e n d s  t h e  c o n s t r u c t i o n  of a new 100,000 BID 
u n i t  through procurement by t e n d e r  from recognized i n t e r n a t i o n a l  engineer-  
i n g  c o n s t r u c t i o n  f i rms .  F u r t h e r ,  r e f i n e r y  p r o j e c t s  w i l l  probably  be  
launched between 1982 and 2000 t o  t h e  e x t e n t  demand growth j u s t i f i e s .  
Th i s  o p t i o n  wi.11 extend t h e  p r e s e n t  b a s e  of r e f i n i n g  c a p a c i t y  and t h e  
exper ience  t h i s  r e p r e s e n t s  i n  c o n s t r u c t i o n ,  o p e r a t i o n ,  and t h e  u t i l i z a -  
t i o n  of suppor t ing  i n d u s t r y .  Thus, no unique o r  new problems should 
arise. 

L i k e l y  l o c a t i o n s  appear  t o  be  E l  Shukheir  ( a  new r e f i n e r y  a t  t h e  
l o c a t i o n  of t h e  on-shore t e r m i n a l  of t h e  g a t h e r i n g  system f o r  t h e  
o f f - shore  p roduc t ion  i n  t h e  Gulf of Suez) and a d d i t i o n s  t o  t h e  r e f i n e r i e s  
a t  Ca i ro  (Mostorod) and Alexandr ia  (E l  Almeriya). 

The fo l lowing  q u a l i t a t i v e  o b s e r v a t i o n s  may b e  made concerning t h e  
r e f i n e r y  c o n s t r u c t i o n  program. 

Environment. The p r i n c i p a l  a tmospher ic  emiss ions  from o i l  r e f i n e r i e s  
i n c l u d e  p a r t i c u l a t e s ,  SO , NOx, hydrocarbons (HC) and CO. Emissions 
of s u l f u r  ox ides  and p a r F i c u l a t e s  t h a t  c h a r a c t e r i z e  r e f i n e r y  o p e r a t i o n s  
a r e  d i scussed  i n  t h e  Environmental  Annex of t h e  Report. 

I n  any e v e n t ,  a i r  p o l l u t i o n  from E l  Shukheir  shou ld  b e  of l i t t l e  
consequence due t o  t h e  smal l ,  human popula t ion  i n  t h e  a r e a .  This  w i l l  
n o t  be t h e  c a s e  i n  Alexandrfa ,  however. Egypt's second l a r g e s t  popula- 
t i o n  c o n c e n t r a t i o n  is  i n  Alexandr ia ,  and a i r  p o l l u t i o n  is  a l r e a d y  
severe .  A d d i t i o n a l  p o l l u t i o n  load ing  would b e  l i k e l y  t o  i n c r e a s e  
adverse  h e a l t h  e f f e c t s .  For t h i s  r eason ,  any new r e f i n e r i e s  planned f o r  
Alexandr ia  should  b e  equipped w i t h  a n t i - p o l l u t i o n  hardware. Recommen- 
d a t i o n s  f o r  pol lu tant- removal  e f f i c i e n c i e s  a r e  d i s c u s s e d  i n  t h e  Environ- 
mental  Annex noted above. The n e t  e f f e c t  of t h e  i n c l u s i o n  of such 

* e f f i c i e n c i e s  would be  a  m i t i g a t i o n  of p u b l i c  h e a l t h  impacts t h a t  could  
occur  i f  new r e f i n e r y  c a p a c i t e s  were added t o  p o p u l a t i o n  c e n t e r s  such a s  . 
Alexandria .  

. . 

Discharges  from petroleum r e f i n e r i e s  c o n t a i n  p o l l u t a n t s  t h a t  can , 

degrade wate r  q u a l i t y .  Land d i s p o s a l  o r  d i s c h a r g e  i n t o  t h e  Gulf of Suez 
are t h e  o p t i o n s  f o r  t h e  d i s p o s a l  of l i q u i d  wastes.  Land d i s p o s a l  i n  
evapora t ion  ponds might be p r e f e r a b l e  t o  d i s c h a r g e  i n t o  t h e  Gul f ;  t h e  
environmental  consequences o f  both  methods shou ld  b e  cons idered  by t h e  
Egypt ian a u t h o r i t i e s .  

Unt rea ted  e f f l u e n t s  from new r e f i n e r y  c a p a c i t y  a t  Alexandr ia  (and 
i n  a  s i m i l a r  v e i n  a t  Mostorod) should n o t  be  d i scharged  i n t o  t h e  Bay of 
Alexandr ia  nor  i n t o  Lake Maryut. The bay is  a l r e a d y  p o l l u t e d  from 
i n d u s t r i a l  was tes ,  u n t r e a t e d  sewage, and d i s c h a r g e s  from s h i p s  a w a i t i n g  
load ing  o r  unloading.  Most p o l l u t a n t s  t h a t  c h a r a c t e r i z e  pet roleum 
r e f i n e r y  l i q u i d  e f f l u e n t s  can be removed. 

Treatment of r e f i n e r y  l i q u i d  e f f l u e n t  s t reams  r e s u l t s  i n  t h e  
g e n e r a t i o n  of s o l i d  wastes .  Ref ine ry  o p e r a t i o n  a l s o  r e s u l t s  i n  t h e  



generat ion of o the r  wastes.  , I n  a r ea s  where water p o l l u t i o n  is of . 
environmental concern, t h e  op t ion  of land d isposa l  of r e f i n e r y  waste 
s o l i d s ,  and s o l i d s  ex t r ac t ed  form l i q u i d  e f f l u e n t  streams should be 
prefer red  t o  the  opt ion of d i scharge  i n t o  waters .  

4.2.3 A l t e r n a t i v e  u t i l i z a t i o n  of petroleum coke: The aluminum 
smelter a t  Nag Hammadi is  set up a s  p r imar i l y  an export-oriented smelter. 
By January 1981, t he . expec t a t i on  is  t h a t  i ts  production capac i ty  w i l l  be 
approximately 200,000 metr ic  tons  per year of primary aluminum, of which 
about 70 percent  w i l l  be exported. The e l e c t r i c i t y  consumption f o r  t h i s  
production w i l l  be about 400 MWe. Export s p e c i f i c a t i o n s  r e q u i r e  c lo se  
c o n t r o l  of the  i r o n ,  s i l i c o n ,  vanadium, and n icke l  content  of the  
metal .  

The production w i l l  consume about 116,000 met r ic  tons per year of 
petroleum coke and 19,000 met r ic  tons per  year of c o a l  t a r  p i t c h ,  both 
f o r  e l ec t rode  manufacture. The smel te r ' s  coke s p e c i f i c a t i o n  l i m i t s  i ts 
vanadium conten t  t o  150 ppm maximum, and i t s  n i c k e l  content  t o  150 ppm 
maximum. With these  s p e c i f i c a t i o n s  the  smelter  management expects  a  , 

s a t i s f a c t o r y  vanadium content  i n  the  f i n i shed  metal.  They have cont rac t -  
ed t o  ob ta in  t h e i r  petroleum coke supp l i e s  from the  Suez r e f i n e r y  of the 
Suez O i l  Processing Company. 

The coking u n i t  a t  the  r e f i n e r y  has  been damaged and i s  being 
r e b u i l t  by t h e  o i l  company t o  a  capac i ty  of 190,000 tons  per year .  It 
appears  t h a t  an investment of about L.E. 13-20 mi l l i on  is being made f o r  
t h i s  h a b i l i t a t i o n .  Its o r i g i n a l  capac i ty  was 310,000 tons  per year .  
The u n i t  des ign  i s  based .on upgrading res idues  t o  middle d i s t i l l a t e s ,  
using a  heavy Belayim crude. The coke produced is  expected t o  have a  
vanadium conten t  of about 300 ppm, twice  the s p e c i f i c a t i o n  s t a t e d  by t h e  
aluminum smel te r .  The prospec ts  a r e ,  t hen ,  t h a t  the  coke produced by 
the  r e f i n e r y  w i l l  not be  usab le  i n  the aluminum sme l t e r ,  even though a  
c o n t r a c t  e x i s t s  covering t h i s  use. 

The r e f i n e r y  management s t a t e s  t h a t  they have no i n t e n t i o n  of 
changing the  coker feed ,  a l though l a t e r  they p lan  t o  use o ther  heavy 
(20-25' API) crudes of  unknown meta l  content .  They b e l i e v e  t h a t  the 
smelter management is committed by c o n t r a c t  t o  purchase the  coke f o r  the  
r e f i n e r y  and t h a t  they a r e  aware of i ts high vanadium content .  Should 
they n o t  purchase,  a  pena l ty  c l a u s e  becomes e f f e c t i v e  . 

Thus, i t  is  poss ib l e  f o r  an impasse t o  occur a f t e r  the coking u n i t  
goes i n t o  product ion and the  smelter f i n d s  themselves committed t o  the 
purchase of an u n s a t i s f a c t o r y  coke. Two opt ions  a r e  a v a i l a b l e ,  i n  the 
event  such an impasse m a t e r i a l i z e s .  One is to  burn the coke a s  a  f u e l ,  
i n  which case  it would t ake  a  somewhat l e s s  than f u e l  o i l  value.  The 
increased cos t  handl ing,  c rush ing ,  and burning the  coke compared with 
f u e l  o i l  required t h i s  deva lua t ion .  Also, an investment i n  a  s p e c i a l l y  
designed coke-fired power s t a t i o n  would be required.  The ne t  e f f e c t  of 
t h i s  op t ion  is t h a t  f u e l  o i l  w i l l  have been unnecessar i ly  processed i n  
order  t o  burn i t  a s  a more cumbersome petroleum coke. 
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' The o the r ,  more a t t r a c t i v e ,  op t ion  is  t o  use the  petroleum coke a s  
a blending agent i n  the  production of me ta l l u rg i ca l  coke, s i m i l a r l y  t o  
t he  blending of t h e  Maghara c o a l ,  o r  char ,  discussed above. The e n t i r e  
output  of 190,000 tons  per year could be absorbed a t  a' corresponding 
reduc t ion  of input  of m e t a l l u r g i c a l  coal .  The coke could be valued a t  
L.E. 51 per  ton,  and the  amount of new investment t o  exe rc i s e  t h i s  
op t ion  would be i n s i g n i f i c a n t .  

