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Abstract 

Energy is consi~ered the driving force of all hmnan activities since it 

is an indispensable input in the key productive sec~ors which provide many 

individual and collective needs. 

In the context of sustainable development strategy, energy issues are 

critical partially because economic development has been linked to growth 

in· energy suppl y consmnption, and also because the enviromnental impacts 

of energy use are serions and hard to manage. 

In the Sudan, during the last few decades,· energy shortage in the 

productive sectors of the economy has significantly contributed to Sudan's 

present economic crisis and resulted in poor economic perfonnance. 

Moreover, the patten1· and stn1cture of energy demand (consmnption) in 

Sudan, inflicted a considerable environmental damage. 

The methodological àpproach of the present study is descriptive, 

analytical and empirical in nature. The statistical and mathematical 

analysis is based. on (1) the ordinary least squares technique and the 

double logarithmic demand fimction to estima.te energy demand fimction, 

price and incarne elasticities at both Macro ( aggregate) · and Micro 

(sectoral) levels .. (2) Simultaneous equation techniques to examine the 

importance of endogenous price assmnption in the detennination of oil 

import demand model, the two-stage least squares technique is used to 

verify the assumption that the demand for oil imports in the Sudan during 

the study period is significantly constrained by the availability of foreign 

exchange receipts. The study used the relevant computer application 

programmes (e.g. SPSS for windows programmes). 

The study focused on the demand si.de because the nature of energy 

problem in the Sudan is significantly attributed to excess demand 

problems. Moreover, th.e study focused on macro and micro statistical 
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analysis · of energy demand fimctions in the Si1da11 using sectoral and 

aggregate energy demand fimctions. The estimated equation at both 

sectoral (Micro) and aggregate (Macro) levels revealed inelastic demand 

fimction with respect to prices, and thus demand is insensitive to prices 

changes and therefore pricing policies are ineffective in managing energy 

demand particularly household demand for biomass, transport sector 
1 

demand for gasoil and benzine. Most estimated equations are statistically . . 
significant andrmost cases, the estimated parameters have the correct sign 

and therefore most estimated equations are consistent with the theoretical 

predications of the down-ward sloping demand curve, ( except household 

demand for biomass, transport sector demand for gasoil and benzine, 

which have upward sloping demand curve due ·to price distortion during 

the study period). In most estimated equations income elasticity is less 

. than mùty and theref ore e~ergy is necessary good or c01mnodity for the 

consmning sectors in the economy. In most estimated equations demand is 

insensitive to both incomes and prices changes and the income effect 

outweigh the price effect. 

The present study verified the assmnption that demand for oil 

imports in the Sudan is significantly detennined or constrained by the 

, availability of for~ign exchange receipts. 

Moreover, the present study revealed that per-capita total and 

comniercial energy consumption in Sudan are very low compared with the 

other developing cmmtries. However, during most of the study period, 

there was a considerable growth or increase in c01mnercial per-capita 

energy consmnption but slight growth or increase in total energy per­

capita consumption. · 

On the other hand, the study revealed that although the energy sector 

Ill Sudan · ( ou average) absorbed about 15 .44 % of total developmèut (\ 
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expenditures dtu-ing the period (1981-1994), the contribution of the energy 

sector ni GDP was very weak and marginal and did not exceed 2.5%, 

durn1g the period (1980-1990), the contribution of electricity and water 

sector Ï11 GDP dtrrÏ11g the same period was ranged between 1 o/o and 2.3%. 

The annual consmnption growth rate of electric~ty sector outweigh the 

ru.111ual consmnption growth rate of biomass, oil ru.id even total energy 

sector durn1g the period (1981-1989). 

Fn1ally the study revealed that, the high dependence on oil as a major 

commercial energy source has serious implications for the perfonnance of 

the economy. Moreover, oil nnports have significru.1tly contributed m 

raismg the rate of inflation, through their direct impacts on general prices 

ru.id costs of domestic .or locally produced c01mnodities that depend on oil 

imports. 

Based on the results obtamed the following recollllnendations are 

made: (1) · Implementation of ru.1 Ï11tegral or a · comprehensive energy 

strategy at sectoral, regional and national levels. (2) Adjustment of pricn1g 

system. (3) Enhancement ru.id refonn of supply side. (4) Enhru.1cement of 

tecl111ical and allocative efficiency and mnmnization of all fonns of losses. 

( 5) Enforceme1~t and emphasis on demand management strategy. ( 6) 

Encmrragement of the use of new ru.id renewable sources. (7) 

Implementation of energy conservation strategies. (8) Encouragement of 

priva.te ru.id public sectors nivestnients (nivolvement) Ï11 energy sector. (9) 

Promotion of nüonnation systems. (10) Encouragement ofhydroelectricity 

generation. (11) Removal of all tecl111ical ru.id finru.1cial constran1ts facing 

the exploitation of domèstic oil products ru.id encom·agement of foreign 

capital n1volvement in domestic exploitation. . 

V 

CODESRIA
 - B

IB
LIO

THEQUE



~-

("
tl

 
Ci

 
1

~
 
!!

 \
 

·f_
 

r 
·i. 

\-
,t

' 
[;;-.

 
{'.

 
t-

l
~

i
 

e. 
1:.

. 
t: 

'6 
,r' 

1 ~ 

~ 
fJ:.

 
t 

~ 
~ 

t 
[ 

,c
-

t. 
~
 

~\
 ~
 1

-
~,-

~ 
~ 

r 
~ 

~ 
·~

 
~ 

t! 
~ 

f 
t!

 
~.

 
~ 

(s 
1: 

Cs
 

S; 
~ 

1
t 

1 t 
r ·

~. 
, f, 

C
• 

J· 
(o

 
• 
t 

E
 1

):
 

ê 
f:..

 
rs 

~.. 
<o 

Ci 
~ 

E
 ~l

 
E

 ~
 . C

• 
~

-
1

)1
 

l;.
 
~
 

'\
 

,t 
'[

 ~
: 
t 

·[ 
·~ 

~ 
f 

-~r-· 
·~

 ~
 ~

 ~~
 f

s 
,. 

i 
f J

 
l'
 
·f 

. ~
 .. 

t
_

 
(i

 
<o

<t
 

~ 
s,

C
' 

~ 
f-

-
s 

r-
J; 

f"
''ç

..
. 

-
<o

 
sf

-1 
't

 
, 

\ 
S: 

· 
-

1 

1 
Cs

 
• 
~
 

-
1:_

_ 
' 

'\.
. 
~
 

f 
g 

-• 
't

; 
V

· 

f ·
~ 

l 
E

 f
. 

~:
 ''

i.. 
,t

 
f 
~ 

~ 
1:.

. 
~ 

E' 
es 

~ .. 
,~ 

~ 
,t

 
t: 

.[
 1

 
<ii 

-
-

1.
 

· ·
t. 

t'
 

~ 
1:.

. 
t 

E' 
f 

~ 
l.

 
r-

-
't

 
~ 

c::-
i:

. 
~ 

,C
r 

C1
 

~
..

 
1 

C,.
,. 

~ 
,c

; 
C1

 
Cr 

f.'tl~
. 
f h

. 
. ~

; 
C1

· 
~ 

[ 
''i

,. 
~

-
~

-
,t

' 
-~,:

 
-

~ 
r 

B
 ,

 
f -

·1
o.

 
-

r-
· 

• 
r:. 

t 
ë. 

&
 

, 
[ 

r-
r-

, 
·fi

. 
t: 

E
 

; 
• 

, 
• c

 
l· 

A
 

· 
· 

s 
e 

-
(o

 • 
É:

 
~
 

· 
, 

a 
~
 

.. 
'f:

 
É

 
'[

 
t. 

l 
~ 

f. 
Î 

L
 

;f 
't 

[" 
, r 

J. 
; 

"-. 
;'. 

.:_ 
.?

' 
• f 

C• 
, t

' 
-\

--
-· 

-t
 . 

[;"" 
~ 

i;
. 

[
,
 

[;
._

 
~

· 
'<ii

 
; 1

: 
(1

 
~ 

[1
 

l: 
~ 

. f 
\ .

. 
\. 

·~ 
~· 

: 
f 

c, 
'}; 

: 
~: 

E::
 

c.'
 ~
 ·~

. 
·~-

\·~
 

,~
 

1: 
i 

~· 
~ 

(
o

. 
' 

,r:
; 

·[
 

[ 
~ 

'l t=
 

r-
l 

~ 
1 f 

~ 
~ 

'}. ~
 l

: 
(..__

 
-

-
k 

~ 
s ts

 
.. ' 

~ 
. (1

 
_ 

_ 
~ 

, 
;;

 
(e

 
....

: 
ti:

 
-

, 
1 

É
. 

• 
...:

. 
c::-

-
, 

', 
~.

 
• 

t. 
[>

-, 
~
 

fr 
f't

l 
C

• 
Es

· 
. 

~ 
~
 

. 
· 

-
r-

t!
 

f;
 

·~
 

t:
 

1.
4 

~
 

1 

~ ;
{: 

<t·
 

_. 
~ 'l

i.; 
\ 

-~
 1

, 
. ,

 
''t 

l I
; 

}:
 

r:. 
1 

\ 
.,_: 

:1· 
E

 .
 
~ 

t, 
f: 

t 
-

~ 
t· 

-
(t

 
f-

r 
-

~ 
<)!

 
(
o

 
c, 

t 
1:'.

.. 
Ë' 

~-
fi

 
p 

'i 
€ 

~ 
l 

·fi
 
~
 

•~ 
t 

~
I
 

1 ~ 
t 

t 
(_-

~~
 I

C
II

 
!"

[ 
1 

f)
. 

{t"
 

'{
 
~ 

~ 
!_

<o
'. 

~
! 

•
~

 
t,

 1
~

 
-i

' 
~

I
 

ci 
,c;

 
~ 

(o
 
~ 

E
 f:

.. 
., 

• fi
 

, t 
c, 

~ 
L

 [ 
, 
'Î 

~ 
t: 

c;
: 

-i
 

f 
r:..

 
[ 

f. 
<r. 

"
"
 

·1
o,

 
&

.s 
::,

 
-

J;
l.s

 
(1

 
'
\
 

t 
E

 
~ 

f' 
Ç

: 
E

 
, 1>-

1 
i;

. 
tr-

r 
f 

s 
1 

}:
.. 

t.
 

~
I
 

J=
 
'
\
 

C
...

. 
lo

s 
t: 

-
.-

1 
r 

S 
f:.

. 
~

I
 

~
I
 

1 
'l;

. 
-

lo
s 

-
Il

\ 
-

'-
' 

, 
lo

s 
• 

L
 

-
• 

-
(
:
"
' 

-
• 

-
..

 
1 

' 
1

)1
 

f 
E

 S
; ' 

I 
Ç

:. 
t 

t. 
I 
t 

.,..
 

1 
' 

I 
~ 

~
j
 

I 
I 

l(
o

 
E

 t
 ,

 L 
I 

1 
·
-

I 
(
:
"
' 

i 
"-·

 1
, 
t 

~ 
r 

f!
. 
l 

E
 ! [

 
J 

'[ 
\ 

r· 
~ 

~ 
.;;-

'.i-·
 

r 
~ 

. t 
f. 
l l

 :
f 

. [ 
. -

r ·
l 
~ 

~:
 
1 

.~
 1-

r' 
1 

~ 
c, 

l 
1:.

 .
 ~ 

· ~ 
1~. J

 1:.. 
, f~ 

E
 t~ 

~ 
[. 

'i: 
..: ~

 
l 

[: c;
 

't.
_ 

P
.t

 
~
 

• 
(_

 
(..

__
 

J;
 

C
 

(r
 

t, 
f:..

 
_E

 
(1

 
' 

-
L1

 
[ 

[1
 

E
 

-
'-1

o.
 

-
,·~

,. 
-

,. 
f:..

 
,C

-
. 

.:.
. 

&
 
~
 

G
;"

 
<i

_ 
&

 
' 

,t
' 

[s
 

f-'
 

C
 

F,"
" 

-

•.
 ~

' 
sf-

1 
,c·

 
~ 

.t 
r;;:

 
[1 
t 

~' [
 't 

f· 
-

,f-
' 

Cs 
,C

-
~

. 
<

o
[ r-

c..
. 

(;""
 

'r
-

fr 
~ 
1 

l .r
-
1 

1
' 

. ..
, 

t; 
(e,

.: 
, 

t 
. -

<c.
· 

, 
(_ 
l 

,t
 

t' 
·l

 
~ 

v 
r 

·-
~ 

1 

_ i
 _

 t 
~· 

~ 
~ 

(_ (
o

1 
c::-

i 
·~ 

~ 
·E 

_ 
I 

~ 
-

i 
J 

~· 
.r 

~ 
·~. 

1 
, 

t= - t.
 -

. 
.,,"'

 
~-
~ 

-c
 

-

CODESRIA
 - B

IB
LIO

THEQUE



<!
 .... .... 

~
'­ ~.~

. 

t~ G
i 

·~
. 

~
: 

1=
 1

t..· 
'f 

·~. 
'Ci

.. 
~ 

·~
. 

ë. 
~
 

·[
 

Gi
 

'}°
: 
l 

~
 
~
 

~
 

Il,
, 

• 
1-

t,
. 

•1,
1 

(o
 

t,
. 

(o
 

1 
~
 

-
t,

. 
~
 . 

,'z.
· 

-
s 

1 
• 

~
 

C
...

 
~ 

[1
 

• l 
. 

''i.
 

[, 
1 

·• 
~ 

t 
~. 

'[ 
~ 
~ 

;. 
l 

t 
:f 

·'t
 
r 

r 
·,:.

 
,,. 

t •
 ~
 

-
~
 

:<
 

f 
r 

É
: 

t. 
1 
t• 

1• 
~ 

'~. 
~

I
 

•6 
~ 

C;
: 

1 
E: 

~
 
fi. 

,. 
<;:

. 
e;:

 
l: 

o 
Ç

:. 
~

· 
r:: 

:r 
t,

. 
(..f

 
f ~

 
~ 

ç;
-

f 
r 

~ 
. r

 
ê_

 
•~

 
''-

~
, 

~
1

,1
 

~
I
 

•
~

 
l! 

1
f"'

 
r. 

~ 
t 

1 
~ 

C
...

 
ff. 

\ 
t 

't 
lo

• 
(o

 
~
 
~
 

(.
. 

' 
1 

~ 
'Ci.

 
~ 

&
 

-
1 

. 
. 

t.<
!,!'

 
1 

,-
-:

-
' 

P
., 

1 
t,

. 
· 

• 
~
 

..
-

lL
s 

'
P

 
1

1
. 

1 
' 

• 
1 

L
..

 
>

 
. 

• 
c~

 
lo

s 
1 

-
• 

E:.
. 

• 

~ 
t: 
~ 

f 
.J 

f 
" 

r 
.: 

c: 
~ 

f 
~ 

~ 
1.· 

c, 
Ë

 
•.

 
! 

l 
l 

~ 
r 

l 
~

I
 

(:
_

 
""t

 
~:

 . 
(p

_ 
.i

 
~ 

C;
: 

(.
.-
~
 

t 
1 

~ 
f-!

 
t 

I 
t 

-
fi 

.,, 
'f

 s
 ~ 

f1 • 
-
·
 

~ 
Ë

 
~ 

ç;
-

~ 
E:.

. 
C;

l 
1 

-

1 
• 
~ 

t 
·l

 
~ 

1· 
ri 

~
 

1,
 

C
• 

C
-

F-
V·

 
,c;

; 
..

-
r;:

 
,r

 
rs 

ç 
Ci,

. 
, 

, 
-

~
 

. 
"'

 
É

 
~
 

t,
 

• _
 

V
 

" 
·1

o.
 

~ 
Il.

, 
~
 

C
• 
~
 

c..
. 

, t 
C

·.
 

-
~
 

{.
. 

-
(o

 
,:

;;
 

(o
 

"
' 

C
• 

•L
 

(o
 

~
 

' 
C

• 
,ç

. 
·.f

: 
"' 
l .

 c... 
·~

 
'fi' 

~ 
-· 

~
 

-6:
· 

•c,
_ 

t 
.t•

 
t.1 

P
.:

 
1· 

-
-· 

~ 
t 

•L
 
t 

Ç
, 

<.o
 

-
, 

C
• 

-
f 

I 
f 

,1
. 

t>
 

p.
, 

1 
• 

t,
. 

(o
 

,.
 

• 
0 

C:
. 

• 
• 

• 
• 

t,
. 

• 
Gi

 
I'

) 
[1

 
1 

f:.
.. 

I 
· 

1 
.,

. 
-

b 
~ 

• 
-

sç
. 

1 
~
 

~
 

~
i 
~
 

-
E

-
-
[
t 

.i
i:

:-
f~

~
 
~
t
~
 

c
i
(
~

~
 

Ç
:
.,

_
,c

;
;
~

 
Gi

 
_ 

<o
 

c..
. 

• 
Gi 

, 
V·

 
-

t' 
1>

· 
,,_

, 
1:

.. 
~
 

I'-
,r:

 
~
 

J:
. 

~
 

I 
. 

1 
~
 

1 
~

l
o

.L
!
'
°
'
 

(.,;
; 

E
L

 
-

,,.. 
rs 

f 
r 

~ 
t 

~,r
i 

· f · 
. [ 

\-
~ 

. ,,.. 
r 

.,,(
o 

~.
. 
,t 

e;: 
,,., 

(..E
:.. 

1:
 ,

~e-,
 1

 
b

 
(.

.-
t,

. 
1>

1 
_ 

1 
• 

p
. 

P.
1 

I;
 

-
~
 

r;
: 

fo
r 

.,.
;;;

:; 
. 

(Ï
\ 

E:.
. 

[ 
t,

. 
t,

. 
• 

1 
• 

1 
I.

• 
~
 

r.
 

C:
. 

-
·~

 
~
 

r;
: 

. 
-

~ 
,ç

. 
t'

 
. 

IL
 

lo.
L!

 
1 

-
-
·
 

• 
C

: 
. 

G
.1

 
-

~
 

-
~
 

1 

l 
(o

 
Ç1

 
•
•
 ~

· 
Gi

 
~ 

t 
~ 

~ 
r 

C
;l.

 ·
~

 
c.

 
f 

. ·l
 ~

-
-

Ç
:. 

fi. 
r 

B
 1

· 
[1

 
,~

. 
/>:-

1 
6 

·1
o.

 
.-,

. 
f 

f 
lo

• 
~ 

r;
: 

-
(o

 
t 

· 
C

• 
Gi 

(.;; 
L 

i:-
C.

.. 
-

b
 

(o
 

-
1

,1
 

"
'
 

1 
.
,
.
 
1 

E:.
. 
~
 

-
C;

l 
E:.

. 
-

-
Cii

" 
li\'

 
.,.

 
li\'

 
E:.

. 
[1 

-
. 
~
 

t-.
 

~
 

-•
 

-
, 

• C
:-

C
• 

C
• 

V,
 

1
,1

 
-

~
 

r 
'.~ 

J' 
1 

J"
} 

~ 
~ 
~ 
~ 

-t 
j 

.f 
~ 

.f 
_. 

·t
 ~
 Î

 ,
F 

1 
c·, 
~ 

[ 
~ 

f 
e· 

, [ 
1:

. 
, r 

""t
 

1-
; 

Cii 
_ 

çs·
 

v-
c-

~ 
~ 

e;: 
f' 

r. 
[ 

E
 ~
 

ci 
r 

ci 
t 

, ~ 
. ç 

~ 
rr: 

~ 
-
~
 

13' 
r 

-\ 
~ 

'p
 

E:.
. 

-~
. 

~!
 

,ç
. 

~
 
~
 

r.. 
-

c 
~
 
1 ~

 
c..

. 
is=

 
~,

 
1 

~
 1

, -
a 

(o
. 

[
;-

~ 
r 

x 
:..

 
.,

_ 
<i· 

~ 
t 

r:.
 
~ 

r 
[1

 
r 

~ 
1:-

, 
t 

f. 
f 

~ 
r1

 · _
:_ 

~
 
t G

i 
(..f

 \
, 

f. 
(..-

:<
 

>
 

.f
 X

 
_

: 
f:

. 
~
 

!-r.
, 

{..
-

r 
~E

:.. 
&

 f
: 

-
,ç

. 
.r. 

t..f
 

ri 
Gi 

,~
 

! 
.-,

. 
·t:..

 
i;:;-

1:.
. 

-t
 

-"
" 

·
-

--
, 

t' 
,E 

1:.
. 
~ 

_ 
t.

. 
-

. 
r.. 

c.
 

.-,.
 

~/ 
. 

r 
l=

 
~ 

C
· 

C,
 

1 
.l 

''i.
. 

::
 $

 Î
' 

-
'c

. 
e 

-
~\ 

E
 l

: 
i 
11

 ~ 
-

,; 
~ 

1 
1 

, r
 
~ 

~ 
tt.

. 
(;. 

X
 

>
 

C;:
 

"
' 

C
• 
~ 

•fi
_ 

î:"
 

c= 
[i

 
•E.

 
1 

t 
(e

_ 
,c;

; 
ï>

 
fi:

 
~ 
~
 

6 
-<

 
--

'°' 
E

 
r 

-· 
--

~
 
~
 

Gi 
O

 
, 

-
• f 

1 
. -· 

ri! 
_; 

. 
'i

. 
-:-

·ro
. 

.., 
Î 

_
f 

, ~
 
~
 

-
-

-
-

-
.,.

 
~

. 
-

-
E:, 

(o
 
~ 

E: 
-

. 
-

-

CODESRIA
 - B

IB
LIO

THEQUE



.allbJI c,l..ilJ.olj c.,à~I ~~ lil.üt.l Jst..àl,I ~-' c.,à~I ;..i~j-r' 

. Jst.i.;, ~I ~j~ ..1SliJI ~-' « J!I!; ,tü.11 » J!9!t;_,JI_, J!",§ïll 3~lkJI 3..i~jj ~jb:i-t 

. w.l.bJI I....Ü6. 3 l..il ~I - 1 l.ii:ü t ... ~ ,< ., '1-o • • • 'J - • .. lJ-'-W - ~ ...r.:-..,.... 
.oJ~IJ o~~I.J..11..t..:J.I ~l~l l!? ,t,ï-i 

. ailbJI , ... êtllil:J.I ei~I - l lii:ü -V ~ - • - l)-'-W. -

~~I tlJ:,à~._,w ~ CCS.JW:J.IJ c..,,oWl-3 ~WI tl..bi.ll .Jl.ui.r..ul t!::' ,t.i-A 

. c, t.o Jh-1.1 rlli ~_,.t:ü - ~ 

.~UI ~~~l'~!.bJI ~IJ.ilwl lY.' ,tü-, • 

ÏJ'""'IJ ···'IJ~I .1 ' - 1 · ~. ,IILJUI .tùilllc,~IJsJJlï-\ \ ir .r- J..r-:-- . ~~~u,o ~ - ~ - . '.) • 

. ~l..i~I J-3_,:l.;JI ~l~I ~ ~.Jl.àJJ ~'il JUI (J-'Ji.J t!? ,t,1_., 

viii 

CODESRIA
 - B

IB
LIO

THEQUE



TABLE OF CONTENTS 

CODESRIA
 - B

IB
LIO

THEQUE



Table of Contents 

D di 
. . 

e cat1011 ..................................................................................... . 

Acki1owledgine11t. ................... : .................................................... . 

Abstract. ....................................................................................... . 

Page 

1 

11 

111 

Table of conte11ts .......................................................... ·................... 1x 

List of Tables and.Figures................................................................ xvi 

CHAPTER ONE: 1 

1.1 Introductio11 ................................... ; ....................... :.................. 1 

1.2 The objective of the Study.......................................................... 2 

1.3 The Significance of the Study.......... ... . .. .. .. .. .. .. .. .. . .. . .. . .... .. . .. .. .. . .. 4 

1.4 The Nature of the Problem ............................... ·.... .... .. .. . .. .. .. . .. .. . 5 

1.5 TI1e Methodology . . . . . . . .. . . . . . . . . . .... . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

1. 6 Sources of Data . . . . . . . . . . . . . . . . . .. . . . .. .. . . . . . . . . . . . . . . . . . . . . . . .. . .. .. . . . . . . . . . . . . . . . . 7 

CHAPTER TWO : Energy and Development.................................. 9 

I1.1troductio11... ... . ... ... . ......... .. ... . . .... .................. ... . . ... .. ........ ...... . 9 

2.1.1 The Concept of Sustainable Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

1.1.2 Sustainable Development...................................................... 10 

2 .2 Energy and development......................................................... 15 

2.3 The Environmental Impacts ofEnergy Use............................... 21 

2.4 The Nattrre ofEnergy Crisis in The Developing Cmmtries...... 27 

2.5 Smmnary and Conclusions ............................... ,........................ 30 

CHAPTER THREE: Macroeconomic Analysis ofEnergy Sector in 

ilie Sudan...................................................................................... 32 

3 .1.1 Introductio11 .... -.·............... .... . . . . . . . . . . . . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 32 

ix 

CODESRIA
 - B

IB
LIO

THEQUE



3.1.2 The Importance of the Energy Sector...................................... 32 

3.1.3 Energy supply (By Sources) 38 

(a) Biomass:........................................................................... 38 

(b) Electricity........................................................................ 3 8 

( c) Petrole1un........................................................................ 40 

(d) Solar Energy................................................................... 40 

(e) Winds Energy.................................................................. 40 

(f) Molasses Energy ....................................... ·....................... 41 

(g) Bagass Energy................................................................. 41 

3.2 Sudanese Energy Crisis............................................................. 41 

3.3 Energy Resources and Supply-Demand Patten1 (1980-1995)...... 45 

3.4 The Sectoral Consmnption ofEnergy Resources (1980-1993) 51 

3.5 Co11clusio11................................................................................. 56 

CHAPTER FOUR : Statistical Analysis and Estimation of Energy 

Demand Function in the Sudan....................... 57 

4 .1.1 It1troducti 011.. . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . .. . . . . . . .. . .. . .. . .. . . . . . . .. . . . . . . . . . . . . .. . . 5 7 

4.1.2 The Demand Model ................................................................. 58 

4.1.3 Energy Demand Model Fonnulation ................... '.................... 59 

4.1.4 The Structtrre of Sudanese Energy Demand Madel................ 60 

4.1.5 The Independent Variables..................................................... 60 

4.1.6 The Double Logarithmic Demand Ftmction: The justification 

of the Model......................................................... .... . . . . . . . . .. . . . . 61 

4.1.7 The assumption of Constant Elasticity..................................... 62 

Part (1) .......... ·........................................................................ 64 

4.2 The Sectoral Demand for Energy in the Sudan .. ;:................ 64 

4.2.1 Microeconomic and Statistical Analysis ofEnergy Demand 

Fm1ctio11 in the Sudan: The Estimation of Sectoral Energy 

CODESRIA
 - B

IB
LIO

THEQUE



De1nand FU11ction ..................................................... :. . . . . . . . . . . . . 64 

I11troduction......................................................................... 64 

4.2.1.1 The Estimated Biomass Demand Ftmction ............. ;............ 64 

4.2.1.1.1 The Estimated Demand for Biomass by Household Sector 64 

4.2.1.1.2 The Estimated Demaild for Biomass by the Industrial 

Sector......................................................................... 67 

4.2.1.2 The Estimation of Sectoral Electricity Demand Ftmction..... 69 

4.2.1.2.1 The Estimated Household Electricity Demand Ftmction... 69 

4.2.1.2.2 The Estimated C01mnercial, Services and Public Sectors 

Demand for Electricity Ftmction ..................... ;................ 70 

4.2.1.2.3 The Estiinated Electricity Demand Function for the 

Agriculttrral Sector ................................. :......................... 72 

4.2.1.2.4 The Estimated Electricity Demand Function for the 

I11dt1strial Sector............................................................... 7 4 

4.2.1.3 The Sectoral Demand for Petrolemn Products..................... 75 

4.2.1.3.1 The Estimated Demand for Kerosene by Household sector 75 

4.2.1.3.2 The Estimated Demand for L.P.G. by Household Sector.. 76 

4 .2 .1.3 .3 The Estimated Demand for Benzine by Transport 

Sector ......................... _.·..................................................... 78 

4.2.1.3.4 The Estimated Demand for Gasoil.................................... 81 

4.2.1.3.4.1 The Estimated Demand for Gasoil by the Agricultural 

Sector.......................................................................... 81 

4.2.1.3.4.2 The EstÏlnated Demand for Gasoil by the Transport 

Sector.......................................................................... 82 

4.2:1.3.5 The Estiinated Demand for Diesel.................................. 85 
i 

4 .2 .1. 5 .1 The Esti1nated Demand for Diesel by the Agrictùtural 

Sector.............................................................................. 85 

xi 

CODESRIA
 - B

IB
LIO

THEQUE



4.2.1.5.2 The Estùnated Demand for Diesel by the lndustrial Sector 87 

4.2.1.3 .6 The Estimated Demand for Funiace.................................. . 88 

4.2.1.3.6.1 The Estimated Demand for Ftrrnace by the lndustrial 

Sector........................................................................... 88 

4.2.1.3.6.2 The Estiinated Demand for Funiace by the Transport 

Sector ................................................. .'........................ 90 

4.2.2 Macroeconomic and Statistical Estimation of Aggregate 

Energy Demand Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

(Aggregate Energy Demand Function by Types).......... 92 

4.2.2.1 The Estitnated Aggregate (Total) Biomass Demand 

Ftmctio11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

4.2.2.2 The Estitnated Aggregate Demand For Electricity Fm1ction. 93 

4.2.2.3 The Estimated Aggregate (Total) Petrolemn Products 

Demand Fm1ction................................................................ 96 

4.2.2.4 The Estimated Aggregate (Total) Demand for Energy in the 

Sudan ................................................................................. 97 

Part (2) ........................................................................................... 101 

4.3 Energy Demand and the Tra.de Model....................................... 101 

Petrolemn Imports Under Foreign Exchange Constrait1ts... 101 

Il1troduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 

4.3.1 The Theoretical Backgrmmd and Definition ofllnports 

Models ................................................................................. 102 

Model (1) A General Imports Model with Exogenous Price 

Asstunptio11 ............................................................................ .. 

(A) Traditional Model.. .......................................... : ............ .. 

(B) Ilnports Under Foreign Exchange Constraints ................. .. 

(C) Hemphill Model. ..................................... : ..................... . 

xii 

102 

102 

103 

CODESRIA
 - B

IB
LIO

THEQUE



Model (2) A General Imports Model With Endogenous Price 

Asstunptio11............................................................................ 107 

4 .3 .2 The Estimation of the Models................................................ 10 8 

The Results of the Estimated Models ........... ;......................... 109 

4 .3 .2 .1 Petrol Imports Demand with Exogenous Price Assumption 

Model (1) ........................................................................... 109 

(A) The Estimation ofTraditional Model............................. 109 

(B) The Estimation of General Exogenous Price Petrol 

Imports Demand Fm1ction.............................................. 111 

(C) The Estimation ofHemphill Madel.. ....... ~...................... 113 

4.3 .2.2 Petrol Imports Demand Under the Endogenous Price 

Asstunptio11.......................................................................... 116 

Madel (2) The Estimation of Petrol Impmts Under Foreign 

Exchange Constraint (Endogenous Price Assumption)........ 116 

4.4 Conclusi.011................................................................................ 119 

4.4.1 Conclusion Part (1)................................................................ 119 

4.4.2 Conclusion Part (2)............................................................... 120 

4.4.3 Conclusion of the Chapter...................................................... 121 

CHAPTER FIVE: The Economies ofEnergy in the Sudan............. 124 

I11troductio11.................................................................................... 124 

5.1. The Importance of Oil Products to Sudan's Economy............. 125 

5 .1.1 lI1troduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 5 

5 .1.2 The Regional and Sectoral Consmnption of Oil Products 

(1980-1993).......................................................................... 125 

5.1.2 (A) The Regional Consmnption .......................... .'.................... 126 

5.1.2 (B) Consmnption by Types.................................................... 127 

5.1.2 (C) The Sectoral Consmnption of Oil Products (1980-1995).... 131 

xiii 

CODESRIA
 - B

IB
LIO

THEQUE



(A) The Agriculhrral Sector............................................. 131 

(B) The Industrial Sector............................................... 132 

(C) The Transportation Sector......................................... 133 

(D) The El~ctricity Sector ....................... :...................... 134 

(E) The Household Sector............................................... 134 

5.2. Energy Shortage: The Impact ofinadequate Energy Supply.... 135 

5 .3 The Economies of Petroleum in the Sudan................................ 140 

5.3. l Introdt1ctio11........................................................................... 140 

5.3.2 Oil Imports and the Exten1al Balance..................................... 141 

5.3.2 (A) Oil Imports and Balance ofTrade................................... 141 

5 .3 .2 (B) Oil Imports and Balance of Payments............................... 145 

5.3.3 Oil Imports and the Internal Balance ...................... '............... 146 

5 .4 Oil Imports, Inflation and Development..................................... 148 

5.4.1 Oil, Inflation and Development in the Developing Countries.. 148 

5.4.2 Oil and Inflation in the Sudan................................................. 150 

5.5 Total Energy, Oil Imports and GDP Growth Rate.................... 152 

5.6 Co11clusion................................................................................ 156 

CHAPTER SIX: Economie Policies and Energy Problems............ 158 

6.1.a It1troductio11 ..................... ;....................................................... 158 

6.1.b An Economie View of the Nahtre ofEnergy Problem in the 

Sudan and the Developing Countries. 159 

6 .1.1 It1efficient Pricing System (Low-Energy-Prices)...................... 160 

6.1.2 Shortage It1 Supply ................................................. :............... 160 

6 .1.3 Excess Demand ....... ·............................................................... 161 

6.1.4 Inefficiency and Losses Problems in the Energy Sector........... 162 

6.2 The Mechanism of Solving Energy Problems in the Sudan 

(Macro Policies)...................................................................... 167 

CODESRIA
 - B

IB
LIO

THEQUE



6.2.1 Adjustment ofEnergy Pricing System........................ 167 

6.2.2 Supply Side and Stn1ctural Refonn......................................... 169 

6.2.3 Demand Sicle Management..................................................... 171 

6.2.4 Rationalization of Energy Use................................................ 172 

6.2.5 The Mechanism ofReducing and Controlling Losses as a 

Tool ofEnergy Conservation................................................ 174 

6 .2. 6 Rationalization of Commercial Energy Consmnption Through 

Reducing the Working Days................................................... 175 

6.3 Microeconomic, Sectoral Strategies......................................... 177 

6.3.1 Petrol (Oil) Sector................................................................. 177. 

6.3.2 Electricity Sector ... ··:····························································· 180 

6.3.3 Biomass Sector...................................................................... 183 

6.3.4 The New and Renewable Energy Resmu-ces........................... 185 

6.4 Conclusio11 ... :........................................................................... 187 

CHAPTER SE VEN : The Conclusion and Recommendation... 189 

7 .1 C6nclt1sio11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 

7.2 Recommendations...................................................................... 191 

7.2.1 The Macro Policies, Strategies and Solution............................ 191 

7.2.2 The Micro Sectoral Policies, Strategies and Solution.............. 192 

7.2.2.1 Biomass Sector.................................................................... 192 

7.2.2.2 Electricity Sector.................................................................. 193 

7.2.2.3 Oil Sector ............. ·................................................................ 193 

Refere11ces... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 5 

The Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201 

/ 

CODESRIA
 - B

IB
LIO

THEQUE



(1) List of tables 

Table 

List of Tables and Figures 

No. Page 

3.1 Total and Per-capita Energy and Cmmnercial Energy 

Consmnption and GDP Per-capita in the Sudan (1973-

1994) 202 

3.2 Total Energy Consmnption by Type (1964-1996)............... 203 

3.3 Forecasts Projection and Expectation of Total Energy 

Consmnption in Sudan (1996-2010).................................... 204 

3.4. The Supply of and Demand for Energy Jype (1981-1993) 205 

3.5. Sectoral and-Total Electricity Consmnption and Generation 

(1985-1994)........................................................................ 206 

3.6 Total Expenditures on Energy Sector (1981-1995).............. 207 

3.7 ' Energy Consmnption by Sectors (1978-1993)..................... 208 

3.8 Total and Per-capita Electricity Consmnption and 

Production (Generation) (1980-1994)........... ... . .. . .. .. .. .. .. .. .. . 209 

5.1 (a) Regional Energy Consmnption 1984............................. 126 

(b) Regional Consumption of oil products (1986-1987)... 126 

( c) The Regional Consmnption of Oil Prodùcts by Type 

1990 .................................................................................. 127 

(d) Total Petrolemn Products Consmnption by Sectors 
' 

(1980-1995).............. ... ..... .. . .. . .. . .. . . . . . . .. . . . . . . . . . .. . .. . . . . . . . . . . . 210 

5.2 Total Petrolemn Products Consumption by Type in the 

Sudan (1980-1995)............................................................. 211 

5.3 Forecasts, Projection and Expectations of Total Petrolemn 

CODESRIA
 - B

IB
LIO

THEQUE



ProductsConsmnption in the Sudan (1996-2010) ................ 

5.4 Petrol Imports and Total Imports, (1980-1994) ................... 

5.5 Petrol Imports and Total Exports (1980-1994) .................... 

5.6 Petrol Imports, Total Imports, Total Exports, Tra.de Deficit 

and Balance of Payments Deficit (1980-1994) .................... 

5.7 Total Development Expenditures, Energy and Petrol 

Imports Expenditures (1989-1993) ............. , ...................... 

5.8 Petroleum Imports Growth Rate and GDP Growth Rate 

(1980-1992) .............................................. : ........................ 

5.9 Petroleum llnports Growth Rate and llrllation (CPI Growth 

Rate) Growth Rate (1980-1992) ........................................ 

5.10 Energy Consmnption Growth Rate, itrllation and GDP 

Growth Rate (1981-1988) ................................................... 

5.11 Petrol llnports, Total llnports Total Exports, GDP, 

Inflation (CPI Growth Rate), Balance of Trade Deficit and 

Balance of Payments Deficit Growth Rate (1980-1992) ...... 

5.12 Petrol, Electricity and Biomass Çonsmnption and Total 

Energy Consmnption (1980-1989) ............. : ....................... 

(2) List of Figures: 

Fig. 