Some q u a l i t a t i v e  observa t ions  may be  made : 

Performance Capab i l i t i e s .  The t e s t i n g  procedure a v a i l a b l e  a t  t he  
Helwan coke works, and i n  the  i r o n  and s tee l  works a l ready  noted,  can 
se rve  t o  determine the  a c c e p t a b i l i t y  of a petroleum coke s u b s t i t u t i o n  
f o r  some of t h e  me ta l l u rg i ca l  coa l .  The percentage conten t  of petroleum 
coke i n  t he  blend would be about 15 percent ,  which agrees  with i n d u s t r i a l  
experience. 

A v a i l a b i l i t y  and Timing. About a year of t e s t i n g  would be needed, 
once i t  becomes c l e a r  t h a t  the  op t ion  should be implemented, i n  order  t o  
e s t a b l i s h  the  a c c e p t a b i l i t y  of t h e  s u b s t i t u t i o n .  

Construct ion and Operation. The opt ion  r equ i r e s  no new c a p i t a l  
f a c i l i t y .  Operational p r a c t i c e s  a r e  e s s e n t i a l l y  unchanged, s i n c e  the  
coke works can blend coa l s  from d i f f e r e n t  sources.  

Supporting Industry.  It appears  t h a t  coke can be  t rans-  
ported from the 'Suez r e f i n e r y  t o  t he  Helwan coke works by r a i l r o a d .  No 
o t h e r  supporting indus t ry  i s  required.  

Environmental Impact. The s u b s t i t u t i o n  of petroleum coke f o r  pakt 
of t h e  imported me ta l l u rg i ca l  coa l  would have i n s i g n i f i c a n t  environmental 
consequences. The bas i c  environmental impact of coke making remains 
unchanged. 

Soc i a l  and I n s t i t u t i o n a l  Impact. No s i g n i f i c a n t  impact i s  apparent .  

Economic Impact. The opt ion  provides  a way t o  use an otherwise . , , 

unneeded product. However, i t  appears  l i k e l y  t h a t  the  savings i n  
fo re ign  exchange incur red  by replacement of p a r t  of t h e  me ta l l u rg i ca l  
coa l  would balance t he  increased forefgn  exchange requirement f o r  the  
importat ion of s u i t a b l e  petroleum coke f o r  the aluminum smelter .  

. . 

Manpower. Manpower requirements and s k i l l  l e v e l s  remain unchanged. 

4.2.4 Power generat ion from r e s i d u a l  f u e l s :  Egypt a l ready  gener- 
a t e s  p a r t  of i t s  need f o r  e l e c t r i c i t y  thermally v i a  t he  combustion of 
r e s i d u a l  f u e l  o i l  t o  r a i s e  steam i n  t he  conventional ste,am-turbine 
cycle .  This op t ion  concerns cont inuing t h i s  t y ~ e  of e l e c t r i c i t y  .supply , ' 

through continued i n s t a l l a t i o n  of f u e l - o i l  f i r e d  thermal e l e c t r i c  
s t a t i o n s .  The presen t  i n s t a l l e d  genera t ion  capac i ty  of t h i s  type is  . . .  shown i n  t a b l e  10. 



TABLE 10 

CURRENT INSTALLED THERMAL ELECTRICITY GENERATING CAPACITY (1978) 

Plant /Location Units and Size  MW Total Name Plate  Capacity 

Cairo North 2 x 1 0  
1 x 20 

100 2 x 30 

Cairo West , 3 x 87 26 1 

Cairo South 

Talhka 

Damanhour 

Sieuf 

Karmous 4 x 16 64 

Suez 
1 

Total 4 1 . . 1,365.5 

1 . . 
Under reconstruction because of damage. 

. . . . . . . . . . 
. . .. . . ,. . . , 

SOURCE: Ministry of E lec tr i c i ty  and ~ n e r ~ ~ .  ., , 
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Tota l  cu r r en t  i n s t a l l e d  thermal capac i ty  is 1,365 MWe d i s t r i b u t e d  
among 41  u n i t s  i n  9 d i f f e r e n t  s t a t i o n s .  Current cons t ruc t ion  of new 
o i l - f i r e d  thermal s t a t i o n s  is  shown i n  t a b l e  11. Thus, by 1982, an 
a d d i t i o n a l  1,807 MWe of o i l - f i r e d  thermal power' should be completed, 
making a t o t a l  of 3,172 MWe. 

New u n i t s  tend t o  be provided with dual-fuel  burners  so t h a t  
n a t u r a l  gas a s  w e l l  a s  r e s i d u a l  f u e l  o i l  can be  f i r e d .  Fuel o i l  speci-  
f i c a t i o n s  c a l l  f o r  2 t o  3 percent  maxiumum s u l f u r .  No r egu la t i on  of 
s u l f u r  oxide emissions e x i s t s .  OPder s t a t i o n s  (according t o  information 
gathered a t  the  Cairo West S t a t i on )  consume f u e l  o i l  a t  a r a t e  600 
grams per kWh. This consumption corresponds t o  a heat  r a t e  of about 
6,000 k c a l  per kWh (23,800 Btu per kwh). The newer, and presumably 
l a r g e r ,  p l a n t s  consume only  280 grams, which is a hea t  r a t e  of about , 

2,800 k c a l  per kWh (11,111 Btu per kWh). A con t ro l l ed  test a t  the  El ' 

Seouf s t a t i o n  ( r e l a t i v e l y  small  u n i t s )  i n  January 1977 showed a f u e l  
consumption of 81.3 percent  load of ,Zq3.5 grams per kWh, o r  a hea t  r a t e  
of 3,326 k c a l  per kWh (13,200 Btu pcr ;:Wh) . A t  70 percent  l oad ,  t h e  
hea t  r a t e  was t he  lowest ,  3 percent  ower than the  r a t e  of 81.3 percent  
load. 

The exposure received t o  power p l a n t  opera t ions  during the  v i s i t  t o  
Egypt was l i m i t e d  t o  two power p l a n t s .  The ind i ca t i ons  from t h i s  
l im i t ed  exposure a r e  t h a t  opera t ing  p o l i c i e s  p l ace  secondary consider- 
a t i o n  on the ins t rumenta t ion  and maintenance needed t o  insure  peak 
e f f i c i e n c y  and minimal f u e l  consumption a t  the  load.  Hence, i t  is 
l i k e l y  t h a t  a d e l i b e r a t e  program of r e fu rb i sh ing  combustion con t ro l s ,  o r  
i n s t a l l i n g  new equipment, p a r t i c u l a r l y  a t  the  l a r g e r  p l a n t s ,  can 
he lp  t o  reduce f u e l  o i l  consumption, without de t r iment  t o  the load.  
Quan t i t i e s  of f u e l  saved i n  t h i s  manner can thereby b e  re leased  f o r  
export  . 

The t o t a l  genera t ing  capac i ty  i n  1982 w i l l  be approximately 5,600 
m e ,  which inc ludes  t he  i n s t a l l e d  hydrogeneration capac i ty  of about 
2,500 W e .  . A reasonable  increment fo r  expansion is one t h a t .  is l a r g e r .  
than the l a r g e s t  un i t  . i n  any s t a t i o n ,  150 MWe ( t a b l e  11) , but no t  l a r g e r  
than about 10 percent  of system capac i ty ,  i .e., 560 MWe. : Thus, t h e  
op t ion  t o  i nc rease  Egypt's thermal e l e c t r i c i t y  genera t ion  capac i ty  a f  ter 
1982, a s  demand inc reases ,  i s  t o  cons t ruc t  new thermal capac i ty  i n  

. . ,. , increments of 450 MWe. 

Such a u n i t  would be designed t o  opera te  baseloaded f o r  330 days 
,per  year f o r  30 yea r s .  Its hea t  r a t e  would be about 2,390 k i l o c a l o r i e s  
per kWh (9,500 Btu per  kWh). It would use r e s i d u a l  f u e l  o i l  a s  t he  
bas i c  f u e l ,  wi th  n a t u r a l  gas a s  an a l t e r n a t i v e ,  and , l i g h t  f u e l  o i l  a s  an 
emergency a l t e r n a t i v e .  

' The f i r s t  choice  of l o c a t i o n  f o r  new u n i t s  should be add i t i ons  t o  
e x i s t i n g  power s t a t i o n s  ( t a b l e s  10 and 11) .  These s t a t i o n s  a r e  a l ready  
connected t o  t he  t ransmission l i n e s  of Egypt's un i f ied  power system, and 
a r e  provided with the b a s i c  i n f r a s t r u c t u r e  of admin i s t r a t i on ,  water 



TABLE 11 . . . . 

CURRENT CONSTRUCTION OF NEW T H E W  ELECTRICITY GENeRATING CAPACITY . 
. .:.,, 

, . 

Units and Size Total Name Plate Operation 
Capacity Date , . Stat ion  MW 

. . 

Kaf r-el-Dowar 

Cairo West, No. 4 

Abu Qir 

Sue z 
- 

Total 13 1,807 

SOURCE: 1976 Annual Report of  Electric  S t a t i s t i c s ,  Ministry of E lec tr i c i ty  
and Energy. 



upply,  l a b o r  f o r c e ,  and mainlenance f a c i . l i t i e s .  The new u n i t s  would be  
, u i l t  i n  a n t i c i p a t i o n  of load  growth, perhaps  f a r  enough i n  advance so  
t h a t  t h e  o l d e r ,  l e s s  e f f i c i e n t ,  u n i t s  can be  r e t x r e d  , . t o  peaking s e r v i c e  
( s e e  d i s c u s s i o n  below).  