No. 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

Page 

2.1 Relationship ofEnergy to Economie Output....................... 222 

2.2 Projected Shares ofWorld's Energy Consmnption ............. 223 

3.1 (a) Total and Commercial Energy Consmnption (1980-

1989) ......................................... :........................................ 224 

(b) Total and Commercial Energy Consml).ption (1990-

1996) .... :··············............................................................... 224 

xvii 

CODESRIA
 - B

IB
LIO

THEQUE



( c) Per-capita Total and Commercial Energy Consmnption 

(1980-1989) . . .. . . . . .. . .. . . . .. . .. . . . . . .. . . . .. . . . . . . . . .. . .. . . . .. .. . .. .. . . . . . . . . .. . . 225 

(d) Per-capita Total and Conunercial Energy Consmnption 

(1990-1994)........................................................................ 225 

3.2 (a) Total Energy Consmnption by Type (1980-1989).......... 226 

(b) Total Energy Consumption by Type (1990-1996).......... 226 

(c) Average Energy Consmnption by Type (1980-1989)..... 227 

(d) Average Energy Consmnption by Type (1990-1996)..... 227 

3.3 (a) Forecasts of Total Energy Consmnption by Type (1996-

2010) Measured in (000) (TOE) ............... :......................... 228 

(b) Forecasts of Average Total Energy Consmnption by 

Type (1996-2010) Measured in(%)................................... 228 

3.4 (a), (b) Total Energy Supply and Demand (1987-1993) in 

million (TOE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229 

(c) Energy Demand by Type (1983-1993) in(%)............... 230 

(d) Energy Supply by Type (1983-1993) in(%) ................. 230 

(e), (f) Total Energy Supply and Demand (1987-1993) 

Meastrred in (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231 

3.5 (a) Electricity Total Sectoral Consmnption (1985-1994) 

Measured in (GWH) ................................ :......................... 232 

(b) Electricity Average Sectoral Consmnption (1985-1994) 

Meastrred in(%) : ........................ :..................................... 232 

( c ),( d) Total Electricity Consmnption and Generation 

(1985-1994) Meastrred in (GWH)....................................... 233 

(e) Total Electricity Consmnption and Generation (1985-

1994) Meastrred in (GWH)................................................. 234 

(f) Electricity Consumption Sectoral Growth Rate · 

xviii 

CODESRIA
 - B

IB
LIO

THEQUE



(l 993/94-1994/95) Measured in (0/o ) .................................. 234 

3.6 (a) Energy Expenditures and Total Development 

Expendittu-es (1981-1994) Meastu-ed in (LS) Million .......... 235 

(b) Average Energy Expendittu-es and Other Sectors 

Expendittrres (1981-1994) Measured in(%) ........................ 235 

3.7 (a) Total Sectoral Energy Consumption by Type (1982-

1993) Meastrred in (% ) ....................................................... 236 

(b) Average Total Sectoral Energy Consumption by Type 

(1982-1993) Meastrred in (o/o) ........................................... 236 

3.8 (a), (b) Total Electricity Consmnption and Generation 

(1980-1994) Measured in (GWH) ........................................ 237 

( c) Per-capita Electricity Consmnption and Generation 

(1980-1994) Measured in (KWH) ....................................... 238 

(d) Total Electricity Consmnption and Ge1~eration (1980-

1994) Measured in (GWH) ................................................. 238 

5.1 (a) Petrol Total Sectoral Consmnption (1980-1995) 

Measured ÏI1 (MT) ................................. : ............................ 239 

(b) Petrol Average Sectoral Consmnption (1980-1995) 

.Meastrred ÏI1 (%) ................................................................. 239 

5.2 (a) Petrolemn Products Total Consmnption (1980-1995) 

Measured ÏI1 (MT) ............................................................. 240 

(b) Petrolemn Products Average Consmnption (1980-1995) 

Measm·ed ÏI1 (%) ................................................................ 240 

5.3 (a) Forecasts of Petrolemn Products Consmnption (1996-

2010) Measured in (000) (TOE) ............... .' ............. ; ............ 241 

(b) F orecasts of Average Petrolemn Products Consumption 

(1996-2010) Measured in(%) ............................................ 241 () 
xix 

CODESRIA
 - B

IB
LIO

THEQUE



5.4 

5.5 

5.6 

5.7 

5.8 

(a), (b) Petrol Imports and Total Imports (1980-1994) ........ 242 

( c ), ( d) Total Imports With and Without Petrol Imports 

(1980-1994) ....................................................................... 243 

(a) Petrol Imports and Total Exports (1980-1994) ............... 244 

(b) Petrol Impmts and Total Imports and Expmts (1980-

1994) ................................................................................... 244 

(a) Petrol Imports and Trade Deficit (1980-1994) ............... 245 

(b) Trade Deficit With and Without Petrol,Imports (1980-

1994 ). Meastrred in (LS) Million ........................................ 245 

( c) Petrol Imports, Total Imports and Exports, Trade 

Deficit and Balance of Payments Deficit (1980-1994) ......... 246 

(d) Growth Rate in Petrol Imports, Total Imports, Total 

Exports and GDP (1980-1994). Measured in(%) ................ 246 

(a) Petrol Impmts and Balance of Payments Deficit (1980-

1994). In (LS) Million ...................................................... 247 

(b) Total Imports, Exports and Petrol Imports Growth Rate 

(1980-1994). Meastrred in(%) ............................................ 247 

(a) Petrol and Foreign Energy Expendittrres and Total 

Foreign Expendittrres (1989-1993). h1 (LS) Million ............. 248 

(b) Petrol Imports Expenditures and Balance Budget 

Deficit (1989-1993). h1 (LS) Million ................................... 248 

( c) Petrol Expenditlrres and Total Development 

Expenditures (1989-1993) Measured in(%)........................ 249 

( d) Total Energy Expendihrres and Total Development 

Expenditlrres (1989-1993) Measured in(%) ........... ;........... 249 

( e) Petrol hnports· Expendittrres and Total Foreign 

Development Expenditlrres (1989-1993) Meastrred in(%). 250 

XX 

CODESRIA
 - B

IB
LIO

THEQUE



(f) Energy Foreign Expenditures and Total Foreign 

Development Expenditures (1989-1993) Meastu-ed in(%).. 250 

5.9 Petrol Imports Growth Rate and GDP Growth Rate (1980-

1992)Measured in(%) ...................................................... 251 

5 .10 Petrol Iinports Growth Rate and Inflation ( CPI-Growth 

Rate) (1980-1991) Measured in(%)................................... 251 

5 .11 (a) The Rate of Energy Consmnption by Type To Total 

Energy (1980-1989) Meastu-ed in(%)................................. 252 

(b) Growth Rate in Total Energy Type, GDP and Inflation 

Growth Rate (1981-1989) Meastrred in(%)........................ 252 · 

(c) Growth Rate in Total Energy Consmnption by Type 

(1981-1988) Measured in(%) .................... ,......................... 253 

(d) Average Growth Rate in Energy Consmnption by.Type 

(1981-1989) Meastu-ed in(%)............................................ 253 

xxi 

CODESRIA
 - B

IB
LIO

THEQUE



CHAPTERONE 

INTRODUCTION 

CODESRIA
 - B

IB
LIO

THEQUE



Chapter One 

1.1 Introduction : 

Energy "The Capacity to do work", obviously influences economic 

well being (Denis Hayes in Manass Chatterji 1981 P.28). Because it is 

considered the driving force of all human activities. Energy plays an 

important role as a key productive input in the key productive sectors 

which provide many individual and collective needs. Thus it is an 

indispensable input and prerequisite for sustainable development and 

growth patten1 of the developing cmmtries. 

In the context of sustainable development strategy the W esten1 

development patten1 suggests that "the importance of energy and 

enviromnent in the economic, social and political structtrre of the 

developing countries cannot be overemphasized, but the rationale 

assessment of energy demand and supply balances can only be 

tmdertaken on a global scale and must therefore take due accmmt of a 
' ' 

global inter-dependencies. Both energy and enviromnental issues are very 

much part of the current "North-South" debate". (Manas Chatterji 1981 

P.(xi) ). According to William and Toufiq, "energy and enviromnent are 

interrelated silnply because societies are absoh~tely dependent on the 

natural environment to meet most human needs, i11cluding the need for 

energy". (Manas Chatterji, 1981 P.53 ). Energy derived from varions 

sources such as biomass (which i11clude fuel wood and charcoal), coal, oil 

(fossil fuel), nuclear power and electricity (hydro or thennal power). 

"According to Peter Nijkrunp ru1d Frru1s Kutsch Lojenga nattrral 
/ 

resources, energy and favourable physical conditions are prerequisites i11 

the stable growth patten1 of a typical developing coimtry". (Mru1as 

Chatterji 1981 chap.(14) P. 245). 
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Sedar and Suleyman (1995) pointed out that "Enviromnentally and 

Economiè sustainable development requires a balance between economic 

growth targets and a healthy enviromnent so as to improve the quality of 

life for the pr~sent and future generations. By their very nature 

contributing both to enviromnental degradation, resmrrces depletion, 

economic growth and development, energy issues are keys to tlus 

balance. The challenge is to find a way to minimize the energy-related 

enviromnental cost of development without frustrating economic growth". 

According to them consideration of energy issues are critical to the 

acluevement of such balance for two reasons,. first, in the broadest sense 

of ti1e tenn, energy is an essential input for virtually all industrial 

production process. Second, both wide spread use of certain types of 

energy as an input and varions technologies employed in the generation 

of energy itself inflict considerable damage upon ecological process in the 

fonn of enviromnental pollution. Hence the production and consmnption 

of energy are among the prime factors behind the current degree of 

environmental degradation and nahrral resources depletion in many 

com1tries including Sudan. 

The present chapter of the present study is an introductory chapter 

about the research objectives, significance, nature of the problem, data 

sources and methodologies. 

1.2 The objectives of the study:-

The present study aitns to aclùeve the following objectives:-

1) To identify the critical relationslùp between economic output and 

energy use ( consmnption) i.e. conelation between economic development 

and energy use. 
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2) To explore -the nahrre of energy crisis in the Sudan, its causes, 

- detenninants, implications ( economic impacts) and the possibilities of 

alternative solution. 

3) To contribut~ to the process of timely energy planning in Sudan. "The 

achievement of near and long tenn development objectives requires that 

energy resources of proper type and magnitude be available to sustain 

vanous sectors of the economy".(Phil O'keef, et al 1984 in (EEDA 1), 

p.1) 

4) To explain the current energy flows in the Sudan. (Considerable 

- quantitative analysis is given about the struchrre) and the sources of 

energy in Sudai1. 

5) To estitnate energy demand equation at macro and micro levels 

disaggregated by different sectors. The study focuses on the demand side 

for its significat1ce in the detennination of ener~ sector structure. And to 

estiinate the prices ai1d ii1c01ne elasticities. 

6) To ii1vestigate how energy crisis in the Sudai1 might constraiiit 

sustainable development objectives through their critical impacts on 

enviromnental degradation. 

7) To explain how the lack of foreign excl1ai1ge receipts 1night affect 

energy sector -flow ai1d the economic progress in the Sudai1 (i.e. how 

foreign excl1ai1ge availability constraint the demai1d for petrol iinports ai1d 

therefore constraint long tenn sustainable development objectives). 

8) To explaii1 the iinpact of economic policy on energy sector flow ai1d 
·' 

how effective policy instruments ai1d econmnic measures ai1d policies 

such as supply side refonn, demai1d maiiagement, taxes, regulation and 

rationalization prograimnes and pricing system adjustment are useful to 

solve or even alleviate the current energy cri.sis. 

3 

CODESRIA
 - B

IB
LIO

THEQUE



1.3 The significance of the study :-

1) It is significant to understand the stn1ctlrre, flow, s0trrces and natlrre of 

energy in the Sudan since energy sector is a key productive input on 

which all hmnan (runong them economic) activities depend i.e. energy 

input is significru1t in moden1 economics. It is an input to ru1y cmmnodity 

produced, even in nrral and primitive societies energy constitutes basic 

need. Thus energy crisis assmnes to affect over all economic and hmnan 

activities in the Sudru1. 

2) Economie development objective in the Sudru1 is largely affected by 

energy shortage especially cmmnercial energy (petrol ru1d electricity). 

Thus energy sotrrces are necessary or strategic element for both food 

secmity and long tenn objectives of economic development. 

3) It is necessary to deal with energy, because "the ClllTently importrult 

energy resources are non renewable res0trrces, which when used as 

energy somces cannot be recycled. Moreover, the extraction ru1d usage of 

the ctrrrently importru1t energy res0trrces is a major smrrce of 

environmental pollution, i.e. the production, transportation, storage ru1d 

other ways of energy use directly or indirectly affect environment". 

(Michael C01mnon 1988). · 

4) It is importru1t to tmderstand the stn1ctlrre ofenergy demru1d through 

final (usage) consmnption by different sectors, because demru1d 

( consmnption) patten1 is ru1 indicator for development ru1d for long tenn 

plrunring objectives. 

5) It is significru1t to tmderstru1d how the foreign exchru1ge availability 

affect the flow of commercial energy (petrol ru1d oil) and therefore 

constraining all economic activities. In addition to the implications of the 

increase of oil imports pnces or costs on the balance of trade ru1d the 

balru1ce of payments. 

4 
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1.4 The Nature of the problem : 

The National-Energy plan (NEA 1985: 1-12: NEA. 1982: 14 

Callaghan 1985), pointed out that energy shortage and unreliable supply 

can cause damage to the economy and to the quality of life. It is pointed 

out that the Sudan faces two main problems with regard to energy. 

"Firstly: there is a lack of foreign exchange for the import of petrol, 

which is at present mostly used for transport, and increasingly also for 

electricity generation both localized mainly in Khartomn (NEA 1985 a*: 

22,18, NEA. 1982 a*: 9, 34). The result is a vicions circle: Lack of hard 

cmrency with which to buy energy input for example for agriculture, lead 

to a decline in exports, which leads to a further lack of hard currency". 

(C.de. Jong- Boon, 1990 Part (I) PP. 253-254) .. 

"Secondly: Forests will disappear from the Northen1 and Central 

provinces by the year 2000 (NEA 1985*: 63, 31-3, 38-59 chap. '2'). The 

supply of wood and charcoal which at present constitute about 80% of 

final energy consmnption, most of this is used in the households ( cooking) 

and smaller part in industries such as Khartouin brick-making and 

bakeries (Alnned and El Magzoub 1985, Abdel Salrun 1986 b)". (C.de. 

Jong- Boon, 1990 Part (I) P. 254). 

"There is of course a link between the two problems, lack of 

imported fossil fuel due to lack of foreign exchange forced people to ttm1 

to wood and charcoal, the consequences of desertification become 

serions, it has been estimated that energy consmnption (for cooking) 

causes 92% of all desertification in Sudru1, ru1d is therefore largely 

responsible for the consequences ru1d deterioration ru1d lack for fodder 

(Whitney, et al 19 85: 14-15 chap. '2' and '5 '), on the other hand 

desertification and destn1ction of the food production base are more 
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threatening (Shaik and Karch 1985)". (C.de. Jong-Boon, 1990 part (1) p. 

254). 

1.5 The Methodology :-

The methodological approach of the present study is analytical and 

empirical in nature. In the first part an analytical approach is used to 

identify the role of energy and its relation to economic development. 

Bath descriptive and analytical approaches are used to explore the 

research problem. In addition to, an empirical models are adopted and 

econometrics techniques are used in two ways by using the system of 

regression equations. 

A) Firstly a. single-equation model is adopted in attempt to estimate 

energy demand equation: 

Qd = a+ b Y- cP where a, b and c are parameters 

Qd : is quantity of energy consmned. ( Under the assmnption that Qd 

represents real valu.e ) 

P : is relative or real price of energy to fmql users. 

Y : is GDP (real) at factor cost. 

The · ordinary least squares (regression method) will be used to 

estima.te energy demand, income and price elasticities .. 

B) Secondly to estima.te the proposed effects of a macroeconomic 

policies on energy sector. The present study will attempt to estima.te the 

demand for· petrol imports subject to the constraint of foreign exchange 

receipts availability. Under the assmnption that imports prices are 

endogenous, simultaneous-equations technique is used to assess and 

estimate the demand. Using two independent struchrral equations (supply 

and demand), an itnport supply curve assumed to be inelastic with respect 

to price and the demand curve is 

curve. 
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Two structural equations are used (in log-form): 

Ln Mdt= ao+a1 Ln (Pm!P)t + a2 LnYt + a3 Ln mt-1+Ut (demand equation). 

Ln M\= bo+ b1 Ln Ft+ b2Ln Rt-1+b3 Ln mt-1 + b4 Ln (Pn/P)t +Vt (supply 

equation) 

where M\ · M\ are demand and supply equations respectively, 

M\ Mdt-Mt, in equilibrimn (Pm!P)t, Mt are endogenous variable Ut, Vt 

are nonnally distributed random variables ( ai, bi, i = 1,2,3) are stn1ctural 

parameters which are identified. 

Mt: Vohune of petrol imports (using balance of payments data base). 

(Under the assmnption that Mt represents real value). 

(Pm/P)1: Relative, real price of petrol imports ( i.e. petrol price deflated by 

GDP deflator) 

Y1: GDP at market cost (i.e. real GDP) (using National accmmt data). 

F1: foreign exchange receipts deflated by GDP deflator (using balance of 

payments data). 

R1-1: Lagged end year stock offoreign exchange reserves deflated by GDP 

deflator (using balance of payments data). 

Imports demand equation cannot be estimated by OLS technique 

since tins yield a biased and inconsistent estimates of the relevant 

elasticities. Thus a consistent estnnate of the demand elasticity can be 

obtained by using a snnultaneous-equation procedtrre such as two-stage 

least squares estima.te (2SLS). Tune series data and cross sectional data 

will be used when availble. 

1.6 Sources of data :-

The necessary data for the present study are collected from different 

smrrces. 

1) Primary sources of data are used when available. 
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2) Secondary sources of data are used as follows:-

i) Reports and studies of the Ministry ofEnergy and Mining and National 

Energy Administration. 

ii) Published data and materials of different conferences related to the 

study which are available in the U. ofK. libraries. 

3) World Bank Publications. 

Two types of infonnation are used in tltls study to estimate tlle demand 

function. 

i) cross sectional data when available 

ii) Time series data. 

The study basically depends on docmnent sources of data, these 

include the available published data (books, papers and magazines) 

dealing with energy crisis and sustainable development. 

Statistical data are useful to the estimation of the demand equations. 

These sources provide a valuable infonnation about tlle flows, 

intensities of different energy sources, about the energy cns1s, their 

reasons, impacts and possibilities for solution. 
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Introduction:· 

Chapter Two 

Energy and Development 

Since energy 1s important element for the achievement of 

sustainable development objectives in the developed and developing 

cmmtries ,the present chapter begins with the definition of the concept of 

sustainable development and its relation to energy field. This is followed 

by the identification of the relationship betweèn energy and development 

in the second section. The tlùrd section examines and explains the 

enviromnental impacts associated with different energy use. The· last 

section focuses on the natme of energy problem in the less developed 

countries. 

2.1.1 The Concept of Sustainable Development: -

"Recently, sustainable development appears 111 development 

literature to replace many concepts such as growth, modenùzation, 

progress and even accelerated development as the mùfying concepts for 

world wide development activities. It has been argued that, the concept of 

sustainable development represents a fundamental, more broad and lasting 

contribution to development theory and practice, since the concept has 

succeeded in mùfying widely divergent theoretical and ideological 

perspective into a single conceptual framework. Moreover, the co~1cept 

provide a new strategy for national and inteniational development". 

(Richard J. Estes PP. 1-2, 1993). 

It has been evident that, development theories du.ring the period 

(1940s-1950s), in the industrialized countries focused on growth and 

efficiency objectives. In the 1960s, the consideration of social issues like 

poverty and income distribution became vital and therefore a considerable ~, 

efforts devoted to consider or to include these issues in the context of"t ~ 
. 9111 . 
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equitable growth model. In the early 1970s enviromnental issues received 

partictùar attention and awareness, this lead to increasing interest to 

consider them to achieve environmental balances and sustainable 

development objectives. Since then economists paid especial attention to 

the enviromnental problems and other related socio-development issues. 

On the other hand, the OPEC-oil crisis of (1973-74) helped to focus 

attention on question about the availability of (natural resources) energy 

resources. In the 1980s development models are broadened to include the 

concept of sustainable development. According to Richard, J. Estes 

(1993), the concept designed to resolve the acute crisis concenùng the 

failure of existing models of development to offer effective and lasting 

solution to recmTent and worsening problems of the les_s development 

com1tries, i.e. to offer at least general guidance to these com1tries seeking 

to accelerate the· development and self-sufficiency. According to the 

World Bank (1990), sustainable development has become a key catch 

phrase in economic planning and resmrrces management, the idea of 

sustainable development has dominated most recent discussion on 

development and environment. 

2.1.2 Sustainable Development :-

"The concept of sustainability has corne to mean different things to 

different people in different situations. Generally it is defined as 

development without destn1ction, i.e. development which does not 

destroy the available resources and envir6nment base on wlùch it 

depends". (Baha Eldn1 M. A. Taha 1993). 

"Following the defnùtion of Dover and Talbot (1987), the tenn 

sustaniable energy means energy flows that keeps and contn1ues its 

optimmn productivity in definite period of tune, then the tenn broadened ~~ 

to incorporate an ec.ological aspects, through the idea of maintaining ai~, 
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average level ·of energy output over an indefinitely long period of tune 

without depleting the resources or degrading the natural enviromnent". 

(Baha Eldin M. A. Taha 1993 chap.(3) PP.46-47). "Wanen, Agnew 

(1988) emphasized this defmition, while Conway and Barbier (1988), put 

it differently "The .c01mno11 use of the word 'sustainable' suggest an 

ability to maintain some activities in the face of stress." Therefore 

sustainability depends on the properties of the system or resources, the 

nature and the strength of the stresses and shocks and the way, systems 

and resources are managed and shocks countered". (Baha Eldin M.A. 

Taha 1993 chap.(4) P.57). 

David Brown (1991), distinguished between four dimensions of 

sustainable development ecological, economic, political and cultural 

sustainability, according to him ecological sustainability implies that non 

renewable resources are not depleted for short-tenn improvement, 

econ01mc sustainability iinplies that improvements do not depend on 

continuing iIIfusions of resources that cannot be maiI1tained. According to 

Brown, effective approaches to sustaiiiable developme11f must optunize 

the use of resources that are available locally, miniinize dependence on . 

resources tl1at must be brought iI1 from outside and must not seek 

improvement for which continuons iilfusion of existing or new resources 

are needed and must converse those res0trrces that are needed for 

iinprovements over the long tenn. ( Richard, J.Estes 1993 p. 10). 

"AccordiI1g to Hermany Da1y (1991), renewable resources should be 

exploited 011 a sustainable-yield basis. The choice amo11g ma11y levels of 

sustained yield can be made on the criteria of profit maximization 

(sustaiiiable yield base). Non renewable resources have 110 sustaiI1able 

yield at least on tiine scales relevant to human experience. J.ohn Ise (1920) ~~ 

poi11ted out that, 11011 renewable resources Used up at such a rate that it,i'Wi: .,-, 
. . "'f• ' 
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price will equal to the price of its nearest substitute or resources should be 

priced according t6 their long-nm replacement cost".( Davis, Ben1stam. 

1991.) 

The World C01mnission on Enviromnent and Development (WCED) 

(1987), defined sustainable development as paths of social, economic and 

political progress that meet the needs of the present without 

compromising the ability of future generations to meet their needs (i.e. 

provided the material wants of the present generations without depriving 

future generations of the resmrrces required to satisfy their needs), i.e. the 

plan and the tools which are designed for deve]opment must also consider 

the enviromnental management objective so as to avoid resources 

depletion. Hmnanity have enough resources to control the dangeroùs 

deterioration of the environment. (WCED.1987). 

"In an attempt to make Bnmdtland (1987) definition operational, 

Hermany Daly (1991), raised two questions. First the needs of the present 

require some distinction between basic needs and extravagant wants. 

Sustainable development is about sufficiency as well as efficiency. 

Second, the ability of the future generations to meet their owi1 needs may 

be interpreted as requiring either strong or weak sustainability".(Davis, 

Ben1stam. 1991). 

According to Bnmdtland (1987) Report,'sustainable development is 

tl1e process of change in which the exploitation of natural resources - the 

direction of investments, the orientation of teclu1ological development, 

and institutional change are all in hannony, and enhance both cmrent and 

future potential to meet hmnan needs and inspiration. In this way Nijkamp 

(1990), considered sustainable development as "a balanced and adaptive 

process of change characterized by pareto optiinal trajectory ii1 which ~-. 

progress in one system that is either the economic or the ecologicruf. ~ 
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wouldn't be to the detennent of the other system. It stresses that; in the 

short · nun,enviromnental and economic goals, both on regional and global 

scales are often mutually conflicting.However, in the long nm, consistent 

with the concept of sustainability, a situation ofmutual complementary of 

coevolution can emerge".(W.B.1990 p. 6). "In the short nm -sustainable 

development requires a careful consideration of sustainable threshold 

levels of both econ01mc and environmental systems".(W.B. 

1990).Moreover,"according to Mustafa Kamal (1985), the United 

Nations-Enviromneht-Programme(UNEP) (1973) emphasized the fact that 

enviromnent and development are closely interrelated,and development 

cannot be sustained without explicit consideration of its itnpact on the 

enviromnent and sitnilarly a gàod environment and quality of life cannot 

be achieved without appropriate development".(Yehia andAsit 1985). 

According to Mustafa Krunal (1985) one of the most importru1t 

components of the enviromnent -development interrelationship is energy. 

The oil price increase in 1973 revealed the close înterrelationships 

between energy availability and use and enviromnent and development. 

This raised the call for more rationale management of energy resources 

and conservation practice to contribute toward itnprovit1g environmental 

quality. (Yehia ru1d Asit 1985). 

According to WCED (1987), "Energy Supply ru1d Consmnption 

pattern, ultimately cru1 detennit1e the capacity of tlùs plru1et to sustait1 the 

life support systems .on which all other development depends. There is no 

doubt that today certait1 energy patten1 threaten the sustamable 

development of the countries or regions in which they d01nit1ate. Tlùs is 

clearly true for fuel wood crisis". (WCED. (1987) - Energy (2000) p. 5). 

' 
' 

According to WCED. (1987) and FAO.· (1980), "1300 1nillion ~-.. 

people lived in wood deficit area (satisfy minimum needs, but Ûnllfw~; 
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through m1sustainable over cutting) and over 116 million in acute scarcity 

areas ( defined as area where even with overcutting people cannot satisfy 

minimmn needs).The same study projects that by the year 2000 about 

3,000 million may live in deficit and acute scarcity areas, thus causing 

increased deforestation, erosion, desertification and diversion of plant and 

animal wastes from soil replenishment".(WCED.(1987). Energy- (2000) 

P.5). 

"The WCED. (1987), emphasized the ,fact that certain patten1 of 

energy consmnption could tmdennine sustainable developinent in a global 

basis. Climatic change has now emerged as a serions and plausible threat 

to the econmnic and social development of nations and could place 

intolerable btrrden on world wide political stability within the next years'~. 

(WCED. (1987) - Energy (2000) P. 6). 

"Enviro111nentally sustainable development reqlllfes a balance 

between economic growth targets and a healthy enviromnent so as to 

improve the quality of life for the present and future generations. By their 

very nattrre contributing both to environmental degradation resmrrces 

depletion . and econmnic growth, development, energy issues are key to 

this balance. The challenge is to find ways to minÎlnize the energy related 

enviromnental costs of development without frustrating econmnic growth. 

Thus consideration of energy issues is critical to the achievement of 

sustainable balance for two reasons, first in the broadest sense of the tenn 

energy is an essential inputs for virtually a.li industrial production process. 

Secondly both wide spread use of certain types of energy as an Îl1put and 

various technologies employed Îl1 the generation of energy itself Îlillict a 

considerable enviromnental pollution. So the production of and 

consmnptioh of energy are among the prime factor behind enviromnental ~~ 

. ~, 
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degradation and violation of sustainable development objective". (Sedar 

and Suleyman, 1995). 

2. 2 Energy and Development :-

Recently energy related issues have received a considerable 

attention in both the developed and developing countries, particularly 

after the increase of oil prices in 1970s. "It has been recogiùzed that 

energy crisis during the 1970s is nota transitional phenomenon since it 

transmitted or shifted the world from cheap energy prices period, into 

increasingly expensive energy prices period. Energy inputs become 

expensive and its role increases and become equal to the classical factors 

of production (like land, labour and capital). Since then in many parts of 

the world there is a growing concen1 or awareness that some alteniative 

energy sources could have an important role to play in the process of 

economic development". (W.B. 1980). 

In the developing countries the 1973 oil cns1s, increased the 

awareness or the importance of energy sources for economic 

development. "Edelman (1981) examined the severe difficulties in most of 

the lesser developed countries resulting from the sudden tennination of 

the period of cheap oil and natural gas. It was feared that the lùgh prices 

of energy would lead to the collapse of the economy of those cmmtries 

(Manas Chartterji 1981 p. 22). 

In both developed and developing countries the relationship between 

energy and economic development is important, because the process of 

growth in the productive sectors of each economy are closely interrelated 

to the availability of energy resources. Thus energy related issues are 

extremely important and sigiùficant. 

According to WCED (1987), "the patte111s of en~rgy supply and~~ 

consmnption eau widen the opportunities for future economic and socia~.,. 
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development or they can constraint them, in some cases elim.inating them 

altogether, they caii provide the basis for a high a.11d sustainable level of 

secmity and comfort, or they ca.11 destroy it, reinforcing insecurity, wide-

spread misery. Ultimately, they can detennine the capacity of tllis pla.11et 

to sustain the life support systems on which all other development 

depends". (WCED. (1987) - Energy (2000) p.5). 

Historically econmnic development has been linked to increasing 

energy consmnption per-capita, the experience of the industrial W orld 

indicates that, as econmnic development progress, energy consumption 

per-capita rose. Thus m1der development a.11d low energy use are 

interrelated i.e. deficiency in energy supply makes economic development 

difficult".( Leonard.Berry a.11d Richard Ford. 1978 (EAETPP)).Therefore, 

the availability of adequate food supplies for both domestic consumption, 

and for industrial progress has become closely interrelated to or 

detennined by the costs a.11d availability of energy, energy capacity a.11d 

the potential increase of supply. 

"In most Africa.11 comltries, industrialization a.11d development 

plaiming is a more recent phenomenon , they are characterized by lowest 

energy consmnption. The lligh energy growth rate, date back only to the 

late of 1950s. The coefficient of energy use dtu-ing that period was 

approaching 2% which implies that each percentage rise in econom.ic 

activity brings about a 2 percent rise in energy use. This coefficient may 

be compared with a figure of 0.7 to 0.85 for the .USA a.11d Western Etrrope 

respectively in the late 1950s. The high percentage growth rate in energy 

consmnption for the m1der-developed countries during 1972, was about 

15%, of the 11011-connnmust world, although they accom1ted for 7 5% of 

the world population. It has been claù~ed that, as the process of ~~ 

industrializatfon in the Jess developed countries continues, given th~ I 
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positive relationship between economic growth and energy (intensity) 

consmnption and flows, the share of these cmmtries in total world energy 

. consmnption will rise relatively faster than that of industrial world. 

According to Figure (2-2) estimates of the global supply-demand 

integration indicated that under developed cmmtries could consmne as 

much as 25% of total world commercial energy by the year 2000. (Waes 

1977), figure(l.3),p.4".( Leonard Berry and Richard Ford. 1978 

(E~TPP). PP.2-3). 

According to ·the World Bank Report (1980), "the total energy 

consmnption in the developing cmmtries constitutes a very small part of 

total world energy consmnption, but it rose by a faster rate than the 

previous decade. During the twenty five years preceding the 1973 oil 

shock, the ratio of GNP, annual growth rate to the demand for energy was 

1.3:1, however, due to the sudden increase in oil price during the period 

(1975-1980), the ratio declined to 0.8:1." (W. B. Report 1980 chap.(l)). 

"It has beeri emphasized that energy provision is one of the most 

fundamental prerequisites or aspects for development. In both developed 

and developing· cmmtries, there is some evidences that cmmnercial energy 

consmnption and the level of development are positively correlated. 

Several studies have emphasized the fact that the consmnption of 

cmmnercial energy form like electricity and fossil fuels increases with the 

increase in economic development, and at the same time, the consmnption 

of wood fuel,. dung and crops residues decrease. This restùted in both a 

lrigher total and per-capita energy consmnption. Moreover, energy is 

required to increase labour productivity associated with industrial 

development. Energy provision is vital to the development process even at 

the subsistent level". (W.B. 1979). 
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"The basic correlation between economic output and c01mnercial 

energy conslilnption could be illustrated by figure (2.1) where per-capita 

energy consmnption is plotted against per-capita GNP for each cmmtry. 

The figure depicts only the c01mnercial energy fonns ( c_oal, petrolemn, 

natural gas, hydroelectric and nuclear) in energy/output relation, due to 

limitatioi1 of availability of reliable information on the so called non 

cmmnercial sources (primary wood based fuels, animal dung and 

agiicultural residues). In the developing countries over 80% of rural 

energy is derived from wood and ruùmal waste ru1d is primarily used for 

cooking ru1d agriculttrre. Most of energy used is non c01mnercial ru1d 

produced by people themselves (by primitive means) to meet their owi1 

needs. In those cmmtries c01mnercial energy provides only a small part of 

their total energy consumption. According to Figtrre (2-1 ); therè is a 

positive relationship between commercial en~rgy use ru1d the level or 

degree of development. Generally developing cmmtries consmne less thru1 

20% of total c01mnercial energy although they have more than two thirds 

of the world population. The figure also indicates the wide variations in 

. the patten1 of development among the less developing cmmtries which 

lead to a substantial spread in the relationship of energy output. The 

OPEC countries of course have special status. But even withi.t1 the 11011-

0PEC LDC's, such factors as the level and type of industrialization,the 

availability of indigenous energy source, and the role of pri.tnary and . 

agricultural exports play an important role in detennining the precise 

energy requirements for growth". (Phil O'keef, et al 1984 i.t1 (EEDA 1) 

chap.(2) PP.7-8).0n the other hand, Mudassar Imrru1 and Philip Bames 

argued that, "the disti.t1ct differences between energy i.t1tensities among 

the developi.t1g cou'ntries, could be attributed to the factors such as the ~-.. 
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stn1cture of their economies, their fuel mix, activity level, their climate 

and pricing policies". (W.B. 1990.P.(V)). 

"During the period of (1960-1972), llllderdeveloped countries more 

than doubled their consmnption of commercial energy and increased their 

demand for electric power by more than 250 percent. The lower incarne 

cmmtries consmned only 25% ofworld commercial energy in 1972, i.e. 

less tha.11 $200 per capita (Waes . 1977). h1 these lower income com1tries 

per-capita . elasticity of energy demand is about 40% lùgher tha.11 the 

corresponding total income elasticity.On the other hand, the 

industrialization process that raises the per-capita income also resulted in 

a gradual reduction in growth rate of energy consumption with respect to 

growth in real income. Estimates of percentage decrease in the income 

elasticity of energy for the lower income cmmtries expects a percentage 

rate between 8 and 13 percent by the year 2000. Tlùs estilnation 

a.ilticipated that lower income cmmtries will increase their energy 

consmnption by 3 or 4 tilnes the 1972 level , if rates of economic growth 

between 4 and 5 percent per year are achieved.(Waes. 1977)".( Leonard 

Berry and Richard Ford. 1978 (EAETPP). PP.5-6). 

According to Mudassar Imra.11 . a.11d Plùlip Barnes, "estilnation of 

energy consmnption increased rapidly in the developing colUltries. It is 

estimated that the share of the developing com1tries in global energy 

consmnption outside the centrally pla.imed economies increased rapidly 

from 20o/o in 1972. to 33% in 1988. It is anticipated that these energy 

consumption trend will continue. They anticipated that armmd two thirds 

of the incremental energy demand in colUltries other than commmtlst 

cmmtries is likely to occur in the· developing com1tries with their share 

rising sharply to over 40% by the tum ofthis century". (World Bank 1990 ~, 

PP. 1-2). \.J 
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The patten1 of energy use and consmnrtion reflects the degree of 

development. "This fact emphasized by Earl (1975, 6), according to him 

economic progress is governed by energy law. Nevertheless m1til recently 

energy issues were largely ignored by the development economists, who 

prefer to concentrate mainly on problems of industrial growth, mining, 

import substitution and food production". (R.P. Moss and W.B. Morgan 

1980 p.17). "(Earls 1975, 10) suggested that over 90% of energy 

requirement is supplied by woods in Nepal, Tanzania, Nig~ria and 

Uganda".(R.P. Moss and W.B. Morgan 1980 p. 21). On the other hand, 

"J.O. Ladipo-Adjuwon pointed out the results of rural survey show that as 

many as 96.7% of all rural household in Nigeria rely on fuel wood for 

cooking".(Yehia and Asit 1985 p.118) . "H.H. Scheiders in Tanzania 

estimated that about 90% of energy consmnption is based on fuel wood". 

(Yehia and Asit 1985 p.155). This lead to a very dangerous situation of 

deforestation and enviromnental degradation. "According to Salal1 Arafat, 

in Egypt the component of per-capita gross energy consmnption from both 

conventional · and non conventional sotrrces in nrral Egypt is as follows: 

64.8o/o from crop residues, 12.4% from cattle dm1g, 18.4% from kerosene, 

2.8% from Butagas and 1.7% from electricity".(Yehia and Asit 1985 

p.134). Comparing · tlris figure with Sudan according to Hassan Abdel Al 

Nour (1989), fuel wood accmmting for 82% of total energy 

supply(E.M.Abdelatif. 1993 P.23). This has been emphasized by N.E.A 

statistics in (1989/1990), fuel wood accomited for · 80.5%, petrol 

accom1ted for about 11.9%, electricity about 7 .2%, and other smrrces 

accom1ted for 0.4% of total e11ergy supply (E.M.Abdelatif .1993 P.109). 

"According to Mustafa Kamal, the scenario of low energy capacity 

in the developing countries is attributed to the fa.et that either connnercial ~-.. 

fonns of energy are not easily available, or the people concemed do notz ~ 
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have the economic power to purchase them on a regular basis for various 

activities, ranging from cooking, lighting, to varions agriculture, and other 

economic activities". (Yehia and Asit 1985). "These resulted in the fact 

that most African countries are particularly low on both the energy and 

GNP scales. Low levels of energy and low level of agricultural and 

industrial production per head. A low level of development in tun1 limits 

the use even of available energy and restricts both the choice of fuels and 

the introduction of more moden1 flexible fonns of energy supply. The 

optimistic view in this way is that rural energy problem in the third world 

would be solved by the development process itself".(R.P. Moss and W. 

B. Morgan 1980 P.4). 

2.3 The Environmental Impacts of Energy Use:-

"Energy is directly related to ahnost major aspects of moden1 hmnan 

activities, like the production of food, the provision of shelter and the 

transportation of goods. There are also munerous indirect linkages 

between basic ener~ process and hmnan activity and these arise from the 

increasing demand for energy and the pressures of these processes on the 

enviromnent".(Perkowski (1976), in William and Toufiq in Manas 

Chartterji (1981) P.56). 

According to Manas Chatterji (1981 ), recently both energy and 

enviromnental issues, considered as part of the current "North-South" 

debate. Both of them are considered as means for attaining society's 

material and 1101) material goods. "Well planned use of energy generally 

contributes to the well being of societies, its misuse or over use can lead 

to poorer health and other m1desirable effects. On the other hand good 

management of the enviromnent helps to pr~serve the ecosystem, and 

thereby contributes positively 

Mismanagement of enviromnent 

to meet the needs of society. §t .... 
resulted in exhaustion, degradation a1141. ~ 
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pollution and therefore affecting the society' s well being for both current 

and future generations". (William and Toufiq in Manas Chatterji 1981 

pp.57, 64). 

"The interrelationship between energy and enviromnent could be 

1mderstood from the fact that societies are absolutely dependent on the 

natural enviromnent to meet most human needs (both individual and 

collective) including the need for energy. However, due to the difficulties 

of getting accurate perspective on environmental dimensions of energy 

policies and the .recent history of awareness of these relation, there is a 

confusion, in addition to a lack of basic scientific and technical 

knowledge on key issues related to energy-enviromnental considerations, 

create 1mcertainties which create difficulties to decision-makers. 

Therefore trade off between environmental considerations and energy 

requirements become important". (William and Toufiq in Manas Chatterji 

1981 p.53). 

"In most parts of the world the vital role of energy in 

industrialization progress and in increasing living standards until the mid 

of 1960s did not create any opporhmity or concen1 for any environmental 

consequences of energy production or consmnption. However, in the mid 

1960s there was· increasing public awareness that certain approach to 

energy production, transportation and consmnption have a considerable 

undesirable enviromnental effects. Though, the first concen1s were 

expressed in terms of loss in health life, food security and comfort which 

are classified 1mder the enviromnental considerations. In 1972 the United 

Nations Conference on Hmnan Environment in Stockhohn represented a 

very Îlnp011ant step iI1 iI1creasiI1g the awareness and c01mnitment to deal 

with enviromnental related issues" (William 

Chatterji 1981 pp. 53-54). 
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"According to C. Anthony Pryor, the production and consmnption of 

energy can cause serions environmental consequences. Environmental 

consequences of energy production can be considered to have both an 

impact on the environment as an amenity and as an input into production, 

and hence is not simply a matter of amenity loss. In tlùs way distinction 

has to be made among production of an energy resources ( such as 

extraction of coal), the transportation of energy (such as pipeline or power 

line ), the generation of energy and finally the consmnption of energy. 

Conventional fossil fuels like coal, and oil, ma.y have a serions 

environmental problems related to extraction, these ma.y be in tenns of 

amenity loss in the destn1ction of wildemess, or in tenns of loss of 

productivity through strip-m.ining or seepage of oil. On the other hand, the 

generation of electricity may also cause serions environmental problems. 

These problems often relate more to the side effect of the generation 

system than to electricity generation process itself ". (Manas Chatterji. pp. 

131-132). Accorcling to William and Toufiq, the hydroelectric dams also 

have a serious envirorunental impacts, such as the destn1ctio11 of 

wilden1ess and the potential increase of deforestation in the surrounding 

regions. Large hydroelectric irrigation projects cause interna! migration 

which ma.y increa~e deforestation and also help spread water-related 

diseases like sclùstosomiasis. In this respect the sources of these problem 

is not the generation of electricity, but rather the impact of such schemes 

on the surrounding water shed. On the other hand, the hydroelectric 

power project ma.y cause change in land use patten1s and local ecosystem, 

the major a:ffected groups are owners of land displaced, fanners and 

others affected by dain constn1ction and opera.tien a1.1d water users.The 

major environmental concen1 of geothermal power projects is the disposai ~, 

. . '-1 
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of sait and gases into river, lake or ocean, in addition to noise". (Manas 

Chatterji 1981 pp. 63-64). 

"According to C. Anthony Pryor, nuclear power also have serious 

· environmental impacts such as radioactive wastes accidents, these affect 

nuclear power industry and other industries including trranimn, mining, 

electric control, and also affect people living close to the power plant. 

Nuclear power have serions implications on safety and health, in addition 

it represents a risky and dangerous weapon in both developed and 

developing cotmtries". (Manas Chatterji 1981 p.132) . 

. The WCED. (1987), raised the enviromnental issues related to 

energy use, the report demonstrated that, the increase in consmnption of 

fossil fuel and coal resulted in more than doubling of the production of 

carbon dioxide, which would bring the world closer to possible major 

climatic changes such as the green house effect, increased fossil fuel 

combustion in power station as well as in automobiles would also 

aggravated the acid rain problem in both industrialized and developing 

cmmtries. This lead to sterilization of lakes in Europe, and more recently 

of soil, in addition to air pollution, nitrogen and sulphur oxide which 

threatened sustainable development. (WCED·. 1987- Energy (2000)). 

In the developing cmmtries like Sudan, the major environmental 

concems are related to traditional fuel wood, since it represents the major 

energy source in these cmmtries. The increasing demand for fuel wood 

especially in nrral areas where few altenmtives are available, has resulted 

in serious enviromnental drunage i.e. widespread deforestation and 

desertification. "According to Eckhohn (1976 p. 222), the well known 

effects of such loss of trees cover, include the loss of top soil erosion, the 

siltiug of dams ru.1~ cru.ials increased floating, over the long term there is ~~ 

also expectation of a climatic change in the· area. These may includà'Wi:. ~ ~f. 
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change in the rest of ecosystem and also a possible loss of fertilizer from 

ecosystem, these may cause damage to soil stn1cture. Moreover, 

exploitation of animal and plant wastes as substitute for fuel wood, in the 

developing com1tries is detrimental to soil fertility, depriving it of the 

essential plant nutrients and organic matter that are so important for its 

water and air retaining qualities. The major affected groups by such 

activities are fanners, residents of flood plains, producers and consumers 

of electricity, irrigation agencies. The major concen1 voiced by these 

groups are loss of income, loss of life, home and land and increases the 

cost of or price of electricity. In all these cases, the nnpacts have a 

tremendous development costs, for which society as a whole has to pay". 

(William and Toufiq, in Manas Chatterji 1981 pp.56-64). 

"Solar and wind energy have fewer environmental problems and are 

non exhaustible energy sources. The constraint however, is that projects 

of these two types of energy sources are typically small-scale, and 

localized and therefore_ suitable for the surrmmding areas. On the other 

hand the high costs involved in these sources fonn the key constran1t to 

biogas, solar and wind energy (Paul Cough, Pers, Comm). But due to their 

lowest enviromnental costs, developing c0tmtries should start to use them 

directly and therefore, avoiding the problems associated with fossil fuel 

use. However, Agrawal and Stansell (1979) po111ted out that care must be 

taken to choose proven technologies that have been well-tested m1der 

local circmnstances and are economically feàsible". (C. de. Jong-Boon, 

1990 part (1) p. 252). 

The enviromnental considerations of energy use in Sudan become 

more serions .and sometimes reach the stage of crisis. "According to 

Younis and El Dawi (1986 chap.(2)), "petrol consumption which is ~~ 

concentrated in urban areas, causes pollution. Along 1he roads soi~., 
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pollution restùts from the prevalent custom of changing motor oil too 

frequently (near Kassala), tliis tlrreatened a water source, wliile 

Khartoum' s power station, especially newest, ones contaminate the Nile 

with oil and heat". Thus shortage of petrol impli~s that pollution problems 

from this s0trrces are diminished. As people tun1 to charcoal, however, 

the consequences of deforestation become all more severe, because of 

loosing fertilizers, when biomass is used as a substitute. It bas been 

estimated that energy consmnption ( especially for cooking) causes about 

92% of all deforestation in Sudan, and is therefore, largely responsible for 

the consequences of soil deterioration and lack of fodder (Whitney et al., 

1985 pp. 14-15 chapt. (2) and (5)). On the other hand desertification and 

destruction of tl1e food production base are far more tlrreatening (Shaikh 

and Karch, 1985)". (C. de. Jong-Boon, 1990 part (1) pp 254-255). 

"However, tl1e · serions enviromnental prbblems resulted from fuel 

wood consmnption according to National Energy Agency (NEA, 1985) is 

that forests will disappear from the N orthen1 and Central provinces by the 

year 2000. The suppl y of wood and charcoal which at present constitute 

80% of final energy consumption used in household cooking and smaller 

part in industries such as Khartomn Brick making and bakeries (Alnned 

and El Magzoub 1985 - Abdel Salam 1985 b)". (C. de. Jong-Boon, 1990 

Part(l) p. 254). "According to WCED 1987, This threatened forests 

which is the front line in the ecosystem balance in any commmlity or 

nation. Moreover, trees in rural area communities are an important source 

of liveW1ood for people, in particular, they supply fruits, fodder, 

fertilizers, medicines, poles for construction, shade and raw materials for 

a host of artisan activities". (WCED), 1987). 
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2.4 The Nature of Energy Crisis in the Developing Countries :-

In the developing cmmtries lilœ Sndan, energy shortage have 

significantly constrained the economic expansion. These cotmtries 

witnessed rapid increase in the demand for energy, while the snpply is 

stagnant or even diminishing, this created a serions problem becanse 

demand exceed supply. On the other hand, a limited generating capacity 

in a face of a rapidly increasing demand resulted in significant 

deterioration in the qnality of power supply with serions implications in 

the perfonnance of the national economy, social development and the 

welfare of the population. 

"In most of the third world cotmtries, the rural energy problem is 

concen1ed essentially with the maintenance and improvement of energy 

supply to satisfy the rapidly increasing demand". (R. P. Moss and W.B. 

Morgan 1980 p. 16). According to Mustafa Kruna1 (1985) the primary 

source of energy in rural areas is generally tire wood, the growing 

demand for tire wood from a rapidly increasing nrral population has 

reduced its availa~ility, tire wood scarcity starts a vicions social­

economic-environmental-development cycle; because as the sources of 

fire wood witllin or near the village diminish, women ru1d children have to 

spend more and more tune searching for üre wood, and then carry the 

load collected over increasingly longer distru1ces to their homes. This 

meru1s that the tune available to women and children to do productive 

work start to diminish". (Yehia ru1d Asit 1985). ('Women ru1d children 

spend two thirds of time searching for fire wood". (C. de. Jong-Boon, 

1990 Part (2) chapt.(9)). 

"This argtunent is supported by Curry Lindal (1979), according to 

him the developing cmmtries are trapped in a vicious circle of lack of ~~ 

food and fuel on the one hand and deterioration of the environmen~ .. "t;. ·'f(. ' 
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producing these necessities on the other hand as a result of population 

growth, according to him in case of food and energy shortage, the 

population increase. resulted in misuse or over exploitation or some times 

exhaustion of degradation or resources, tllis in tmn exhaust productive 

environment wllich lead to increase in shortage of food and fuel and thus 

tlle cycle continues. On the other hand, Eckhohn (1979) Sigal (1977), 

IUEN (1980), and Myers (1984) added another example of tllis vicions 

circles, according to them, the energy shortage (fuel wood) will result in 

deforestation, water rete1~t:ion d:imiilishes and lead to flood and lack of 

water alten1ative in neighbour plain, thls will decrease productivity of the 

(soil) land for both food and fuels. On tlle otller hand blll11ing of dtmg or 

crop residues lead to decline of soil fertility which decrease tlie land 

productivity. Moreover lack of food and fuel lead to population iI1crease, 

because poor people usually do not l:imit family size and therefore, a 

vicions circle such as those described by Curry Ltmdal's occur". (C. 

de.Jong-Boon, (1990) Part (2) pp. 702-703). 

"According to Yehia and Asit (1985), iI1creasing demand for fuel 

food and charcoal, higher prices of kerosene, mcreasiI1g demand for rnral 

industries and agr:icultural production and lligher population and 
\ 

competing demand for forests products, have all generated a rural energy 

cris:is. This cri.sis can be tmderstood · only as an interaction of nattrral, 

technical and social factors, iI1 thls way energy smrrces cannot be 

addressed as an isolated physical or technical problem, but only m an over 

all broader context of development with its socio-economic, 

environmental and geopolitical diinens:ions". (Yellia and As:it 1985 pp. 2-

3). 

According to World Bank (1979), "tlle develop:ing cmmtries dür:ing ~~ 

(1970-1980) faced by tlrree common problems witll some differences in1. ~· 
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intensity in all LDCs. First LDCs are ( obliged) forced to accept whatever 

intenmtional prices prevail for petroleum products, for oil importing 

developing countries, balance of payments problems, have become 

particulatly acute. Important development initiatives can be constrained 

by the need to use a scarce foreign exchange to import fuel. The economic 

position of developing com1tries that are not oil exporter is steadily 

deteriorating with the continual rise in the price of oil and refined 

products, which constitute the main and in many cases the only energy 

supply for food, raw materials, manufactured goods, ail have m1dennined 

the balance of pay111;ents accom1ts of oil importing LDCs. Moreover, trade 

deficits have increased debt level and debt servicing btrrdens and taxes". 

(W.B 1979). 

"The second problem in these countries is the depletion of fuel wood 

in nrral areas, these are equally severe, but less well known problem due 

to lack of reliable statistical evidence, most LDCs are faced by 

accelerating problems in the provision of their most important fuel wood 

sotrrce. The major reason behind such crisis is that wood fuel have been 

consmned at a faster rate than productive capacity on a sustainable basis. 

The result is that in many developing cmmtries wood has ceased to be a 

·renewable resource". (W.B. 1979). Serious consequences arise due to tlus 

crisis of deficiency in supply of these fuel. "According to Yehia and Asit 

(1985) while fuel wood availability and use vary from one com1try to 

another, one global trend is visible in most developing countries, the price 

of fuel wood has been rising at a faster rate than the rate of inflation 

during (1970s-1980s). Thus it is increasingly difficult for the nrral poor to 

find the econmnic means to ptrrchase fuel wood. The policy makers are 

generally aware of this, but the problem has not. yet received the attention ~~ 

it deserves". (Yehia andAsit 1985). . "f.~· 
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The third problem according to World Bank (1979) is that "capital 

shortage in the LDCs economies have . serions implications for their 

energy system. From a ,fmancial perspective, the shortage of hmnan 

capital means that energy equipment is often ·poorly managed and 

inadequately maintained" .(W.B.1979) 

According to Yehia and Asit (1985), "acute scarcity of fuel wood in 

1980s involved about 90 million rural people in developing cmmtries, 

mmnnmn energy need are not yet met, and energy consmnption is below 

minimum levels. Deficit in 1980 involved 833 million rural people 

(population in this situation is ammmt to 146 million in Africa, mainly ù1 

Sa.vanna areas ù1 West, Central and South-East Africa). In North Africa 

and Middle East, 70 million rural people have fuel wood deficit, in Asia 

550, in Latin America 82 million". (Yehia and Asit 1985 p. 2). 

"Another problem is that alternative energy sources and technologies 

are costly and generally are financed by scarce foreign capital. Even 

where available the development of non renewable requires · massive 

allocation of scarce capital, possible substitutes for high oil price ( e.g. 

coal and natural gases) may be showed comparable price increases". (Phil 

O'keef, et al 1984 in (EEDA 1) chap.(2) P.9). 

2.5 Summary and Conclusion :-

It has been evident that sustainable development consider as an 

innovative concept and represents a chance for the less developed 

cmmtries to design their futtrre development in a way that is considered to 

be sustainable. The patten1 of present use ( consumption) and production 

of energy threatens the objectives of sustainable development through its 

enviromnental de gradation and , natural resources exhaustion in both 

developed and developing cmmtries. The picture is less clear before ~~ 

1960s, but since 1970s, the environmental considerations of energy us~ ... t 
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become serions. This has been associated with the sudden energy crisis or 

oil crisis that reflects the importance of energy planning in economic 

development as it is considered a vital input for all economic activities. 

Energy crisis in the developing cmmtries become acute and its reflection 

and implications on the process of economic development requires 

adequate and urgent actions. 
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Chapter Three 

Macroeconomic Analysis of Energy Sector in the Sudan. 

3.1.1 Introduction 

The presént chapter focuses on the structure of the energy sector in 

the Sudan i.e. energy capacity ( energy supply) and energy demand. The 

identification of supply-demand pattern is important for the tmderstanding 

of the nature, causes and the consequences (i.e. the economic 

implications) of energy crisis in the Sudan. 

"The Sudan is the largest African com1try, however, the com1try 

potential energy resources are not fully utilized, titis make few supplies of 

indigenous sources other than fuel wood, at current titne. Com1nercial 

energy resources are limited to hydroelectricity, thennal power and the 

recent discoveries and exploitation of oil and gases".(UNDP. W.B 1983 

p.10 ). 

The present chapter begins with the importance of energy sources to 

the process of economic development, the sources of energy,section two 

dicusses the nature and the causes of energy crisis in the Sudan. Section 

tlrree deals with energy resources and the supply-demand patten1 during 

the period (1980-1995),using ,the available tune series data, the section 

discusses the structure of energy sector in the Sudan. The fourth section 

identifies the sectoral consmnption in the period (1980-1995), using the 

time series data, energy demand by types and sectors is analyzed. 

The present chapter focuses on the major energy sources used in the 

Sudan these include biomass , electricity and petrolemn products for their 

role it1 energy supply-demand balance. 

3.1.2 The Importance of the Energy Sector :-

Like many other developing com1tries the Sudan has experienced an ~--. 

acute energy crisis since 1970s. TI1e importance of the energy sectof. ~: ., 
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stems from the fact that, the economic perfonnance of the major or key 

productive sectors in the Sudan' s economy largely depends on the 

availability a:nd the regular supply of energy. 

"During the last two decades, the continuons shortage in energy 

supply and its Ïlnpacts on productivity, capacity utilization and growth Ïl1 

different sectors of the economy resulted iI1 poor economic performances. 

This supports the claiin that Sudan's present economic crisis is partially 

attributed to crippliI1g energy sources Ïl1 the economy". (UNDP. W. B. 

1983). 

This is clearly observed at the sectoral level, for example "in the 

agricultural sector which is the leadiI1g productive sector Ïl1 the Sudan' s 

economy, inadequate and mrreliable supply has a serions Ïlnpacts on the 

production and distribution of crops, particularly iI1 mechanized ra.in fed 

and pump irrigated fuel dependent sub-sectors, Ïl1 tlùs way output losses 

due to fuel shortage were higher. Moreover, the economic development of 

the iI1dustrial sector has also constraiI1ed by poor capacity and power 

shortage, iiiadequate and mrreliable supplies have botll resulted Ïl1 higher 

production cost, lower capacity utilization and poor economic 

perfonnance. On the other hand, the perfonnance of the transport sector 

was affected by iiiadequate and unavailability of oil and oil products on 

which the sector is totally dependent. This created transportation 

bottlenecks, wlùch in tun1 have constrained production and distribution in 

most sectors of the economy".(Energy Rand Book. 1991 chap.(2) p. 12). 

"Thus both consmners and producers Ïl1 Sudan have suffered from such 

crisis, their welfare constrained by freqrtent power intem1ption, inefficient 

and mrreliable public power supply.Moreover, an absolute scarcity of 

energy and mrreliable supply limited economic growth rate (i.e. GDP ~~ 

growth rate ),because inadequate energy . supply causes reduction nJf. ~ 
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planted and irrigated areas and limitation on industrial factories 
1 

expansion".(C.de. Jong-Boon, 1990 pp. 272-273, UNDP.W.B. 1983, 

NEA, NEP pp. 1-12 1985). 

The energy sector in the Sudan is characterized by inefficiency, low 

capacity utilization, major fuiancial constr~ints and rapidly growing 

demand · for energy. Total energy consumption increased through the 

period (1965-1995). According to the W.B. (UNDP) estimation in 

1983/84 the per-capita of total energy consumption in 1983/84 was about 

0.38 (TOE),1 and according to them was, one of the lowest per-capita 

consumption in the world and even among the developing com1tries. 

According to · table (3 .1) per-capita total energy consmnption decreased 

from 0.3l(TOE) in 1973 to 0.252 (TOE) and .254 (TOE) in 1983 and 

1985 respectively, but it increased to 0.266(TOE) and 0.29 (TOE) in 

1990 and 1993 respectively, while the per-capita GDP* changed from 

292 in 1983 to 268.64 and to 356.49 iu 1985 and 1993 (see table 3.1), 

according to table (3 .1) there is strong relationship between per-capita 

(GDP)and per-capita total consumption through the period (1973-1993). 

During the period (1980-1994) both total and conunercial energy 

consumption have increased e.g. total energy consmnption has increased 

from 4964373 (OOO)(TOE) in 1980 to 5622665 (OOO)(TOE), 6533221 

(OOO)(TOE) and 7 522107 (OOO)(TOE) in the years 1985, 1990 and 1994 

respectively. Moreover, total cmmnercial consmnption has increased from 

1295220 (OOO)(TOE) in 1980 to 1422520 (OOO)(TOE), 1784373 

(OOO)(TOE) and 1846107 (OOO)(TOE) in the years 1985, 1990 and 1994 

respectively .(table (3.1) and fig.(3-1.a) and (3-1.b)):On the other hand, 

1 TOE, used as a measure of energy consumption ,stands for "ton of oil equivalent" and it is defined 

as being equal to 10.2 kilocalories (kcal). · · ~~ 
• GDP Per- Capita represents per- capita income. f. ~ 
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dming the period (1980-1994) both per-capita total energy consmnption 

and commercial energy consumption were very low, per-capita 

c01mnercial energy consmnption slightly increased but never exceeded .1 

(TOE), on the· other side, per-capita total energy consmnption also slightly 

increased and ranged between ;2 (TOE) and .3 (TOE).(fig.(3-1.c) and (3-

1.d)). Per-capita cmmnercial energy consmnption has increased during the 

sa.me period from .060 (TOE) in 1983 to .064 (TOE) in 1985 to .069 

(TOE) in 1990 and 1993 and to .072 (TOE) in 1994. During (1973-1993), 

in most cases there was a relative change or growth in total and per-

capita total energy consmnption, per-capita c01mnercial energy 

consumption and per-capita GDP. According to table (3.2), total energy 

consumption increased from 1107.4 (000) (TOE) in 1964 to 4178.8 (000) 

(TOE), to 4964373 (000) (TOE) to 6865539 (000) (TOE), 7522107 (000) 

(TOE) and to 8461000 (OOO)(TOE) in the years 1970, 1980, 1990, 1994 

and 1996 respectively. The growing demand was attributed to tlle 

requirements of economic development, tltls caused excess demand 

problems, because the continuons increase in the demand was not 

accompaitled by adequate growth in the supply (generation capacity). All 

sources of energy in the Suda11 suffer from this problem. 

Like the other sectors in the economy, the energy sector suffers from 

inadequate finance to develop the sector. De spi te the fact that total 

expenditures allocated for development purpose in all sectors a11d energy 

sector in particular increased during the period (1980-1995). During the 

period (1981/82-1994/95) total expenditures allocated to the energy 

sector has . doubled and increased from 58,8 million Sudanese pounds in 

(1981/82) to 425,4 million Sudanese pom1ds in 1990/91 and 149,0 million 

Sudanese pom1din (1994/95). The percentage has changed froin 19.2% in~~ 

(1981/82) to 23.1%, 16.9% and to 18.5% in the years 1986, 1988/8~~ 
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and 1990 respe~tively, however, the percentage declined during 1990s to 

16.25% and 11.62% in the years 1992 and 1994 respectively, (table (3.6) 

and fig.(3-6.a)). (The Economie survey (1990-1995)). Recently the sector 

received highest priority in total expendinrres, it occupies the second 

place (priority) after the agriculnrral sector. The total average 

expenditures on all sectors through the period (1980/81) - (1985/86) was 

estilnated to be 29. 2%, 16%, 13%, 12.7%., 8.4% and 6.6%. For the 

agrictùhrral, transportation and communication, regional or n.rral 

development sectors, energy and miliing and industrial sectors 

respectively. (The Economie strrvey (1990-1995)). 

After (1987 /88) the energy sector occupied the second priority i11 

total expendihrres, on average the sector receive 17. 7% of total 

expendinrres duri11g the period (1987/88-1991/92) compared to 27.2% of 

the total expendittrres for agriculhrral sector dtrri11g the same period. In 

1990 because of merging water sector with energy and mi1Iing the sector 

have a liighest share of total expenditures accounted for 18.5%, rather 

than 13 .6% of total expendihrres i11 (1989/90). According to table (3 .6) 

total expendihrres on energy sector i11creased and doubled dtrri11g the 

period (1981-1994) the ratio of energy sector expendiurres to total 

sectoral expendinrres ranged between 19.2% and 11.62%. According to 

fig.(3-6.b) the average ratio of expendittrres on energy sector to total 

development expendittrres dtrring the period (1981-1994) was about 

15.44%, while the other sectors in the economy on average received 

about 84.56% of the total development expendittrres dtrring the same 

period. The sector occupied and received the second liighest percentage 

of total expendittrres, although the sector have the lowest percentage 

share on total GDP and on average its contribution to total GDP was very ~-. 

low and marginal and did not exceed 2.5%, ( e.g. the electricity and wate~ f. 
' . ~{-~· 
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sector contribution on GDP was ranged between 1 % and 2.3%, during 

the period (1980-1991)). (The Economie Smvey (1980-1995)). 

As in many other developing cmmtries the energy sector in Sudan 

suffers from inefficiency, a considerable amount oflosses occurred in the 

three types of energy used in the cmmtry. According to table (3 .4 and fig. 

(3-4.a) and (3-4.b)) in 1981 the total supply was 9.7 million (TOE) and 

the total amount reached end use estimated about 6.1 million (TOE), i.e 

losses estimated to be 3.6 million (TOE). In (1986/87) total supply was 

12 million (TOE) out ofthis only 7.7 million(TOE) or 64% of total supply 

reached end use and about 36% was lost.Charcoal conversion accounted 

for 90% of total conversion losses. In (1987 /88) the total supply was 10 

million (TOE) and total amom1t reached end use was about 6.1 million 

(TOE), there was about 4 million (TOE) or about 40% losses during the 

process of conversion, trans1nission and distribution, in the biomass sector 

losses occurred in energy was 44 % of wood suppl y lost in the process of 

converting wood into charcoal. In (1989/90) the total supply was more 

than 10 1nillion (TOE), losses accmmted for more than 4 1nillion (TOE) 

i.e. 40% of total supply. In (1992/93) the total supply was 11.677 nlillion 

(TOE), total consumption was 6.653 million (TOE) i.e._about 57% of total 

supply. Losses estimated to be 5.024 million (TOE) i.e. (about 43%) of 

total supply. In (1993/94) the total supply bas increased to 11.139 million 

(TOE), final consmnption was 7.381 1nillion (TOE) about 68% of total 

supply and losses estimated to be (4.'3%), 3.758 million (TOE). The 

efficiency in the sector was only about 61 %, 4 1nillion (TOE) out of 6 

million (TOE) were lost in the biomass sector, in electricity sector losses 

were estimated to be 1 % in hydro and more than 70%. In thermal, 

petroleum losses in refinery process was estimated to be 5% of total cn1de ~---. 

oil ·used. Moreover 2% of total petrol supply lost in the process off..,t 
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distribution and transportation (Energy Hand Book 1987, 1990 and 1991 

and Ministry ofEnergy and Mining Statistics (1992/93 - 1993/94)). 

3.1.3 Energy Supply (by Sources): 

(a) Biomass: 

Currently, tl1e Sudan bas few exploitable energy sources, the major 

energy sources which are used in Sudan are mainly composed of 

traditional (non com1nercial) type, tltis includes biomass which is 

sometilnes classified as fire wood, charcoal and agriculnrral residues. 

These on average accounted · for 82% of total energy supply, and 

c01mnercial types wltich include petroleum and electricity (both hydro. and 

thennal), these on average accom1ted for 18o/o of total energy supply, 

about 94.4% of commercial energy were imported i11 form ofpetrol, i.e. 

the cmmtry must import 95% of its c01mnercial energy. The cotmtry is 

highly dependent on traditional sources because of abm1dancy of forests 

as major smrrces ofthis type of energy.The tra~itional biomass is a major 

indigenous smrrce and expected to continues to be the major one i11 the 

short and medimn tenn.Electricity is the second indigenous sotrrce of 

energy.(UNDP. W.B 1983).Dtrring (1983-1993),the biomass sector on 

average accmmted for about 81.5% of total demand and accomited for 

about 85.1 % of total supply.( fig.(3-4.c), (3-4.d), (3-4.e) and (3-.4.f)). 

(b) Electricity:-

"Domestic c01mnercial energy resmrrces are limited to electricity and 

the recent discoveries and exploitation of oil and gas i11 the Southern -

Western regions and other areas i11 the cmmtry,hydroelectric resmrrces are 

more modest than would be expected due to the low river gradient. 

Electricity generation capacity either from hydroelectric or thermal have 

the lowest share in the total supply on average it accmmted for only 1 % of ~~ 

total supply during the period (1980-1995) and represented about 4.5% off. ~ 
' . 

. . 
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total commercial energy in the country during the same period major 

electric generation from Blue Nile Grid and Eastern Grid. In 1983, Blue 

Nile Grid serve 85% of customers receiving public supply in the country. 

Between (1975-1981) growth rate in electricity generation is estimated to 

be 8.6%, 9.5% and 3.7% in the National Electricity Corporation, Blue 

Nile Grid and Isolated system respectively. In 1981 National Electricity 

Corporation generation was 965 (GWH)2 provided about 65% of Sudan's 

total electricity consumption, the sector was not working at full capacity 

due to age, lack of spare parts and other constraints. The annual growth 

rate of private self· geiieration was estimated to be 70% since 1978, this 

represents 5 0 percent of national electricity corporation generation 

capacity in 1983" (UNDP.W.B. 1983). During the period (1985-1994) the 

total generation increased from 1266 (GWH) in 1985 to 1858.73 (GWH) 

in 1994 and the total consumption has changed from 1173.19(GWH) in 

1985 to 2178(GWH) . in 1994. (see table 3.5 and fig. (3-5.c), (3-5.d) and 

(3-5.e)). Between (1993/94 - 1994/95) total generation capacity increased 

by about 6.7% per year while the rate of increase in consumption by 

· different sectors according to fig. (3-5.f), is estimated to be about 6.6%, 

10.6%, 5.6%, and 6.3% for the household, agricultural, industrial and 

other sectors respectively, these sectors during (1985-1994) on average 

consumed about 57%, 12.4%, 21.6% and 9%, respectively (fig. 3-5.b). 

During the period (1983 - 1993) electricity sector on average accounted 

for about 1.2% of total energy demand and about 2% of total energy 

supply.( fig.(3-4.c ), (3-4.d), (3-4.e) and (3".'.4.f)). 

' G~ KWH 8M MWH used as a measurement unil of elecmcizy consomption and generatiOQ (} 
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(c) Petroleum :-

Petroleum is the major commercial energy resource used in the· 

country, mostly imported on average it accounts for about 17% of total 

supply. During the period (1970-1996), the total consumption increased 

from 640.3 (000) (TOE) in (1970) to 1240984 (000) (TOE) in 1980 and 

to 1584472 (000) (TOE) in 1990 and to 1654000 (000) (TOE) in 1996. 

This increase is attributed to the process of economic development of the 

major consuming sectors ( mainly the agricultural and industrial sectors) 

and the expansion in road and transportation sectors.(Table (3.2)). During 

(1983-1993) on average the sector accounted for about 17 .3 % of total 

demand and about 12.9% of total supply.( fig.(3-4.c), (3-4.d), (3-4.e) and 

(3-.4.f)). 

(d) Solar energy :-

"Due to its · geographical position, the country receives high solar 

isolation which could be a valuable source of energy to cover part of the 

current growth in demand, when appropriate technologies developed. 

Solar. energy in Sudan could bè used for the following purposes like ( a) 

water heating for low temperature commercial and industrial application. 

(b) Photovaltaic c~lls for remote, small scale applications: However, . 

according to (NEA) and foreign experts .studies only item (a) could have a 

substantial utilization and market potential in the country. According to 

(NEA) solar water heating would have an internai rate of retum of 8.8 

when substituted for fuel oil". (UNDP. W.B. Report 1983). 

(e) Winds energy :-

The wind energy potential generally increases from South to North 

as well as the wind is favourable in the northem part of Sudan and may be 

expected to contribute marginally to cover parts of Sudan's energy ~~ 

needs.In 1950s about 250 wind mills of American design were installed ~, 
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the Gezira province for pumping, drinking water for· dispersed small 

communities, but they were replaced by diesel and electric driven pumps 

because their operating and maintenance costs were high, spare parts 

were lacking, and design. was inadequate for Sudan's conditions. 

(UNDP.W.B. 1983). 

· (f) Molasses energy :-

"Molasses used as a substitute for gasoline, in 1980, a study by Tate 

and Lyle Technical Services (TLTS) estimated molasses availability in the 

public sector at full capacity as 43.800, 40.800, 26.400, 25.600 and 

130.000 mtpa* in Sennar, Assalaya, New Halfa, Guneid and Kenana. The 

potential for ethanol production for this total quantities of molasses 

estimated to be about 45,000 mtpa". (UNDP. W.B. 1983). 

(g) Bagass Energy :-

"In most world countries, Bagass is extensively used as a source of 

primary energy after meeting the needs of the cane sugar industry. 

According to (UNDP.W.B. 1983), in Sudan the ratio of fibre to cane was 

estimated to be 18% which is higher than in most countries, so that 

potentially large quantity of bagass is available, but due to some 

· difficulties, sugar industry.is a net energy consumer i.e. depend on either 

electricity or petrol rather than using bagass. These difficulties are (1) The 

factories are poorly managed and operated intermittently (2) cane supplies 

are inadequate or unreliable". (UNDP.W.B. 1983). 

3.2 Sudanese Energy Crisis :-

· According t6 NEA.(NEP) (1985) "Sudanese energy crisis could be 

attributed to two main problems. First there is a lack of foreign exchange 

for the · iinports of petrol which currently mostly used for transport and 

increasingly also for electricity generation. The result is a vicious circle, 

* MTPA used as a measurementunit of Molasses energy. 
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lack of hard currency with which to buy essential energy inputs, e.g. for 

agriculture lead to decline in exports . earnings which lead to further 

shortage of hard currency. The second problem is that forests will 

disappear .:from the Northem and Central provinces by the year 2000. 

These suppl y wood and charcoal on average accounts for 80% of final . · 

energy consumption, most of this is used in household cooking and 

smaller · part in industries · such as Khartoum Brick Making and bakeries. 

This means that. Sudan will face an acute shortage in the first and most 

important source of energy. There is of course a link between the two 

problems. Lack of imported fuel lead to increase in the use of indigenous 

biomass as substitute for imported oil . which èost the country hard 

currency. But the substitution of imported petrol by indigenous biomass 

caused diminishing or shrinking in the stock of forests, which have a 

serious environmental impacts". (NEA/NEP. 1985 and C. de. Jong-Boon, 

1990 pp. 253-254). 

"The highest dependence on imported oil as a major commercial 

energy source has aggravated the balance of payments disequilibria 

through directing most · exports revenues to finance or cover oil imports 

bill which is subject to fluctuation according to the world market price i.e. 

inflation in world market. (NEA/NEP, 1985). During 1970s, the main 

causes of energy crisis was the sudden dramatic escalation in oil prices 

with the second jump in 1980s. High prices not only make it more 

difficult to buy oil, but also means that scarce hard currency has to be 

diverted :from other development purposes and therefore slowing 

economic growth". (NEA/NEP,1985) and C.de. Jong-Boon, 1990 p.278). 

"These. shortages of foreign exchange in tum drastically reduced the 

country' s capacio/ . both to buy oil and to make important needed 

investment in expanding electricity system". (NEA/NEP, 1985) and C.de. 
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Jong-Boon, 1990 p;278). "Inadequate finance to construct energy 

· proj ects, lead to delay in implementation and execution and therefore 

increased the demand-supply gap, on the other hand, the migration of well 

trained and highly. qualified workers to oil producing Arab countries make 

it difficult to deal with and to treat the crisis. In addition to governmental 

policies which failed to act and react with the crisis has been done at the 

expense of future long run plan, added to this the lack of a comprehensive 

and a complete . over view or strategy to deal with the different energy 

sources used in Sudan. Moreover, as in many other developing countries, 

the energy sector in Sudan was subsidized this trends underestimated the 

réal cost, encouraged consumption and discouraged regulation". 

(NEA/NEP 1985, the Four Year Programme for Development Reform 

and Salvation 1987/88 - 1990/1991 pp. 3-4). 

Factors like inefficient uses of energy and ~crease in demand and 

failure of efforts to discourage extravagant consumption, in adequate 

finance and insufficient investment are common in all sectors. 

Regarding petroleum sector,four factors interacts to create problems 

in this sector. "First there is insufficient investment.in this sector due to 

foreign exchange shortages whic~ causes inadequate and unreliable 

supplies~ Second· inefficient use of existing system attributed to the 

unfavourable tenns on which petroleum is purchased, 'poorly utilized 

system because the supply varies with foreign exchange availability. Third 

there is a continuous increase in total demand to satisfy economic growth 

objectives, due to increase in the demand in agricultural, · industrial, 

transportation and consumer good sectors. · Fourth. consumption 

encouraged due to niany reasons such as subsidization of prices i.e. 

product .Priced below the economic cost, unrestricted imports of ~nergy, 

inefficient system, expansion of thermal power not hydro, unreliability of 
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nver and road has forced shifting to trucking and to private transportation 

· over the public one, and high dependence on private electric machines 

increased pressures on petrol and balance of payments". (C. de. Jong­

Boon, 1990 p. 279). 

On the other side, the electricity sector is faced by similar problems. 

"First insufficient investment due to inadequate investment in generating 

capacity particularly hydro and inadequate attention given to electricity 

investment in allocation of scarce capital. Second inefficient use of 

existing system attributed to inadequate maintenance, lack of spare parts, 

large losses, delay in implementation of power projects, depletion of 

hydro storage capacity, man power brain drain, wide animal and seasonal 

variations in hydroability. Third, the growing demand attributed to 

increases in demànd by agricultural, industrial and household sectors and 

increases urbanization and population growth, fourth consumption 

encouraged attributed to low (underestimated) pnces and subsidy, 

unallocated, unbilled consumption, uncontrolled demand and growth 

without priorities". (C. de. Jong-Boon, 1990 p.280). 

Concerning the biomass sector (fuel wood and charcoal), "the 

problem of insufficient investment was attributed to royalties for trees and 

forests, inadequate for replacement, second insufficient use of existing 

system due to many factors such as inefficient conversion and end use of 

technologies, lack of effective forestry land use management at national or 

regional levels. Third the increase in demand attributed to population 

growth and urbanizàtion which caused higher demand for charcoal. 

F ourth consumptimi encouraged due to lack of alternative and the 

substitutes with lowest price and cost". (C. de. Jong-Boon, 1990 p. 281). 
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3.3 Energy Resources and Supply-Demand Pattern (1980-1995) 

As in many African countries, the overall supply of energy in Sudan 

is characterized by the dominance of traditional biomass fuels i.e. fuel 

wood and charco.al. During the period (1983-1993) the biomass sector 

according to fig. (3-4.c and 3-4.d) on average accounted for 81.5% of 

total energy consumption in the country the average supply was about 

85 .1 %. On the other side, the household · sector considered to be the 

dominant consuming sector for overall energy suppl y. During the period 

(1983-1993) on average consumed about 76.1 % of total sectoral 

consumption (fig. 3-7.B). This reflects the poorperformance of the energy 

sèctor in Sudan, compared with the other developing countries. 