The n e x t . c h o i c e  f o r  new power g e n e r a t i o n  would b e  i n  new c e n t r a l  
s t a t i o n s .  New s t a t i o n s  would depend on t h e  l o c a t i o n s  of new l o a d  
c e n t e r s  and hence on t h e  growth of new p o p u l a t i o n  c e n t e r s .  The n a t i o n a l  
p o l i c y  i n  Egypt t o  encourage popula t ion  d i s p e r s a l  t o  new undeveloped 
a r e a s  cou ld  r e q u i r e  d e s i g n  of new c e n t r a l  s t a t i o n s  t o  p rov ide  minimum 
water  consumption. h p h a s i s  should  be placed on a high c y c l e  e f f i c i e n c y ,  
maximum water  r e u s e ,  and maximum u t i l i z a t i o n  of a i r  cool ing.  

If  t h e  demand f o r  e l e c t r i c i t y  i n  t h e  year.  2000 reaches  a t o < a l  
20,'000 l lwe a s  p r o j e c t e d ,  an  a d d i t i o n a l  14,400 MWe. of genera t ing  c a p a c i t y  
above t h e  i n s t a l l e d  c a p a c i t y  i n  1982 would have ' . to .  b e  b u i l t .  Assuming 
an average h e a t  r a t e  of 2,390 k c a l  pe r  kWh (9,500 Btu/kWh) and a load  
f a c t o r  of 60 p e r c e n t ,  t h e  consumption of f u e l  o i l  f o r  t h i s  inc rementa l  
c a p a c i t y  would reach  about 340,000 B/D. 

The fo l lowing  q u a l i t a t i v e  o b s e r v a t i o n s  may b e  made concerning a 
c o n s t r u c t i o n  program f o r  t h e  f u e l - o i l  f i r e d  power s t a t i o n s :  

Environment. The major emiss ions  would be s u l f u r  ox ides ,  n i t r o g e n  
o x i d e s ,  and p a r t i c u l a t e s .  Some minor emiss ions ,  namely carbon monoxide, 
hydrocarbons,  and a ldehydes  may a l s o  occur .  

Given a 2 t o  3 p e r c e n t  s u l f u r  c o n t e n t  i n  t h e  f u e l ,  s u l f u r  ox ide  
emiss ions  w i l l  range from 6.8 t o  9.1 ki lograms per  b a r r e l  of f u e l  o i l  
f i r e d  (15 t o  20 l b s . ) .  Incremental  f u e l  o i l  consumption between 1982 
and 2000, a c c o r d i n g l y ,  would r e p r e s e n t  s u l f u r  ox ide  emiss ions  t o  t h e  
atmosphere,  d i s p e r s e d  throughout t h e  populated a r e a s  of Egypt, of  900 t o  
1,250 m e t r i c  t o n s  pe r  day . '  - w 

Nitrogen ox ide  emiss ions  would be  about  2 ki lograms (4.4 pounds) 
p e r  b a r r e l  of f u e l  o i l  f i r e d .  Incremental  f u e l  . o i l  consumption between 
1982 and 2000, a c c o r d i n g l y ,  would r e p r e s e n t  n i t r o g e n  ox ide  emiss ions  t o  
t h e  atmosphere,  d i s p e r s e d  throughout t h e  p o p u l a t e d ' a r e a s  of Egypt, of  
about  600 m e t r i c  t o n s  pe r  day. 

P a r t i c u l a t e  emiss ions  would be  0.15 ki lograms per  b a r r e l  of f u e l  
o i l  (0.34 pounds); inc rementa l  p a r t i c u l a t e  emiss ions  i n  t h e  year  2000 
would be  about  45 m e t r i c  tons  pe r  day. 

A t  t h e  h e a t  r a t e  envisaged,  t h e  c o o l i n g  load ( i f  on ly  water  evapor- 
i o n  were used) r e p r e s e n t s  t h e  e v a p o r a t i o n  of 208 m i l l i o n  m e t r i c  t o n s  
water  per  year  d i s p e r s e d  throughout t h e  populated a r e a s  of Egypt. 

This consumption of water  could  b e  reduced i f  c o a s t a l  l o c a t i o n s  were 
used,  where s e a  water i s  t h e  coo l ing  medium, and i f  d i r e c t  a i r  coo l ing  
were used i n l a n d .  
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Economic. The f u e l  o i l  t h a t  would be consumed i n  the  genera t ion  of 
r the  incremental  e l e c t r i c i t y  between 1982 and 2000 could be exported i f  

a l t e r n a t i v e  sources  f o r  the  e l e c t r i c i t y  were ava i l ab l e .  At cu r r en t  
p r i c e s ,  t h e  va lue  of such an expor t  would be about L.E. 2.3 mi l l i on  per  
day. It i s  un l ike ly  - t h a t  .the. export  market would disappear.  

Manpower. The opera t ion  would r equ i r e  l im i t ed  manpower. Each 
u n i t ,  r ega rd l e s s  of s i z e ,  could be s t a f f e d  (personnel  d i r e c t l y  involved 
i n  t h e  opera t ion)  by 20 t o  30 persons.  The s k i l l s  should be  a v a i l a b l e  
i n  Egypt because of t h e  presen t ly  i n s t a l l e d  capac i ty .  L i t t l e  o r  no 
unique t r a i n i n g  of personnel should be necessary. 

4.2.5 Power genera t ion  from d i s t i l l a t e  f u e l s :  Because of c o s t s ,  
d i s t i l l a t e  f u e l s  a r e  used i n  power genera t ion  only f o r  supplying peak 
leads .  New equipment i n s t a l l e d  f o r  t h e  purpose (gas  t u rb ines )  i s  a  
lower e f f i c i e n c y ,  lower cap i ta l -cos t  u n i t  i n  comparison with baseloaded, 
high-eff ic iency c e n t r a l  s t a t i o n  equipment. A t  the cu r r en t  s t a g e  of 
development, because of i t s  design,  g a s  t u rb ine  equipment is capable  of 
burning only c l ean  d i s t i l l a t e  f u e l  o i l s  o r  n a t u r a l  gas.  Because excess  
d i s t i l l a t e  can be exported,  while  export  p rospec ts  of Egyptian n a t u r a l  
gas  a r e  poor, t h e  op t ion  here  i s  t o  l i m i t  d i s t i l l a t e  f u e l  consumption i n  
peak power s t a t i o n s  t o  l o c a t i o n s  where n a t u r a l  gas  i s  n o t  a v a i l a b l e  and 
t o  use a s  an emergency f u e l  source i n  ca se  of n a t u r a l  gas  i n t e r r u p t i o n .  

A n  a l t e r n a t i v e  source of equipment f o r  peak power genera t ion  i s  t h e  
re t i rement  of t h e  o lde r  and smaller  baseloaded u n i t s ,  e s p e c i a l l y  those  
of low e f f i c i e n c y .  To enable  quick s t a r t u p  'and t rouble-free opera t ion ,  
they may be  operated on n a t u r a l  gas  o r  d i s t i l l a t e  f u e l s .  The equipment 
may b e  s imp l i f i ed  t o  f a c i l i t a t e  easy ope ra t i on  by removal of such i t e m s  
a s  a i r  hea t e r s .  

In a l l  l i ke l i hood ,  new peaking s t a t i o n s  w i l l  be  b u i l t  only where . 
n a t u r a l  ga s  supp l i e s  e x i s t .  Thus, t h e  r o l e  f o r  d i s t i l l a t e  f u e l  i n  t h i s  
a p p l i c a t i o n  is t h a t  of an emergency f u e l .  The d i scus s ion  of t h i s  op t ion  . 

accordingly i s  incorporated with t he  op t ion  discussed below, peak load 
e l e c t r i c i t y  genera t ion  u t i l i z i n g  n a t u r a l  gas . '  

4.3 Natura l  Gas 

The Egyptian General Petroleum Corporaffon ~ i t e s  prove reserves  of 
. n a t u r a l  gas  a t  t he  end of 1977 a s  1.27 x 10 nM (4.5 x  10 

9 2  

SCF). This f i g u r e  i s  i n c o n s i s t e n t  with t he  r e se rve  and production 
p i c t u r e  presented i n  t a b l e  12 ( foo tnote  2). Also noteworthy i s  t h e  
i n d i c a t i o n  i n  t h e  t a b l e  t h a t  no new f i n d s  of n a t u r a l  gas  w i l l  be  made 
before  1982, d e s p i t e  t he  l i ke l i hood  t h a t  new f i n d s  of petroleum ( t a b l e  
2) can be accompanied by a s soc i a t ed  gas.  

More recent  d a t a  ( t a b l e  13) o f f e r ed  by EGPC (June 1978) covers 
pro jec ted  product ion of a s soc i a t ed  gas  from e x i s t i n g  f i e l d s  i n  t h e  Gulf 
of Suez, and p o t e n t i a l  product ion from t h e  new Amal f i e l d .  Thus i t  . 
appears  t h a t  product ion of assoc ia ted  gas  can be  maintained a t  an 80 o r  
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TABLE 12 

PROJECTED. EGYPTIAN NATURAL GAS RESERVES AND 
PRODUCTION ( 1  978-1982) . 

EXISTING FIELDS . . NEW DISCOVERIES TOTAL 
6 9 '  1 6 

10 t o n s  10 SCF . 10 t o n s  lo9 SCF 
6 

10 t o n s  lo9 SCF 

1978 
Rese rves ,  f i r s t  74.0 3,241 

2 

of y e a r  
Produc t i o n  0.6 26 - - 0.6 2 6 
Rese rves ,  end 73.4 3, 2.1 5 - - 73.4 3 ,215 

of y e a r  
1979 - 

R e s e r v e s ,  f i r s t  73.4 3,215 
of y e a r .  " 

P r o d u c t i o n  
Rese rves ;  end  

of ' yea r ,  ' 

1980 '. 

R e s e r v e s ,  f i r s t  71.4 3,127 
of y e a r  . . 

P r o d u c t i o n  2.7. . 118 - - 2.7 118 
Rese rves ,  end -68..7 3,009 - - 68.7 . 3,009 

of  y e a r .  ' : 
1981 

Rese rves ,  f i r s t  68.7 3,009 
of y e a r  

P r o d u c t i o n  2.7 118 . . - - 2.7 118. 
R e s e r v e s  ,' end '66.0 . 2,891 . . - - 66.0 2,891 

of year ,  
1982 - ; J . 

Rese rves ,  f i r s t  
of  y e a r  

Pr oduc t i o n  
Rese rves ,  end  

of  yea r .  . . 

5-Year P l a n  
Rese rves ,  . - 

beg inn ing  . 

P r o d u c t i o n  . 

Rese rves ,  end -. . 

Convers ion  f a c t o r  used:  43,800 SCF = , l  t o n .  . . 
, " ,  

" . I _  . .  
2 

. . . , , 
Does n o t  a g r e e  ~ 5 t h  o t h e r  f i g u r e  c i t e d  by GPC f o r  r e s e r v e s  a t  end 

9 IF  3 
of  1977, i.e.,. 4,500 x 1 0  SCF ( 1 . 2 7 . ~  1 0  . nM ). 

So z: Egyp t i an  Gene ra l  Pe t ro l eum C o r p o r a t i o n ,  A p r i l  1978. 



' TABLE 13 

POTENTIAL GULF OF SUEZ PRODUCTION OF 
<ASSOCIATED NATURAI. GAS 

PROJECTED PRODUGTION FROM EXISTING 
FIELDS ( 1 0  SCFIDAY) 

PROJECTED PRODUCTION FROM AMAL 
FIELD TO PROVIDE TOTAL DAILY 

. . 
J u l y  & L o c a t i o n  L o c a t i o n  

Y e a r  Morgan Ramadan 382  39  1 T o t a l  8 0  MM SCF 90 MM SCF 

( S t a r t  o f  Deve lopment )  

S o u r c e :  E g y p t i a n  G e n e r a l  P e t r o l e u m  c o r p o r a t i o n ,  November 1977. 



90 m i l l i o n  SCFD l e v e l  through t h e  y e a r  2000. The EGPC a l s o  o f f e r s  d a t a  
(shown i n  t a b l e  14) i l l u s t r a t i n g  the es t imated  a s s o c i a t e d  n a t u r a l  gas 
r e s e r v e s  by producing f i e l d  i n  t h e  Gulf of Suez. Table 15 g i v e s  a c t u a l ,  
e s t i m a t e d ,  and p r o j e c t e d  p roduc t ion  d a t a  f o r  non-associated n a t u r a l  gas .  

8  
3  

Gas produ t i o n  dur ing  1977 w a s :  (1) non-asso i a t  d ,  5.0 x 10 § § 5 nM9 (17.7 x 10 SCF) , and ( 2 )  a s s o c i a t e d ,  2.0 x 10 nM (53.0 x 
10 SCF) was f l a r e d .  Na tura l  g a s o l i n e  produced e q u a l l e d  600,000 
b a r r e l s .  Most of t h e  l i q u i f i e d  petroleum gas  is  marketed a s  b o t t l e d  
bu tagas  and used p r i m a r i l y  f o r  i n d u s t r i a l  and r e s i d e n t i a l  cooking and 
water h e a t i n g .  Some g a s  is i n j e c t e d  i n t o  w e l l s  i n  the  Suez f i e l d s  t o  
produce o i l  through g a s  l i f t .  There is no o i l - r e s e r v o i r  p r e s s u r e  
maintenance by g a s  i n j  ec  t i o n  and none is planned. Water and na tu ra l -gas  
l i q u i d s  a r e  s e p a r a t e d  a t '  c e n t r a l  loca tkons  i n  t h e  v a r i o u s  f i e l d s .  

No s t i m u l a t i o n  of non-associa ted gas-producing fo rmat ions  have been 
a t t empted ,  a s  t h e  g a s  is n o t  c r i t i c a l l y  needed a t  p r e s e n t  and t h e  
p e r m e a b i l i t i e s  of t h e  fo rmat ions  a r e  such t h a t '  s t i m u l a t i o n  by f r a c t u r i n g  
o r  o t h e r  means h a s  n o t  been considered necessary .  

1 

4.3.1 Product ion:  Unlike t h e  s t i m u l a t i o n  of o i l  p roduc t ion ,  t h e  
s t i ~ u u l a t i o n  of n a t u r a l  gas  product ion normally does n o t  invo lve  the  
a d d i t i o n  of energy t o  t h e  r e s e r v o i r  through f l u i d  i n j e c t i o n .  S t i m u l a t i o n  
is  e f f e c t e d  by v a r i o u s  means of f r a c t u r i n g  t h e  r e s e r v o i r  rock when t h e  
p e r m e a b i l i t y  is  inadequa te  t o  permit  f r e e  g a s  f low through t h e  r e s e r v o i r  
rock i n t o  p roduc t ion  w e l l s .  F lu id  i n j e c t i o n  is n o t  needed because the  
r e s e r v o i r  a l r e a d y  c o n t a i n s  a  f l u i d  (gas )  under p r e s s u r e .  The v a r i o u s  
methods o f  f r a c t u r i n g  t h a t  have been o r  a r e  being a t tempted i n  t h e  
United S t a t e s  i n c l u d e  t h e  use  of n u c l e a r  e x p l o s i v e s  (no longer  a c t i v e ) ,  
h y d r a u l i c  f r a c t u r i n g ,  chemical-explosive f r a c t u r i n g , . ( a n d  combinations 
t h e r e o f ) ,  and f r a c t u r i n g  w e l l s  d e v i a t e d  form v e r t i c a l  t o  i n t e r s e c t  
n a t u r a l  f r a c t u r e s .  

4.3.2. Formation of a n a t i o n a l  p i p e l i n e  g r i d :  Two approaches t o  
conserving t h e  a s s o c i a t e d  gas product ion i n  Egypt a r e  ( a )  c a p t u r e  and 
s t o r a g e  and (b )  c a p t u r e  and u t i l i z a t i o n .  Na tura l  gas  is  f r e q u e n t l y  
s t o r e d  underground i n  t h e  United S t a t e s  (386 p r o j e c t s )  i n  d e p l e t e d  gas  
r e s e r y o i r s ,  a q u i f e r s ,  and,  t o  a  l e s s e r  e x t e n t ,  i n  d e p l e t e d  o i l  r e se r -  
v o i r s .  There a r e  f i v  underground s t o r a g e  p r o j e c t s  i n  s a l t  and one i n  5 
an abandoned c o a l  mine . With r e s p e c t  t o  u t i l i z a t i o n ,  t h e  unique 
uses  f o r  n a t u r a l  g a s  i n  Egypt a r e  household cooking and water  h e a t i n g  
(now provided most ly  by b u t a g a s ,  wi th  some by e l e c t r i c i t y ) ,  and i n  
i n d u s t r y  f o r  n i t r o g e n  f e r t i l i z e r  manufacture and ( a s  t h e  i r o n  and s t e e l  
i n d u s t r y  expands) f o r  t h e  d i r e c t  r e d u c t i o n  of i r o n  o re .  Other i n d u s t r i a l  
uses  t h a t  may b e  included a r e  a s  f u e l  i n  cement manufacture  o r  i n  
baseload power g e n e r a t i o n .  But these  uses  a r e  n o t  unique s i n c e  they can 
j u s t  a s  w e l l  be s a t i s f i e d  by a  r e s i d u a l  f u e l  o i l .  

2  
American Gas Assoc ia t ion .  The Underground S t o r a g e  of N a t u r a l  Gas i n  
The United S t a t e s  and Canada, December 31,  1976. 



TABLE 14  
1 ) .  

ASSOCIATED NATURAL GAS RESERVES Ifi SELECTED 
GULF OF SUEZ PRODUCING FIELDS 

GAS TO OIL 
FIELD OIL RESERVES RAT 10 GAS RESERVES 

M i l l i o n  B a r r e l s  SCF x 10 9 

- .  
J u l y  350 55 0 192.5 

Ramadan 500 40 0 200.0 

- .  . 
L o c a t i o n  392 150 . . .  1000 150.0 

L o c a t i o n  391 40 800 32.0 
- .- 

TOTAL 1,040 574.5 

S o u r c e :  E g y p t i a n  G e n e r a l  P e t r o l e u m  C o r p o r a t i o n ,  November 1977. 

TABLE 1 5  

ACTUAL, ESTIMATED, AND PROJECTED EGYPTIAN NON-ASSOCIATED 
NATURAL-GAS PRODUCTION (1977-1982) 

ACTUAL ESTIMATED PROJECTED 
1980 1981 1982 

- , 
FIELD 1977 1978 1979 

l o 9  lo3 lo9 lo3 lo9 lo9 lo3  lo9 lo3  lo9 
T o n s  SCF T o n s  SCF T o n s  SCF T o n s  SCF T o n s  SCF T o n s  SCF 

Abu - .  
Madhi 132 5.9 168 7.4 500 21.9 900 3g.4 900 39.4 900 39.4 

Ab u 
G h a r a d i q  264 11.6 515 22.6 700 30.7 800 35.0 ' 800 35.0 80'0 35.0 

TOTAL 396 1 7 . 6 ~  768 33.6 2,000 87.6 2,700 118.2 2,700 118.2 2,700 118.2 

9 3 
Agrees with o t h g r  EGPC e s t i m a t e  o f  0.5 x 10 M 

1 

(17.7 x 1 0  f t .  ). C o n v e r s i o n  f a c t o r  u s e d :  43,800 SCF = 1 t o n .  

S o u r c e :  E g y p t i a n  G e n e r a l  P e t r o l e u m  C o r p o r a t i o n ,  A p r i l  1978. 