There are some evidences that economic development positively 

corrèlated to the increase in ·commercial energy consumption. On the 

other hand, the structure of demand for energy types i.s also considered to 

be an indicators for development. As the percentage consumption of the 

productive sectors (agriculture, industry, and transport) increases and 

those of the household ( domestic sector) decline, this is serve economic 

development objectives. Consequently, the highest percentage of 

consumption by the domestic household sector in most developing 

countries and Sudan indicates the poor performance (weakness and 

underdevelopment) of the economy' s productive sector. 

During the period (1964/65 - 1994/1995) there was a considerable 

increase in energy consumptio~. Total consumption by. different sectors 

increased from 1107.4 (000) (TOE) in (1964/65) to 4964373 (000) 

(TOE), 6533221 (000) (TOE), 7522107 (000) (TOE) in 1980/81, 1989/90 

and 1994/95 respectively. According to table (3.2) and fig. (3-2) the 

amount of total consumption measured in thousand total oil equivalent 

(TOE), has doubled during the same period, due to the process of 
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economic development. The total conswnption in 1996 was estimated to · 

be 8461000 (000) (TOE), of which biomass accounted for 76.9%, 

electricity accounted for 3. 4 % and petrolewn products · accounted for 

19.5% of total en~rgy conswnption in Sudan. According tofig.(3-2.c) and 

(3-2.d),during the period (1980-1989),average conswnption ofbiomass, 

electricity and petrol was about 75.4%, 1.5% and 23.1 % respectively 

compared with average conswnption of about 75.7%, 3.9% and 20.4% 

respectively during the period (1990-1996).The total conswnption of 

biomass, electricity and petrol have changed and increased during the 

period (1980-1989) and the period (1990-1996).(fig.(3-2.a)and fig.(3-

2~b)) 

According · to table (3-3) and fig.(3-3.a)the forecasts of total energy 

conswnption in Sudan for the period (1996-2010) reveal that the total 

consumption by the three sources of energy will increase from 8635 

(OOO)(TOE) in 1998 to 9419 (000) (TOE), 11397 (000) (TOE) and 13941 

(000) (TOE) in the years 2000, 2005 and 2010 respectively. 

The share of electricity is expected to increase to 5.3%, 6.8% and 

8.3% of total expected consumption in the years 2000, 2005 and 2010 

respectively, petroleum consumption share is expected to increase to 

22.5%, 25.5% and 29.3% of total expected consumption in the years 

2000, 2005 and 2010 respectively. These forecasts for petroleum could be 

attributed to . a continuous exploitation of indigenous (Sudanese) 

petroleum sources. These forecasts reveal that the biomass share will 

witness a steady decline during the same period, the share estimated to 

dècline to 69.91 %, 67.7% and 62.3% of total conswnption in the years 

2000, 2005 and 2010 respectively. This projection is due to shrinking 

forests and environmental awareness and due to increase in prices of fuel 

wood. On average the biomass, electricity arid petro~ sectors expected to 
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accoùnt for 68.7%, 6.3% and. 25% of total energy consumption 

respectively during the period (1996-2010).(fig.(3-3.b )). 

During the period (1980-1993), biomass consumption by different 

sectors increased from 3669154 (000) (TOE) in (1980/81) to 5011703 
. . 

(000) (TOE) in (1989/90) and to 5522000 (000) (TOE) in (1993/94). 

Electricity consumption increased from 54236 (000) TOE in (1980/81) to 

102400 (000) (TOE) in (1989/90) (i.e. the amount was doubled) and to 

318067.3 (000) (TOE) in (1993/94). Total petroleuin consumption 

increased from 1240984 (000) (TOE) in (1980/81) to 1419118 (000) 

(TOE) in (1989/90) and to 1390705 (000) (TOE) in (1993/94).(Table(3.2) 

and fig.(3-2.a)and (3-2.b)) 

Table (3 .4) shows energy supply-demand balance during the period 

(1981/82- 1993/94). Total supply has increased during this period from 

9.7 million (TOE) in (1981/82) to 10 million (TOE), more than 10 million 

(TOE), 11.677 million (TOE) and 11.139 million (TOE) in the years 

(1987), (1989/90) (1992/93). and (1993/94) respectively. On balance the 

consumption by different sectors accounted for 6.1 million (TOE) in the 

J years 1981/1982 atid 1987, less than 6 million (TOE), 6.653 million 

(TOE) and 7.381 · million (TOE) in the year (1989/90), (1992/93) and 

(1993/94) respectively. The gap between supply and final consumption 

represents losses which on average account for 4 million (TOE) i.e. 40% 

of. total energy supply were lost in the fonn or process of conversion, 

transmission and distribution, the highest percentage of losses indicates 

· lowest technical efficiency, losses in 1993/94 was estimated to be 3.758 

million (TOE) compared with 5.024 million (TOE) i.e. about 43% in 

. (1992/93) .. 

According to table (3 .4) ·total energy supply and demand by type 

during the same period varies considerably. Tra~tional biomass fuel 
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wood and charcoal dominate the supply and on average accounted for 

· 85.6% 82% in 1981 and 1983 respectively. In (1981/82) total energy 

supply was 9.7 million, biomass accounted for 85.6%, of total energy 

supply. The perce:p.tages share ofbiomass was estimated to be _about 82%, 

84%, 82%, '87% and 86% in the years 1983, 1987, 1989, 1992 and 1993 

respectively. The percentage of total consumption during the same period 

· was estimated to be 82% of total consumption in 1981 and 1983 and 

accounted for 81.8% and 81 % in 1987 and 1989/90 respectively. The 

decline in total suppl y was due to shrinking in the stock of forests. On the 

other hand, · the decline in consumption was . attributed to increasing 

awareness about the . serious consequences · (i.e. . environmental 

consequences) resulted from such consumption pattern in addition the 

scarcity of fuel wood and charcoal has raised their prices. 

The rest oftotal supply is covered by comm~rcial sources, petrol 

accounted for 17% oftotal energy supply and hydroelectricity accounted 

for 1 % of total energy supply, hydroelectricity accounted for 5.5% of total 

commercial energy supply and pètroleum mostly imported accmmted for 

94.5% of total commercial energy supply in Sudan.This indicates the 

highest dependence on -imported energy. The agriculnµ-al industrial, 

transportation and househ~ld sectors are the major cons~g sectors. 

Regarding petroleum, its .Percentage contribution in total energy 

supply was estimated to be 14%, 12.5%, 14%, 13%, 12%; 12% and 13% 

in the years 1980/81, 1981/82, 1983, 1987, 1989/90, 1992 and 1993/94 

· respectively. On the other hand, the total oil consumption accounted for 

18%, 17%, 17.5%, 17.2% and 17% in the years 1981/82 and 1983/84, 

- 1984/85, 1987 and.1989 respectively, "Between 1980/81 and 1989/90 oil 
' 

consumption has increased by 73%". (The Fmrr Years Programme for 

Development, Reform and Salvation (1987/88) - (1990/1991) p. 9), 
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"which attributed to the rapid expansion in road construction which 

· encouraged the usage of passengers vehicle and private cars. Moreover 

the expansion of generation of thermal electricity has increased the 

consumptiori of petroleum products. According to NEA, the gap between 

the demand and supply was estimated to be 25% in 1983/84, during the 

period (1980-1990) the gap is estimated to range between 15% and 20%" 

.(Four Years Programme for Development, Reform & Salvation (1987/88-

1990/91 p.5). The decline in petroleum importation was attributed to 

increasei in oil · prices in the world market, which is subj ect to a 

continuous inflation, and due to their negative effects on the balance of 

trade and balance of payments. 

Electricity (hydrà or thermal) has the lowest share in total energy 

supply, it accounted for only 1 %, 1. 9%, 4 %, 3 %, 1 %, 1 % and 1 % of total 

energy supply in the years 1980, 1981, 1983, 1987', 1989, 1992 and 1993 

respectively. · There was an increase in thermal generation, its share in 

total electricity supply increased during the period (1980-1993), namely 

its share was estimated to be 20%, 33%, 40% and 42% of total electricity 

supply in 1980, 1989/90, 1986/87 and 1993/94 respectively, 

hyciroelectricity accounted for 80%, 67%, 60% and 58% during the same 

period; total hydroelectricity consumption during the same period (1980-

1990) has increased, it accounted for 1 %, 1 %, 1.1 %, 1 % and 2.0% in 

1981, 1983, 1984, 1987 and (1989/90) respectively. "The demand-supply 

gap was estimated by 25% in 1983/84. Total electricity consumption 

increased in 1986/87 by 6.3 times that of 1964/65 due to urbanization and 

development and expansion in the industrial sector. In 1981 per-capita 

electricity consumption was estimated to be 60 (KWH), however access 

to electricity supply is limited only to about 8% of the population". 

(UNDP.W.B.1983). Total electricity generation has jncreased during the 
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pèriod (1985-1994). In 1994/95 total electricity generation was about 

1858.73 (GWH) with a percentage increase of 6.7% compared with the 

year 1993/94. Total electricity generation and consumption have 

increased during .the period (1980-1994) according to table (3.8) and 

fig.(3-8.a), (3-8.b) and (3-8.d) total generation increased from 787.34 

(GWH) to 1266 (GWH) 1855.83 (GWH) in the years 1980, 1985 and 

1994 respectively and total consumption increased from 630.65 (GWH) in 

1980 to 1 l 73.19(GWH) and 2178 (GWH) in the years 1985 and 1994 

respectively. Per-capita (production) generation increasoo from 44.714, 

(KWH) in 1980 to 57.285 (KWH) and 72.621 (KWH) in the years 1985 

and 1994 respectively, on the other hand, per-capita consumption has 

increased from 35.366 in 1980 to 53.086 and 85.095 in the years 1985, 

1990, 1994 respectively (table 3.8) and figure (3-8.c). Both total and per­

capita consurription and production (generation) have increased during the 

period (1980-1994). During 1980s per-capita generation exceeded per­

capita consumption because total production or generation exceeded total 

consumption. This represent the gap between, demand and supply, 

however, during 1990s per-capita consumption exceeded per-capita 

generation because total consumption exceeded total production or 

generation. The household sector is the dominant consuming sector, e.g. 

during the period (1'985-1994) the household sector accounted for 57% 

of total electricity consumption household consumption has increased 

from 738.62 in · 1985 to 728 and 1250 in the years 1990 and 1994 

respectively. Agricultural sector accounted for 12.4% of total electricity 

consumption. during (1985-1994), the consumption increased from 23.38 

(GWH) in 1985 to 195 (GWH) and 400 (GWH) in the years 1990 and 

_ 1994 respectively. Commercial and public sectors accounted for 9% of 

total electricity consumption during (1985.;1994), the consumption of 
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these sectors has increasedfrom 111.03 (GWH) in 1985 to 133 (GWH) 

and 176 (GWH) in the years 1990 and 1994 respectively. Commercial 

sector consumption increased from 44 (GWH) in 1990 to 86 (GWH) in 

1995, while serv;ices (public) sector consumption has increased from 89 

(GWH) in 1990 to 103 (GWH) in 1995. The industrial sector accounted 

for 21.6% of total electricity consumption during (1985-1994), industrial 

sector consumption has increased from 300.16 (GWH) in 1985 to 184 

(GWH) . and 352 (GWH) in the years 1990 and 1994 respectively. (table 

(3.5) and fig.(3-5.a) and (3-5.b)). 

3.4 The Sectoral Consumption of Energy Resources (1980-1993) :-

The energy sector is considered the vehicle or the engine on which 

the development of the productive sectors of each economy depends. The 

pattern of sectoral consumption of energy sector reflects or indicates the 

degree of development. In Sudan and in most developing countries the 

domestic household ( or residential) sector is the dominant consuming 

sector, while the · agricultural sector the leading productive sector in the 

economy, has the lowest share of energy consumption compared with the 

other sectors according to fig. (3-7 .a) and (3-7 .b) the average sectoral 

consmnption during the period (1980-1993) was about 76.1 %, 10%, 

7.2%, 3% and 3.6% -for the household, transport, industrial, agricultural 

atid pùblic service sectors respectively. This reflects or indicates the poor 

performance and a weakness and underdevelopment of Sudanese 

economy. Table (3.7) explains the sectoral energy consumption during the 

period (1978/79-1993), it is observed that, the percentage share of the 

agricultural commercial, public and services sectors and industrial sectors 

declined, while . the percentage share of the domestic (household or 

residential) sector has increased during the period (1978-1993). 
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Regarding the agricultural sector, the percentage declined from 3.6% 

m 1978/79 to 3% in the years 1982, 1992 and 1993, despite the fact that 

the sector has the largest percentage share (35%-40%) of total GDP. The 

sector basically qepends on petroleum as a major source of energy. In 

1983 the sector has consumed 3% of total petroleum supply and 11 % of 

total electricity suppl y. The percentage consumption of the.· sector 

declined to· 2.7% of total energy supply in 1984 the percentage increased 

to 3.5% in 1987. The percentage declined to 3% in 1989/90, 1992/93 and 

1993/94. Of this percentage in 1989, 98% was in form of petroleum 

products which is used mainly for irrigated and mechanized process, 

water lifting and agricultural operatio:11s. The sector mainly depends on or 

uses gas oil, furnace and diesel. The sector used only 3 % of total biomass 

consumption in 1980, 1989 and 1990. The consumption of electricity in 

the agricultural sector declined from 11 % in 1980 and 1983 to 3% in 1989 

and 1990 of total sectoral electricity consumption. The sector depends 

mainly on commercial energy ( electricity and petroleum), these make the 

farmers vulnerable to unreliable or irregular supply, which are affected by · 

the availability · of foreign exchange, this constrained the performance of 

the agricultural sector and the overall economy in Sudan. 

The industrial sector is the second largest productive sector in the 

economy, the sector · depends on the three types of energy sources. The 

percentage consumption of this sector was 8% of total energy consumed 

in 1982 and 1983. In 1983 biomass, electricity and petroleum accounted 

for· 20%, 8% and 45% of total energy cop.sumed in this sector 

respectively. In 1984 the percentage of total consumption by the sector 

has. declined to 4.5% of total energy consumption by all sectors in the 

economy. Biomass, petroleum and electricity accounted for 47%, 45% 

and 8% of total consumption in this sector respectively. In 1987 industrial 
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sector consum.ption has doubled and estimated to be 10% of total energy 

· consumption and the biomass accounted for 50% of total supply in the 

sector in 1987. In 1989/90 the sector consumed 13.7% of total petrolemn 

consumption in . the economy. The industrial sector total energy 

consumption, in 1989/90 was estimated to be less than 7% of total energy 

consumption by ail sectors, biomass accounted for 44 %, petroleum 

accounted for 57% and less than 8% was the share of electricity in total 

consumption in 1989/90 in industrial sector. In 1989/90 the sector 

consumed 30% of total sectoral electricity consumption in the economy, 

compared with 36% in 1980. The total energy consumption in the 

industrial sector was declined to 6% of total energy consumed in the 

economy 1992/93, but it has increased to 7% in 1993/94. The sector 

depends mainly oh petroleum and electricity, e.g. for big industries 

schemes the sector uses gas oil, diesel and fumace but the traditional 

small scale sector uses biomass, biomass and agricultural residues in 

1993/94 accounted for. 54% of total small scale traditional industries 

consumption. 

The transport sector total energy consumption has declined from 

11 %· in 1981 to 9% in 1982 and 1983,the figure increased to 10.9% in 

1984,the sector basically depends on petroleum products like furnace, · 

diesel, gasoil, benzine, avagas and Jet-AI,it is the largest consuming 

sector of petroleum products in the economy.In 1980 the sector consumed 

57% of total petroleum products consumed in the Sudan, this is increased 

to 60% and 64% in 1989 and 1993 respectively. The total energy 

consumption by the sector was about 10% in 1987,1989 and 1993 and 

was about 11 % in 1992.0n average the transport sector consumes about 

50% of total petroleum.products consumption in the economy. In 1989/90 

and 1993/94, the transparent sector consumed 10% of total sectoral 
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energy consumption. The transport sector has consumed about 57% of 

total petrolemn products consumed by all sectors in the economy in 1980, 

compared with 60% and 64% m 1989/90 and 1993/94 

respectively.Accqrding to Energy Hand Books, Petroleum products 

consumption increased in the transport sector due to the expansion in the 

construction of paved roads to connect cities,due to urbanization and 

shifting from the other modes of transportation. There is anticipation for 

further increases in the consumption of . oil by this sector due to 

discoveries and the beginning of commercial production in domestic 

Sudanese petroleum products,if the process of discoveries and 

exploitation proceed and succeeded,petroleum consumption will increase 

and the demand for it will shift in order to substitute other sources. 

The other sectors included in public-governmental and services 

sectors and sometimes commercial sector, the consumption of these 

sectors declined from 4.5% in 1978/1979 to 4% in 1982 and 1983. In 

1983 these sector consumed 4% of total energy consmnption by all 

sectors in the economy, the share of petroleum ,electricity and biomass in 

these sectors was about 4%, 6% and 27% respectively. In 1984 the 

percentage consmnption ofthese sectors declined to 3.8% of total energy 

consumption, and these sectors consumed 4.27% of total biomass 

consumed in Sudan, 3.96% of total petroleum prodùcts and 6.45% of total 

electricity consumed in Sudan. In 1987 the percentage consumption in 

the se sectors declined to 3 % of total sectoral energy consumption in the 

economy, biomass accounted for 80% of total energy supply in these 

sectors. The percentage consumption ofthese sectors increased from 3% 

of total sectoral energy consumed in the economy in 1987/1988 , 

1989/1990 and 1992/1993 tb 4% of total sectoral energy consumption in 

the economy in 1993/1994. In 1989/1990 these sectors consmned 10% of 
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.total electricity consmnption by all sectors in the economy. In 1993, the 

· share of biomass, electricity and petroleum products in these sectors was 

about 9.1 %, 5% and 4% respectively. 

The domest~c-residential (household) sector is the· biggest energy 

consuming sector in the Sudan. · The household sector consmnption has 

increased from 41.3% in 1978/1979 to 77. 8% in 1981, 75% of total 

sectoral energy consmnption in the economy, in 1982 and 1983 and 

77.2% in 1984. The household sector has consmned about 72%, in 1987 

and more th.an 77% of total energy consmnption in the economy in 1989, 

1992/1993 and 1993/1994 respectively.Most of this energy was in the 

form of traditional biomass fire wood and charcoal. On average the sector 

consmned more th.an ·90% of total biomass consmned in the economy, 

20% of total electricity . and about 3% of total petrolemn products 

consmned in the economy. The sector mainly uses kerosene, liquid 

petrolemn gas (L.P.G) and gasoil. In 1983 the sector consmned 75% of 

total sectoral energy consmned in the economy. Biomass accounted for 

98% of total supply in this sector. The sector co:µsumed 44% of total 

commercial energy mainly electricity. In 1984 the percentage 

consmnption has . increased. to 77 .2% of total energy consmnption in the 

economy, the share ofbiomass and commercial energy in total supply in 

this sector was about 77.5% and 93% respectively. During the period 

(1980-1993), the sector was the dominant consuming sector.During 

(1989/90 - 1993/94) it accounted for more th.an 77% of total sectoral 

energy consmnption in the economy. In 1989/90 the share ofbiomass and 

electricity sectors was about 93 % and 60% of total suppl y in this sector 

respectively. The household sector has consmned about 60% of total 

sectoral electricity consmnption in 1989/90 compared with 39% in 1980. 

Petrolemn consmnption in this sector declined in ·1989/90 relative to 
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1980. In 1990 the share ofbiomass and electricity sectors was about 95% 

and 66% respectively of total supply in this sector. In 1993 the share of 

biomass and electricity sectors was about 93% and 51 % respectively of 

total suppl y in this sector. 

3.5 Conclusion :-

The present chapter explored the structure of energy in the Sudan. 

The analysis revealed that, the energy crisis in the Sudan was due to many 

factors and ail sectors suffered from such crisis. Attempt must be made to 

alleviate such crisis. Problems of unavailability, inefficiency and 

inadequate finance must be treated as soon as possible. Per-capita energy 

consumption was very low in the Sudan compared with the other 

developing countries, but relatively growing over time. During the period 

(1980-1994) per-capita total energy, per-capita commercial energy and 

per-capita elèètricity consumption showed a relative change. The 

household sector is the major energy consunring sector and on average 

has consùmed about 7 6 .1 % of total energy consumption during the period 

(1980-1993) this indicates or implies the weakness and under 

development or poor performances of Sudan's economy . 
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Chapter Four 

Statistical Analysis and Estimation of Energy 

Demand Function in The Sudan 

4.1.1 Introduction 

For a developing country like · Sudan, the statistical analysis and 

estimation of energy-demand function is important and useful for the 

explanation and understanding of the pattern of energy demand in the 
. ' 

country, the nature and determinants of energy crisis the development and 

implications of such crisis. 

Recently, the <lem.and for energy · in the developed and- less 

developing . countries continues to increase rapidly. Since the mid of 

1970s, due to gro~g concern about_the environmental issues associated 

with different types of energy use, scarcity of energy and higher prices 

being paid to it , energy policy and planning are becoming extremely 

important. Nowadays, attention in many developing countries is critically 

and extremely devoted to establish a comprehensive energy conservation 

programmes, in this respect -an· assessment and estimation of energy 

.demand at regional, ·sectoral · and national levels(i.e. at micro and macro 

levels) are beconrin.g . extremely important in the context of national 

regional and global development. 

The present chapter be gins with the identification of the model of 

estimation i.è. it defines the model, gives justification for using such 

model. Based on the available time series data for the period (1980-1989), . . 

. and (1980-1993), an attempt is made to èstimate the sectoral and the 

aggregate_ · demand equations for the basic three sources or types of 

energy used or consumed in the Sudan. Using the conventional (normal) 

· demand function which depends on the prices of energy types and ~~ 

ü1come, moreover, the price of substitutes, taste and habits are assume~, 
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constant. for simplicity, the present study is based on Logarithm (natural 

Logarithm) demand fimctions that depend on energy prices and income 

factors, the rest · factors are considered to be constant. Under the 

assumption that the . prices of energy types are exogenously determined, 

the first part of the · present chapter, used the multiple ordinary least · 

squares technique or model to estimate the demand for (sectoral and total) 

biomass, electricity and petroleum products and total energy demand 

function using ·available sectoral disaggregated data. 

Considering the fact that petroleum products is an imported good, 

the second part of this chapter examines the claim or hypothesis that 

petrol imports price is endogenously detennined or constrained by the 

availability offoreign exchange receipts. This assumption is verified using 

time series data for the period (1980-1993). The second part used a 

complete imports model which contains two independent structural 

equations simultaneous imports supply-demand equation model imports 

supply curve assumed to be inelastic with respect to price, and a normal 

downward sloping demand curve. To estimate demand function the two­

stage least squares model is used. 

4.1.2 The Demand Model :-

This section of the present chapter describes the formulation or the 

process by which the demand model is used to estimate the energy 

· demand equations. . 

The model has been derived by using the time series data covering 

the period (1980-1993)3. The data base of the Sudan's demand model 

3 The present study benefited from the formula and analysis presented in "An Energy Demand Model 
For Sudan", a study prepared in the Institutè of Environment Development and Quantitative 
Economie Research of Johann Wolfgan Goethe-University, under the supervision of Professor 
Gerhard Gehrig Frankfurt (1989). ~~ 
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contains annual consumption of the maJor products in each of the five 

consuming sectors in Sudan. It is necessary to consider consumption on 

sectoral basis · due to the fact that each sector may respond differently to 

varying prices and· technological changes. The major five consuming 

sectors -are residential ( domestic or household), agricultural, industrial, 

transportation, commercial, public services and trade sectors and other 

sectors. · Most sectots have a significant demands only for certain types of 

energy, .therefore consumption _data - for less significant types are 

neglected. 

The model used the historical available data on prices and tariff to 

estimate the demand for biomass and electricity. Regarding petroleum 

products, due to variation in prices of petroleum products thrémghollt the 

country, a random sample of eight towns is used to estimate the weight 

average price for the major six products used in the Sudan.4 In addition to 

this, the model required the_use of data about GDP (real) and the share of 

energy consuming · sector in GDP as a factor of ( or as a proxy for) 

mcome. 

4.1.3 Energy Demand~Formulation :-
'-:-----' 

The structural equation of energy demand are based on tilne series 

data. 5 The functions were estimated on time series data for specific period 

of time (1980-1989) and (1980-1993) in order to make use of ail available 

information. The method of ordinary least squares has been applied. Most 

4 The sample includes Khartoùm,--Port Sudan, Wad Medani, Kassala, Atbara, Elobid, Nyala and 
Juba. The sample used Juba prices when available (only for the period of 1980-1983), due to 
unavailability of information due to civil war and instability in Southern regions). The sample 
reduced to seven towns excluding Juba due to non availability of date after 1983 up to 1993. 
5 These data were obtained from Ministry ofEnergy and Mining publications. E.g. Energy Hand 
Books. Energy statistical units including data from (G.P.C.) General petroleum corporation and NEC 
-National-Electricity-Corporation, in ~ddition to Bank of Sudan Annual Reports and the Economie ~~ 

survey. . '-1 
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j 

pnces of _the model are exogenous, which means they should be given 

when perfonning model application. 

4.1.4 The Structure of Sudanese Energy Demand Model :-

Energy demand in Sudan is estimated by econometric technique 

which involvès, the application of multiple techniques to such data as 

energy prices and pèr-capita income or the· sectoral contribution in GDP. 

In the · second part for the solution of the simultaneous equation mode 1, 

additional factors were added to verify the assumption of endogenous 

price · of petrol as an imported good these factors include petroleum 

products imports volume the lagged imports volume, the lagged value of 

foreign exchange reserves and the total foreign exchange receipts. In 

order to detennine or to estimate these relationship, both theoretically 

and empirically, these variables are known to be related to energy 

demand. 

There are two major steps in formulating the regression analysis:­

First identify the independent variables and postulate tentative estimating 

relationship, between the demand and the iridependent variables like price 

and income (GDP share of each sector in case of sectoral demand 

equation). Second, examine the efficiency of the estimate of the fit and 

adjust the relationships sô that they explain as much as possible the 

variance in variables to be estimated, · yet do not violate any of the 

assumptions of a régression analysis. 

Lagged variables of foreign exchange reserves and total quantity of 

imports · were introduced in the second part to correct for multicollenearity 

problem. 

4.1.5 The independent variables:-

Demand for pm.nary and commercial energy such as crude oil are ~~ 

assumed to be based on demand by consumers for final demand of the'-, 
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products such as gasoline, electricity. The Sudan demand model is 

therefore struétured to estimate demand for . final products, under the 

. assumption . that they · represents real value. The modelling structure 

assumes that energy demand is sensitive · mainly to energy price and 

mcome.· 

For the second part which explores.the endogenous price assmnption 

on the basis of a simultaneous equation techniques supply-demand . 

equations. In this part additional independent variables were added these 

include the lagge_d volume of foreign exchange reserves. and foreign 

exchange receipts and the lagged volume of total petroleum products 

imports. 

Bach of · the relationship is predicted . on the assumption that energy 

demand curves are downward sloping i.e. demand decreases as price 
' . . 

increase, and increasès when price decrease. The quantitative fonns of 

these relationships are derived from historical data that cover the period . 

(1980-1993) for prices, per capita income (or Disposable income) or GDP 

share of each sector, and the end use of total energy consumed. 

4.1.6 The Double Logarithmic Demand Function: The iustification 

of the Model :-

"Although that linear demand functions used for simplicity and 

convenience reasons, however, actually when we use the historical data to 

estimate , demand functions, the linear fonn has some disadvantages, one 

of these is that the estimated values for the parameters giving the response 

· of quantity demanded to change in price or income depends only on the 

units . in which price or income are measured. This can give rise to 

confusion especially when comparing demand functions. A second and 

related disadvantage of the linear fonn has to do with the measurements -~ 

of sensitivity of quantity · demand to changes in price. and incarne, to be'-' 
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used in comparing and classifying commodities i,e. price and income · 

elasticities, · if · linear demand functions of eilergy are used, simple 

comparisons of the characteristics of energy demand in different countries 

in term of elasticities of price and incoine are impossible". (Michael 

Common, 1988). 

Elasticities of price and income varies with or according to the level 

of prices , incoines and quantities demanded. These problem are avoided if 

the demand functions is given in a log form. If the demand equation in 
' . " " 

exponential formula i.e. if Q= a yh p-c, then taking the log to the both 

sides, the function could be written as follows: 

LogQ= Log a+ b Log Y~- c log P, or taking the natural logarithm 

Ln Q= Ln a + b Ln Y - c Ln P, which could be written as 

LnQ=a+bLn Y-cLnP, 

with this double Logarithmic deniand function, the price and income 

elasticities are constants for all values of Y and P and we have 

Pe = -c (price elasticity), Ye = b (income elasticity). 

so estimating the value of c and b, gives directly prices and income · 

elasticities · of demand for energy fonction. 

Thus the double Logarithmic demand function is convenient, because 

the estimated values of b and c are unaffected by the unit in which Y and 

P are measured. 

· The model used the natural Logarithms of income, price and quantity 

. demand ( constuned) for the major three types of energy consumed in the 

Sudan including biomass, electricity and petroleum products covering the 

period (1980-1989) and (1980-1993). 

4.1.7 The assumption of Constant Elasticity :-

Constant dem~d elasticities are assumed, :.e. the percentage chan~e -~"> 
m demand is cons1dered to be the same for a given percentage change m~ • 

. · .. · . . ~~ 
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price, income ( or individual sectoral share in GDP). Thus the general form 

of the estimating equations used in the model measures constant elasticity 

lS 

D= aybp-c 

D = Per-capita Household demand and quantity demand for a given 

energy product. (Under the assumption that it represents real value) 

P = price for a given energy product in Sudanese pounds. 

Y= per capita income (household sector) or sectoral contribution in GDP 

in Sudanese pouilds. 

For the second part of the present chapter, two structural 

(simultaneous) supply-demand equations are used to test the assumption 

that the price of petroleum products or oil as imported good in Sudan is 

endogenously determined by the availability of foreign exchange receipts, 

the two structural equations are: 

Ln Mdt= a.a+ a1 Ln (Pmt / Pt)t+ a2 Ln Y t+ a3 Ln IDt-1 + Ut 

Ln M\ = bo + b1 Ln Ft + b2 Ln Rt-1 + b3 Ln (Pmt !Pt) t + b4 Ln m t-1 + Yt 

where M\ Mdt = .Mt in equilibrium, and (PmJI\) t are endogenous 

,variables, Ft represent foreign exchange receipts, Rt-1 represent the lagged 

end years stocks offoreign exchange reserves, Ut and Vt are demand and 

supply shocks (i.e. random variables) ai, bi ; I = 1, 2, 3 are structural 

parameters. 6 

The demand equation is over identified and therefore the ordinary least 

squares technique will produce inconsistent estimate if applied, the 

~~ 
6 

See PP.284- 285 (A general Import-Mode! with Endogenous prices, The World Bank, Economie . ~l. , 
Review (May (1989) volume (3)- No. (2) Cristian-Moran (p. 279-294). 
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relevant method is the two-stage Least squares method which will be 

more convenient estimate for the demand equation. 7, 
8

. · 

Part (1) :-

The Sectoral Demand For Energy in the Sudan:-

4.2.1 Microeconomics and Statistical Analysis of Energy Demand 

Function in the Sudan :-

The Estimation of Sectoral Energy Demand Functions :­

Introduction :-

This part focuses on micro-statistical analysis of energy demand function 

by types and by sectors. An attempt is made to estimate individually, the 

sectoral function for the three types of energy. For most estimated 

equations most estimated parameters and coefficients have their expected 

signs and they are consistent with theoretical predictions ( consistent with 

the law of demand, i.e. downword sloping demand law), ( except for 

household demand for biomass, transport sector demand for benzine and 

gasoil which have a positive price sign i.e. upward sloping demand curve) 

and in most cases the estimated parameters are statistically significant 

under the 5% level ofsignificance. 

4.2.1.1 The Estimation of sectoral Biomass Demarid Function:-

4.2.1.1.1 The Estimated Demand for Biomass by Household sector:­

The estimated demand for biomass by household sector is given by 

7 All the estimation process are made through using computer programming applicatio~. The study 
used the "SPSS for Windows" computer programme, for both the :first and second part. . -~ 

8 This part basically depends on the theoretical and empirical background and studies undertaken br,,~~.. 
the World Bank and the IMF in (21) developing countries during the period (1970-1983). The . Wî 
.present study used their me~od and modi:fied where necessary. · -~ 
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the following equatioù 9
: 

Ln (DB-Pc)t= 4.007 + 0.215 Ln (GDP-Pc)t + 0.001581 Ln(Pcc-GD)t +Ut 

(4.337) (1.574) (.057) eq.(1) 

t = (1980-1989) 

R2 = 0.53274 , F = 4.56055, D.w = 1.04433 

where (DB-Pc)t stands for percapita demand for biomass, (GDP-Pc)t 

represent per-capita GDP and (Pcc-GD) stands for price of charcoal 

adjusted by GDP delator and used as a price index for biomass. The 

estimated demand for biomass by household sector when price is adjusted 

to GDP delator and lagged value of quantity demanded are used is given 

below: 

Ln(DB-Pc)t-l = 2.857+ .37037 Ln(GDP-Pc) t - .04238 Ln (Pcc-GD)t +Ut 

t- (1980-1989) 

R2 = .54196, 

(2.559) (2.352) (-1.016) e.q. (2) 

F=4.14126, D.W =1.12663 

where (DB-Pc )t-l represents lagged value of quantity demanded ,(GDP­

Pc )t · represents per-capita GDP used as a proxy for income, and (Pcc­

GD )t represent c~arcoal price adjusted to GDP deflafor used as a proxy 

for biomass price. 

According to the estimated equations(l ), the demand for biomass by 

household sector have a wrong sign for price coefficient, which violate 

the assumption of downward sloping demand curve, this implies that 

demand for biomass in this sector is positively related to changes in 

.· 
9 Figures between the parerithesis represents 't' statistic value. R2 used as· a measure of correlation 
Coefficient or 'goodness of fit' measure i.e. explanatory power of the model. 'F' statistic represents 
or used as a test for the overall signi:ficance of the model. Durban- Watson- d. statistic 'D.w.d' used 
as a test for serial correlation, "t" represents time period. For total biomass, total energy demand, 
total petroleum products, biomass demand for household and industrial sectors, "t" represents the -~ 
period (1980-1989), demand for furnace and gasoil by transport sector "t" represents the perio~r .iT. 
(1980-1990), for the rest estimated function "t" represents (1980-1993). U1 represents the disturbanœ ·: • 
. term i.e. represents the other variables affecting demand function. . -~ 
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income and price and tlris means that biomass have upward sloping 

demand curve for the household sector. This could be attributed to the 

fact that prices ar~ so low to the extent that they do not reflect the real 

cost, and this implies that there is price distortion which attributed to 

subsidization policy during the period (1980-1989). 

In the first estimated equation both the price and income coefficients are 

statistically insignificant under the 5% level of significance . The 'F' 

statistic is high · and indicates that the overall model is statistically 

significant under the 5% level of significant. The D.W, statistic is 

relatively low and implies that there is a considerable positive serial 

correlation in the · estimated residuals. The 'goodness of fit' measures R2 

suggested that the variable (GDP-Pc)1 and (Pcc-GD)t together explain 

0.53274 percent of the variation in the quantity demanded. In the second 

estimated equation · both the constant term and income coefficients are 

statistically significant under the 5% level of significance , the prièe 

coefficient is statistically insignificant ~ however, the price coefficient tend 

to be negative and have correct sign. Moreover, the 'goodness of fit' 

measures R2 was also improved and suggested that the variables (GDP­

Pc)1 and (P-GD)t together explain 0.54196 percent of the variation in the 

q\lantity demanded. On the other hand, the 'F' statistics is relatively less 

than with the first estimated equation ( current value case), i.e. the value 

of 'F' statistics is decreased and the overall significant is declined. The 

D.w statistic relatively increased compared with the current yalue case 

and also implies that there is positive serial correlation in the estimated. 

This means that the lagged value case give relatively better results 

because all the estimated coefficients have correct sign and most of them 

are statistically significant under the 5% level of significance 
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this relatively improved the explanatory power of the model tbrough 

improving the goodness of fit measure. · 

the ·constant· income elasticity in the second estimated equation is 

estimated to be 0.37037, less than unity, which means that biomass is a 

necessary commodity for household sector and implies that total biomass 

demand by the sector will increase by 0.37037 percent if the per-capita 

GDP increases by one percent. The estimated constant price elasticity is 

about 0.042381 which is very low and implies that biomass is inelastic 

for the household and means that total demand by the household sector 

will increase by 0.042381 percent, if the price increase by one percent. 

Since both income and price elasticities are less than 1mity thus demand 

for biomass is_ insensitive to both income and price· changes. However, it 

is more sensitive to income changes than to price changes because income 

elasticity exceeds the price elasticity. The low in corne elasticity indicates 

that at least in the short run biomass could- not easily be substituted by 

other energy types. The positive price coefficient in the first estimated 

equation implies that demand will increase whatever, the price is, and 

this has a serious environmental implications. Therefore environmental 

conservation strategy in the Sudan necessitates or requires the correction 

of price and lowering demand for biomass. 

4.2.1.1.2.The Estimated Demand for Biomass by the Industrial 

Sector :-

The estimat~d demand for biomass by the industrial sector is given 

below:-

Ln (DB-l)t = 6.00547 + 0.7997 Ln (GDPn) t - 0.069 Ln·(Pcc-GD) t +Ut . 

t (1980-1989) (4.880) (4.145) .(-1.933) 

R2 = 0.83842, F = 18.16142, D.w = 1.41410 
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where (DB-I)t stands for demand for biomass by the industrial sector, 

(GDPn)t represents the industrial sector contribution in GDP (used as a 

proxy for income) and (Pcc-GD)t stands for price of charcoal as a proxy 

for biomass price . deflated by GDP deflator. The results of the estimated 

equation revealed that, the industrial sector total demand for biomass 

increases with the increase of industrial sector contribution in the Gross 

domestic product (GDP), but decreases with the increase ofbiomass 

( charcoal) price . According to the estimated equation the variables 

(GDPn)t and (Pcc-GD)t together explain .83842 percent of the variation in 

total quantity demanded. The D.w statistic indicates that positive serial 

correlation is -present in the estimated residuals. The high "F'' statistics 

strongly suggests that the overall significance of the estimated equation. 