This  o p t i o n  is hased on t h e  f o r m a t i u ~ ~  of a  Na t iona l  Pipeli .ne Grid 
fed  wi th  n a t u r a l  g a s  from a l l  s o u r c e s ,  a s s o c i a t e d  and non-associa ted,  
w i t h  t h e  demand encouraged t o  t h e  e x t e n t  t h a t  a l l  a s s o c i a t e d  g a s  produc- 
t i o n  can b e  consumed. In 1977, a s s o c i a t e d '  g a s  p roduc t ion  was 80 
p e r c e n t  of t h e  t o t a l  n a t u r a l  gas  produced. 

A 610 mm (24") d iameter  g a s  p i p e l i n e  h a s  been i n  o p e r a t i o n  s i n c e  
l a t e  1977 from Abu Gharadiq i n  t h e  western  d e s e r t  t o  Helwan, t r a n s p o r t i n g  
t h e  non-associa ted g a s  p roduc t ion  from t h a t  f i e l d .  Cur ren t ly  be ing  
s t u d i e d  is a new l i n e ,  about  250 k i l o m e t e r s  long ,  406 mm (16") i n  
d iamete r ,  t o  b r i n g  t h e  Gulf of Suez assoc ia ted-gas  p roduc t ion  on s h o r e  
a t  El  Shukheir  and t r a n s p o r t  i t  t o  Suez. A branch i s  planned t o  t h e  
Mostorod r e f i n e r y  a t  Ca i ro ,  n o t  f a r  from Helwan. 

In a d d i t i o n ,  a  200-250 mm (8 t o  10") l i n e  i s  under c o n s t r u c t i o n  
from Abu Qir t o  Kafr e l  Dauwar power s t a t i o n ,  which w i l l  be d e d i c a t e d  t o  
t h e  power s t a t i o n .  Abu Qir produc t ion  i s  non-associated gas .  A 305 mm 
(12") l i n e  i s  under c o n s t r u c t i o n  from Ahu W d i  ( a l s o  a  non-associated 
g a s  f i e l d )  t o  Talkha, which w i l l  be  d e d i c a t e d  t o  a  u rea  p l a n t  now under 
c o n s t r u c t i o n  t h e r e .  

This  o p t i o n  c a l l s  f o r  i n t e g r a t i n g  t h e s e  g a s  p r o j e c t s  into ullr 
n a t i o n a l  p i p e l i n e  system extending from El Shukheir t o  Suez t o  Cai'ro t o  
t h e  Alexandr ia  a r e a  and t o  Abu Gharadiq. It would o p e r a t e  s o  t h a t  t h e  
p r i o r i t y  s o u r c e  of n a t u r a l  g a s  would be any a s s o c i a t e d  g a s  product ion.  
The p r i c i n g  formula  adopted f o r  t h e  g a s  i n  o r d e r  t o  encourage i t s  use  i n  
t h e  n a t i o n a l  i n t e r e s t  should  a s s u r e  t h a t  a l l  a s s o c i a t e d  p roduc t ion  would 
be  consumed. The f o u r  c a t e g o r i e s  of use  might be:  

1. Domestic cooking and wate r  h e a t i n g ;  
2. Use as a  chemical  f e e d s t o c k ;  
3. Peak l o a d  e l e c t r i c i t y  g e n e r a t i o n ;  and 
4. Baseloaded e l e c t r i c i t y  g e n e r a t i o n .  

The f i r s t  is  t h e  s u p e r i o r  use  of t h e  g a s  w h i l e  t h e  l a s t  i s  t h e  
i n f e r i o r  use.  The reasons  f o r  t h e  p r i o r i t i e s  i n v o l v e  t h e  v a l u e  of ' t h e  
s u p e r i o r  use i n  e l i m i n a t i n g  import  of bu tagas  and d i r e c t  consumption of 
e l e c t r i c i t y  a s  a h e a t i n g  agent .  Baseload e l e c t r i c i t y  g e n e r a t i o n  i s  l a s t  
because  of a  p o s s i b l e  s c a r c i t y  of g a s ,  and because a l t e r n a t i v e  energy 
s o u r c e s  cnu ld  s a t i s f y  t h i s  demand. In t h e  i n t e r m e d i a t e  use c a t e g o r y ,  
u t i l i z a t i o n  of n a t u r a l  g a s  a s  a  chemical  f e e d s t o c k  can spur  d e s i r a b l e  
growth of i n d u s t r y ,  such  a s  expansions  of f e r t i l i z e r  product ion and 
s t e e l  making; a t  t h e  same t i m e ,  through t h e  a l t e r n a t i v e  p rocess ing  t h i s  
o f f e r s ,  t h i s  use  can r e l e a s e  b l o c k s  of e l e c t r i c i t y  t o  s u p e r i o r  uses .  
Although t h e r e  i s  no formal  p o l i c y ,  c u r r e n t  t h i n k i n g  by t h e  Egypt ians  
g i v e s  top  p r i o r i t y  t o  i n d u s t r i a l  u s e ,  second p r i o r i t y  t o  domest ic  u s e ,  
and l a s t  p r i o r i t y  t o  e l e c t r i c i t y  g e n e r a t i o n .  

U l t i m a t e l y ,  a s  new market ing c e n t e r s  develop t h e  g r i d  could  be 
expanded, by c o n s t r u c t i n g  a  l i n e  t o  Aswan from El Shukheir ,  f o r  example. 



The major impact o f  a n a t i o n a l  n a t u r a l  gas p i p e l i n e  g r i d  on t h e  
Egyptian economy would b e  t o  avoid wast ing a h igh  q u a l i t y  energy r e s o u r c e ,  
by p u t t i n g  i t  t o  work i n  a manner t h a t  reduces  imports  ( b u t a g a s ) ,  t h a t  
avo ids  an  i n d i r e c t  and i n f e r i o r  use  of a d e r i v e d  energy r e s o u r c e  (e lec -  
t r i c i t y )  a s  a h e a t  producing a g e n t ,  and t h a t  pe rmi t s  t h e  growth of two 
b a s i c  i n d u s t r i e s  which o therwise  could consume an e x p o r t a b l e  commodity 
( l i g h t  naphtha wi th  r e s p e c t  t o  n i t r o g e n  f e r t i l i z e r  product ion)  o r  cause 
t h e  i m p o r t a t i o n  of a commodity ( m e t a l l u r g i c a l  coke f o r  s t e e l  making). 
Moreover, i f  u n r e s t r a i n a b l e  a s s o c i a t e d  gas  product ion causes  a s u r p l u s  
of n a t u r a l  g a s ,  t h i s , s u r p l u s  can be  consumed i n  peak and baseload 
e l e c t r i c i t y  g e n e r a t i o n .  

4.3.3 Urban d i s t r i b u t i o n  system: Implementing t h e  o p t i o n  above t o  
e s t a b l i s h  a Na t iona l  P i p e l i n e  Grid would i n v o l v e  a s s u r i n g  a demand i n  
t h e  s u p e r i o r  use of n a t u r a l  g a s ,  which is presumed t o  be  the  household 
cooking and water  h e a t i n g  load.  Such a n . a s s u r a n c e  r e q u i r e s  t h e  const ruc-  
t i o n  of urban g a s  d i s t r i b u t i o n  systems i n  major popula t ion  c e n t e r s ,  f e d  
from t h e  g r i d .  

Cons t ruc t ion  and planning of t h e  f i r s t  of such systems has  a l r e a d y  
begun, based on a supply of non-associa ted gas  from t h e  Abu Gharadiq 
l i n e .  . The urban d i s t r i b u t i o n  system would begin  a t  Helwan and reach 
Helwan, Maadi, Nasr C i t y ,  and H e l i o p o l i s .  Completion of t h i s  d i s t r i b u -  
t i o n  system i s  planned f o r  1983, when 160,000 i n d i v i d u a l  consumers a r e  
expected.  By t h e  year  2000, 360,000 consumers a r e  e x p e c t e d .  Marketing 
w i l l  be  done by t h e  r e c e n t l y  formed Natura l  Gas Company. Burner o r i f i c e s  
w i l l  b e  a l t e r e d  wi thout  charge.  An a d v e r t i s i n g  campaign is t o  be 
launched t o  make n a t u r a l  gas  a c c e p t a b l e  t o  t h e  p u b l i c .  The need f o r  
such a campaign a p p a r e n t l y  h a s  a r i s e n  from inadequate  t reatment  of 
n a t u r a l  gas  s u p p l i e s  t o  remove t h e  condensables .  Slugs  of l i q u i d  i n  the  
l i n e s  could  have caused f a i l u r e s  and reduced t h e  conf idence of t h e  
p u b l i c  i n  t h i ~  supply.  

The f i r s t  system could be extended i n t o  Cairo  i t s e l f ,  where a town 
g a s  system, based on t h e  reforming of l i g h t  naphtha and t h e  use  of some 
c o a l  g a s  may b e  c u r r e n t l y  o p e r a t i n g .  A second such system may b e  warranted 
i n  the  Alexandr ia  a r e a .  

4.3.4 Use a s  a chemical  f eeds tock :  A n  a p p a r e n t l y  a t t r a c t i v e  p a r t  
of t h e  e q u a t i o n  t o  j u s t i f y  t h e  Na t iona l  P i p e l i n e  Grid o p t i o n  is t h e  
g e n e r a t i o n  of i n d u s t r i a l  demand s u f f i c i e n t  t o  a s s u r e  the  consumption of 
a l l  a s s o c i a t e d  gas  product ion.  The type o f  i n d u s t r i a l  demand needed is  
t h a t  where t h e  r k t u r a l  g a s  is a unique f u e l  and t h e  i n d u s t r i a l  product  
s a t i s f i e s  an i n t e r n a l ' d e m a n d ,  which fn t u r n  suppresses  an import .  Tn 
t h e  Egyptian economy, t h e  two demands . t h a t  should be encouraged are 
n a t u r a l  gas  i n  t h e  manufacture  of n i t r o g e n  f e r t i l i z e r  and n a t u r a l  gas  i n  
t h e  p roduc t ion  of i r o n  and s t e e l .  