The constant term coefficient and the income coefficient are statistically 

significant but the price coefficient is statistically insignificant under the 

5% level of significance. According to the estimated equation, the 

· constant income elasticity of biomass in this sector is estimated to be 

0.7997 means that total industrial demand for biomass increase by 

0. 7997 percent if the contribution of industrial sector in GDP increases by 

one percent. On the other side, the constant price elasticity is estimated to 

be 0.069 this means that total industrial <lem.and for biomass will 

decrease by .069 percent if the price of charcoal (biomass) adjusted to 

GDP deflator increases by one percent. It is clearly obvious that both 

income and price ( constant) elasticities are less than unity, this means that 

the industrial sector demand for biomass is inelastic since the constant 

income elasticity is less than unity, therefore biomass is a necessary input 

( source of energy) in the industrial sector production. The low in corne and 

' 

price elasticities implies that . total demand is less sensitive to both price ~ ..... 

and income changes. However, the income effect is stronger than the~ ~-,~-t1 
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price in changing · industrial sector demand for biomass. Although there 

are some substitutes energy. sources (i.e. commercial energy), but 

according to the · estimated equation and lowest income elasticity, the 

pnmary (traditional) biomass is still significant in this sector, in this 

respect and under the depletion and shrinking of forests resources, the 

usage of commercial energy sources as a substitute for biomass will 

automatically serve envitonmental conservation objectives. 

4.2.1.2. The Estimation of Sectoral Electricity Demand Function :­

Electricity as a source of commercial energy is consumed by four major 

sectors. The results of all the estimated equations revealed that demand 

for electricity is consistent· with the theoretical predictions, that demand 

for electricity negatively correlated with electricity tariff or price. 

4.2.1.2.1 The Estimated Household Electricity Demand Function :-

D(EL-Pc)t = 30.9377 + 0.0116 (Yd-Pc)t- .01675 (P.EL-GD)t+ Ut 

t = (1980-1993) (2.~42) (.273) (~2.205) 

R2 = .30661, F = 2.43203, D.w = .68056 

where D(EL-Pc )t stands for per-capita demand for electricity at time 

t = (1980-1993) and (Yd-Pc)t represents per-capita disposable income, 

and (P.EL-GD)t represents price of electricity adjusted to GDP deflator. 

The results from the estimated equation demonstrate_d that the variables 

(Yd-Pc)t and (P.EL-GD)t together explain only :30661 percent of the 

variation in the quantity demanded. The low D. w statistic in the estimated 

equation strongly suggests the presence of positive first order serial 

correlation in the estimated residuals . The low value of 'F' statistic 

implies that the · overall significance of the model is weak. The price and 

the constant tenn coefficients are statistically significant, but the income 

coefficient is statistically insignificant under the 5% level of significance. !fi~ 

'-1 
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According to the estimated equation, the household demand for electricity 

is linearly and positively related to the increase in per-capita disposable 

income and nègatively related to changes in electricity price or tariff. The 

household demand for electricity has a constant income elasticity of 

.345725 which means that the total demand for electricity will increase by 

.345725 percent .if the household disposable income increases by one 

percent. On the other side, the constant price elasticity was estimated to be 

0 .182686 which implies that the total electricity demand by household 

will decrease by O .182686 percent, If electricity price or tariff increases 

by one percent.Since both price and income elastitcities are less than unity 

therefore, electricity have inelastic demand for the household sector 

which implies that electricity demand function is less sensitive to both 

income and price changes, since the constant income elasticity exceeds 

the constant price elasticity this means that household demand for 

electricity is more sensitive to changes in per-capita disposable income 

than to changes in price thus income change is more effective in changing 

electricity demand function than do price change ànd therefore, a one 

percentage increase in per-capita disposable income will be more 

effective in raising household electricity demand than do a one percentage 

decrease in price. The lowest value of income_elasticity indicates that 

electricity is a necessary commodity for the household sector and at least 

. in the short run cannot easily be substituted by other energy types. 

4.1.2.2.2 The Estimated Commercial, Services and Public Sectors 

Demand for Electricity Function :-

The demand for electricity by commercial, services and public 

sectors is estimated by the following function: 

' 

Ln(DEL-Com &serv)t =-.2197+0.653 Ln(GDPc)t- 0.073 Ln(P-GD)t +Ut ~~ 

t= (1980-1993) (- .044) (1.241) (- .398) "'-, 
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. R2 = .28954, F = 2.24144, D.w = .63393 

. When the absolute price is used the estimated equation given by the 

following equation : . 

Ln(DEL-Com &serv)t-:- 1.347+ 0.088 Ln(GDPc)t + 0.198 Ln(P)t +Ut 

t = (1980-1993) ( .654) (.302) (4 207) 

R2 = .72378, F-:-- 14.41163, . D.w = .72428 

where (DEL-Corn & serv)t stands for demand for electricity by 

commercial, services and public sectors, (GDP)t represents the 

commercial, services and public sectors contribution in GDP, (P-GD)t and 

(P)t stands for the adjusted and absolute electricity tariff or price in these 

sectors respectively. According to the first estimated equation the 

commercial, services and public sectors demand for electricity function is 

consistent with theoretical predictions i.e. demand for electricity increases 

with the increase of sectoral contribution in GDP but decreases with the 

increase of electricity tariff or price, however,all the estimated 

coefficients are statistically .insignificant under the 5% level of 

significance . The second estimated equation is statistically significant 

)IDder the 5% level of significance,but the equation violated the 

assumption of downwàrd sloping demand curve. In the first estimated 

equation the lowest 't' value associated with the estimated coefficients 

implies that all the estimated coefficients are statistically insignificant 

under the 5% level of significance. The low (insignificant), 'F' statistics 

also implies weak significance in the estimated equation. Moreover, the 

lowest value of R 2 implies weak explanatory power for the first estimated 

equation compared with high explanatory power for the second estimated 

equation because the variables (GDPc )t, (P-GD)t and (P) t together explain 

only .28954 and .72378 percent of the variation in the quantity demanded ~~ 

in the first and second estimated equations respectively. The low D.w"' , 

• • 
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statistiès m both. estimated equations indicates that positive serial 

correlation is present in the estimated residuals. According to the first 

estimated equation, the constant income elasticity of electricity demand 

by commercial and services sectors is approximately 0.653, which implies 

that total demand will increase by 0.653 percent, if the commercial, 

services and public sectors contribution in GDP increases by one 

percent. On the other side, the constant price elasticity in these sectors is 

estiinated to be 0.073. means that total demand for electricity in these 

sectors will decrease by 0.073 percent if the price or tariff of electricity 

increases by one percent. Since both price and income constant 

elasticities in these sectors are very low and less than unity, therefore, 

demand for electricity in these sectors is inelastic and less sensitive to 

both income and price changes. However, the results of the estimated 

equation revealed that, the income effect is more effective in changing 

demand . for electricity in these sectors than the price effect, i.e. a one 

percentage increase in the contribution of commercial,· services and public 

sectors in (GDP) is · more effective in raising electricity demand in these 

.sectors than a one percentage decrease in electricity price ( tariff). The 

· lowest value of income elasticity in both estimated equations indicates 

that electricity is a necessary input in the commercial and services sectors 

and carinot easily substitutèd by other energy types in the short run. 

4.2.1.2.3 Estimated Electricity Demand Function for the Agricultural 

Sector·:-

The demand · for electricity by the agricultural sector is estimated by 

the following equation: 

Ln (DEL-A)t= -~6.5856 + 3.322 Ln (GDPa)t - 0.845 Ln (P-GD)t+Ut 

t . (1990-1993) (-2.010) (3.190) (-2.719) 
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R2 = 0.61599, F= 8.82266, D.w = 1.43321 

where (DEL-A)t stands for the agricultural sector demand for electricity, 

(GDPa)t stands for the agricultural sector contribution in GDP and (P­

GD)t represents the electricity tariff or price for the agricultural sector 

deflated by GDP deflator . The results from the estimated equation 

revealed that most estimated coefficients are statistically significant under 

the 5% level of significance and the variables (GDPa)t and (P-GD)t 

explain 0.61599 percent of the variation in the quantity demanded. The 

'F' statistic is relatively high (significant) and implies that over all · 

significance of the mode is high. The D .w statistic is low and indicates 

that there is positive serial correlation in the estimated residuals. The 

income and the prie~ coefficients are statistically significant, but the 

constants term coefficient is statistically insignificant under the 5% level 

of significance. 

According to the estimated equation the agricultural sector demand 

for electricity function is consistent with the theoretical predictions, i.e. 

the total ele~tricity demand in the sector increases with the increase of 

agricultural sector contribution in gross domestic product (GDP) but 

decreases with the increase in electtjcity ppce or tariff. The estimated 

constant income. elasticity is relafively high and greater than unity which 

means that it is income elastic and indicates that electricity is (nota 

necessary) or a luxury input in the agricultural sector production, the 

constant income elasticity is about 3 .3 22, this means that total demand 

will increase by 3.322 percent if the agricultural sector contribution in 

GDP increases by one percent. On the other hand, the constant price 

elasticity is less than unity it is about .845, this means that, total demand · 

for electricity in this sector will decrease by .845 percent if the price or ~-._ 

tariff of electrici1y increases by one percent. It is clearly obvious from th~ I 
• • • 
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estimated equation, that the demand for electricity is highly sensitive to 

income changes but less sensitive to price changes. This means that a one 

percentage increase in the contribution of agricultural sector in GDP will 

be more effective in raising total demand for electricity in the sector than 

do a one percentage decrease in the price or· tariff. Sin ce the in corne 

elasticity is greater than unity, therefore, electricity in the agricultural 

sector can possibly be substituted by other types of energy, i.e. ·the sector 

depends on gasoil, diesel, and furnace. The availability of substitutes 

energy sources rais es both the in corne and price elasticities in this sector. 

4.2.1.2.4 the Estimated Electricity Demand Function for the 

lndustrial sector :-

Ln (DEL-I)t-I = 2.1183 + 0.623 Ln (GDPI)t - 0.1477 Ln (P-CPI)t + Ut 

t . (1980-1993) (.812) (1.557) (- 3.679) 

R2 = 0.6789, F = 10.47481, Dw =1.41089 

where (DEL-I)t-i,10 stands for lagged value of electricity demand by 

the industrial sector, (P-CPI)t represents the adjusted electricity tariff or 

price for the industrial sector to the consumer price index (CPI), (GDPI)t 

. represents the industrial sector contribution in GDP. 

According to the . estimated equation, the demand for electricity in 

the industrial sector is. consistent with the theoretical predictions i.e. 

increases with the increase of the industrial sector contribution in (GDP) 

and decreases with the increase of electricity price or tariff. The results 

of the estimated equation revealed that, only the price coefficient is 

statistically significant,and both the constant term and income coefficients 

10 With current value case, the results ofboth the absolute and relative price (i.e. adjusted price by 

GDP deflator) are statistically insignificant under the 5% level of significance and the estimated 

coefficients have a wrong sign. ~-.. 
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are statistically insignificant under the 5% level of significance because 

the estimated "t" ·value are very low for both estimated coefficients. The 

highest 'F' statistic value implies the high significance of the model and 

therefore,The · model is statistically significant, moreover,the goodness of 

fit measure (R2)indicates that thevariables(P-CPI)t and (GDPI)1 together 

explain about .6789 ·percent of the variation in the quantity demanded. 

Moreover, the D.w statistics indicates that positive serial correlation is 

present in the estimated residuals. 

According to the results of the estimated equation the lowest income 
. . . 

and price elasticities implies that electricity have inelastic demand and 

electricity is a necessary input in the industrial seètor production. The 

income elasticity is about .623 implies that the demand will increase by 

.623 percent if the contribution of the industrial sector in GDP increases 

by one percent. The price elasticity is also less than unity it is about .14 77 

and implies that total demand wi11 decrease by about .14 77 percent if 

the price or tariff increases by one percent Since both the income and the 

price · elasticities are less than unity,this implies that the demand for 

~lectricity in the industrial sector is lesssensitive to both income and price 

changes,however,the income elasticity (effect) is stronger than the price 

elasticity( effect),and therefore industrial sector demand for electricity is 

more sensitive to income changes than to price changes . 

4.2.1.3 The Sectoral Demand for Petroleum Products: 

4.2.1.3.lThe Estimated Demand for Kerosene by Household Sector 

The estimated demand for kerosene by the household sector is given 

by the following equation : 

Ln(DKE-Pc)t = -2.195 + 0.313 Ln (GDP-Pc)r 0.182 Ln (PKE-CPI)t +Ut 

t = (1980-1993) (-.412) (.334) (-3.527) 

R2 = .588, F = 7.846, D.W. 1.89 
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where (DKE-Pc)t stands for per-capita kerosene demand by the 

household sector at time t, (GDP-Pc)t stands for real per capita income, 

and (PKE-CPI)t represents kerosene price related to or adjusted by the 

price index for private.consumption at time t. 

The results · of the estimated equation revealed that the variables 

(GDP-Pc)t and (PKE-CPI)t together explain 0.588 percent of the variation 

in the quantity demanded. The high 'F' statistic suggests the overall 

significance of . the model under the 5% level of significance. The 

constant term ·· and_ the income coefficients are statistically insignificant ·, 

but the price coefficient is statistically significant under the 5o/o level of 

significance. 

Since the D.w statistic is-approximately '2' thus there is a very low 

or mfoimum positive serial correlation in the estimated residuals. 

According to the results of the estimated equation, kerosene demand 

function is consistent with theoretical predictions that per-capita demand 

for kerosene increases with the increase in per-capita income, but 

decreases with the increase in kerosene price adjusted to CPI. The 

constant . income elasticity of demand for kerosene. by the household 

sector is estimated to be .313 which is less than unity and implies that 

kerosene is a necessary commodity for the household sector. On the other 

hand, the constant price elasticity is approximately O .182 which means 

that the per-capita demand for kerosene is inelastic. Thus, the per-capita 

demand is insensitive to changes in price and income, however, its 

sensitivity to income· changes is relatively higher than its sensitivity to 

price changes. 

4.2.1.3.2 The Estimated Demand for LPG by Household Sector :-

Liquid petroleum gas been consumed only by the household sector, ~~ 

the estimated demand fimction is given by the following equation: '-' 
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D (LPG-Pc)t = - 6550.74 + 2.353 (Yd-Pc)t - .030 (P-LPG)t + Ut 

t = (1980-1993) (-2.074) · (5.001) (-1.873) 

R2 = .72, F= 14.43213, D.w = 0.54974 

In natural Log form the estimated equation is de:fined below:-

Ln (D-LPG-Pc)t = - 8.756 + 2.021 Ln (Yd-Pc)r 0.0695 Ln (P-LPG)t +Ut 

. t = (1980-1993) (-1.850) (3.776) (-1.405) 

R2 = 0.65008, F = 10.21805, D.w = 0.47580 

where (D-LPG-Pc)t stands for per-capita liquid petroleum ·gas 

demand by household at time t, (Yd-Pc)1 represents real per-capita 

disposable income and (P-LPG)t represents (LPG)t price at time t.. The 

price coefficient in both estimated equation are statistically insignificant 

due to low 't' value, the constant term is statistically significant in the first 

estimated equation but statistically insignificant in the second estimated 

equation, the income coefficient is statistically significant in both 

estimated equations under the 5% level of significance. 

In both estimated equations the D. w statistic is very low and 

suggests the presence of high positive serial correlation in the estimated 

residuals. Both 'R2
' and 'F' statistic are relatively higher and statistically 

significant in the linear form equation compared with the Log form 

equation this implies. that the linear equation is more significant than the 

Log equation. The:variables (Yd-Pc)1 and (P-LPG)t together explain 0.72 

percent of the variation in quantity demanded in the linear equation 

compared with 0.65 percent in the Log form equation. 

According to the estimated equations the demand for LPG by the 

household sector is consistent with theoretical predictions, that demand 

increases with the increase of per-capita disposable income,but decreases 

with the increase of LPG price.According to the second estimated ~~ 

equation the constant income elasticity is estimated to be 2.021, which~ • ,,.~ 
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impHes that L.P.G is not. a necessary good for household i.e. luxury 

good. On the other hand, the price elasticity is very low it is approximately 

0.0695 which means that the household (per-capita) demand for LPG is 

inelastic and this means that total demand for liquid petroleum gas is less 

sensitive to price changes, but more sensitive to income changes. 

4.2.1.3.3 The Estimated Demand For Benzine by Transport Sector: 

The only consuming sector of benzine is the transport sector, ail the 

product is consumed in this sector. The estimated equation is given 

below:-

Ln (DBT)t = -7.245 + 2.967 Ln (GDPt)t - 0.0966 Ln(P-GD)t + Ut .. 

t=(1980-1990) (-0.337) (0.876) (-0.405) ~ eq. (1) 

R2 = 0.20759, . F = 1.04788, D.w=2.6349.· 

where (DBT)t represents demand for benzine by transport sector at 

time t, (GDPt)t represents the transport sector contribution in GDP and 

(P-GD)t represents the price of benzine per gallon adjusted to or deflated 

by GDP deflator. 

Although, the estimated equation is consistent with the theoretical 

predictions that demand for benzine by the transport sector increases with 

the increase of sectoral contribution in GDP and decreases with the 

increase . in price.However, the results from the estimated equation 

revealed that ail the estimated coefficients are statisticaily insignificant 

under the 5% level of significance. The overail significance of the model is 

very weak due to the lowest value of 'F' statistic and 'R2
' which implies 

that the variables (GDPt)t and (P-GD)t together explain only 0.20759 

percent of the variation in the quantity demanded. Moreover, the highest 

value ofD.w statistics, suggests the presenceofnegative serial correlation 

in .the estimated. residuals.According to the estiniated equation the ~-.. 

constant income elasticity is about 2.967, which is very high and exceeds'f. • 

. . . . -~ 
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unity, this implies that benzine is a luxury good in transport sector. On the 

other side, the constant price elasticity is about .0966,.less than unity and 

very low wbich means that the demand for benzine in the transport sector 

. is inelastic. Since ·the income. elasticity is greater than one and greater 

than the price elasticity this implies that the income effect dominate the 

· price effect and therefore total demand for benzine is highly sensitive to 

income changés, but relatively insensitive to price changes. 

The estimated demand for benzine by transport when the absolute 

benzine price per ton is used is given below: 

Ln (DBT)t ~ 7.434 + 0.0709 Ln (GDPt)t + 0.031 Ln (P-ton)t +Ut 

tc._(1980-1990) (5.129) (3.182) (3.581) ~eq. (2) 

R2 ~.75613, F= 12.40223 , D.W .89426 

Where (P-ton) stands for benzine absolute price pèr ton. 

The estimated demand for benzine by transport when the adjusted 

benzine price per ton is used is given below: 

Ln (DBT)t =. 4.671 + 1.155 Ln (GDPt)t+ 0.46 Ln (P-ton-GD)t +Ut 

t=(1980-1990) 

R2 =.53373, 

(1.854) (3.02) 

F-4.57881; 

(1.701) ~equation (3) 

D.W=l.39851 

Where (P-ton-GD) stands for adjusted benzine price per to_n 

According to the results of the estimated equation (2) and (3) all the 

estimated coefficients in equation(2) and only the incarne coefficient in 

equation. (3), are statistically significant(t values is very high) and the 

overall significance of the model was also improved i.e. the 'F' statistic is 

high and increased which . indicates the improvement in the power and 

significance of. the overall model. Moreover, R2 is highly increased and 

means that the variables (GDP)t and (P-ton)t in equation (2) and (GDP)i 

and (P-ton-GD)t together explain .75613 and .53373 percent of the -~ 

variation in the quantity demanded in equation (2) and (3) respectively :f.~, 
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However, the D.w statistic is substantially declined and suggests the 

presence of high positive serial correlation in the estimated residuals in 

equation (2) and (3). The estimated equation (2) and (3) also revealed a 

wrong sign for the price coefficient and thus violated the theoretical 

predictions that demand for benzine will decrease if the absolute and 

adjusted price per-ton increased, this attributed to price subsidization 

policies and price distortion, i.e. price of benzine did not reflect the real 

cost of importation because of govenunental policy of subsidizing benzine 

product dtrring the study period (1980-1990) . The result from the 

estimated equation (2) and (3) suggested a constant income elasticity of 

about .0709 and 1.155 in equation (2) and (3) respectively which implies 

that benzine is a necessary good with the absolute price per ton i.e. 

equation(2) but a luxtrry good (with the adjusted price per ton) i.e. 

equation (3). On the other side, the constant price elasticity is about .031 

and .46 in equation. (2) and (3) respectively, which is very low and 

indicates that the demand for benzine in transport sector is inelastic, and 

the demand for benzine will increase by .031 and .46 percent, if the 

.absolute and adjusted price per ton respectively increases by one percent. 

The demand for benzine is insensitive to both income and price changes, 

however; the effect of income changes in total demand is greater than the 

effect of price changes 11
. Therefore, a one percentage increase in 

transport sector contribution in GDP is more · effective in changing the 

total demand for benziné than a one percentage decrease or changes in 

benzine price. 

11 The estimated demand for benzine as a function of the contribution of transport sector in GDP 

(income factors) and absolute benzine price per ton gives statistically more significant results than ............. 
the estimated demand as a function of inèome factor (GDP) and benzine price per gallon and per to~'r Jlr.. 
adjusted to GDP deflator. However, when the absolute price per ton is used the demand curve tend to _ .. 
_have an upward slope i.e. benzine demand is positively related to price change. -~ 
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4.2.1.3.4 The Estimated Demand For Gasoil:-

4.2.1.3.4.1 The Estimated Demand For Gasoil by the Agricultural 

Sector :-

The estimated gasoil demand by the agricultural sector is given 

below: 

Ln (DGA) t 10.776 + 0.237 Ln (GDPa)t - 0.0545 Ln(P)t+ Ut 

t=(l980-1993) (4.716) (.731) (- 1.368) 

R2 = .16728, F = 1.10482, D.w = 2.09508 

where (DGA)t stands for demand for gasoil by the agrictùtural sector at 

tune t, (GDPa)t represents the agricultural sector contribution Ï11 GDP at 

time t, and (P)t represents absolute gasoil price at tune t12
. 

The results from the estnnated equation revealed that the demand for 

gasoil by the agricultural sector is consistent with the theoretical 

predictions, that the demand for gasoil n1cr~ases with the Ï11crease of 

agricultural sector contribution Ï11 GDP but decreases with the Ï11crease Ï11 

. gasoil price. The D.W statistics is approached '2' winch means that there 

is no serions serial correlation Ï11 the estnnated residuals. 

The results from the estnnated equation revealed that, both the 

estnnated price and n1come coefficients are statistically Ï11significant due 

to the lowest · 't' values, only the constant tennis statistically significant 

under the 5% level of significance. Moreover, the lowest value of 'F' 

statistic also n1dicates that the overall significance of the model is very 

low or weak, and the lowest R2 value also implies that the variables 

(GDPa)t and (P)t together explan1 only .16728 percent of the variation in 

the quantity demanded. 

" With relative price the results are statistically insignificant under the s% ievel of significance an~, 
the estimated coefficients have a wrong sign. ,.~ 
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According to the estimated equation the demand increases with the 

increase of agriculhrral sector contribution in GDP and decreases with the 

increase of gasoil price, nainely, that the total demand by the sector will 

increase by .237 percent, if the agricultural sector contribution in GDP 

increases by one percent, and the total demand will decrease by 0.0545 

percent if gasoil price increases by one percent. Thus the total demand for 

gasoil in the agriculhrral sector is relatively less sensitive to changes in 

price a11d income. If these results used to predict the impact of policies 

used to maiiage the economy, i.e. gasoil demand management polices 

anus to reduce gasoil consumption in the agriculttrral sector implies that 

the reduction of consumption by one percent requires the increase of 

gasoil price by O .20 percent .According to the results of the estirn.ated 

equation the incarne elasticity exceeds the price elasticity, in tlus respect 

the reduction of agriculttrral sector contribution in GDP will be more 

effective in controlling · or ma11aging gasoil demand by the agriculttrral 

sector than the mcrease of pnce. 

4.2.1.3.4.2 The Estimated Demand For Gasoil by the Transport 

sector :-

The estimated gasoil demand ftmction by the transport sector is 

given below: 

Ln (DGT)t= 

t=(l980-1990) 

R2= 0.47683, 

10.917 + 0.114 Ln (GDP)t - 0.201 Ln (P)t + Ut 

(17.359) (2.236) (-2.971) e.q.(1) 

F= 5.01277, D.w= 1.13718. 

where (DGT)t stands for demand for gasoil by tra11sport sector at time t, 

(GDP)t represents total GDP and (P)1 represents gasoil price at time t. 

According to the estimated equation total dema11d for gasoil by tra11sport 

sector is negatively related to gasoil price and positively related to the ~~ . 

mcrease of transport sector contribution in GDP. Namely that the total'-1 
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demand by the sector will increase by .114 percent if the transport sector 

contribution in GDPincreases by one percent.,and the total demand will 

decrease by .201 percent if the price of gasoil increases by one percent 

Thus the total demand for gasoil in the transports sector is relatively less 

sensitive to changes · in price and income,since the price elasticity is less 

than 1mity, therefore demand for gasoil in tlns sector is inelastic, and since 

the income elasticity is very low and less than mnty tlns implies that 

gasoil is a necessary input in the transport sector. Compared with the 

agricultural sector, gasoil price elasticity in the transport sector is greater 

than the price elasticity in the agricultural sector, but the income elasticity 

in the . agricult1rral sector is greater than the income elasticity in the 

transport sector.This implies that gasoil demand elasticity in transport 

sector is greater than that of agricultural sector, because the availability of 

other substitut.es like benzine, fmnace and diesel raises the price 

elasticity.For the agriculttrral sector the lowest availabilityof substittltes 

lead to a reducti01i or ·decline in the price elasticity . 

Since the. income elasticity in the agricultural sector exceeds the income 

elasticity in the transport sector tltls implies that gasoil is more necessary 

or required in the transport sector relative to the agricultur~l sector, thus 

demand management policy directed for managing gasoil demand 

requires the· direction of gasoil to the transport sector at the expense of the , 

agriculttrral sector i.e. transport sector must be given priority in gasoil 

sectoral distribution. 

Using the absolute price of gasoil (per-ton) in the transport sector 

the estimated equation is given below: 

Ln (DGT)t= 10.90 + 0.054 Ln (GDPt)t + 0.233 Ln (P-ton)t+ Ut 

t=(l980-1990) (33.173) (2.694) (6.680) e.q. (2) 

R2= 0.84999, F= 25.49873, D.w= 2.22663 
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where (P-ton)t stands for the absolute price of gasoil per-ton. 

In the above estimated equation the price coefficient have a wrong sign 

and therefore violated the assmnption of downward sloping demand 

curve. 13 The results in the second estimated equation are statistically more 

significant compared with the first estimated equation in which income 

coefficient is statistically insignificant m1der the 5% level of significance. 

The overall significance of the model is also improved in the second 

estitnated equation, the 'F' statistics is very high and statistically more 

significant in the second estimated equation compared with the first 

estimated equation. The measure of 'goodness of fit' (R2
) is · also 

improved in the second estimated equation, compared with the first 

estimated equation because the variable GDP and price together explaù1 

about 0.84999 percent of the variation it1 the quantity demanded in the 

second estimated equation. Moreover, the D.w statistic it1creased 

substantially in the second estitnated equation and it1dicates a negative 

serial correlation compared with a positive serial correlation ù1 the first 

estilnated equation. The second estilµated equation is statistically more 

significant than the first estimated equation. However, the second 

estitnated equation have a wrong price sign which means that the demand 

for gasoil in transport sector will increase what ever the price is, this 

attributed to the presence of price distortion and due to subsidization 

policies, thus prices did not reflect the real costs of supply during the 

study period. 

According to the second estimated equation,the total demand by the 

sector will i11crease by O .54 percent,if the transport sector contribution i11 

13 In the second estimated equation the price and quanticy demanded vary in the same direction i.e. A-,._,, 
demand curve have upward slope and gasoil demand is positively related to price changes.Witl~r .J//T_ 
relative price per ton the results are statistically insignificant under the 5% level of significance and. ~ 
füe estimated coefficients have a wrong sign. -~ 
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GDP increases by one percent and the total demand will decrease by .233 

percent, if gasoil price increases by one percent. The price elasticity 

derived from the second estimated equation is greater than the price 

elasticity derived from the first estimated equation, but the income 

elasticity derived from the second estimated equation is less than the 

income elasticity derived from the first estimated equation. In the second 

estimated equation, gasoil demand by the transport sector have a greater 

price elasticity than gasoil price elasticity by the agricultural sector i.e. 

gasoil is more elastic in transport sector relative to agricultural sector. 

However, the income elasticity in transpmt sector is less than the income 

elasticity in the agricultural sector i.e. gasoil is more necessary for 

transport · sector compared to the agricultural sector. Therefore gasoil 

demand management policy must give top priority to the transport sector 

in relation to the other sectors. 

4.2.1.3.5 The Estimated Demand for Diesel:-

4.2.1.3.5.1 The Estimated Demand for Diesel by the Agricultural 

Sector :-

The estimated demand for diesel by the agricultural sector is given 

below:-

Ln (DDA)t = -19.49 + 3.99 Ln (GDPa)t - 0.4894 Ln (P-D)t + Ut 

tc._(1980-1993) (-1.970) (2.851) (-2.818) 

R2= .44740, F= 4.45297, D.w= 2.53745 

where (DDA)t stands for demand for diesel by the agricultural sector, 

(GDPa)t represents the agricultural sector contribution in GDP, and (P-D)t 

represents absolute · price of diesel at tune t. 14 

14 With relative price the results are statistically insignificant under the 5% level of significance and -~ 

the estimated coefficients have a wrong sign. ~ i,_ 

'-1 
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According to the estimated equation, total diesel demand by the 

agricultural sector mcreases with the increase of agricultural sector 

contribution in GDP but decreases with the inc~ease of diesel price. The 

total demand for diesel in the agricultural sector will increase by 3.99 

percent, if the agricultural sector contribution in GDP increases by one 

percent, and the totàl demand for diesel . in the sector will decrease by 

0 .4894 percent if diesel price increases by one percent. Thus the total 

demand is highly sensitive to income changes, the constant income 

elasticity exceeds mrity it is about 3 .99, the availability of the other 

substitutes raises the income elasticity in tlris sector and implies that 

diesel is a luxury good or not a necessary input in the agriculttrral sector, 

due to the availability of ofüer substitutes e.g. gasoil and electricity. On 

füe ofüer si.de, the price elasticity is less füan mrity, it is about .4894 

wlrich ilnplies that diesel demand by the agricultural sector is i11elastic. 

Since füe income elasticity is greater than one and exceeds füe price 

elasticity tlms ilicome effect is stronger tlmn füe price effect,and füerefore 

the agricultural sector demand for diesel is highly sensitive to income 

changes but less sensitive to price changes. Tlris ilnplies that a one 

percentage increase i11 the contribution of agricultural sector m GDP is 

more effective in raisi11g demand than a one percentage decrease m price. 

The constant term coefficient is statistically i11significant, but the price and 

income coefficients are statistically significant under the 5% level of 

sig1Iificance. The 'F' statistic is sig1Iificant and i11dicates that the over all 

model is statistically significant. The • 'goodness of fit' measures is 

relatively low and i11dicates that füe variable (GDPa)t and (P-D)1 together 

explain only O .44 7 40 percent of the variation i11 the quantity demanded. 

The D.w statistic is. relatively high and tlris indicates 

negative serial correlation in the estilnated residuals. 
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4.2.1.3.5.2The Estimated Demand for Diesel by the Industrial 

The estimated demand for diesel by the industrial sector is given 

below: 

Ln (DDI)t= -17.4145 +3. 798 Ln (GDPI)t - 0.285111 (P-D-GD)t +Ut 

t= (1980-1993) (-1.471) (2.262) (-.844) 

R2 = .43600, F= 4.25185, D.W = 1.8845 

Where (DDI)t stands for demand for diesel by the industrial sector, 

(GDPI)t reprèsents the industrial sector contribution in GDP and (P-D­

GD)1 represents the adjusted diesel price (by GDP deflator) at tune t. 

According to the results of the estimated equation, total demand for 

diesel by the industrial sector is consistent with the theoretical predictions 

i.e. diesel demand increases with the increase of the n1dustrial sector 

contribution n1 GDP. but decreases with the n1crease of adjusted diesel 

price. The n1come elasticity is about 3. 798 which is very high and greater 

than tmity ( due to availability of other substitutes ), this implies that diesel 

is a luxury or (not a necessary) good or input n1 the industrial sector 

production, this nnplies that total demand for diesel in tlris sector will 

increase by 3.798 percent if the industrial sector contribution in GDP 

increase by one percent. On the other side, the price elasticity is about 

.285 which implies that total diesel demand in tlus sector will increase by 

.285 percent if the adjusted diesel price increases by one percent. Sn1ce_ 

the price elasticity is very low and less than mrity therefore,demand for 

diesel n1 the n1dustrial sector is inelastic. Since tlle n1come elasticity is 

greater than one and exceeds the price elasticity, therefore the income 

effect donunate tl1e price effect and the· total demand is lughly sensitive to 

income changes than to price changes. The availability of the other 

substitutes energy types or sources (like fuma.ce, electricity and biomass) ~-... 

lead to the increase of diesel demand elasticity in the industrial sector. ~ ~ 
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The D.w statistics approached '2' and therefore there is no senous 

or considerable serial c01Telation in the estimated residuals. The 

'goodness of fit measures' R2 is very low and implies that the variables 

(P-D-GD)t and (GDP)t together explain about .43600 percent of the 

variation in the quantity demanded. The 'F' statistic is relatively high and 

implies that the overall model is statistically significant under the 5% 

level of significance. The restùts from the estimated equation revealed that 

both the constant tenn and the price coefficients are statistically 

insignificant, but the income coefficient is statistically significant under 

the 5% level of significance. 

Diesel income elasticity in the agricultural sector exceeds the price 

elasticity in the industrial sector due to the availability of other substitutes. 

Moreover, the price elasticity in the industrial sector is lèss than the 

price elasticity in the agricultural sector. Thus diesel is less elastic and 

more required in the industrial sector production or operations relative to 

the agricultural sector. Thus diesel demand management policy must give 

priority to the industrial sector relative to the other sectors. 

4.2.1.3.6 The Estimated Demand for Furnace:-

4.2.1.3.6.1 The Estimated Demand for Furnace by the Industrial 

sector :-

The estimated demand for funiace by the industrial sector is given by 

the following equation : 

Ln (DFI)t= .7576 + 1.594 Ln (GDPI) 1 - 0.0963 Ln (P-F-GD) 1 +U1 

t- (1980-1993) (.352) (5.119) (-1.504) 

R2 = .78145, F = 19.66571, D,w = 1.41534 

Where (DFI)1 stands for demand for fi.mm.ce by the industrial sector 

at tune t and (GDPI)t represents the industrial sector contrib~ltion ùi GDP ~~ 

and (P-F-GD)t represents adjusted furnace price (by GDP deflator) at ~ • 

' ' ~~ 
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titne t. 

According to the results of the estimated equation the income 

coefficient is statistically significant, but the constant tenn and the price 

coefficients are statistically insignificant under the 5% level of 

significance. The high 'F' statistic suggested that the over all model is 

statistically significant , moreover, the 'goodness of fit measures' R2 is 

relatively high and nnplies that the variables (GDPI)t and (P-F-GD)t 

together explain about 0.78145 percent of the variation in the quantity 

demanded. On the other side, the D.w statistic implies that positive serial 

correlation is present in the estimated residuals. 

The results · of the estimated equation revealed that the demand for 

ftmiace by the industrial sector is consistent with the theoretical 

predictions which itnplies that the total demand for ftmiace by the 

industrial sector increases with the increase of industrial sector 

contribution in GDP but decreases with the increase of ftmiace price. The 

income elasticity is greater than mrity, tlris itnplies that ftlffiace is (nota 

necessary) or a luxury good or input in the industrial sector, the estitnated 

income elasticity is about 1.594, wlrich implies that the total demand for 

ftmiace in this sector will increase by 1.594 percent if the it1dustrial sector 

contribution in GDP it1creases by one percent: On the other side, the 

constant price elasticity is verJ low and less than mrity and itnplies that 

ftm1ace have itielastic demand in the industrial sector. The estitnated price 

elasticity is about .0963 which means that, the total demand for ftmiace it1 

the it1dustrial seGtor will it1crease by . 0963 percent if the adjusted 

ftlffiace price (by GDP deflator) increases by one percent. Thus the total 

demand for ftmiace it1 this sector is relatively sensitive to income changes 

and relatively less sensitive to price changes. 
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4.2.1.3.6.2 The estimated Demand for Furnace by the Transport 

Sector :-

The estimated demand for fimmce by the transport sector is given 

below :-

Ln (DFT)t -

t= (1980-1990) 

10.92075 + 0.33 Ln (GDPt)t - 0.506 Ln (P-F)t +Ut 

(1.695) (0.324) (-3.223) 

R2= .60033, F = 6.00834, D.w= 1.11592 

Where(DFT)t stands for demand for furnace by the transport sector 

at tirne t,(GDP)trepresents the transport sector contribution in (GDP)t at 

tune t,and (P-F)trepresents the absolute price offimiace at time t. 15 

The results from the estimated equation revealed that both the 

constant tenn and the income coefficient are statistically insignificant, but 

the pr:ice coefficient is statistically significant tmder the 5o/o level of 

significance. The 'F'. statistic is relatively high and indicates that the 

overall model of estima.te is statistically significant.Moreover,the 

· goodness of fit measures (R2),implies that the variables (P-F)t and 

(GDPt)t together explain about 0.60033 percent of the variation in the 

quantity demanded. The D. w statistic suggests the presence of a 

considerable positive serial correlation in the estimated residuals. 

According to the estimated equation the total demand for fimiace, by 

the transport sector is consistent with the theoretical predictions,that total 

demand in this sector increases with the increase of the transport sector 

contribution in GDP,but decreases with the increase offurnace price.The 

constant income elasticity is about 0.33,less than mlity which implies that 

furnace is a necessary good or input in the transport sector,and the total 

demand for ftrrnace in tllis sector will increase by 0.33 percent if the 

15 With relative price the results are statistically insignificant under the 5% level ofsignificance and .... ~,,,., 
the estimated coefficients have a wrong sign. \t1' 

. ~~ 
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contribution of the transpmt sector in GDP increases by one percent. on· 

the other side, the price elasticity is about 0.506, which is less than mùty 

and tlùs itnplies that · in the transport sector the demand for ftmiace is 

it1elastic and implies that the total transport sector demand for furnace will 

decrease by 0.506 percent if furnace price increases by one percent. Since 

both it1come and price elasticities are less than mùty, tlùs itnplies that the 

total demand for firrnace is relatively insensitive to both incarne and price 

changes. Since the price elasticity is greater than the income elasticity, 

this means that a one percentage decrease in firrnace price is more 

effective .in raising demand than a one percenta ;~e increase it1 the transport 

sector contribution it1 (GDP) i.e. the total denmnd it1 tlùs sector is more 

sensitive to price changes than to incarne changes. 