Egypt c u r r e n t l y  produces calc ium ammonium n i t r a t e  (CAN) a s  a b a s i c  
f e r t i l i z e r  p r o d u c t ,  b u t  is a l s o  b u i l d i n g  a .u rea  p l a n t .  .Both of t h e s e  
p roduc t s  r e q u i r e  t h e  i n t e r m e d i a t e  p roduc t ion  of ammonia, which r e q u i r e s  



hydrogen t o  r e a c t  w l C l i  n i t r o g e n  c x t r o a t e d  from t h e  atmosphere. The 
hydrogen can b e  made by reforming n a t u r a l  gas  t o  mix tures  of carbon 
monoxide (CO) and hydrogen, and subsequen t ly  s h i f t i n g  t h e  CO wi th  steam 
t o  hydrogen and carbon d i o x i d e .  

For CAN p roduc t ion ,  h a l f  of . the  ammonia. produced is  ox id ized  t o  
n i t r i c  a c i d .  The a c i d  and t h e  remaining h a l f  o f  t h e  ammonia r e a c t  t o  
form ammonium n i t r a t e ,  which i n  t u r n  is  r e a c t e d  wi th  l imes tone  a s  a  
n e u t r a l i z e r  and s t a b i l i z e r  t o  form a  complex s o l i d  mix ture  of f r e e  o r  
combined calc ium n i t r a t e  wi th  ammonium n i t r a t e .  About 340 normal cubic  
mete r s  (12,000 SCF) of n a t u r a l  gas  would be consumed per  m e t r i c  ton  of 
CAN produced. CAN c o n t a i n s  about 31 p e r c e n t  n i t r o g e n .  

Urea is about 47 p e r c e n t  n i t r o g e n .  It i s  syn thes ized  by t h e  
Ssomerizat ion of t h e  ammonium carbamate formed when. ammonia, carbon 
d i o x i d e ,  and water  a r e  r e a c t e d  under c o n t r o l l e d  c o n d i t i o n s .  About 500 
normal cub ic  mete r s  (18,000 SCF) of n a t u r a l  gas  is consumed p e r  m e t r i c  
ton of u rea .  

For d i r e c t  reduced i r o n  o r e ,  t h e  n a t u r a l  g a s  is reformed t o  produce 
reducing g a s  mix tures  c o n t a i n i n g  carbon monoxide and hydrogen, having a  
minimized con ten t  of carbon d i o x i d e  and water  vapor .  A s  such ,  t h e  
reducing g a s  can e x t r a c t  t h e  oxygen i n  t h e  i r o n  o r e ,  a s  i s  done i n  t h e  
b l a s t  f u r n a c e ,  excep t  t h a t  t h e  e x t r a c t i o n  occurs  wi thout  mel t ing  e i t h e r  
t h e  o r e  o r  t h e  product .  The mel t ing  occurs  i n  t h e  s t e e l  making fu rnace .  
The consumption of n a t u r a l  gas  depends on t h e  amount of m e t a l l i z a t i o n  of 
t h e  i r o n  t h a t  o c c u r s  d u r i n g  r e d u c t i o n  and on t h e  method of n a t u r a l  gas  
reforming. A good range is from 400 t o  600 normal cubic  mete r s  (15,000 
t o  20,000 SCF) p e r  m e t r i c  ton  of i r o n  c o n t e n t  i n  t h e  o r e  reduced t o  95 
p e r c e n t  m e t a l  wi th  t h e  remaining i r o n  a s  f e r r o u s  ox ide  (FeO). 

Egyptian p l a n s  f o r  i r o n  and s t e e l  p roduc t ion  by t h e  year  2000 
appear  t o  i n v o l v e  s t e e l  p roduc t ion  of 3.4 m i l l i o n  m e t r i c  t o n s  per  year  
u t i l i z i n g  d i r e c t  r educ t ion .  For such a  p roduc t ion ,  t h e  n a t u r a l  gas 
consumption could reach ,  on t h e  b a s i s  of t h e  lower l i m i t  of t e  range of 
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u n i t  g a s  consumption, 1.44 x  10 normal cubic  mete r s  (51 x  10 SCF). 
I n  1977, by way of c o n t r g s t ,  t o t a l  n a t u r a l  gas  p r o d u c t i o ~  i n  Egypt from 
a l l  sources  w a s  2.5 x  10 normal cubic  mete r s  (88.4 x  10 SCF). 

4.3.5 Peak load  e l e c t r i c i t y  genera t ion :  Egypt a l r e a d y  o p e r a t e s  
na tu ra l -gas - f i red  gas  t u r b i n e  e l e c t r i c i t y  s t a t i o n s  f o r  p rov id ing  peak 
demands f o r  power. These tend t o  be smal l  u n i t s  ranging i n  c a p a c i t y  from 
15 t o  25 MWe. They o p e r a t e  on ly  dur ing  p e r i o d s  when demand becomes 
maximum. This  g e n e r a l l y  o c c u r s  between 18 and 20 hours .  A s  noted 
above,  low-ef f i c iency ,  low c a p i t a l - c o s t  g e n e r a t i n g  equipment i s  s e l e c t e d ,  
because even wi th  premium f u e l s  ( n a t u r a l  gas  o r  pet roleum d i s t i l l a t e s ) ,  
t h e  l i m i t e d  number of hours  of o p e r a t i o n  p e r  year  (about  800 t o  1000 
hours )  does n o t  j u s t i f y  c a p i t a l  investment  beyond t h e  b a r e  minimum. For 
t h i s  r eason ,  t h e  more e l a b o r a t e  and more e f f i c i e n t  g a s  t u r b i n e  i n s t a l -  
l a t i o n s ,  such  a s  t h e  combined . c y c l e ,  a r e  u t i l i z e d  i n  baseload ( s e e  
below) r a t h e r  than i n  peaking i n s t a l l a t i o n s .  



Future  peak-load gas - tu rb ine  i n s t a l l a t i o n s  would be l a r g e r  than 
those  p r e s e n t l y  i n s t a l l e d , .  These u n i t s  should be i n s t a l l e d  near  load 
c e n t e r s  a d j a c e n t  t o  n a t u r a l  gas  supply.  A peaking c a p a c i t y  of 50 MWe 
seems reasonab le  f o r  eac'h u n i t .  A t a n k  of d i s t i l l a t e  f u e l  would be 
i n s t a l l e d  t o  p rov ide  f u e l  i n  t h e  even t  of a  n a t u r a l  g a s  i n t e r r u p t i o n .  

A v a r i a t i o n  of t h i s  o p t i o n  is t o  r e t i r e  baseloaded but  i n e f f i c i e n t  
smal l  g e n e r a t i n g  u n i t s  t o  peaking s e r v i c e  af t e r  r e p l a c i n g  them with  
l a r g e ,  e f f i c i e n t  u n i t s  t h a t  f o r e s e e  demand growth. These o l d e r  u n i t s  
could be  o p e r a t e d ,  a f t e r  s imple  burner  changes,  w i t h  n a t u r a l  gas  ( o r  
d i s t i l l a t e  f u e l s )  t o  reduce o p e r a t i n g  problems and permit  qu icker  
s t a r t u p .  Unnecessary equipment ( a i r  h e a t e r s ,  f o r  example) could be 
removed. S t a r t u p  t imes  would be  longer  than f o r  g a s  t u r b i n e s ,  and i t  
might be  n e c e s s a r y  t o  f i r e  such p l a n t s  t o  a  s t andby  c o n d i t i o n  wi th  a  
head of steam i n  t h e  drums. 

4.3.6 Rasel.oaded power genera t ion :  Na tura l  gas  is  an  i d e a l  f u e l  
f o r  baseload power g e n e r a t i o n .  B o i l e r s  a r e  s i m p l i f i e d  and t h e  chimney 
gases  a r e  s u l f u r - f r e e .  Combined-cycle g a s  and steam t u r b i n e s  a r e  
p r a c t i c a l  and perhaps  a  less c o s t l y  investment .  Th i s  o p t i o n ,  i n  view of 
t h e  f o r e s e e a b l e  demand f o r  e l e c t r i c i t y  by 2000, could  e a s i l y  absorb a l l  
s u r p l u s  p roduc t ion  f o r  a s s o c i a t e d  gas  sources .  Modern combined-cycle 
i n s t a l l a t i o n s  can o p e r a t e  a t  h e a t  r a t e s  a s  low a s  2,040 KgCal/kWh (8,100 
~ t u / k W h ) .  I f  t h e  inc rementa l  c a p a c i t y  of 14,400 MWe w e r e  cons t ruc ted  i n  
t h ' s  m d e ,  t h e  an u a l  consumption of n a t u r a l  gas  i n  2000 would be  17.4 x 4 9 13 
10 nM (613 x 10 SCF) , about e i g h t  t imes  t h e  t o t a l  n a t u r a l  
gas  p roduc t ion  i n  1977. 

A t y p i c a l  combined-cycle i n s t a l l a t i o n  may b e  i l l u s t r a t e d  b y , o n e  a t  
t h e  P a c i f i c  Gas and E l e c t r i c  Company, P o r t r e r o  S t a t i o n ,  San Franc i sco ,  
C a l i f o r n i a .  The i n s t a l l e d  g e n e r a t i n g  c a p a c i t y  from bo th  g a s  t u r b i n e  and 
steam t u r b i n e  is  462 W e .  Of t h i s ,  308 MWe is  produc t ion  from t h e  g a s  
t u r b i n e  s e c t i o n .  The p l a n t  h e a t  r a t e  i s  es t imated  a t  2,040 KgCalIkWh 
(8,100 ~ t u l k ~ h ) .  Four g a s  t u r b i n e s ,  r a t e d  a t  77 MWe each,  o p e r a t e  i n  
p a r a l l e l ,  each wi th  i t s  own waste-heat steam g e n e r a t o r .  One steam 
t u r b i n e  is  i n s t a l l e d  t o  s e r v e  the  steam generated from t h e  f o u r  g a s  
t u r b i n e  u n i t s .  Gas t u r b i n e  i n l e t  t empera tu res  may b e  a s  h i g h  a s  

0 
2 , 1 0 0 ~ ~  w i t h  exhaust  temperatures  of 1,050 F. The technology h a s  . 

been matur ing over a  pe r iod  of 30 y e a r s .  The c u r r e n t  (1975) i n s t a l l e d  
c a p a c i t y  i n  t h e  United S t a t e s  is  5,000 MWe i n  34 p l a n t s  wi th  ano ther  
5,200 MWe under c o n s t r u c t i o n  ( i n  e leven  p l a n t s ) .  