Fuma.ce demand by the transport sector have price and it1come elasticities 

less than mlity, but fumace demand by the it1dustrial sector have price 

elasticity less than unity and income elasticity greater tlmn mùty. 

Therefore, the sensitivity of funiace demand to chànges in incarne is 

greater it1 the it1dustrial sector compared to the transport sector i.e. 

;fuma.ce is a necessary it1put in the transport sector but a luxury input it1 

the industrial sector. On the other side, funiace demand sensitivity to 

price change is greater it1 · the transport sector compared to tllat in tlle 

it1dustrial sector. Fmnace price elasticity it1 the transport sector exceeds 

tl1e price elasticity it1 the industrial sector. However, the it1come elasticity 

in tlle industrial sector is greater than the income elasticity it1 tlle 

transport sector i.e. firrnace is more necessary in tl1e transport sector than 

in the industrial sector and therefore fuma.ce demand management must 

put or give priority to the transport sector relative to the it1dustrial sector 

or the other consuming sectors. 
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4.2.2. Macroeconomic and Statistical Estimation of Aggregate 

Energy Demand Function : 

(Aggregate Energy Demand Function by Types) :-

This part focuses on the estimation of the aggregate energy demand 

function for the three types of energy, including biomass, electricity and 

total petrolemn products and finally the total energy demand fimction (i.e. 

the aggregate energy demand fm1ction) in the Sudan. 

4.2.2.1 The Estimated Aggregate(total) Biomass Demand Function: 

The estimated aggregate (total) biomass demand ftmction is given 

below:-

Ln (DB)t = 9.35 + .801 Ln (GDP)t - 0.0711 Ln (Pcc-GD)t + Ut 

t=(1980-1989) (7.583) (4.141) (-1.982) 

R2 =. 84, F = 18.38077, D.w = 1.42917 

Where (DB)t. stands for demand for total biomass at titne t, (GDP)t 

represents GDP at titne t, and (Pcc-GD)t represents the price of charcoal 

(as a proxy for biomass price) adjusted_to GDP deflator at titne t. 

The results from the estitnated equation revealed that bath the 

.constant tenn and the it1come coefficients are statistically significant, but 

the price coefficient. is- statistically it1significant tmder the 5% level of 

significance. The 'F' statistic is relatively high and significant m1der the 

5% level of significance, this itnplies that the over all model is 

statistically significant.Moreover, the 'goodness of fit' measure R2 is very 

high and it1dicates that the variable (GDP)t and (Pcc-GD)t together 

explait1 about 0.84 percent of the variation it1 the quantity demanded.The 

D.w -statistic implies that there is a considerable positive serial correlation 

it1 the estitnated residuals. 

Accordmg to the results of the estitnate.d equation the aggregate ~~ 

demand for biomass is consistent with the theoretical predictions, that th~ ~ 
• • 
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total demand for biomass increases with the increase of GDP but 

decreases with the increase of biomass price. The total demand for 

biomass will increase by .801 percent ifthe(GDP)gross domestic product 

increases by one percent and total demand for biomass decreases by 

0.0711 percent if the adjusted biomass price(i.e. the adjusted charcoal 

price to GDP-deflator) increases by one percent.The income elasticity is 

less than one, estimated to be .801 which implies that biomass is a 

necessary c01runodity or good in the Sudan during the period (1980-

1989), on the other side, the price elasticity is less than mlity it is about 

0. 0711, tllis iinplies that the total or aggregate demand for biomass is 

inelastic.Since the iI1come elasticity exceeds the price elasticity, tl1erefore 

total demand for biomass is more sensitive to changes in income and less 
i 

sensitive to changes iI1 price. Tllis iinplies that a one percentage iI1crease 

iI1 GDP is more effective in raising total demand for biomass than a one 

percentage decrease · iI1 price. Since both the income and price elasticities 

are less than tmity during the period (1980-1989), therefore demand for 

biomass is insensitive to both income and price changes, iI1 tllis respect 

and m1der tl1e depletion and shriI1king of forests resmrrces,the usage of 

commercial energy sotrrces as a substitute sources for biomass will 

automatically serve environmental conservation objectives. 

4.2.2.2. The Estimated Aggregate Demand for Electricity Function: 

The aggregate electricity demand function is estiinated by using 

aggregate data for the period (1980.:1993) and (1980-1991) on total 

electricity consmned in the Sudan, GDP as a proxy for iI1come and a 

weight price iI1dex for electricity deflated by GDP deflator ( used as a 

proxy for electricity price ), the estimated equation is given below: 

Ln (DEL)t 

t=( 1980-1993) 

-9.199 + 1.853 Ln (GDP)1- 0.185 Ln (PEL-GD)1 +Ut ~~ 

(-1.457) (2.808) (-.140) ~ • 

' •+' 
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R2 = 0.55118, F= 6.75449, D.w= .54392 ~ equation (1) 

Aggregate electricity equation during the period (1980-1991) 1s g1ven 

below: 

Ln (DEL)t 5.456 + .276 Ln (GDP)1 - 0.165 Ln (PEL-GD)t +Ut 

t=( 1980-1991) (.260) (.123) (-.675) 

R2 = 0.23987, F= 1.42002, D.w= .55514 ~ equation (2) 

Where (DEL)1, stands for aggregate electricity demand, (GDP)t 

represents the gross domestic product and (PEL-GD)t represents the 

weight average price of electricity adjusted or deflated by GDP deflator. 

According to the results of the estimated equations, tmder the 5%, 

level of significauce only the income coefficient is statistically significant 

in the first estimated equation,and all the estimated coefficients are 

statistically insignificant in the second estimated equation. The highest 

value of 'F' statistic in the first estimated equation indicates that the 

overall model is statistically significant under the 5% level of significance 

and the low value of 'F' statistic in the second estiinated equation 

ii1dicates that the overall model statistically ii1significant under the 5o/o 

level of significance .Moreover, the goodness of fit measures (R2
) in the 

first estùnated equation relatively high compared with the second 

estimated equation and indicates that the variables (GDP)1 and (PEL-GD)t 

together explain about .55118 and .23987 percent of the variation in the 

quantity demanded in the first and second estimated equations 

respectively. The D. w statistic in the estiinated equations ii1dicates that 

there is a high positive serial correlation in the estimated residuals. 

According to the estimated equations the price coefficient have the 

expected and correct sign which implies negative relationship between 

price and quautity. This meaus that total demand for· electricity is ~~ 

negatively related to price changes and positively related to incomef. ~ 
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. changes. According to the results of the estimated equàtions the income 

effect exceeds or domina.tes the price effect and therefore, total electricity 

demand is more sensitive to income changes than to price changes, this 

means that a one percentage increase in gross domestic product is more 

effective in raising total demand for electricity than a one percentage 

decrease in electricity price index. The constant income elasticity in the 

second estimated equation is less than unity, which implies that during the 

period (1980-1991) electricity is a necessary good or commodity (i.e. 

source of energy) in the Sudan. The estimated income elasticity was 

about .276, implies that, the total electricity demand will increase by .. 276 

percent if the gross domestic product increases by one percent, however, 

in the first estitnated equation The constant it1c01ne elasticity is greater 

than unity, which implies that during the period (1980-1993) electricity is 

a luxury or nota necessary good or commodity (i.e. source of energy) it1 

the Sudan. The estimated it1come elasticity in the first equation was about 

1.853, itnplies that, -the total electricity demand will it1crease by 1.853 

percent if the . gross domestic product it1creases by one percent. On the 

other hand, the estimated price elasticity in the estimated equations is 

relatively low which means that the demand for total electricity it1 the 

Sudan is inelastic. The estimated price elasticity is about .0185 it1 the first 

estimated equation and about .165 in the second estimated equation and 

tlris means tliat the total electricity demand will increase by .0185 percent 

it1 the first estitnated equation and .165 percent in the second estitnated 

equation if the adjusted weight price index for electricity increases by Nie 

percent it1 the first and second estimated equations respectively. 
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4.2.2.3 The Estimated . Aggregate (total) Petroleum Products 

Demand Function :-

The aggregate petrolemn products demand by ail sectors is estimated 

by using aggregate data for the period (1980-1989) on total petrolemn 

products consmned in the Sudan( demand for six products excluding avgas 

and Jet-AI), using GDP as a proxy for income and (a mrified) petrolemn 

products price index.16.The estimated equation for total petrolemn 

products consumed by all sectors is given below:-

Ln(DPP)t= 3.405 + 0.071Ln (GDP)t_-0.0657Ln (PP-index-GD)t +Ut 

t- (1980-1989) (30.323) (1.453) (-1.734) 

R2 = 0.30067, F = 2.57966, D.w = .47517 

Where (DPP)t stands for aggregate demand for petrolemn products 

at tune t, (GDP)t stands for Gross domestic products and (PP~index-GD)t 

represents a weight price index of six product adjusted to or deflated by 

GDP deflator at tune t. 

AccordiI1g to the estiinated equation the income and the pnce 

coefficients are statistically insignificant under the 5% level of 

significance, but the constant tenn coefficient is statistically significant 

m1der the 5% level of sigirificance. The 'F' statistic is very low and 

implies that the over all model is statistically insignificant m1der the 5% 

level of sigirificance. The measure of 'goodness of fit' 'R2
' is very low 

and indicates that the variables (GDP)t and (PP-index-GD)t together 

explaiI1 about 0.30067 percent of the variation iI1 the quantity demanded. 

The D. w statistic is very low and suggests that a considerable positive 

serial correlation is present in the estimated residuals. 

16 A unified (weight) average petroleum products price index was introduced as a pro~"Y for total -~ 
Petroleum products price index. The price index includes the price of six products i.e. includ~!'1' ~. 
benzine, diesel, LPG, Gasoil, Furnace and kerosene. The price index did not include and consider the V 
price of Jet-AI and Avagas beèause in most years no information are available about their priccs. -~ 
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According to the estimated equation the aggregate demand for 

petroleum products in Sudan is consistent with theoretical prediction that 

the aggregate petrolemn products demand increases with the increase of 

GDP but decreases with the increase of petrolemn products adjusted 

price index. The constant income elasticity was about 0.071 was very low 

and less than mlÎty, tllÏs means that petroleum products are necessary 

c01mnodity or input for all consmning sectors in the Sudan. The estimated 

in corne elasticity is about O. 071 wllÏch implies that aggregate petrolemn 

products demand increases by 0.071 percent if the (GDP) gross domestic 

product increases by one percent. On the other si.de, the constant price 

elasticity is very low relative to income elasticity, it is about 0.0657 less 

than unity, tllÏs means that aggregate petrolemn products demand will 

decrease by 0.0657 percent if the adjusted price index of petrolemn 

products increases py one percent. Since both income and price 

elasticities are less than · unity, therefore the aggregate demand for 

petrolemn products is less sensitive to both income and price changes, 

however, it is more sensitive to income changes than to price changes 

because the income elasticity exceeds the price elasticity. 

2.2.4 The Estimated Aggregate (total) Demand For Energy Function 

in the Sudan:-

The aggregate (total) energy demand function by all sectors in the 

Sudan is estimated by using aggregate data for the period (1980-1989) i.e. 

by using the aggregate (total) consmnption of the three sources of energy 

(i.e. total energy consrunption) by all sectors in Sudan, these include total 

consmnption · of biomass, electricity and petrolemn products, GDP used 

as a proxy for income and a weight average price index used as a proxy 

for aggregate energy price. The estimated aggregate energy demand ~-. 

function with the absolute price index is given by the following equatioo :-~ .... 
·; . ~-
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Ln (DAEn) = 6.1356 + 0.937 Ln (GDP)t + .101 Ln (P- index)t + Ut 

t= (1980-1989) (3.786) 

R2 = 0.93356, 

(5.025) 

F= 49 .17962 , 

(8.113) ~ eq. (1) · 

D.w = 2.34019 

The estilnated aggregate energy demand fimction when the price 

i11dex is adjusted to or deflated by GDP deflator is given by the followi11g 

equation: 

Ln (DAEn)t= 7.676+.912 Ln (GDP)t - 0.0186 Ln (P-il1dex-GD)t +Ut 

t=(l980-1989) (0.859) 

R2 = 0.31254, 

(0.941) 

F= 1.59121 , 

(-.194) ~eq.(2) 

D.w= .33666 

Where (DAEn)t stands for aggregate energy demand in the Sudan at 

tilne t, (GDPt)t stands for gross domestic products and (P i11dex)t in the 

first estimated equation represents absolute.price i11dex and (P- i11dex­

GD)t represents the adjusted or deflated weight average price i11dex. 

The results derived from the first estilnated equation are statistically 

significant all the estimated coefficients are statistically significant m1der 

the 5% level of significance. In the second estilnated equation, the price 

coefficient have a correct sign and consistent with the law of downward 

sloping demand èurve, however, all the estilnated coefficients are 

statistically insignificant under the 5%, and the 'F' statistic is very low 

indicating that the overall significance of the model is very low or weak. 

In the first estilnated equation the 'F' statistic is very high and all the 

estimated coefficients are statistically significant m1der the 5% level of 

significance. The 'goodness of fit' measure in the first estimated equation 

(with the absolute price-index) is very high compared with the second 
' 

estimated equation (i.e. adjusted price case). For the first estilnated · 

equation the variables (GDP)t and (P-i11dex)t together explaiJ.1 about 

0.93356 percent of the variation in the quantify demanded. But in the ~, 

second estimated. equation (with the adjusted price-index) the variables fa ~ 
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(GDP)t and (Pindex -GD)t together explain only 0.31254 percent of the 

variation in the quantity demanded. 

The D.w statistic is ::.a very low in the second estimated equation 
1, 

estimated equation and means that a very high positive serial c01Telation 

is present in the estimated residuals. However, the D.w statistic is very 

high in the first estimated equation compared with the second estilnated 

equation and implies that there is negative serial co1Telatio11 in the 

estimated residuals. 

The results from the estimated equations revealed that the aggregate 

energy demand ftmction with absolute price index is statistically 

significant uder the 5% level of significance, but inconsistent with the 

theoretical predictions that aggregate energy demand decreases with the 

mcrease of absolute price index. On the other side, the aggregate demand 

ftmction with adjusted price index is statistically insignificant but 

consistent with the ~1eoretical predictions that the aggregate demand for 

energy decreases with the increase of adjusted price index. The price 

coefficient have the expected sign, this means that there is negative 

relationship between aggregate energy demand and energy price, i.e. 

enetgy in Sudan have a normal downward sloping demand curve.With the 

absolute price index, the aggregate energy demand will increase with the 

ïncrease of price i.e. there is price distortion and that the absolute energy 

price index did not reflect the real costs of production or generation 

(supply), tlùs could be attributed to the fact that for most energy types 

prices are subsidized by govemment during the study period,. (i.e. for th~ 

period (1980-1989) there is price subsidy and therefore prie~ distortion). 

In the first estimated equation with the absolute price index the 

income elasticity is about 0.937 is less than one whi~h means that energy 

1s a necessary c01mnodity or input for all consuming sectors in the Sudan, 
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and that total or aggregate energy demand will increase by 0.937 percent 

if the GDP increases by one percent. On the other side, the price elasticity 

is estimated to be about O .101, which is very low and indicates that the 

aggregate demand for energy in the Sudan is relatively inelastic and that 

the aggregate demand for energy will increase by .101 percent if the 

absolute price index increases by one percent. Since both income and 

price elasticities . are less than unity tlùs means that aggregate demand for 

energy is less sensitive to both income and price changes. However, it is 

more sensitive to income changes than to price changes, because the 

income elasticity exceeds the price elasticity. 

In the second estimated equation with the adjüsted price index the 

income elasticity decreased compared to the ab.solute price case, it was 

about .912 i.e. the aggregate demand will increase by .912 percent if the 

GDP increases by one· percent. On the other side , the price elasticity 

decreased compared with the absolute price case it was about O.019 

wlùch is very low and implies that the aggregate energy demand is lùghly 

inelastic and implies that the aggregate energy demand will decrease by 

. 019 percent if the adjusted energy price index increases by one percent. 

According to the estimated equations , the aggregate energy demand in 

the Sudan is a necessary and inelastic for the major consmning sectors. 

Moreover, the aggregate demand for energy in the Sudan is insensitive to 

both income and price changes. However, it is more sensitive to income 

changes than to price changes because the income elasticity exceeds the 

price elasticity. 
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Part (2) :-

4.3 Energy Demand and the Trade Model :-

Petroleum lmports under Foreign Exchange Constraints :-

~;;;.~:~IS:::;," 
/9? -~,' 

!!{ ~\ r~· ~iq\ 
Introduction : . { ~ cbc,: ~ j 

., Ci (l{t' ,. < 

This part focuses on macroeconomics and statistical analysis 'b\ ~ 
0

,,ll 
of the aggregate energy demand fimction, i.e. particularly petrolè'tûff,?:~~?~_;,.,,/' 

demand fimction m1der the assumption that it · is an Îlnported good or 

commodity that annually enters the trade balance. An attempt is made to 

construct an Îllter liJ.1kage between oil iJ.nports demand function and trade 

model. Goldstein and Khan (1985) and Cristian Moran (1989) argued that 

"Trade models have been iJ.nportant tools iJ.1 the analysis of policy 

packages to deal with macroeconomic iJ.nbalances, and such models have 

received pr01niJ.1ent attention iJ.1 the economic literature". They argued that 

to assess proposed macroeconomic adjustment prognumnes, policy 

makers must estiJ.nate imports demand relative to the foreign exchange 

available, by consideru1g the Îlnportance of exports-Îlnports or trade 

model". (Cristian Moran .The World Bank Economie Review (1989)) 

In this part two models are presented, which consider both the 

traditional variables and iJ.1dicators of Îlnport capacity, foreign exchange 

iiillow · (receipts) and foreign exchange reserves. The first model assmnes 

that petrol imports price is exogenous, but iJ.1 the second model petrol 

Îlnport price is endogenous. The two models are estiJ.nated usiJ.1g the tiJ.ne 

series data coveru1g the period (1980-1993). Then comparison between 

the two models is made to test the hypothesis that the endogenous price 

assmnption (i.e. Model 2) is more re~evant for the case of Sudan as a 

developing cotmtry tha.11 the exogenous price assumption (i.e. Model l). 

Imports models discussed iJ.1 tins part of the chapter are basically 

based on theoretical backgrmmd and the methodological approaches 
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identified by the W .B. 8:11-d IMF group study of the behavimrr of imports 

demand ftmction for twenty-one developing countries du.ring the period 

(1970-1983). 17 

Section (1)-discusses thé theoretical models developed in the present 

chapter. Section (II) presents and discusses the empirical estimates of 

both models using tune series date. Section III summarises the main 

results of the two models. 

4.3.1 TheTheoretical Background and Definition of lmports Models 

Iwo main imports models are discussed. The first model introduces two 

sets of explanatory variables prices and domestic outputs; and foreign 

exchange receipts and foreign exchange reserves.The exogenous price 

model contaiI1s traditional model, general exogenous model and Hemphi.11 

mode! as special case. The second iinports model assmnes that imp01ts 

volmne and relative imports prices are both endogenous variables 

including two independent structural supply-demand equations.We begin 

with the definition and identification of the models (including traditional, 

Hemphill, general exogenous and endogenous) respectively.Then an 

attempt is made to discuss the results of estimate of each model. 

Model (1) A general · Imports Model With Exogenous Price 

Assumption :-

(A) Traditional Model:-

The first ùnports model presented here assmnes that the demand 

(volmne) for petrol imports is s:itnilar to normal and ordiI1ary demand 

function. The traditional model links iinports demand to domestic output 

and relative priées. The model estiinates imports demand as a function of 

17 The results discussed by Cristian Moran -The World Bank Economie Review (May 1989) 
(p. 279 - 294) Vol. (3) No. (2). 
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relative price and domestic output or (GDP). But omits changes in foreign 

exchange. The estimated short-nm desired imports demand curve 1s a 

simple linear ftmction of relative imports price and real GDP. 

Mdt= ao +a1Y t + a2 (Pm/Pt )t 

where Mdt is short run desired imports volume at tune t, Yt represents real 

domestic' income ( or real GDP), Pm stands for weight price index of 

petrolemn products. 18 And ao, a1 and a2 are parameters or estimated 

coefficients of the constant tenn, Yt and Pm respectively, Pt is (an 

aggregate) price index of domestic goods (the GDP delfator). (Pm!Pt)t 

represents the adjusted weight price index or relative price. The adjusted 

weight price n1dex or relative price give better results therefore, the model . 

used the relative price (Pm/Pt )t rather than the absolute price (Pm)t. 

The model assmned that the long-nm demand function is given by: 

Mdt = do+ d1 Yt +d2 (Pm!Pt)t + d3 mt-1 

Where mt-I represents the lagged imports volume. 

(B) lmports Under Foreign Exchange Constraints :-

Accordn1g to Cristian Moran (1989), "For most developmg cmmtries 

the availability of foreign exchange declined in the early of 1980s as 

foreign lending eut bàcks, mterest rate n1creased and declined 

commodities prices forced them to make significant macroeconomics 

adjustment. As consequence, merchandise nnport volmnes for all non oil 

exporting cmmtries remained stagnant from 1981 to 1986, compared with 

annual n1crease of more than six percent from· 1965 to 1981". Maran 

(1989), argued that in the 1980s, imports in the developing com1tries have 

been constrained by the shortage of foreign . exchange, govenlillental 

policies in response to these shortage has mcluded changes in the 

18 Accorcling to The Word Bank Model Pm represents the level of import (e.g.petrol) price i.e. price 
index which include domestic taxes that reflects tariffand nontariffbarriers. 
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exchange rate and the Ïlnposition of tariffs and other barriers that affect 

the domestic price of imports and thus also affect Ïlnports demand. These 

factors according to Moran (1989), et al, should be Ïl1corporated ÏJ.1 

models develop~d to estitnate the level of Ïlnports demand. (Cristian 

Moran. The World Bank Economie Review (1989)) 

The imports models received prominent attention ÏJ.1 the literahu-e on 

economic theory and policy analysis. According to Cristian Moran(l989), 

"The approach suggested by Hemphill (1979) and extended later by Chu, 

Hwa, and Krishuamutry (1983), Winters and Yu (1985), and 

Stmdararajan (1986) seems to be well grmmded in the literature. (Cristian 

Moran. The World Bank Economie Review. (1989)) 

The Traditional imports model considers only the traditional 

variables, it1cludiug relative price and domestic it1come with exogenous 

price assmnption. Hemphill (1979), considers the Ïlnportance of foreign 

exchange constrait1t in the detennination of imports model but ignores the 

importance of traditional variables, the model c011sidered as especial case 
' 

or equation of general exogenous price model. The general endogenous 

price model considers the foreign exchange constrait1ts and avoid biases 

due to omission of relevant variables or due to simultaneity of imports · 

volmne and imports price. (Cristian Moran. The World Bank Economie 

Review. (1989)). 

There is an argument that, "traditional imports models seem to be 

more appropriate for the industrial cmmtries whièh are m1constrained by 

the availability of foreign exchange receipts. But for most developing 

co1mtries, particularly oil-ilnporting developing com1tries (like Sudan )the 

model is irrelevant because it failed to explait1 the recent shunp in the 

imports of developi11g coootries which is subject to shortage in foreign 
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exchange receipts". (The Cristian Moran. World Bank Economie Review. 

(1989)). 

(C) Hemphill Model:-

The model considers the importance of foreign exchange constraint 

111 the detennination of imports demand ftmètion. Hemphill (1979), 

assumed that imports demand is linearly related to the level of foreign 

exchange receipts and inten1ational reserves. "The model is characterised 

by the features that only financial variables explain imports ftmctions, i.e. 

imports volmne depends only on fmancial variables, and the traditional 

relative price and domestic income are excluded. Hemphill assumed that a 

cmmtry has an exogenously given flow of foreign exchange eanùng in 

each year Ft, and that this flow must be allocated between expendittrres on 

imports Mt and (saving) additional reserves (dR)t, He started with the 

balance of payment identity that 

Ft =Mt+ (dR)t 

Where Ft represents exogenous net foreign exchange receipts at tune t, Mt 

stands for total imports expenditures at time t and ( dR)t represents the 

stock offoreign assets (reserves)". (L.Alan.Winters W.B. (1985) .PP.6-7, 

77-78). 

Thus Hemplùll estimated equation is given by:- -

Mt= do +d1 Ft + d2 Rt-1 + d3 IDt-1 + Dt 

Where IDt-I stands for lagged volume of total imports, Rt-I represents the 

lagged end year' s period of foreign exchange reserves. 

In the short nm, the model assmned that, change in the stock of 

foreign exchange reserves is linearly related to foreign exchange receipts, 

and volmne of Ïlnports i.e. dRt Ft - Mt. However, in the long run the 

model assmned that, foreign exchange reserves is assmned to be 

positively related _to the long run level of imports .i.e. 

105 

CODESRIA
 - B

IB
LIO

THEQUE



R * t = zo + z 1 :rvi:* t , 0 ~ z 1 ~ 1 

· Where R * t . and M* t represents long nm values of foreign reserves and 

nnports volmne r~spectively. The model assmned that, the long nm 

foreign exchange receipts is ln1early related to the current level of foreign 

exchange receipts i.e. 

F*t = Ft + Â d Ft = (1 + 'A)'Ft - Â F t-1 

Cristian (1989), empirical estnnation found that Â = 0 and thus 

F*t = Ft i.e. current level offoreign exchange taken as a proxy for the long 

run level. 

Thus Hemphill's general equation is given by: 

Mt= do + d1 Ft + d2 Rt-1 + d3 lllt-1 + Ut. 

Sm1dararajan (1986) followed Hemphill's assmnption, he assmned 

that imports equation can be derived by minimizing the quadratic cost 

ftmction used by Hemphill, i.e. 

Ct = B1 (MrM*t)2 + B2 (RrR *t)2 + B3 (MrM1-1)2 +B4(MrM<lt)2 

Subject to the constranlts imposed by available foreign exchange, i.e. 

dRt = Fr Mt where Ct represents cost ftmction at titne t, Mt is the actual 

volmne of imports at time t, M*t is the long rm1 imports volmne, Rt, R *t 

are the current and long · nm level of real for~ign exchange reserves 

respectively, Mdt represents the short rm1 or desired level of itnports 

volume, Bs are all expected to be positive. Sm1dararajan (1986) estitnated 

equation represents a general exogenous price equation given below : 

Mt = bo + b1 Ft +b2 Rt-1 + b3 IDt-1 + b4 (Pm/P1) t + bs Yt 

The equation includes both the traditional and financial variables but 

considers the latter as only exogenous variable. 
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Model (2):- A general lmports Model With Endogenous Price 

Assumption :-

The second model assmned that imports volmne and relative imports 

price are both endogenous to import decision ma.king. Moran (1989), et· 

al, considered Hemph.ill (1979) equation to detennine imports supply or 

imports capacity · given the foreign exchange constraints, the model 

assmned that ilnports price and aggregate output do not appear explicitly 

in this equation, but they still influence imports volmne through their 

effects on the imports demand curve. The complete mode! contains two 

i11dependent structural equations, an ilnports supply which is inelastic 

with respect to price and a normal downward sloping demand curve. 

Thus the endogenous price model equation are given by19:-

Demand curve : Ln Mdt = ao+ a1 Ln (Pm/Pt) t + a2· Ln Yt+ a3 Ln mt-1 +Ut 

Supply curve : Ln M\ = bo+ b1 Ln Ft + b2 Ln Rt-1+ b3 Ln mt-1 + Vt 

For the case of petrol imports in the Sudan the model is given by:­

Demand curve:Ln Md t= ao+ a1 Ln (Pm!Pt)t +a2 Ln (GDP)t+a3 Ln mt-1 +Ut 

Supply curve:Ln M\ bo+b1 Ln Ft +b2 Ln· Rt-1+b3 Ln m1-1 + 

b4 Ln (Pm!Pt)t + Vt 

where M\ = Mdt =Mt in · equilibrimn, and (Pm/p1) t are the endogenous 

variables. According to Moran (1989) model the demand and supply 

shocks Ut and· Vt are assmned to . be nonnally distributed random 

variables, but may be contemporaneously correlated. This latter 

assmnption has important itnplications for the it1terpretation of the model, 

because it ilnplies that, imports volume and ilnports price are detenni11ed 

19 
For the case of Sudan, th~ present study used end years lagged adjusted foreign exchange 

reserves (i.e. adjusted by GDP defletor), adjusted foreign exchange receipts which includes total 
exports + capital inflows and net transfers. Moreover, GDP represents income factor, (relative) 
adjusted weight average price index of petroleum products and the volume of petrol imports ( un der 
the assumption that Mt represents real value) (as dependent variable). 
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simultaneously with both the supply and detl).and equations playing 

important roles · in the detennination of the two endogenous·variables. In 

the model all the stn1ctural parameters (ai, bi, i = 1,2,3) are identified, eau 

be easily estim~ted. The import supply equation, according to Moran 

(1989) can be directly estimated by using ordinary least squares 

techniques to yield a consistent and efficient estimate. But imports 

demand equation cannot be estimated by ordinary least squares technique, 

because tlùs will yield a biased and inconsistent estimate of the relevant 

elasticities, because (Pm/pt) is endogenous and hence correlated with the 

demand shock Ut, consistent estimates of the demand elasticities can be 

obtained by using a simultaneous-equation procedure, partictùarly, the 

two-stage least squares (2SLS) model. 

4.3.2 The Estimation of the Models :-

The dèmand for petrol imports was estimated for the case of Sudan 

depending on tl1e available tnne series data and infonnation obtained from 

the Bank of Sudan annual reports, Ministry of Energy and Mining 

statistical publications, and financial infonnat~on obtained from IMF 

(Financial Statistical Y ear Book), the estimated imports model used tune 

series data for the period (1980-1993). Due to changes and variation in 

economic policy throughout the period (1980-1993), partic1ùarly between 

1990 and 1993, attempts were made to separate and estimate two time 

periods i.e. (1980-1990) and (1990-1993), but the presence of acute 

multicollinearity and appearance of some or a considerable degree of 

serial correlation in tl1e estimated residuals, create major di:fficulties for 

lUldertaking two separate periods, particularly for the period (1990-1993). 

The application of these data to the "SPSS for windows" computer 

programme have the result that, the statistical influences cannot be 

estnnated due to singular variance-covariance matrix. For these major 
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difficulties, the present study takes the over all period (1980-1993), 

despite the fact that economic policy has changed particularly after 1992. 

The Results of the Estimated Models :-

4.3.2.1 Petrol lmports Demand with Exogenous Price Assomption 

Model (1) :-

Under the. exogenous price assmnption without considering the foreign 

exchange constraint, two results are obtained from two models, traditional 

and general exogenous models. 

(A) The Estimation of Traditional Model: 

For the traditional model which ignores the role of foreign exchange 

constraint in the detennination of imports model and considers only the 

traditional factors like price and domestic income or GDP and without 

considering the lagged variable (m1_1), the estimated equation for the case 

of Sudan is given below:-

Ln M/ - 12.074 + .2165 Ln (GDP)t - 0.3401 Ln (Pm!Pt)t + Ut 

t= (1980-1993) (4.607) (.746) (-1.515) 

R2 = 0.19303, F = 1.43521, D.w = 2.4417 ~eq. (4.2.1). 

The, W.B .. and IMF estimated equation for (21-LDCs) Low income 

countries during (1970-1983) is given below :-

Ln M/ = 0.52 + 0.66 Ln lllt-I +0.24 Ln Yt - 0.08 Ln (Pm/pt)1 

t= (1970-1983) (0.45) (5.96) (1.58) (-0.78). 

The W .B and IMF estimated equation for all the developing com1tries 

during (1970-1983) is given below :-

Ln Mt d = 0.18 + 0.56 Ln lllt-I + 0.37 Ln Yt - 0.23 Ln (Pm/p1)t 

t= (1970-1983) (0.31) (11.23) , (5.50) (-4.96) 

The estimated traditional equation including m1~1 for the case of Sudan 

during (1980-1993) is given by the following equation :-
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Ln M/ = 18.41 +.013 Ln (GDP) t - 0.37 Ln (Pm/Pt)t- 0.33 Ln mt-1+ Ut 

t=(l980-1993) (-0.278) (.037) (-1.625) (-1.01) 

R2 = 0.26147, F = 1.29813, D.w = 1.88966 ~eq. ( 4.2.2) 

The results from the estimated equations (traditional exogenous 

price model) for the·. case of Sudan ( equation 4.2: 1 and 4.2.2) dtrring the 

period (1980-1993), revealed that petroleum imports demand ftmction is 

consistent with theoretical predictions (i.e. nonnal downward sloping 

demand curve), the estimated coefficients have.a correct sign, but most 

estimated coefficients are statistically insignificant tmder the 5% level of 

significance. In both estimated equation 'the goodness of fit' measure R2 

is very low and, and implies that the variables (GDP)t and (Pm/Pt) t in 

equation (4.2.1) and the variables (GDP)t, (Pm!Pt)tand lllt-iin equation 

(4.2.2) explain only 0.19303 and .26147 percent of the variation in the 

volume of petrol iinports demand in equation (4.2.1) and(4.2.2) 

respectively. The 'F' statistic in both estiinated equations is very low and 

Îlnplies that the overall model is statistically insignificant. The D. w 

statistics in the first estiinated equation suggests the presence of negative 

serial correlation, but for the second estimated equations suggests the 

presence of positive serial correlation Îl1 the estiinated residuals. The 

addition of lagged variable (m t-I) reduces the correlation problem by a 

considerable percentage, and the problem mimiinized to the extent that 

the D.w statistic become close to '2'. Although the two estiinated 

equations are statistically Îl1significant, however, the second estiinated 

equation which iI1cludes the lagged volmne of petrol Îlnports give a 

relatively better results compared with the case that neglect the lagged 

variable. 

According to the last estiinated equation ( 4.2.2), the aggregate Îlnports 

demand for petrol by all sectors in the economy will decrease by 0.37 
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percent if petrol adjusted weight price index increases by one percent, this 

implies that the constant price elasticity ofpetrol imports was about 0.37 

which is less than mrity, therefore petrol imports have inelastic demand. 

On the other hand, the income elasticity was about .013 ·is relatively low 

and less than unity, Ïlnplies that petrol is a necessary good or c01mnodity, 

the income elasticity ilnplies that the demand for petrol will i11crease by 

about . 013 perceilt if the GDP increases by one percent. 

(B) The Estimation of General Exogenous Price Petrol Imports 

Demand Fonction :-

The estimated equation contains five independent explanatory 

variables i.e. i11cluding the financial variables (Ft and Rt-i) and the 

traditional variables. The estilnated ge1ieral exogenous price equation for 

the case of Sudan (1980-1993) is given below: 

Ln M/ = - 4.826 + 1.44 Ln(GDP)t + 0.7099 Ln Ft - 0.577 Ln(Pm/Pt)t 

t=(1980-1993) (-519) (2.68) (2.592) (-2.738) 

- 0.529 Ln Rt-1 + 0.329 Ln lllt-1 + Ut 

(-1.909) (.945) ~ equation (4.2.3) 

R2 = 0.69068, F = 3.12604, D.w = 2.56050 

The W.B. and IMF estilnated equation for (21-LDCs) Low income 

com1tries du.ring (1970-1983) is given below :-

Ln M/ = -0.64 + 0.62 Ln Ft + 0.05 Ln Rt_1+ 0.25 Ln lllt-1 

t=(1970-1983) (-0.93) (8.21) (2.24) (3.43) 

+ 0.17 Ln Yt - 0.03 Ln (Pm/pt) t 

(1.63) (-0.43) 

The W. B. and IMF estilnated equatioi1 for all the developing cmmtries 

during (1970s-1983) is given by the followi11g equation :-

Ln M/= - 0.89 + 0.45 Ln Ft + 0.05 Ln Rt-i + 0.34 Ln mt-l 

t = (1970-1983) . (-2.43) (16.28) (5.70) (9.78) 
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+ 0.24 Ln Yt - 0.06 Ln (Pm/P1)1 

(5.23) (-1.80) 

The results from the estimated general exogenous price model 

(equation 4.2.3). for the case ofSudan during (1980-1993) demonstrated 

that, the demand for petrol imports increases with the increase of GDP 

and foreign exchange receipts, but decreases with the increase of petrol 

adjusted weight price index and the foreign exchange reserves (i.e. the 

general exogenous price function is consistent with the theoretical 

predictions). Most of estimated coefficients are statistically insignificant 

tmder the 5% level of sign.ificance .Moreover, 'the goodness of fit 

meastrre' 'R2
' revealed that the variables (GDP)t, F1, Rt-1, (Pm/P1)t and lllt-

1 explain about 0.69068 percent of the variation in the volume of petrol 

imports. The 'F' statistics is ve1y low and statistically insignificant m1der 

the 5% level of significance, and therefore implies that the general 

exogenous price model statistically insignificant m1der the 5% level of 

significance. Moreover, the D.w statistic, suggested that there is some 

negative serial correlation in the estimated residuals. 

According to the estimated equation ( 4.2.3) the demand for petrol 

imports will increase by 1.44 percent and 0.7099 percent if the GDP and 

foreign exchange receipts increases by one percent respectively . But the 

demand will decrease by 0.577 percent and 0.529 percent if the adjusted 

weight price index of petrol and foreign exchange reserves increases by 

one percentage respectively. Petrol imports income elasticity estimated to 

be 1.44 exceeds mùty, implies that petrol is a luxtrry good or commodity 

in Sudan.A one percentage increase in GDP will result in 1.44 percent 

increase in the demand or the vohune of petrol imp01ts . On the other 

side,the price elasticity was about 0.577, less than mlÎty implies that 

petrol is inelastic good or commodity in the Sudan and petrol demand will 
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decrease by 0.577 percent if the adjusted petrol price index incre_ases by 

one percent. On the other hand, demand for petrol imports will increase 

by 0.7099 percent if the foreign exchange receipts increases by one 

percent. 

The results from the estimated equations tmder the exogenous price 

model wbich include traditional, Hemphill and general exogenous price 

models revealed that the overall model are statisti9ally insigiùficant m1der 

the 5% level of significancè, because the 'F' statistic in all thèse estilnated 

equation is very low, moreover, most estimated coefficients are also 

statistically insignificant under the 5% level of significance. Therefore, the 

exogenous price models including traditional, Hemplùl and general 

exogenous price are irrelevant to explain the behaviour of petrol Ïlnports 

demand function Ï11 the Sudan during the period (1980-1993). These 

results are consistent with the IMF and W. B empirical foundation or 

studies in "21" developing cmmtries wlùch examined the behaviour of 

imports demand fimction tmder the foreig11 exchange constra.Ï11t during the 

period (1970-1983). 

(C) The Estimation of Hemphill Model:-

Hemplùll model considers only financial variables includii1g foreig11 

exchange receipts and foreign exchange reserve, but neglects the 

traditional variables. 