5.0 OBSERVATIONS 

This  s e c t i o n  a s s i g n s  r e l a t i v e  importance t o  t h e  many f o s s i l  energy 
supply o p t i o n s  ( t a b l e  1) so  f a r  p resen ted  and d i scussed .  Given these  
r e l a t i o n s h i p s ,  t h e  Government of Egypt would then  have inpu t  bear ing  on 
the  f o s s i l  energy r e s o u r c e s ,  which i t  could use  i n  cons ider ing  a c t i o n s  
wi th  r e s p e c t  t o  a l l  energy r e s o u r c e  development deemed t o  be  i n  t h e  
n a t i o n a l  i n t e r e s t .  



The method of assigning relative importance is co lsulate thooc 
.- supply options for fossil energy that appear to have significant effects 

on (a) meeting the prospective demands for the different energy forms 
and (b) either reducing the demand for foreign exchange or increasing 
foreign exchange earnings. Another significant factor would be the 
individual requirements for capital needed to implement each option. 
The project schedule and available study resources, however, did not 
permit these data to be developed. 

5.1 Key Supply Options 

The supply options that emerge as key are in the areas of 
petroleum exploration and production and in the utilization of the 
associated natural gas production. Also of key importance is the 
potential costly impasse regarding the supply of petroleum coke for 
electrode manufacture at the Nag Hammadi aluminum smelter and the 
priority use for the Maghara coal when it becomes available. 

5.1.1 Petroleum exploration: The exploration and production 
records from all operations in Egypt need rationalization. Associated 
with this need is the lack of coherent, consistent, publicly available 
summary and regional reports to assist in the private exploration 
activities. Improvement in these respects appears to be vital.if 
Egypt's stated goal of one million barrels per day production of crude 
oil (including crude oil equivalent of natural gas) is to be achieved. 
It appears unlikely that such improvement can occur in time to enable 
achievement of this goal by 1982. Achievement by the year 2000 appears 
more realistic, in view of the effort required. 

5.1.1.1 Policy modifications: Government policy imposes 
canfidentiality on the release of regional exploration data. This is 
understandable in an administrative sense, since it is always easier to 
release nothing than to make judgments on the real need for secrecy in 
technical data. A reversal of this policy is needed, i.e., a deliberate 
program should be launched to publish reports of a regional nature rele- 
vant to oil exploration. This report will encourage scientific discus- 
sion and permit 1ater:workers to build on earlier results. In planning 
such a program, careful attention must be given to protecting the 
private interests of parties holding exploration concession .agreements. 

5.1.1.2 Actions required: The key initiating action 
required is the establishment of an institution that would be given the 
miision of producing the public regional data base. Because of the 
sensitive nature of the judgments to be made regarding data release, the 
institution may have to be a collaboration of company, government, and 
university geoscientists coordinating their activity in an appropriate 
sequence. Each year, one or two products should be available for publica- 
tion. This collaboration might be formalized by the establishment of an 
Egyptian Petroleum Exploration Society which could be affiliated with 
the worldwide American Association of Petroleum Geologists, thereby 
facilitating the interchange of theoretical or regional geological and 
geophysical information. 



The work program w ~ u l d  i n c l u d e  t h e  p r e p a r a t i o n  of t h e  uniform s e t  
o f  s p e c i a l i z e d  maps noted above ( s e c t i o n  2.2). I n  a d d i t i o n ,  t h e  needed 
p h y s i c a l  e x p l o r a t i o n  work r e f e r r e d  t o  above ( s e c t i o n  2.2),  t o  e s t a b l i s h  
t h e  t h i r d  dimension i n  Egyptian geology, would be under taken 

5.1.1.3 E f f e c t s :  Assuming t h e  methodical  and prompt 
accomplishment of t h e  t a s k s  o u t l i n e d  above,  i t  appears  l i k e l y  t h a t  t h e  
one m i l l i o n  B/D produc t ion  r a t e  can be achieved by t h e  y e a r  2000. The 
d a t a  t h a t  were examined dur ing  t h e  s t u d y  do n o t  suppor t  t h e  p o s s i b i l i t y .  
of ach iev ing  t h i s . g o a 1  a t  an e a r l i e r  d a t e .  

5.1.2 Petroleum produc t ion  s t i m u l a t i o n :  Product ion s t i m u l a t i o n  is 
d i s t i n c t  from primary p roduc t ion  t h a t  o c c u r s  b y  t h e  n a t i v e  energy 
p r e s e n t  i n  t h e  r e s e r v o i r .  The t echn iques  of p roduc t ion  s t i m u l a t i o n  
invo lve  r e s e r v o i r  p r e s s u r e  maintenance through g a s  o r  wa te r  i n j  e c t i o n ,  
wa te r f lood ing ,  o r  enhanced o i l  recovery methods, u s u a l l y  b u t  n o t  neces- 
s a r i l y  fo l lowing  waterf  lood ing .  The use  of t h e s e  t echn iques  can c o n t r i -  
b u t e  g r e a t l y  t o  ach iev ing  t h e  p roduc t ion  g o a l  of one m i l l i o n  B/D e a r l i e r  
than would be  p o s s i b l e  by means o f  t h e  e x p l o r a t i o n  a c t i v i t i e s  noted 
above. 

5.1.2.1 P o l i c y  m o d i f i c a t i o n s :  No p o l i c y  was noted o r  
i d e n t i f i e d  t h a t  i s  concerned wi th  t h e  optimum recovery  t o  be  achieved 
from a  f i e l d .  R a t h e r ,  t h e  p o l i c y  a p p e a r s  t o  be one of a  70/30 formula 
s p l i t  of t h e  o i l  produced. wi th  t h e  c o n c e s s i o n a i r e s .  It seems obvious  
t h a t  t h e  recovery a t t r a c t i v e  t o  t h e  c o n c e s s i o n a i r e  because of p r o f i t  and 
f l e x i b i l i t y  t o  o p e r a t e  worldwide i n  h i s  own i n t e r e s t  i s  n o t  n e c e s s a r i l y  
t h e  recovery  a t t r a c t i v e  t o  a  government a c t i n g  i n  t h e  n a t i o n a l  i n t e r e s t .  
Na t iona l  i n t e r e s t s  would probably  d i c t a t e  a  h igher  recovery t h a n  a  
c o n c e s s i o n a i r e  is w i l l i n g  t o  achieve.  A t  t h e  same t ime,  t h e  f i r s t  
p roduc t ion  r e s u l t s  a v a i l a b l e  s o  f a r  from wate r f lood ing  i n  t h e  E l  Morgan 
f i e l d  a r e  encouraging i n  terms o f  s t r i k i n g  a  ba lance  between p u b l i c  and 
p r i v a t e  i n t e r e s t s .  

The p o l i c y  m o d i f i c a t i o n  recommended t o  encourage petroleum produc- 
t i o n  s t i m u l a t i o n .  is t o  change t h e  d i v i s i o n  formula wi th  r e s p e c t  t o  
r e s e r v o i r  p r e s s u r e  maintenance,  waterf  lood ing ,  and enhanced o i l  recovery.  
The p r e c i s e  change needed i n  t h e  formula w i l l  d i f f e r  f o r  r e s e r v o i r  
p r e s s u r e  maintenance and wate r f lood ing  ( t h e  less c o s t l y  o p t i o n )  and 
enhanced o i l  recovery.  The e x t e n t  of change,  p a r t i c u l a r l y  t h e  reduc t ion  . 
i n  t h e  Government's s h a r e  of o i l  produced by s t i m u l a t i v e  methods, should  
be t h e  minimum t h a t  .would s t i l l  make use  of such methods a t t r a c t i v e  t o  
t h e  c o n c e s s i o n a i r e .  

5.1.2.2 Ac t ions  requ i red :  The key i n i t i a t i n g  a c t i o n  has  
a l r e a d y  begun, t h a t  i s ,  t h e  s t i m u l a t i v e  p roduc t ion  p r a c t i c e s  r e p o r t e d  
above ( s e c t i o n  4.2.1). The investment and o p e r a t i n g  c o s t s  a s s o c i a t e d  
wi th  t h e  inc rementa l  p roduc t ion  must now be  es t imated .  The p r a c t i c e s  
need t o  be  improved by s t a r t i n g  gas  o r  water  i n j e c t i o n  b e f o r e  t h e  rese r -  
v o i r  p r e s s u r e  f a l l s  below t h e  bubble  p o i n t .  P r o j e c t s  now env is ioned  
us ing  enhanced o i l  recovery t echn iques  need t o  be  implemented. 



When r e l i a b l e  c o s t  d a t a  and p roduc t ion  i n c r e a s e  d a t a  a r e  accumulated 
"4 and e v a l u a t e d ,  t h e  r e s u l t s  w i l l  have t o  be  'redval'uated t o  c r e a t e  incen- 

t i v e s  f o r  c o n c e s s i o n a r i e s  t o  under take  product3.on s t i m u l a t i o n .  At t rac -  . 
t i v e  s t imula ted-produc t ion  s h a r i n g  formulae  must be  p resen ted  i n  t h e  
concess ion agreements. ! .  

5.1.2.3 ~ f f ' e c t s :  Product ion s t i m u l a t i o n  would b e  an  
o p e r a t i o n  on known o i l  f i e l d s  which, independent ly  of t h e  e x p l o r a t i o n  
needs d i s c u s s e d  above, could  h e l p  a c h i e v e  t h e  d e s i r e d  p roduc t ion  goal .  
The e f f e c t  would be  to 'move up t h e  d a t e  when t h i s  g o a l  could  b e  achieved.  