The estimated Hemplùll equation for the case of Sudan durii1g the 

period (1980-1993) is given below: 

Ln Mt= 16.677 + 0.257 Ln Fr 0.269 Ln Rt-l - 0.285 Ln lllt-l + Ut 

t- (1980-1993) (3.197) (.843) (-.748) (-.836) 

R2 = .19456, F = .72468, D.w =l.71536 ~equation (4.2.4) 

For W. B. and IMF (21 LDCs) low income countries during the period 

(1970-1983) the estimated equation is given by the following equation: 
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Ln Mt . 0.13 + 0.68 Ln Ft+ 0.03 Ln Rt-1'+ 0.29 Ln illt-l 

t =(1970-1983) (0.27) (9.71) (1.37) (4.01). 

The W.B and IMF estimated equation for all the developing cmmtries 

du.ring the period (1970-1983) is given by the following equation: 

Ln Mt = 0.42 + 0.47 Ln Ft + 0.04 Ln Rt-1+ 0.45 illt-1 

t- (1970-1983) (1.51) (16.91) (4.25) (14.73) 

The results from the estimated equation ( 4 .2 .4) for the case of Su.dan 

during the period (1980-1993) considering only the effects of fmancial 

variables, statistically insignificant m1der the 5o/o level of significance, all 

the estimated parameters expect . the constant tenn are statistically 

insignificant. The overall significance of the model also is very low. 'The 

goodness of fit measures' 'R2
' is very low and iinplies that the variables 

F1, R1_1 and m1_1 in the estimated equation (4.2.4) explain only 0.19456 

percent of the variation in the vohune of petrol imports. The 'F' statistic is 

very low and suggested that the model is statistically insignificant m1der 

the 5% level of significance. Moreover, D.w statistic approached '2' and 

implies that there is very low level of positive serial correlation in the 

estimated residuals. 

According to the estimated equation (4.2.4) the imports volmne will 

increase by O .257 percent if the foreign exchange receipts increases by 

one percent. On the other hand, imports volmne will decrease by about 

0 .269 percent if the foreign exchange reserves increases by one percent 

· i.e. for the estimated equation the volmne of petrol imports increases with 

the increase of foreign exchauge receipts, but decreases with the increase 

of foreign exchange reserves (because according to Hemphill' s 

assumption DRt = F1- Mt or Mt= F1 - DRt i.e. import~ volmne is positively 

related to changes in foreign exchange receipts, but negatively related to 

changes in foreign exchange reserves, because foreign exchange receipts 
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must be allocated to minimize the differences between expenditures on 

imports and (saving), net reserve). 

In the estimated . equation the constant elasticities of foreign exchange 

receipts and foreign exchange reserves with respect to the volume of 

petrol imports are very low and less than uni~, and the elasticity of 

foreign exchange reserve exceeds the elasticity of foreign exchange 

receipts. Thus petrol imports vohune is inelastic with respect to foreign 

· exchange rec~ipts and foreign exchange reserve .. The. result from the 

estimated equation revealed that imports vohune is insensitive to changes 

in foreign exchange receipts and foreign exchange reserves. However, the 

results from these estimated equation are statistically insignificant, and 

therefore Hemphill model which assmned that imports volmne is only 

detennined by financial variables is irrelevant for the condition of Sudan 

during the period (1980-1993). These results are consistent with the W. 

B. and IMF studies during the period (1970-~983). The results of the 
1 

exogenous price models including the traditional model, general 

exogenous model and Hemphill model are statistically insignificant m1der 

5% level of significance and therefore these models are irrelevant to 

expia.in the behaviour of .petrol imports demand .ftmction in the Sudan 
1 

during the period (1980-1993). These results are consistent with the W. 

B. and IMF empirical foundation to study the behaviour of imports 

demand function 1mder the foreign exchange constraint in "21" 

developing comitries during the period (1970-1983). 
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4.3.2.2 Petrol lmports Demand Under The Endogenous Price 

Assumption: 

Model (2) The Estimation Of Petrol lmports Demand Under Foreign· 

Exchange Constraint (Endogenous Price Assumption) :-

According to Cristian Moran (1989), the model is more relevant to 

the developing cotmtries, because the model considers the importance of 

financial foreign exchange re.serves and foreign exchange receipts in the 

detennination of the volmne of oil imports, beside· the traditional variables 

like (relative) adjusted petrol price index and the real domestic income 

(GDP). With the endogenous price assmnption the simultaneous equations 

technique (supply-demand equation) is used to estimate petrol ilnports 

demand function. The ordi11ary least squares technique will give a biased 

and i11consistent estilnated therefore the two-stage least squares 1nodel is 

used to estiinate the demand function which is over identified equation. 

The model considers three endogenous variables ( demand, suppl y and 

price). 

The estimated equation of petrol imports with the general 

endogenous price assumption for the case of Sudan during the period 

. (1980-1993) is given below: 

Ln Mt= .17.485 + 0.04 L1f (GDP)t - 0.07 Ln(Pm !Pt)t -0.30 Ln lllt-1 

t= (1980-1993) (13.088) (.59) (-1.409) (-4.686) 

R2 = 0.81034, F = 12.81765, D.w = 1.08586. --)eq. ( 4.2.5) 

The W. B. and IMF estimated equation for "21" low i11come cmmtries 

during the period (1970-1983)is given below: 

Ln Mt = -3.25 + 0.49 Ln lllt-1 +0.86 Ln Yt -0.64 Ln (Pm!Pt)t 

t= (1970-1983) (-1.05) (2.62) (1.75) (-1.50) 

The W. B. and IMF estimated equation for ail the developing com1tries 

during (1970-1983) is given by the following equation: 
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Ln Mt= :-J2.48 - 0.09 Ln mt-I +2.18 Ln Yt. - 2.01 Ln (Pm!Pt)t 

t= (1970-1983) (-3.98) (-0.48) (5.03) (-4.93). 

The results from the estimated equation (4.2.5), for the case of 

Sudan during the period (1980-1993) with the endogenous price 

assumption demonstrated that petrol imports demand function is 

consistent with the theoretical predictions (i.e. nonnal downward sloping 

demand curve) that demand for petrol imports increases with the increase 

of GDP, but decreases with the increase of adjusted (relative) weight 

petrol price . All the estimated coefficients have their expected signs (i.e. 

correct signs). The constant tenn and lagged volmne of petrol imports 

(mt-i) coefficients are statistically significant, but the GDP and price 

coefficients are statistically insignificant tmder the 5% level of 

. significance. The 'F' statistic is very high and therefore suggested that 

the overall model is statistically significance under the 5% level of 

significance. The D.w statistic suggested that there is a considerable 

positive serial correlation in the estimated residuals. 'The goodness of fit 

measure' R2 is very high and indicates that the variable GDPt ,(Pm!Pt)t 

and lllt-1 explain about 0.81034 percent of the variation in the vohune of 

petrol imports demand. 

According to the estimated equation ( 4.2.5) the constant income 

elasticity is less than mùty and implies that petrol is a necessary 

imported . good or commodity in the Sudan. The constant income 

elasticity was about 0.04, means that petrol imports demand will increase 

by O. 04 percent if GDP increases by one percent. On the other side, the 

constant price elasticity is less than mùty implies that petrol imports have 

inelastic demand in the Sudan. The estimated constant price elasticity 

was about O. 07 means that, petrol imports demand will decrease by O. 07 

percent if adjusted (relative) weight petrol price increases by one percent. 

117 

CODESRIA
 - B

IB
LIO

THEQUE



The results from all these estimated equations revealed that the 

endogenous price model gives better results compared with the traditional 

and general exogenous price models, because the endogenous price model 

is statistically ~ghly sigiùficant compared to · the exogenous price models. 

The overall sigiùficance measured by the 'F' statistic in the endogenous 

price model is statistically sigiùficant, wlùle all the exogenous price 

models (traditional, Hemphill, · and general exogenous models) are 

statistically insignificant because the overall significance of the model as 

measured by the 'F' statistic is very low and insigiùficant compared with 

the 'F' statistic in the endogenous price model. Moreover, 'the goodness 

of fit measure' 'R2
' with endogenous price assumption is lùgh compared 

with· exogenoùs price assmnption, i.e. the explanatory power in the 

endogenous price 1nodel is better than in the exogenous price models. 

Moreover, most coefficients in the exogenous price model .are statistically 

insignificant under the 5% level of significance. In the endogenous price 

model the price and the income coefficients are insigiiificant, while the 

constant tenu and the lagged volmne of petrol imports coefficients are 

statistically sigiùficant tmder the 5% level of sigiùficance. Thus the 

endogenous price moc:lel which considers the importance of foreigi1 

exchange constraint in the detennination of the vohune of petrol imports 

is statistically more siginficant and acceptable, and therefore more 

suita~le and relevant for the explanation of the behaviour of petrol imports 

demand function in the Sudan. 

The results from the estimated equations revealed that, the D. w 

statistic suggested a very high level of serial correlation in the est:itnated 

residuals ( except general exogenous traditional mode! with lagged im_ports 

volume and Hemphill model), tins implies tlmt petrol imports volume and 

petrol imports price are determined simultaneously, with both the suppl~> 
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and demand equatioils playing important roles in the detennination of the 

two endogenous variables.20 

4.4 Conclusion : 

4.4.1 Conclusion Part (1): 

This part of the chapter focused on micro and macro statistical 

analysis of energy demand fimction in the Sudan using the ordinary least 

squares model and the double Logaritlunic ( or natural Logaritlunic) 

demand equation. The part identifJed the sectoral equations at bath 1nicro 

and macro level for the three sources of energy used in the Sudan 

(Biomass, electricity and petrolemn products). All the estimated equations 

showed a price elasticity less than unity, and in most cases the income 

elasticities are less than tmity, this implies that most energy types have 

inelastic demand and are necessary for the consmning sectors in the 

Sudan. In most cases the incarne elasticities exceed the price elasticities, 

this implies that; demand functions are more sensitive to incarne changes 

than to price change and therefore, a one percentage change in income is 

more effective in changing the behaviour of energy demand fimctions than 

a one percentage change in the price. 

Most esti.mated equations are statistically significant, some results are 

statistically insignificant, but the estimated coefficients give the expected 

results (i.e. have a: correct sign), these include total energy demand ( e.q. 

(2) and commercial sector demand for electricity eq.(l ), household 

demand for biomass (lagged demand e.q.(2)), household demand for 

electricity and aggregate demand for petrolemn products).On the other 

band, some results are statistically significant but the estimated 

coefficients did not give the expected results (i.e. have a wrong sign) ( e.g. 

· "' See page (284). A General Import Mode! with Endogenous prices by Cristian Moran. The World ~, 
Bank Economie Review Vol. (3) No. (2) May (1989). ~ ' ,.+; 
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the price coefficient is positive in some estimated equations, this include 

household demand for biomass e.q.(1 ), total energy demand equation 

e.q.(1), benzine demand e.q.(2) and (3) and gasoil demand by transport 

sector equation e.q.(2). The positive price coefficient in these estiinated 

equations violated the assumption of downward sloping demand curve 

and produced upward sloping demand curve, these attributed to price 

distortion and subsidization policies during the study period. The ii1come 

coefficients and the ii1come elasticities in all the estiinated equation are 

positive and produce a nonnal demand curve. In most estimated equations 

the results of relative price (i.e. the adjusted price (i.e. adjusted price by 

GDP deflator or CPI ) are statistically better and more significant than the 

results of the absolute price. 

4.4.2 Conclusion Part (2) :-

This part of the chapter concentrated. on demand for petrol as 

iinported c01mnodity, statistical analysis used to test the hypothesis that 

petrol imports demand ftmction in the Sudan is endogenously detennined 

by the availability of foreign exchange receipts, or the adjusted petrol 

price ii1dex is an endogenous variable ii1 the detenniiiation of the volmne 

of petrol iinports demand . Two (hypothesis) models are discussed the 

exogenous price model (which ii1clude traditional, general and Hemphill 

models) and the endogenous price ( simultaneous, supply-demand) 

equations are estiinated. Traditional model assumed that price is an 

exogenous variable ii1 . petrol imports demand fimction and iinports 

demand function is detennii1ed by the traditional variables (Y,P), 

Hemphill model assumed that imports demand fimction is only detennii1ed 

by the financial variables rather than the traditional variables (ii1come and 

relative price). The results from the estimated exogenous price models are 

·~" îà~ 
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statistically · insignificant for the case of Sudan during the period (1980-

1993), these results are consistent with the World Bank and the IMF 

studies in '21' developing countries including Sudan during the period 

(1970-1983). The results from these studies support the claim that the 

. exogenous price model is not useful or fail to explain the behaviour of 

imports demand ftmction in the developing cmmtries including Sudan. On 

the other hand, the results from the estimated equations under the 

endogenous price assmnption are statistically highly significant compared 

with the exogenous price model. These results verified or supported the 

argument that imports demand ftmction in the developing com1tries 
• • 1 

including Sudan is endogenously determined by the availability of foreign 

exchange receipts .. Therefore, petrol imports demand ftmction during the 

period (1980-1993), is endogenously detennined by or constrained by the 

availability of foreign exchange receipts. Thus the endogenous price 

assmnption or model compared with the exogenous price model, is 

statistically more acceptable and relevant to explain the behavimrr of 

petrol imports demand ftmction in the Sudan during . the period (1980-

1993). 

4.4.3 Conclusion of the chapter 

This chapter focused on micro and macro statistical analysis of 

energy demand ftmction in the Sudan. Th~ chapter concentrated on 

demand si.de, because the nature of energy problem in the Sudan is 

(greatly) significantly attributed to the excess demand problem. The first 

part of the chapter estimated the sectoral and aggregate dema.nd functions, 

using the natural double logarithmic demand . model to examine and 

analyse the behaviour of energy demand function in the Sudan. All the 

estimated equations at the sectoral (micro-level) and aggregate (macro-

level) revealed inelastic demand functions with respect to prices. In most,., 
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estimated equations, the quantity demanded is more sensitive to income 

changes tha.11 .· to price cha.11ges. Most estimated equations are statistically 

significant a.11d most estimated coefficients have their expected signs 

( correct sign) or results which are consistent with the assmnption of a 

nonnal downward sloping dema.11d curve. For some results the 

coefficients have correct signs but the results are statistically insignificant 

(total energy equation (2) and commercial sector demand for electricity 

e.q;(l) total demand for petrolemn products, household demand for 

electricity and biomass e.q.(2)). Sorne results are statistically significant 

but the estimated coefficient have a wrong sign (household demand for 

biomass e.q.(l) a.11d total energy dema.11d eq. (1), benzine eq. (2) a.11d (3) 

a.11d gasoil demand by tra.11sport sector eq. (2)). These ftmctions violated 

the downward sloping demand due to price distortion and subsidization 

policies du.ring the study period a.11d because prices did not reflect the 

real costs. In most estimated equations the income elasticity is less tha.11 

tmity, therefore energy is a necessary good or cmmnodity for consmning 
' 

sectors in the Sudan. Demand curve is nonnal curve because the income 

elasticity is positive 

The second part of the chapter concentrated on energy demand and 

trade model i.e. petrol imports demand function (using the W. B. and the 

IMF models a.11d assmnptions during the period (1970-1983) in Sudan 

dtrring the period (1980-1993). Iwo hypothesis are tested using two 

models, the exogenous price model a.11d the endogenous price model. The 

results of the second part verified that the exogenous price model fail or 

irrelevant to explain the behaviour of petrol imports dema.11d ftmction 

because the results are statistically insignificant. The results of the second 

part supported the claitn that imports demand fonction in the Sudan is 

significantly detennined or constrained by the availability of foreign,.,, 

Ya+, 
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exchange receipts, because the estimated endogenous price equation is 

statistically highly significant m1der the 5% level of significance 

compared with the exogenous price model. Thus 111 the Sudan, 

endogenous price model is more relevant to explain the behaviour of 

petrol imports demand function than the exogenous price model. 
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Cha pter Five 

The Economies of Energy in the Sudan 

Introduction: 

For a developing cotmtry like Sudan, energy fuel is an indispensable 

element for the process of economic development. The results of the 

estimated energy demand fonction in chapter ( 4) strongly emphasized or 

revealed the fact that energy demand is price inelastic, mainly because of 

the lack of close substitutes in the short or medimn tenns, in addition to 

titis, "energy is irreplaceable element for final consmners ( e.g. demand for 

household cooking, heating, transportation and lighting), moreover, 

energy 1s a key factor witl10ut wltich the production process cannot 

operate adequately effectively, or in a perfect way, infact energy fuel are 

indispensable for moden1 industry and agriculttrre and added as a fmrrth 

factor of production".(Michael Tanzer (1969) pp.3-4). 

The present chapter exatnines the interrelationsltip between the energy 

sector and the other productive sectors in the economy. Tltis will be 

acltieved tlrrough the identification of sectoral consumption. The chapter 

focuses on oil products because the perfonna11ce of the productive sectors 

is largely affected by them. Thus the first section focuses on regional -

sectoral consmnption of oil by type for the period (1980-1993). The 

second part of the present chapter exatnines the impacts of oil as a basic 

source of cmmnercial energy atld as irnported cmmnodity 011 the 

perfonna11ce of tl1e economy , tlrrough the identification of their effects on 

Balance of Payments, Bala11ce of Trade Deficit and Bala11ce Budget 

Deficit, their ilnpacts on inflation a11d GDP growtl1 rate. The present 

chapter also discusses briefly the impacts of energy supply shortage on 

the over all se_ctoral perfonna11ce of Sudan's economy. 
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5.1. The Importance Of Oil Products to Sudan's Economy :-

5.1.1. Introduction: 

Oil products play an important role in overall economy, in fact "No 

c01runodity plays a more vital role than oil itr the economic life of the 

underdeveloped countries of the world. Obviously . for nations with 

enonnoüs oil deposits such as Venezuela, part of the Middle East and 

North Africa. Oil is the economic life, oil exports provide not only a large 

share of national it1come, but also most of these countries foreign 

exchange eam.ings. Oil thus represents the great assets which could 

potentially provide all the capital nec~ssary for economic development" 

(Michael Tanzer (1969) p. 3). 

In fact oil and its components are occupymg special place it1 the 

'World Energy Balance'. Recently their role contitrnously it1creased, 

because they are the major energy sources for their direct effects it1 the 

agricultural, industrial sectors and even social life of all population in the 
! 

world. They represent a source of pfllllary raw materials and basic 

it1termediary it1puts it1 the agricultural and it1dustrial and chemical process. 

Today oil and its components contribute or. enter it1 the production of 

more than 300,000 c01runodities.(The Impacts of Oil Revenues on 

National Developments -The Second National Economie Conference. 

1984. P.2)) 

5.1.2 The Regional and Sectoral Consumption of Oil Products (1980-

1993) :-

The understanding of the impact and itnportance of oil in any 

economy, necessitates an adequate discussion of consumption patten1, 
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this includes consmnption by type, regional and sectoral consmnption.21 

(Table (5.1), (5.2) and fig.(5-1), (5-2)) 

5.1.2 (A) The regional consumption:-

Regional consmnption of energy sotrrces varies across the cmmtry 

according to the availability of energy sotrrces, econonùc needs and the 

patten1 of economic activities prevailing in each region. For example, 

Kordofan, Darfur and S0uthen1 regions mainly depend on traditional 

energy sotrrces (fuel wood and charcoal), tlris is partly attributed to the 

lack of com1nercial energy resotrrces because these regions are far from 

the reach of c01mnercial energy and partly due to the dominance of 

traditional economic activities which have little reliance upon c01mnercial 

sotrrce of energy. In the other regions like Khartomn, Central, Easten1 and . 

Northem regions, commercial energy is largely used particularly oil 

products like gasoil, funiace, benzine and diesel. This could be attributed 

to tlle existence of more productive enterprises and concentration of 

thennal mrits and due to lrigher concentration of trrban population (Energy 

.HandBook 1987, 1990 and 1991). 

Table 5.1 (a): Regional Energy Consumption (1984) 

Region Khartoum Central Eastern Darfur Kordofan Northern Southern 
%years 
1984 38.8% 23.3% 22.2% 1.8% 3.2% 8.8% 1.9% 

(B) Regional consumption of oil products (1986-1987) 
1986 44.7% 20.9% 1.4% 3.1% 8.6% 20.2% 11.0% 
1987 40% 24% 2.1% 3.8% 9.2% 20.4% .8% 

Sotrrce: Energy Hand Books (1987, 1990) 

According to table (5.1.(a) and (b)) Khartomn has the highest share 

of energy consmnption followed by the Central and Easten1 regions 

21 Ail Information and figures in tltis section, depend on stati:.;tical information prepared by the 
Ministry ofEnergy and Mi1ting (see Energy Rand Books 1987, 1990 and 1991). ~~ 

. . "'' 126 

CODESRIA
 - B

IB
LIO

THEQUE



respectively, due to concentration of urban population and productive 

enterprises. Khartomn also has the highest consmnption of oil products 

particularly gasoil, furnace, benzine and L.P.G. compared with the other 

regions. Table (5. l.c) show the regional conswnption of oil products in 

1990. 

Table 5.1.(c): The Regional Consumption of Oil Products by Tvpe 

(1990) 

Region/Type Khartoum Eastern 
Gasoil 33% 26% 
Furnace 59% 13% 
Benzine 63% * 
L.P.G. 78% * 
Source: Energy Hand Books (1991). 

* No infonnation are available 

5.1.2 (B) Consumption by Type:-

Central Northern 
22% 9.6 (10%) 

20.9% 5.6 

* * 
* * 

Throughout the period (1980-1995), gasoil has been the major oil 

products consmned in the Sudan due to its comprehensive utility and its 

close substitutability for the other products. During this period total 

consmnption by all sectors has increased from 510553 (MT) in 1980 to 

606465 (MT) and 772349 (MT) in 1985 and 1990 respectively, but it 

declined to 753291 (MT) in 1995. Gasoil product is used in the 

agricultural, industrial and transport sectors. The increase in gasoil 

consmnption between (1980-1990) could be attributed to the 

governmental policy of directing gasoil product to e1ù1ance and promote 

the agricultural . production in the irrigated schemes in Al Gezira and Al 

Managil extension and the rainfed schemes in Al Gadarif (Easten1 region). 

The major consmning regions of gasoil are Khartomn, Central and Easten1 

regions respectively. The fall in gasoil conswnption after 1990 to 1995 is 

mainly due to elimination of the subsidies. 
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The second major oil products consmned in the Sudan is ftrrnace 

which is heavily used in the industrial and transport sectors and 

marginally used in the agriculhrral sector. Compared with gasoil, the 

consumption of ftmiace oil represents or accmmts for only half of total 

gasoil consmnption. The validity of the product concentrated mainly in 

electric power station, industrial and transport sectors. The total 

consumption offunmce product has changed from 170502 (MT) in 1980 

to 266063 (MT), to 254691 (MT) and to 340393 (MT) in the years 1985, 

1990 and 1995 respectively. The decline in consmnption between (1985-

1990) could be attributed to the substihltion of fun1ace product by the 

other oil products ~ike gasoil, diesel and by bagass (which is widely used 

as importa.nt energy smrrces in the indus trial sugar factories. (Energy 

Rand Book, 1987 and Petrolemn Products Statistical Unit 

Publications( 1990-1996). 

Benzine · occupies the third place m Sudan' s oil products 

consmnption scale, accom1ting for about two thirds. (2/3) of total ftmiace 

consmnption. The product usage is restricted to transport sector. 

Khartomn is the largest consmning region of benzine, because of high 

urban population and high nmnber of vehicles. In 1991, the region 

consmned about 63% of total benzine consmnption in the cmmtry, while 

the other regions (Central, Easten1 and Northen1) consumed about 37% of 

benzine consmnption in the cmmtry. Benzine total consmnption has 

changed from 190951 (MT) in 1980 to 186168 (MT), 234131 (MT) and· 

to 183614 (MT) in the years 1985, 1990 and 1995 respectively. 

The rest of oil products consumed in the Sudan accmmted for a very 

low or small percentage of total consumption, these include diesel, 

kerosene and L.P.G. The consmnption of diesel has changed from 20407 ~-. 

. (MT) in 1980 to 25243 (MT), 344 7 5 (MT) and 45641 (MT) in the yea~ ~· 
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1985, 1991 and 1995 respectively. Although diesel accmmts for a very 

limited or small percentage of total consmnption. However, the 

consumption of the product doubled during the period (1980-1995), this 

could be attribùted to the increase of diesel consmnption by the 

agricultural, industrial and transport sectors. In addition to the extension 

of thennal power station (Energy Hand Book, 1991 and Petrolemn 

· Products Statistical Unit Publications(l990-1996)). 

Kerosene consmnption has changed througliout the period (1980-

1995), from 17626 (MT) in 1980 to 12302 (MT), 17241 (MT) and 3760 

(MT) in 1985, 1990 and 1995 respectively. Recently a very small 

proportion used by the industrial sector. Although total kerosene 

consmnption increased during the period (1980-1995), but it is mainly 

used by the household sector for lighting and cooking ptrrposes and for 

water pmnping in nrral areas. 

Liquid petrolemn gas (L.P.G) is also mainly consmned by the 

household sector, used in moden1 gas stoves, its consumption is 

concentrated mainly in Khartomn which has the highest percentage 

consumption , compared with · the other regions, it accmmted for about 

80% of total L.P.G. consumption in 1987. Total L.P.G. consmnption in 

the country during (1980-1995) has doubled, there was a continuos 

increase in the total consmnption from 5109 (MT) in 1980 to 7564 (MT), 

12849 (MT) and 15197 (MT) in the years 1985, 1990 and 1995 

respectively. The increase in total consumption according to Energy Hand 

Book (1991), was attributed to the improvement of refinery production 

mut of L.P.G. and due to increase of importation of L.P.G. and its 

substitutes. Total L.P.G. consmnption during(1992-1994) declined due to 

liberalization policies and the elimination of subsidies. 
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Jet-AI consmnption steadily increased throughout the period (1980-

1995), due to the development of air transportation business in the Sudan. 

The total consmnption which was restricted to the air transportation has 

approximately doubled du.ring (1980-1995), it has increased from 47628 

(MT) in 1980 to 79144 (MT) in 1985 but declined to 73735 (MT) in 1990 

and increased to 79509 (MT) in 1995. On the other hand, Avagas 

consmnption changed du.ring (1980-1995), its total consumption changed 

from 6090 (MT) in 1980 to 3676 (MT), 1119 (MT) and 1628 (MT) in the 

years 1985, 1990 and 1995 respectively. 

According to Energy Hand Book (1990) the total consumption by 

type changed through the period (1980-1989). (Table (5.2) and Figure (5-

2.b )). The average percentage of total consumption by type during the 

period (1980-1995) were as follows, gasoil, accom1ted for 61.6%, of total 

consumption, diesel 2. 6%, benzine 12. 7%, kerosene 1 %, ftunace 16. 9%,, 

L.P.G. 0.6%, Jet-AI 4.4% and Avagas .2% of total conslllnption by type. 

The forecasts prepared by Ministry ofEnergy and Mining (1996) for 

the period (1996-2010) Table (5.3), Figure (5.3.b) reveal that the average 

total consmnption. of fumace, avagas, kerosene and L.P.G. will increase 

to 24.2%, 4.2%, 1.9%. and 1.2% respectively and the consmnption of 

gasoil, Jet-Al and benzine will decline to 57.1 % .1 % and 11.4% 

respectively. These ·decline attributed to liberalization policies and 

elimination of subsidies in these two products. The forecasts assmne that 

L.P.G. and kerosene consumption increase because they are used as a 

substitutes for biomass (charcoal) by • the household. sector. Funiace 

consmnption expected to increase by the industrial sector, because it will 

be used as a substitute for biomass. Benzine consmnption Will increase 

from 232 (000) (TOE) in 1998 to 253,323 and 411 (000) (TOE) in the ~~ 

years 2000, 2005, and 2010 respectively. Fumace consumption wilifu~ 
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increase from 449 in 1998 to 550, 702 and 895 (000) (TOE) in the years 

2000 2005 and 2010 respectively. Gasoil consmnption will increase from 

982 in 1998 to 1145, 1682 and 2472 (000) (TOE) in the years 2000, 2005 

and 2010 respectively. Kerosene consmnption w!ll increase from 44 in 

1998 to 46, 52 and 59 (000) (TOE) in the years 2000, 2005 and 2010 

respectively, L.P.G. consmnption will increase from 27 in 1998 to 28, 32, 

36 (000) (TOE) in the years 2000, 2050 and 2010 respectively. total 

. consmnption of avagas and Jet-AI expected to increase during the period 

(1998-2010) (Table (5.3) and Figure (5-3 a,b)). 

5.1.2 (C) The Sectoral Consumption of Oil Products0980-1995) ~­

The sectoral consmnption of oil products in the country varies throughout 

the period (1980-1995), according to the availability of oil products and 

sectoral needs. The basic consmning sectors are agricultural, industrial, 

transport, electricity and household sectors.22 Among these consumù1g 

sectors the transport sector ranks on the top accounting for the highest 

share of oil products consumption, while the household sector has the 

. lowest percentage share of total ammal sectoral consmnption. (Table 

5.1.d and fig. (5.1 (a) and (b)). 

(A) The Agricultural Sector :-

The agricultural sector consumption of oil products in the country 

throughout the period (1980-1995) witnessed a considerable ù1crease 

mainly due to extension in mechanized agriculttrral fann, and due to 

govennnental policy · which has concentrated on agricultural sector as a 

leading productive sector in the economy, thus the sector received top 

priority in the dis.tribution of oil products. The agricuitural sector maùtly 

uses gasoil and diesel and recently a small proportion offurn.ace products. 

. ~~ 
" Ail Infurmation and figures in this section, depend on statistical information prepared by th•7lli.": ~ 
Ministry ofEnergy and Mining (see Energy Rand Books 1987, 1990 a~d 1991). .,. 
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· Total oil consumption increased from 195071 (MT) in 1990 to 214833 

(MT) in 1991 but declined to 156067 and 209261 · (MT) in 1992 and1993 

respectively, due to liberalization policies.The total consmnptionjmnped 

to 407335 (MT) in 1994 but declined to 204483 (MT) in 1995, these 

attributed to expa11sion in the agricultural sector dming (1992/93-

1994/95). 0n average the sector contributed by about 17.5% of total· 

sectoral oil conswnption fig.(5 .1.b ). 

(B) The Industrial sector :-

The industrial sector consmnes a considerable percentage of total oil 

products including fmnace, diesel, gasoil, and a . small proportion of 

kerosene. During (1980-1995) the iudustrial sector is the second major oil 

consmning sector a11d on average consmned about 22.4% of total oil 

sectoral consmnption fig. ( 5 .1. b) . The total oil consmnption increased 

from 101417 .6 (MT) in 1980 to 171017(MT), 661483 (MT) in the years 

1985 a11d 1990 respectively, the total consmnption declined to 380172 

(MT) in 1991 to 340635 (MT) in 1993 then increased to 509173 (MT) in 

1994 but again declined to 382871 (MT) in 1995. The declj.ne from 

661483 (MT)· in 1990 to 382871 (MT) in 1995 is attributed to 

liberalization policies. and removal of subsidies. 

The sugar industry in the Central region, Kenana, Asallaya is the 

biggest consuming subsector accounted for 50% · of total oil products 

consmned by the industrial sector, it is followed by Food Industries ù1 

Khartomn a11d Central regions which consmned about 20% of total oil 

products consmned ù1 the ù1dustrial sector. Chemical and tyres factories 

consumed about 16% of total industrial consmnption, cernent and textile 

ù1dustries consu~ned about 9% and 8% of the total industrial sector 

consmnption respectively.(Ertergy Hand Book 1991). 
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In 1987, the t~tal consumption of the industrial sector declined 

particularly in sugar and textile subsectors, this was attributed to the 

failure of agricultural harvest in 1987 and the down ward trend in the 

productivity of Sudan's textile mills due to tecln1ical and administrative 

difficulties. The rate of decline in sugar subsector was approximately 

17%, while in textile subsector was about 25% . On the other hand, food 

and other industrial subsectors total consumption increased in 1987 

relative to 1986, this was attributed to the increase in their productivity, 

because of the establishment ofnew factories (Energy Rand Book 1990). 

In 1990 the industrial sector consmnption declined by about 4 % due 

to a general down ward trend in total productivity of the sector, which 

was attributed to the lack of hard currency to sectrre imported inputs and 

spare parts in the critical (right) tunes and due to inappropriate 

infrastn1cture support, (Energy Rand Book 1990 and 1991). 

{C). The Transportation Sector :-

The transport sector is the largest consmnù1g s.ector of oil products in 

the Sudan, 011 average it accomlts for about (50% - 57%) of total oil 

products co11sumption, during the period (1980-1995) the transport sector 

011 average co11smned · about 57 .9% of total oil sectoral co11smnption 

fig.(5.1 1b ). The sector uses gasoil, funiace, benzine, fuel oil, Jet-AI and 

avagas. During the 1980s especially in 1983, there was a considerable 

increase in oil products consmnption by the transport sector. This could 

be attributed to, first the growth of road transportation network in the 

country, second the govemmerital policy of subsidization of gasoil price 

and due to increase of number of Ïlnported vehicles using gasoil product, 

third regonalization policies which has stimulated demand in different 

regions. Road transportation mode is the biggest consuming subsector, it ~,~ 

accounts for 80% of total consumption, · followed by air transportatio1,lli': f J' 
. -~ •... 
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subsector, which accotmts for 11 % of total consmnption, the rest 9% is 

consumed by river, sea and railway transportation modes . By the end of 

1980s, specifically in 1989, the sectoral consrnnption declined to 55%, 

this could be attributed to the govermnental policy to restrict private 

vehicles consmnption and vehicles import. (Energy Hand Book).And 

recently after 1992 due to privatization and liberalization policies and 

elimination of subsidies 

{D) The Electricity sector :-

The sector uses mainly gasoil and furnace. During the 1980s, the 

expansion in thennal power generation led to increase in the consmnption 

of oil products by this sector. In 1983 the electricity sector consmned 

10% of total oil products consmnption. In 1989 the percentage of total · 

consumption jmnped to 14 % of total sectoral consmnption. This was 

attributed to extension of thennal mrits of power III and new additional 

isolated thennal power station in Nyala, Elobied, Port Sudan, Kassala and 

Atbara.(Energy Hand Book .1991). 

(E) The Household sector :-

The household sector 1s the lowest consuming sector of oil 

products. The major products used in tlùs sector are L.P.G and kerosene 

which are used for cooking and lighting ptrrposes, during (1980-1995) tlle 

household sector on average consmned about 2 .2 % of total oil sectoral 

consumption fig.(5.1.b). The sectors consumes all L.P.G. product and 

most kerosene product. In recent tune gasoil product is widely used by 

tlle household sector in rural areas for lighting and cooking purposes. On 

average the sector has a fixed percentage, it accom1ts for 2.5% of total oil 

products sectoral consumption in the economy. 
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5.2. Energy Shortage : The Impacts of lnadeguate Energy Supply: 

Since energy is a key or an indispensable input in ahnost all 

economic activities, therefore these economic activities in Sudan have 

been largely if not ahnost affected by a shortage or inadequate energy 

supply. "Past studies or the suppressed demand for petroleum products in 

Sudan suggested that about 28% of real demand is suppressed; no studies 

exist in regard to other fonns of energy. There is no satisfactory way of 

quantifying the extent and impacts of energy shortages for two reasons, 

first the National Income Statistics do not pennit sufficient disaggregation 

by subsectors for recent years. Second, production losses in agric1ùttrre 

and industry are due to many constraints, whose separate effects cannot 

be disentangled".(UNDP, W. B. Report 1983 p.7). 

The National Energy Achninistration (NEA, 1985) demonstrated 

that, for the past five years consmners in the Sudan have suffered as the 

supply of energy has not met their needs and wants. This shortage has 

disrupted the lives of most people, forced up the cost of living and caused 

major losses to the economy. In fact energy shortages affect all population 

in Sudan, because individuals are discomforted by the frequent electricity 

outages and waste l10urs waiting in line for fuel. Moreover, productivity is 

reduced at the work place as a result of such inconveniences. The 

economic effects are concentrated in the industrial and agricultural 

sectors, lack of.energy resulted in a higher production costs, reduction in 

output and wasted capital investment. According to the NEA (1985), the 

situation has deteriorated recently and forecasts indicate that if no 

changes are made, condition will continue to worsen. 

(NEA.1985,NEP.1985 pp.1-12 and C.de.Jong-Boon, 1990 pp. 272-273). 

According to NEA (NEP-1985) higher cost of production resulted ~~ 

from both an absolute scarcity of energy and mrreliable supplies. Because't.l 
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the absolute scarcity limits economic growth, due to reduction in planted 

and irrigated feddans, factory expansion mµst be deferred or scrapped, 

and delay of or cancellation of new projects. These will directly reflect in 

slower rate of growth of GDP, compared to a situation of adequate energy 

supply. On the othe.r hand, unreliable supply causes far greater losses to 

the economy, because huge · costs are incurred when people m1dertake a 

project or production operations with the expectation of available power, 

only to fmd · their operations plagued by m1planned electricity shortages 

and/or anticipated fuel shortage. Moreover, crops and inventory in 

process are spoiled and production costs increase due to high start up 

expenses and higher costs of securing back up energy supplies. Additional 
,, 

costs are· inctrrred as equipment are damaged by power surges and 

outages. Finally, losses also arise from m1der'..utilization of capital due to 

. energy shortages. 

In 1983, these losses were quantified for smaller irrigated and 
' 

mechanized fanns Ïll' Khartomn and the Central regions. Over all Sudan 

suffered lasses of fS133 million. For smaller irrigated and mechanized 

fanns shortage ranged from 20-40% ofrequired energy. The huge losses 

in output resultèd from lack of fairly inexpensive energy inputs in irrigated 

electric pmnp schemes, the lost of output was about 3 .54fS per KWH, 

while the losses of KWH was only 13 pt. sitnilarly for mechanized 

fannit1g, a loss of 18 .5fS was it1curred for each it1 available gallon of 

gasoil costit1g about 2.7fS (NEA (1985) and C. de. Jong-Boon, 1990 pp. 

277-278). 

According to UNDP and W.B. (1983), "the Sudanese economy was 

characterized by severe shortages it~ the past few years, which have 

affected all the economic activity. Allocation ofpetrolemn products to the ~~ 

agricultural and industrial sectors has been inadequate or insufficient in~ ~ 
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relation to their needs and the problems has been compmmded by an 

inefficient and mrreliable public power suppl y. There were frequent_ power 

interruptions, and power supply to industry was curtailed drastically for a 

two to tlrree months period when hydroelectric generation dropped, the 

supply of kerosene has also been reduced drastically over the past seven 

years. With the · result that quantities of gasoil, allocated to the other 

sectors, has been directed to lighting, there was also a growing fuel wood 

shortages leading to deforestation of large tracts of land in the N orthen1 

region".(UNDP, W. B. Report 1983 p.30). 