5.1.3 U t i l i z a t i o n  of a s s o c i a t e d  n a t u r a l  gas: Gas produced i n  
a s s o c i a t i o n  w i t h  o i l  i n  t h e  Gulf of Suez is  now be ing  f l a r e d  f o r  l a c k  of 
c o l l e c t i o n ,  t r a n s m i s s i o n ,  and d i s t r i b u t i o n  f a c i l i t ' i e s  and developed 
markets  f o r  n a t u r a l  gas.  The major p roduc t ion  of n a t u r a l  g a s  i n  Egypt 
a t  p r e s e n t  i s  a s s o c i a t e d .  I n d u s t r i a l  development p l a n s  and growing 
e l e c t r i c i t y  demand w i l l  u l t i m a t e l y  g e n e r a t e  markets  f o r  n a t u r a l  gas  
which w i l l  probably  exceed Egypt's p roduc t ion  capac i ty .  The c o l l e c t i o n  
of t h e  Gulf of Suez a s s o c i a t e d  g a s  p roduc t ion  is  now under s tudy.  

5.1.3.1 P o l i c y  modi f i ca t ions :  No o v e r a l l  p o l i c y  was 
apparen t  r e g a r d i n g  t h e  p o s i t i o n  of n a t u r a l  g a s  i n  t h e  n a t i o n ' s  energy 
supp ly  p i c t u r e  a l though  t h e  t r e n d  of t h i n k i n g  is toward an i n d u s t r i a l -  
d o m e s t i c - e l e c t r i c  p r i o r i t y  scheme. I d e a l l y ,  a  p o l i c y  shou ld  be  es tab-  
l i s h e d  which g i v e s  p r i o r i t y  t o  connect ing s o u r c e s  of a s s o c i a t e d  gas  
(whose p roduc t ion  is  u n r e s t r a i n e d )  w i t h  consuming ' c e n t e r s ,  r a t h e r  t h a n  
p rov id ing  t h e  same f a c i l i t y  f o r  non-associa ted gas  (whose p roduc t ion  can 
be  r e s t r a i n e d ) .  The 24" l i n e  from Abu Gharadiq t o  Helwan c a r r i e s  non- 
a s s o c i a t e d  gas.  The 16" l i n e  under s t u d y  from E l  Shukheir  t o  Suez 
and Ca i ro  would c a r r y  a s s o c i a t e d  gas.  Based on t h e  r e p o r t e d  n a t u r a l  g a s  
p roduc t ion  i n  Egypt i n  1977, t h e s e  l i n e  s i z e s  seem reversed.  

It would appear  t h a t  a  p o l i c y  t h a t  ( a )  i n t e g r a t e s  a l l  n a t u r a l  gas  
p i p e l i n e s  i n t o  a  n a t i o n a l  i n t e r c o n n e c t e d  system t h a t  can be s u p p l i e d  
from a l l  p roduc t ion  l o c a t i o n s  and reaches  a l l  s i g n i f i c a n t  consuming 
l o c a t i o n s  and (b) e s t a b l i s h e s  a p r i c i n g  schedu le  t h a t  a t  least a s s u r e s  
t h e  consumption of a l l  a s s o c i a t e d  gas  p roduc t ion ,  would b e  i n  t h e  
n a t i o n a l  i n t e r e s t .  P r o j e c t e d  demands f o r  n a t u r a l  gas  f o r  urban d i s t r i -  
b u t i o n ,  f o r  f e r t i l i z e r  and s t e e l  manufacture,  and f o r  power g e n e r a t i o n  
would f a r  exceed a v a i l a b l e  s u p p l i e s  from a l l  sources  i n  Egypt. 

5.1.3.2 Act ions  requ i red :  The key i n i t i a t i n g  a c t i o n  is  t h e  
r e c o n s i d e r a t i o n  of t h e  o b j e c t i v e s  and scope of t h e  c u r r e n t  s t u d y  of t h e  
E l  Shukheir  t o  Suez/Cairo  a s s o c i a t e d  g a s  p i p e l i n e ,  and t o  c o n s i d e r  
l i n k i n g  i t  w i t h  o t h e r  e x i s t i n g  and p r o j e c t e d  l i n e s  as a  n a t i o n a l  g r i d .  
A r e l a t e d ' a c t i o n  i s  t o  c a t e g o r i z e  a l l  uses  of n a t u r a l  g a s  accord ing  t o  a  

' 

set of c r i t e r i a  which rank t h e  p o s s i b l e  u s e s ,  from t h o s e  most b e n e f i t t i n g  
t h e  n a t i o n a l  economy t o  t h o s e  o f f e r i n g  t h e  l e a s t  b e n e f i t .  Th i s  ca tegor -  . 
i , za t ion  could  i n v o l v e  a  broad a n a l y s i s  of t h e  Egypt ian economy. 

5.1.3.3 E f f e c t s :  The n a t i o n a l  g r i d  concept ,  i f  implemented, 
o f f e r s  t h e  c a p a c i t y  t o  absorb a l l  f o r e s e e a b l e  p roduc t ion  of a s s o c i a t e d  

-... 



n a t u r a l  gas  and the reby  avo id  waste.  This  g a s  can s e r v e  d i s t i n c t  
markets ,  and,  t o  t h e  e x t e n t  i t .  does  s o ,  can l i b e r a t e .  e q u i v a l e n t  l i q u i d  
o i l  f u e l s  f o r  expor t .  

5.1.4 Petroleum coke impasse: A s i t u a t i o n  is developing i n  which 
investment  i n  t h e  r e s t o r a t i o n  of pet roleum coking c a p a c i t y  a t  Suez may 
have l i t t l e  o r  no r e t u r n  on t h e  c a p i t a l .  The reason  is  the  excess ive  
vanadium c o n t e n t  i n  t h e  coke p roduc t ,  which make it unuseable by t h e  
aluminum smelter a t  Nag Hammadi. The s m e l t e r  has  c o n t r a c t e d  f o r  t h e  
coke ou tpu t  and w i l l .  be s u b j e c t  t o  a  p e n a l t y  i f  they  do not  accep t  t h e  
product .  I f  t h e  aluminum i s  t o  be s a l e a b l e  on t h e  world market (70 
percen t  o f  t h e  s m e l t e r  output  i n  1982 i s  t o  be e x p o r t e d ) ,  t h e y  may have 
no c h o i c e  b u t  t o  r e j e c t  the  coke product .  

The s i t u a t i o n  should be reviewed immediately a t  the  a p p r o p r i a t e  
l e v e l  i n  government, t o  a s c e r t a i n  ( a )  whether i n  f a c t  an impasse w i l l  
e x i s t ,  and (b )  i f  s o ,  what remedial  s t e p s  should be taken.  

5.1.5 M a ~ h a r a  c o a l  u t i l i z a t i o n :  When t h e  c o a l  d e p o s i t s  a t  Maghara 
become a v a i l a b l e ,  t h e  b e s t  o p t i o n  is t o  con t inue  wi th  the  o r i g i n a l  
i n t e n t i o n  of us ing t h i s  c o a l  as a component of t h e  c o a l  blend f o r  t h e  
m e t a l l u r g i c a l  coke-ovens a t  Helwan. Th is  use could lead t o  a  mining 
o p e r a t i o n  on t h e  s c a l e  of 300,000 m e t r i c  t o n s  per  year  and t o  t h e  
g e n e r a t i o n  of a  cash flow. Then, f u r t h e r  e x p l o r a t i o n  t o  d i scover  
a d d i t i o n a l  c o a l  r e s e r v e s  can be  under taken.  I f  r e s e r v e s  i n c r e a s e  
s u b s t a n t i a l l y ,  c o n s i d e r a t i o n  could then  be  g iven  t o  o t h e r  o p t i o n s  t h a t  
f u r t h e r  reduce t h e  import  of m e t a l l u r g i c a l  c o a l  or  p rov ide  an a l t e r n a t i v e  
f u e l  f o r  t h e  g e n e r a t i o n  of e l e c t r i c i t y .  

5.2 Other  S i g n i f i c a n t  Supply Opt ions  

The o t h e r  s i g n i f i c a n t  energy supp ly  o p t i o n s  are the  c o n s t r u c t i o n  of 
pet roleum r e f i n i n g  c a p a c i t y  a s  t h e  need a r i s e s  and t h e  c o n s t r u c t i o n  of 
thermal  e l e c t r i c  g e n e r a t i n g  s t a t i o n s  t o  f i l l  t h e  r i s i n g  demand f o r  
e l e c t r i c i t y .  These a r e  s t r a i g h t f o r w a r d  supp ly  o p t i o n s  t h a t  do not  
appear  t o  c o n f l i c t  wi th  e x i s t i n g  p o l i c i e s  o r  r e q u i r e  any unusual i n i t i a t -  
ing  a c t i o n s .  One s i g n i f i c a n t  supp ly  o p t i o n  is e s p e c i a l l y  noteworthy,  
and t h i s  i s  t h e  launching of a  broad e f f o r t  t o  improve the  e f f i c i e n c y  o f  
combustion of f u e l  o i l  i n  t h e  . i n d u s t r i a l  f u r n a c e s ,  namely c e n t r a l  
s t a t i o n  steam g e n e r a t o r s  and petroleum r e f i n e r y  f u r n a c e s .  The need is 
f o r  f a c i l i t i e s  t o  m a i n t a i n  measuring ins t ruments  i n  o p e r a t i n g  c o n d i t i o n s  
and f o r  pe rsonne l  capab le  of moni tor ing f u r n a c e  e f f i c i e n c y ,  making 
s u g g e s t i o n s  f o r  improvement, and a s s i s t i n g  i n  the  implementation of 
changes t o  equipment and o p e r a t i n g  p r a c t i c e s  . 
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