Since agriculture is the leading economic sector in the Sudan,. e.g. 

according to table (3.7) and fig. (3.7), during the period (1980-1993) on 

average the sector consmned about 3 % of total se et oral energy 

consmnption and 98% of this energy consumption was in the fonn of 

petrolemn products that consmned for water lifting and agricultural 

operations, so any shortages of oil products will · affect the total 

productivity in the agricultural sector. According to UNDP.W.B. Report 

(1983), production losses in the agricultural sector were caused by a 

nmnber of factors, these include delays and inadequacies in land 

preparation; inadequate raitûall in certain years, shortage of irrigation, 

U11availability of agriculhrral equipment for one reason or another and 

shortage of f~rtilizers. They claitned that "there was no clear eut way of 

quantifyit1g the losses due to energy shortage alone, however, it was 

estimated that inte~ptions in energy · supplies to pmnped irrigation 

schemes at critical times during the last years, caused a production losses 

of at least US $ 60 million." Agriculture in Sudan is more dependent on 

c01mnercial energy than in many other developing com1tries, therefore, 

lack of tilnely commercial eliergy supplies could be responsible for some ~, 

of the factors !isted above. Moreover, energy shortage at the critical and.'-1 
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required thnes lead to delay in planting, harvesting and transportation of 

crops after harvesting.(U.N.D.P. and W.B.Report 1983). 

For example, while output of sorghum was more th.an doubled in 

1982, harvesting of the mechanized fann corporation was delayed due to 

fuel shortages, and this delayed land preparation for the next season. 

Losses have also been incurred due to inadequate transport facilities for 

crops, particularly in the Westen1 region, for example it was reported that 

about half million ton of sorghum deteriorated due to the lack of transport 

from the Westen1 region (U.N.D.P. and W.B. Report 1983). 
' ' 

The Îlnpacts of energy shortage was not restricted to the agricultural 

sector, but extended to .affect the other productive sectors in the economy. 

According to UNDP and W.B. (1983), the total output in the industrial 

sector was constrained by the shortage of raw materials, energy skilled 

manpower and spare parts, however, it was again not possible to 

disentangle the separate effects of these shortages. They demonstrated 

that, "in most cas~s, the shortage of raw materials, appeared to be the 

main products constraints, for example, cotton seed due to drop in cotton 

production, or Ïlnported raw materials, due to shortage of foreign 

exchange receipts, on the other band, it was noticeable that there was a 

marked drop i11 monthly production during the Summer months (May­

July ), when the supply from the Blue Nile Grids was restricted. For 

example, accordi11g to their study textile mills experienced a complete 

power eut between (May-July) i11 1982 and thus suffered a production 

losses despite a stand by capacity of 6 .2 MWH as against a requirement 

of 9 MWH; i11 addition, frequent power cuts and voltage drops led to 

equipment drunage a11d hence the need for more spares. Accordi11g to the 

NEA studies, there was a markedly low capacity ulitization in Sudanese ~~ 

industry, while capacity utilization in industries operating in Port Sud•n'f.l 
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' 
area was of order of 65%, in the rest of the cotmtry it averaged armmd 

40%, the high capacity utilizatin in the Port Sudan area was mainly 

attributed to a greàter degree of self-reliance in electricity generation and 

·easier access to petrolemn supplies from the Port Sudan refinery, 

iinported raw materials, spare parts and other iI1puts. 

Although, currently there are considerable efforts to exploit the 

existing inte1nal iI1digenous sources of petroleum products in Sudan, 

however, the recent discoveries of oil and gas are not likely to have any 

major iinpacts iI1 alleviating these energy shortages in the short rm1, 

because the productivity is so low and iiiadequate to alleviate or even 

miniinize the current cmmnercial energy shortages. 

According to UNDP and W.B. Report (1983), substantial electric 

generation capacity is likely to be cmmnissioned iI1 the near future, and 

the availability of power to industry and agriculture is likely to iinprove. 

If Sudan managed to exploit all the stock of oil discovered or 

expected to be available, this will create a positive iinpacts in the 

economy, according tp oil Arab cmmtries experiences. "For oil producing 

and exportiI1g cmmtries, the advantages of oil sector are many, first oil or 

petrol sector represents a mean or a source of attracting and saving capital 

needed or required for iiwestment iI1 development schemes or 

programmes. This is because in most developiI1g countries capital is the 

most iinportant constraiilt or obstacle that hiI1der development process. In 

addition to this oil is a source of energy, it represents 90% of consmned 

energy iI1 oil produciI1g and exportiI1g cotmtries, -oil is a basic vehicle of 

development cycle in the agricultural, iI1dustrial and services 

sectors.Moreover, oil itself represents an industrialized sector, for 

example in petrol, chemical ( or petro-che1nical) pesticides industries and ~~ 

other manufacturing, · added to ail these, oil is an agent factors that helps '-' 
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the Arab cmmtries to co-operate and create, international, political, 

cmmnercial financial and economic co-operation and integration between 

Arab cmmtries".(Fraid Omer Madani. 1984 and Mohamed Nory Hamid 

.1984). 

Thus considering these factors, 111 Sudan oil exploitation become an 

urgent · priority to overcome the current crisis and to move toward 

sustainable development objectives. 

5.3. The Economies of Petroleum in the Sudan: 

5.3.l Introduction 

In fact the iinpacts of oil or petrolemn products ii1 Sudan's economy 

is recognized and could not be marginalized. The m1derstanding of the 

nature or patten1 of these impacts necessitates and requires an adequate 

knowledge of thè stn1cture of Sudan's economy. 

In Sudan, as Îll. many other developii1g cmmtries, the economy is 

characterized by under-development, low per-capita ii1come and duality ii1 

the productive sectors. Moreover, agriculture still is the largest or leading 

productive sector and on average it accollllts for or contributes by 40% of 

the total National Income or GDP, and absorbs or employees 80% of the 

total population. Moreover, the econ<?lllY is characterized by the persistent 

of deficit and iirllation. Like most developii1g cmmtries, Sudan still 

contiirnes to relay on foreign trade sector which accom1ts for 39% of total 

National Income. The cmmtry still depends on the exportation of raw 

materials (primary products, e.g. agricultural goods exports) as a major 

source of hard currency and importation of final goods ( e.g. manufactured 

and petrolemn prod'ucts items). This represents and creates great 

pressures on the tenn of trade, because the exported primary products 

_ items showed a continuons decline in .their prices ( or values), while the ~~ 

manufactured imported items and oil prOducts items showed a continuous ~, 
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nse in their prices and costs. This position on one hand, lead to a 

continuous deterioration in the tenn of trade and on the other hand, 

represents a real obstacle to the process of intenial development of the 

productive sector~ because according to section one of this chapter, the 

perfonnance of these productive sectors has been subject to or 

constrained by the fluctuations or changes in for~ign oriented industrial 

policies.Thus for oil-importing developing countries like Sudan, any 

changes in oil prices in the world market, will directly be reflected in oil 

prices in the country, and consequently affect the perfonnance of the 

productive sectors which depends on oil products in their production 

process.(Farid Omer Madani 1984 pp.6-7, 13-16). 

In addition, petrolemn products and cn1de oil as an imported goods 

have its iinportant effects on the balance of trade, balance of payments, 

balance budget deficits (i.e. exten1al and inten1al balance), iirllation, and 

GDP growtl1 rate. 

5.3.2 Oil imports and the External Balance:-

5.3.2. (A) Oil imports and Balance of Trade:-

In Sudan, throughout the period (1980-1995), different types of 

petrolemn products were used to satisfy the iiitenial needs partictùarly the 

productive sectors (agriculture, industry and transport) requirements. The 

continuons ii1crease in the intenial demand lead to an amrnal ii1crease ii1 

the volume of oil products iinports . Accordii1g to table (5.1.d) and figure 

( 5 .1 ), the annual sectoral oil consmnption has changed during the period 

(1980-1996), the total oil sectoral consumption has ii1creased from 

968866 (MT) in 1980 to 1186925 (MT), 1664412 (MT) and 1310094 

(MT) in the years 1985, 1990 and 1995 respectively. Moreover, the 

forecasts of 81U1ual oil consmnption by type for the period (1996-2010), 

prepared by the Ministry ofEnergy and Mining Statistical Unit, assume 
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that total oil consmnption by type will increase from 1873 thousand 

(TOE) in 1998 to 2120, 2916 and 4031 thousand (TOE) in the years 

2000, 2005 and 2010 respectively. ((table (5.3) and fig. (5.3)). 

As an imported goods cn1de oil and petroleum products represent a 

very important items compared with the other imported goods. According 

to table (5.4) and figures (5.4.a and 5.4.b), the relative share of oil imports 

to total iJ.nports increased from 21.52% in 1980 to 22.68% and 50.49%, in 

the years 1984 and 1990 respectively, but the ratio declined to 27.97%, 

22.77% and 20.57% in the years 1992, 1993 and 1994 respectively. The 

ratio of oil imports to total imports declined due to govennnental policy 

aims to reduce the annual imports vohune and due to the effects of 

liberalization policies. On the other hand the ratio of total imports vohune 

when oil products excluded from the annual total imports to total imports 

volrune including oil products is declined from 78.48%, in 1980 to · 

77.318% and 49.51 % in the years 1984 and 1990 respectively, and the 

ratio declined to 65.32%, 72.03% and 77.22% in the years 1991, 1992 

and 1993 respectively. This means that total imports vohune reduced by 

about 78.48%, 77.318%, 49.5lo/o, 65.32%, 72.03% and 77.22% in the 

years 1980, 1984, 1990, 1991, 1992 and 1993 respectively due to the 

omission of oil imports from total imports. (fig:(5-4.c) and (5-4.d )) 

Therefore, oil products receive a top priority in total imports, list, 

throughout the period (1980-1993), in most cases the ratio of oil products 

to total imports is high relative to the other imports items. Consequently, 

oil imports have an important or serions implications and reflection for the 

perfonnance of the economy in general, and the perfonnance of the major 

oil consruning sectors in particular.(i.e. the perfonnance of the major 

productive sector in the economy). 

142 

CODESRIA
 - B

IB
LIO

THEQUE



Oil itnports volume it1creased throughout the period (1980-1994), to 

the extent that, oil imports bill absorbed the (highest) percentage of total 

exports revenues, because most hard currency (foreign exchange receipts) 

generated from exports are directed to cover oil itnpoi-ts bill. According to 

table (5.5) and fig. (5-5.a), the ratio of oil Îlnports to total exports 

revenues throughout the period (1980-1993) has increased from 62.563% 

in 1980 to 68%, 83%, 101.23% and 72.9% in the years 1982, 1990, 1991 

and 1992 respectively, but the ratio declined to 47%, 55%, 52% and 46% 

in the years 1981, 1983, 1993 and 1994 respectively. Therefore, oil 

imports absorbed most of the exports eanm1gs of the cmmtry durÎ11g the 

period (1980-1993). 

According to table (5.5) and fig. (5.5.b), the ratio of total imports to 

total exports during (1980-1994), has changed trom 291 % it11980 to 

251 %, 217%, 175%, 214%, 178% and 165%, it1 the years 1982, 1983, 

1987, 1988, 1989 and 1990 respectively. The ratio it1creased from 165% 

Î11 1990 to 292% in 1991, but continuously decfü1ed durÏ11g (1992-1994) 

From 292% Î11 1991 to 257o/o, 226% and 222% in the years 1992, 1993 

and 1994 respectively. This could be attributed to the itnpacts of 

govenllllental policies to reduce the total Îlnports volmne and to raise the 

total exports volmne, and also attributed to the impacts of liberalization 

policies after 1992. The decline it1 the ratio of oil imports vohune to total 

exports volmne could be attributed to the above reasons. 

These high ratio are also explained by the fa.et that most exports 

revenues (hard currency or foreign exchange receipts) expended it1 or 

absorbed by itnports sector. Moreover, total exports revenues is greatly 

affected by the deterioration of the tenn of trade, due to the decfü1e· it1 

. cotton prices and iucrease Î11 oil products prices it1 the world market. This 

situation created deficit on balance of trade. 
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Crude oil and petrolemn imports have significant impacts or effects 

on both inten1al and extemal balances. This could be verified from their 

direct impacts on total govemment expenditures. in development items, 

balance of trade.deficit and balance ofpayment deficit. "Considering the 

extemal balance, most foreign aids and foreign assistance (including 

foreign capital transfers and foreign loans and grants) in the previous tune, 

have been directed to cover the costs of oil imports.(Farid Omer Madani. 

1984). 

According to Farid Orner (1984), the basic or important iinpact of 

oil imports bill on Sudan's economy, stems basically and directly from the 

fact that it is an annual imported item, that has been purchased on tenn of 

inteniational or world market price (i.e. bought in bard currency), and 

therefore has direct impacts on the balance of trade and n1direct impact on 

the balance of payments (i.e. have a serions effects on the extenial 

financial position of Sudan's economy). Throughout the period (1980-

1994) oil Îlnports volmne annually Î11creased. AccordiI1g to Farid Omer 

(1984), in 1977 the value of oil nnports was about 40 million Sudanese 

pounds, and has increased to 169 million Sudanese potmds in 1980, i.e. 

the· growth rate ( or the percentage of increase) was about 3 23 % dtrriI1g 

the period (1977-1980), was attributed to the n1crease of oil consmnption 

and also due to the contnmous rise or inflation in oil prices i.e. ü1 the 

n1temational world market (Farid Omer Madani .1984 pp.17-18). 

According to table (5.8) the annual growth rate of oil imports 

Îl1creased from 136% in 1980 to 813% in 1984, but the annual growth rate 

declined to -22%, 56%, 120%, -1%, -71%and~6%n1theyears 1985, 

. 1986, 1987, 1988, 1989 and 1992 respectively. 
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5.3.2.B : Oil Imports and Balance of Payments Deficit :-

The cn1de oil and petrolemn products imports have a negative effect 

on the balance of payments through their direct impacts on trade balance. 

Throughout the period (1980-1993), oil imports have aggravated the 

balance of trade deficit. This claim could be easily verified by analysing 

table (5.6) and figures (5-6.c) and (5-7.a), according to table (5.6), the 

omission or subtraction of oil products imports from the total imports will 

reduce the volmne of total imports, reduce the· deficit on trade balance and 

therefore reduce the balance of payments deficit. 

The relationship between oil and balance of trade deficit could be 

verified by analysing table (5.6) and fig. (5-6.a) 3:nd (5-6.b), which show 

the ratio of oil imports to annual total balance of trade deficit. The 

inciease in the voltune of oil imports during 1980s, especially atthe 

beginning of 1980s raised the ratio from 33% in 1980 to 47% in 1983. 

But the govermnent's efforts and policies du.ring the 1990s, specifically 
~ 

du.ring (1990-1993) resulted in the reduction of oil imports and total 

imports and therefore lead to a reduction in the ratio of oil imports to 

balance of trade deficit. The ratio was continuously declined from 53% in 

1991 to 46%, 41 % and 37% in 1992, 1993 and 1994 respectively. 

According to table (5.6) and figure (5-7.a), the ratio of oil iinports to 

balance of payinents deficit througho~t the period (1980-1994) has 

increased from 231%ii11980 to 258o/o, 564%, 486%, 1196%, 577% and 

1343% in the years 1983, 1984, 1986, 1989, 1993 and 1994 respectively. 

These results show the serious impacts of oil imports in the perfonnance 

of the economy through their iinpacts on balance of payments deficit. 

Although the relationship between oil iinports and balance of 

payinents deficits is indirect, but the figures showed that any ii1crease ii1 

oil imports will be reflected in the balance of payinents deficit, through 
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the direct effects of oil imports on balance of trade deficits. The balance 

of payments has increased by one percent due to the increase of oil 

products imports volume by 231 %, 258%, 564%, 486%, 1196%, 577% 

and 1343% in the years 1980, 1983, 1984, 1986, 1989,1993 and 1994 

respectively. During 1990s the impacts of oil irnports on the balance of 

payments deficit became relatively low compared with that of 1980s. 

According to table (5.11), fig. (5-6.d) and fig. (5-7.b) the ru.mu&l growth 

rate of petrol irnports was about 136%, 813%, 56%, 120%, -26% and 

-6%, the ru.mual growth rate in total imports was about 65.lo/o, -15.3%, 

12.8%,. 8.8%, 43.9% and -7 .8%, the ru.mual growth rate in total exports 

was about 16.6%, .8%,-1.4%, 79.7%,-18.5% and 4.7%, the aimual 

growth rate in trade deficit was about 106.43%, 3.81 %, 22.2%, -28.88%, 

139.48% and :-14.3%, the ru.mual growth rate in the balance of payments 

deficit was about -188.98%, -58.29%, -58.68%, -1069%, 33.11 % ai1d 

-42.65% in the years 1980, 1984, 1986, 1987,1991 and 1992 

respectively. 

5.3.3 Oil Imports and the Internai Balance:-

The impact of oil itnports is not only restricted to the extemal 

balance, but furthennore affecting the intenial balance it1 the economy. 

This claitn could be explored by comparit1g foreign govenunental · 

expenditures with. foreign expenditures iti oil sector ru.1d energy sector as 
whole ( e.g. fig. (5 .8.a) the relationship between foreign development 

expenditures, petrol sector expenditures ru.id foreign energy sector 

expenditures). According to table (5.7) and figures (5-8.c), the ratio of 

govermnent expenditures on oil products to total govenunental 

expenditures, was about 10.19%, 7.64%, 3.93%, 6.52% ru.1d 3.78% in the 

years 1989, 1990, 1991, 1992 ru.id 1993 respectively. 
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The average ratio of govenunent expenditures on oil products to 

total govenunent expenditures, throughout the period (1989-1993) was 

approximately about 6.4%. This indicates that what has been allocated for 

the importation . of oil products represents a real and considerable btrrden 

and pressure on public (govenunent) budget. 

According to table (5.7) and figirre (5-8.b), the ratio of oil imports to 

total budget deficit dtrring (1989-1993), changed from 8.498% in 1989 to 

1.3465%, 0.91 % and 2.9768% in the years 1991, 1992 and 1993 

respectively. Consequently budget deficit has i119reased by one percent 

because oil imports has increased by 8.498%, 1.3465%, 0.91 % and 

2.9768% in the.years 1989, 1991, 1992 and 1993 respectively. Although 

the relationship is indirect but the figirres showed that any increase in oil 

imports expenditlrres will be reflected on balance budget deficit. 

Ftrrthermore, oil products absorbed about 10.19%, 7.64%, 3.93%, 6.52% 

and 3.78% of total govenunent development expenditlrres in 1989, 1990, 

1991, 1992 and 1993 respectively, and absorbed ~bout 23.823%, 19.93%, 

6.72%, 14.15% and 12.96% of total foreign development expendinrres in 

the years 1989, 1990, 1991, 1992 and 1993 respectively fig.(5.8.e). On 

the other side, total energy sector absorbed about 7 .067%, 7.22%, 
\ 

16.57%, 12.429% and 19.948% of total develop1rient expendihrres in the 

years 1989, 1990, 1991, 1992 and 1993 respectively fig.(5.8.d), 

moreover, the ratio of foreign expenditures in energy sectors to total 

foreign development èxpenditlrres was about 9.45%, 14.28%, 21.18%, 

7.82% and 8.09% in the years 1989,, 1990, 1991, 1992 and 1993 

respectively fig.(5.8.f). 
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5.4. Oil lmports, Inflation and Development :-

5.4.1 Oil, Inflation and Development in the Developing Countries:-

Inflation is defmed as a general upward trends in prices levels and 

occurs when the. available or desire purchasing power of the population in 

certain area exceeds or outweigh the available supply of goods and 

services. On the other hand, it is defined as a continuons decline in the 

value of national ctrrrency or its purchasii1g power or its exchange rate 

relative to the other foreign ctrrrencies ( e.g. dollar). In this way inflation 

usually restilt due to increase in the demand for goods and services 

without an equivalent increase in the supply of these goods and services. 

The excess demand result either from a continuons increase in the 

purchasing power or a continuons decline in the supply of goods and 

services. The inflationary rate depends on the relationship between the 

desire to spend money and the rate at which goods and services are 

supplied, or it depends on the rate of money creation by higher or greater 

percentage than the productive rate.(Mohamed Nory Hamid.1984 pp.1-3) 

Inflation has many causes, it might be attributed to a general increase 

or rise in wages and costs, structural difficulties and increase in general 

imports (costs and prices) (i.e. imported inflation).(Mohamed Nory 

Hamid. 1984) 

Recently, the study of inflation and their itnpacts become itnportant 

especially it1 the developit1g cotmtries, because it is considered one of the 

basic or serions obstacles that constraint the economies of these com1tries. 

Economists considered it as the first enemy for, an· nations, and they 

argued that the failure ' of curing itillation will lead to or result it1 

misallocation of resources and also have a direct impacts on political and 

economic distabilization. (Mohamed Nory Hamid. 1984. pp. 1-3) 
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The significant correlation between oil and development and oil and 

inflation has · been evaluated after the expansion in oil discoveries and oil 

exploitation. (Mohamed Nory Hamid 1984 ). Edelman argued that "the . 

sudden tennination of the period of cheap and abundant oil and natural 

gas in the late of 1973 has caused severe diffictùties in most of the less 

developing com1tries. During this period, studies and experiences of oil 

producing exporting cmmtries 'OPEC' and ~il importing com1tries 

verified that there exist a strong relationship between oil and 

inflation".(Manas Chatterji 1981.chap.(10) p.167). 

"The experiences of oil producing and exporting 'OPEC' Arab 

cmmtries during 1970s, revealed that, the increase of oil prices and the 

sudden increase in oil discoveries and exploitation lead to increase in 

production levels and total revenues generated from oil sector. These has 

been accompanied with increase in money supply, which has doubled 

many tünes during the same period, in addition to the increase in total 

public and private expenditures on infrastructure and services sectors, 

which have also doubled many tunes durn1g the same period, there was 

also n1crease n1 the prices of locally produced and nnported goods and 

services. In addition to n1crease of the value of national currency relative 

to or compared to the other foreign currenèy, ( e.g. dollar). These 

monetary and fiscal expansions have been accompanied with general 

upward trend in consmnption and govenllllent spendn1g, which has both 

raised aggregate demand level without an equivalent or adequate increase 

in aggregate suppl y level. The excess demand over suppl y caused a higher 

inflationary rate n1 both oil producn1g exporting cmmtries and oil 

nnporting developing cotmtries. During 1970s with the increase of oil 

prices, these countries experienced a higher inflationary rate, for example, 

m Iran, the increase of oil prices and revenues in 1971/72, have been 
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accompanied with a higher inflationary rate, because oil revenues 

increased by about 7 4 % and inflation increased by 9. 7% in the srune year. 

Another exrunple, in Nigeria, according to the World Bank a11d IMF 

statistics in 19~0s, the increase of oil prices a11d revenues raised inflation 

by 20%, the iucrease of oil prices dtrring (1975-1980) in Nigeria raised 

the value of national ctrrrency relative to dollar a11d other foreign 

ctrrrency. These have been accompruried with increase in govennnent 

spending in public sector investment, these in turn raised aggregate 

dema11d level a11d therefore resulted in more inflation. The increase in 

total consumption in Congo a11d general total consumption and iuvestment 

in Gabon, during the same period has raised aggregate dema11d caused 

excess dema11d over supply a11d therefore raised inflationary level or 

ratio". ( Mohruned Nory Hamid March 1984 pp.3,6-9,15-16). 

5.4.2 Oil and Inflation in the Sudan :-

Inflation today represents a serions economic problem for both 

developed a11d developing countries, because i~ represents a chronic 

problem or dile1mna that faces and negatively affects the economies of 

most, if not all the developing countries.(Mohruned Nory Hrunid. 1984 

P.2). 

For most economists the cha11ges in the consmner price index (CPI) 

used as a measure of inflation. In Suda11 dming the period (1980-1990), 

the inflationruy rate measured by the growth rate (changes) in CPI (i.e. 

~CPI/CPI), has increased from 26.2% in 1982 to 47.6%, 70% ,120.5% 

and 119.5% in the years 1988, 1989,1991 a11d 1992 respectively. 

During the 1970s, the oil crisis has generated a sigirifica11t 

inflationary pressures in both the developed industrialized a11d the 

developing cmmtries a11d these negatively affected output levèls. The 

1970s experience showed or emphasized that, in the developing cotmtries 
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particularly oil-importing developing cotmtries, inflation and imports are 

closely interrelated. In most of these cmmtries. (including Sudan), the 

major economic productive sectors in the economy depend mostly on 

imported connnercial energy smrrce like oil products. So any increase in 

the costs or prices of imported energy will directly be reflected in the 

costs or prices of locally produced commodities that consmne the 

imported energy ( oil products ). Therefore, the importation of oil directly 

or indirectly contributes in raising the general inflationary rate, through 

their direct impacts on general prices level of domestic connnodities 

produced by the econo1nic productive sectors which depend on oil 

products. (Mohamed Nory Hamid 1984 pp. 3-6) 
1 

Although the quantification of the impact of an increase in oil prices 

and other commodities on inflation is not an easy process to cotmt, but 

according to table (5.9) and figirre (5-10), the relationship between oil 

imports and ·the general inflation~ rate meastrred by the changes or 

growth in CPI, is considerable or significant. The annual growth rate of 

CPI increased from 26.1 % in 1980 to 26.2% and 3 Ll % in 1982 and 1983 

respectively. The growth rate increased to 32.5%, 46.2%, 47.6% and 70% 

in the years 1984, 1985, 1988 and 1989 respectively. On the other hand, 

the annual growth rate in oil imports increased from 136% in 1980 to 

813% in 1984. This led to increase in inflationary rate as measured by the 

annual rate of growth, ( or changes) in CPI, the relationship between them 

defined by the ratio of oil imports growth rate to CPI growth rate has 

doubled by five times dtrring the period (1980-1984), due to the increase 

in oil imports growth rate, the ratio increased from 5% in 1980 to 25% in 

1984. This implies that any 5% and 25% increase in oil imports raised 

inflation by one percentage in 1980 and 1984 respectively i.e. the growth 

rate in oil Ïlnports from 136% in 1980 to 813% in 1984 contributed in the 
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mcrease of inflation froni 26.1 in 1980 to 32.5% in 1984. In (1991-1992) 

oil imports growth rate changed from--26% in 1991 to -6% in 1992, while 

inflation. (growth rate in CPI) declined from 120.5% in 1991 to 119.5% in 

1992 (by one percentage ), and the ratio of oil imports growth rate to 

inflation (CPI) growth rate changed from -0.2% in 1991, to -0.05o/o in 

1992. 

Thus the relationship between oil imports growth rate and inflationary 

growth rate ( changes in CPI) is evident, the relationship is strong during 

1980s and relatively weak during 1990s. However, in general oil_Îlnports 

growth rate and general inflationary growth rate are significantly 

correlated in the Sudan. 

5.5. Total Energy, Oil Imports and GDP Growth Rate :-

Since energy is a key input in the key productive sectors Î11 any 

economy, it is an indispensable, necessary, n1e~astic and irreplaceable 

element. or input in the production process in any economy, ( e.g., it is 

necessary for lighting, heatu1g, power and machinery work (Michael . 

Tanzer, 1969 p.4). 

Despite the fact that, energy growth rate assmned to be closely inter­

related to the annual growth rate in the gross national product or gross 

domestic product in any economy, however, in the Sudan the contribution 

of energy sector Î11 GDP is very low and marginal and never exceeded 

2.5% dtu-Îl1g the period (1980-1990) namely the contribution of 

electricity and water sector in GDP was ranged between 1 % and 2.3% 

during the period (1980-1990). 

The relationship and luikage between energy sector and the other 

productive sectors Î11 the economy stems from the fact that energy Î11put is 

an intennediate Î11put Îl1 the major productive sectors. Theoretically, this 

Îllterrelationship and linkage is defined through input-output (model) 
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table or analysis, which identifies the relationship between energy sector 

and the other productive sectors in the economy. The model explains how 

much energy used by these sectors i.e. by how much energy input 

contributes in the production of these sectors and how these sectors 

contribute in energy sector production. However, due to unavailability of 

adequate infonnation and data necessary for the construction and . 

formulation of the model, so for the present study, it was no longer 

possible to verify the relationship between energy sector and the other 

productive sectors in the national economy through the constn1ction or 

fonnulation of input-output model or technique. So the present study 

resort to use the analysis which identifies the relationship between energy 

sector and the gross domestic product as a mean to verify the importance 

of energy sector in general and oil sector in particular to the growth rate in 

gross domestic product. 

· Theoretically, it is assmned that, the growth rate in total energy 

consumption is associated with growth rate in GDP. According to table 

(5.10) and figure (5-11.b) total energy growth rate increased from 0.07% 

in 1981 to 3.95% and 4.02% in 1985 and 1988 respectively, while GDP 

growth rate increased from 4.6% in 1981 to 10.2% and 5.6% in 1-985 and 

1988 respectively. In 1987, total energy growth rate increased to 5.22%, 

but GDP growth rate declined to 1.5%. 

According to table (5.10), the annual growth rate of biomass 

changed from 2.70% in 1981 and 1982 to 2.69%, 2.65%, 2.60%, 2.61 %, 

6.16% and 5.92% in the years 1983, 1984, 1985, 1986, 1987 and 1988 

respectively. On the other band, electricity sector annual growth rate 

declined from 7.09% in 1981 to -.33% in 1982 but increased to 26.98%, 

9.76%, 11.79%, in the years 1983, 1984 and 1985 respectively but aga.in 

declined to 4.36, -11.19o/o and-12.91 % in the years 1986, 1987 and 1988 
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respectively. The annual growth rate in oil consmnption changed from -

9% in 1981 to 6.3%, -3.72%, 4.08%, 7.62%, 5.78%, 5.22% and-1.49% 

in the years 1982, 1983, 1984, 1985, 1986, 1987 and 1988 

respectively.(Ta~le(5.10) and fig.(5-11.b) and (5-11.c)). 

According to table (5 .12) and fig. (5-11.a), the ratio of electricity 

consumption to total energy consmnption is very low and changed from 

.0109 in 1980 to .0117, .0113, .0152, .0163, .0178,.0179,.0153, .0130 

and .0156 in the years 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988 

and 1989 respectively, the ratio ofbiomass to total energy consmnption 

is very high and changed from .7391 in 1980 to .7591, .7527, .7609, 

.7575, .7470, .7409, .7483, .7634 and .7671 in the years 1981, 1982, 

1983, 1984, 1985, 1986, 1987, 1988 and 1989 r~spectively, on the other 

side, the ratio of petrol consmnption to total energy consmnption changed 

from .2499 in 1980 to .2299, .2360, .2238, .2262, .2352, .2411, .2364, 

.2236 and .2172 in the years 1981, 1982; 1983, 1984, 1985, 1986, 1987, 

1988 and 1989 respectively. Although, electricity have the lowest share in 

total consmnption compared with biomass and petrol, however, 

according to fig.(5-11.d) during the period (1981-1989), the average 

gr.owth rate in electricity sector is greater than the average growth rate in 

biomass and petrol sectors, i.e. the average growth rate in electricity 

biomass and petrol sectors was about 63.5%, 26.1 % and 10.4%> 

respectively, according to table (5 .10) and fig.(5-11.b) and (5-11.c) the 

annual growth rate in electricity sector during the period(-1981-1988) in 

some cases is greater than the annual growth rate in biomass and petrol 

sectors. 

According to table (5.8) and fig.(5.9), during 1980s, in some cases 

the annual growth rate in oil imports is greater or higher than the annual 

growth rate in GDP, for example, the annual growth rate in oil imports 
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was about 136%, 95o/o, 813%, 56% and 120% in the years 1980, 1982, 

1984, 1986 and 1987 respectively. While the annual growth rate in GDP 

was about 2.81%, -2.7%, -11.5%, 4.9% and -1.5%in theyears 1980, 

1982, 1984, 1986 and 1987 respectively. During 1990s the annual growth 

rate in oil imports changed from -26% in 1991 to -6% in 1992 and the 

annual growth rate in GDP increased from 11.3% in 1991 to 12.3% in 

1992. The highest growth rate in oil imports was about 813% and 120% 

in the years 1984 and 1987 respectively, compared with -11.5% and -

1.5% growti1 rate in GDP in 1984 and 1987 respectively. The highest 

growth rate in GDP was about 11.3% and 12.3% in the years 1991. and 

1992 respectively, compared with -26% and -6% growth rate in oil 

imports in the sa.me years. The interval of oil imports growth rate was -99 

(minimum rate) and 813 maximmn rate. On the other hand, GDP growth 

rate interval was -11.5 (minimum rate) and 12.3%> (maxilnmn 

rate).During 1980s oil iinports growth rate exceeded the annual growth 

rate iI1 GDP , however, during 1990s due to contiirnous decliI1e iI1 total 

Îlnports and oil Îlnport the annual growth rate in GDP exceeded the annual 

growth rate iI1 oil iinports. 

According to table (5 .10), the growtli rate in energy sector was about 

3.52%, 1.63%, 3.09% and 5.22% iI1 the years 1982, 1983, 1984 and 1987 

respectively. While the annual growth rate in GDP was about -2.7%, -

2.9%, -11.5o/o and 1.5% in the years 1982, 1983, 1984 and 1987 

respectively. However, iI1 the years 1981, 1985, 1986 and 1988 GDP 

growth rate exceeded energy sector growtl1 rate, because the growtl1 rate 

in energy sector was about 0.07%, 3.95%, 3.4% and 4.02% compared 

with 4.6%, 10.2%, 4.9% and 5.6% growthrate iI1 GDP in the years 1981, 

1985, 1986 and 1988 respectively. 
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Tllese argmnent verified the inter relationship between energy sector, 

oil sector and GDP, ru: some cases energy sector and oil sector am1ual 

growth rates exceeded the annual growth rate in GDP. 

5.6. Co
1

nclusion: 

It is obvious that energy sector is important to the productive sectors 

iri any economy because energy sector growth rate assumed to be 
1 

necessdry for GDP growth rate. In Sudan, although energy sector 
1 . 

absorbld about 7.1 % and 19 .95% of total govenunental expenditures and 

absorbed about 9.45% and 8.09% of total foreign expenditures in the 

years ~,989 and 1993 respectively, however energy sector contribution in 

GDP iJ very low and marginal and never exceeded 2.5% during the 

period 1(1980-1990) e.g. the contribution of electricity and water sectors 

in GDP during the period (1980-1990) is ranged between 1 % and 2.3%. 

In Sudan, oil is the major commercial energy · type used· by the 

economic productive sectors, because oil products directly affect the 

product~on levels of these productive sectors. Moreover, oil imports have 

serious ~pacts on both extemal and internai balances, tbrough its impacts 

on balance of trade deficit, balance of payments deficit and balance of 
1 . . . 

budget âefic1t. . · 
1 

In fact, the direct impact of oil in Sudan economy obvions in total 

imports and balance of trade deficit. Throughout'the period (1980-1993) 

oil have the highest percentage and represents Ü1e major item in total 

importsf list, it accounted for 21.52% and 34.67% of total imports in 1980 
1 

and 1991 respectively. Moreover, oil sector absorbed the highest ratio of 

total exports revenues, it absorbed about 62.563% and 101.23% of total 

exports revenues 111 1980 and 1991 respectively. Moreover, oil 

contributed by about 33% and 53% of balance oftrade deficit in 1980 and ~> 
1991 respectively. Cousequently, the omission of oil imports item from'f. .,, 

• • 
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total imports list in 1980 and 1991 has reduced the total ùnports by about 

78.48% and 65.32%, reduced the balance oftrade deficit by about 67% 

and 47% ù1 1980 and 1991 respectively. 

Moreover, oil imports also affect the intenial balance through 

affectù1g total and foreign expenditures and balance budget deficit. Oil 

ùnports absorbed about 10.19% and 3.78% of total govenunent 

development expendittrres, and absorbed about 23.823% and 12.96% of 

total foreign e~penditures in 1989 and 1993 respectively. Consequently 

,oil imports sector accom1ted for about 8.498% and 2.9768% of total 

balance budget deficit in 1989 and 1993 respectively. 

On the other hand, the relationship between the annual growth rate in 

oil ùnports and ùrllation is significant, and therefore, support the argmnent 

that the ù1crease ù1 ùrllation Î11 Sudan among other thù1g, is attributed to 

the increase ù1 total ùnports in general and oil ùnports ù1 partictùar. 

Durù1g (1980-1993) the amrnal growth rate Î11 oil ùnports significantly 

affected inflationary rate. The annual growth rate of ùrllation increased 

from 26.1 % ù1 1980 to 32.5% in 1984 and the annual growth rate Î11 petrol 

ù1creased from 136% Î11 1980 to 813% ù1. 1984. Consequently the ratio of 

oil ùnports growth rate to inflation growth rate was doubled by five tunes 

from 5% ù1 1980 to 25% ù1 1984, tlris ùnplies that any 5% and 25% 

increase ù1 oil ùnport raised ùrllation rate by one percent Î11 1980 and 

1984 percent. Therefore, oil ùnports ·,and total ùnports significantly 

contributed in general Î11crease ù1 ùrllation. 
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Chapter Six 

Economie Policies and Energy Problems 

6.1.A Introduction: 

Recently considerable attention and efforts directed and devoted 

toward energy conservation strategies, because "By the early of 1970s, 

most developed countries experienced decades of low energy prices and 

plentiful fuel supplies, with consequent of high and growing percapita use 

of energy. This high usage was of little concen1 to tnost govennnents until 

the first oil shocks, when rapidly rising energy prices and interruptions in 

supplies forced re-examination of existing policies. In most developed 

cotmtries conservation and end use efficiency impr_ovement became an 

important components of energy policy. In the developing world the 

continued rapid growth in energy demand and its fmancial and 

enviromnental consequences have stimulated renewed interest in the 

potential to itnprove efficiency it1 both supply and end use" (The World 

Bank -1993 pp.18-19). 

Since, increasit1g energy consmnption and economic growth are 

strongly and positively correlated, recently, it1 the context of an it1tegrated 

comprehensive energy policies management, it1 both developed and 

developing countries, most efforts and strategies are essentially directed 

and devoted toward energy conservation, rationalization and increasing 

energy efficiency to the extent that energy conservation strategies and 

energy supply-demand theorem or policies are now been viewed it1 a 

broader context of national development strategy. In the Sudan 

considerable efforts are directed or devoted to it1clude or itnplement a 

comprehensive energy development strategy in the broader context of 

national-sustainable development strategy. 
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The present chapter focuses on economic policies which usually 

implemented to deal with energy ( crisis) problems. Section one defines 

the general energy problems from an economic point ofview. Section two 

provides a macro solution of these problems. Section tlrree provides a 

microeconomic (or sectoral) solution for the tlrree types of energy used in 

the Sudan, the last section concludes and sunnnarizes the main points. 

6.1.B An Economie View of the Nature of Energy in the Sudan and 

the Developing Countries: 

Recently in the developing countries, there are increas:ing attention 

or awareness about refonning energy policies (including supply side, 

demand side, energy · prices and efficiency issues) and managing energy 

crisis. The world Bank (1993), study in the developing cmmtries, 

demonstrated the fact that those cmmtries faced a rapid growth in the 

demand for energy with major constraints in financing available energy 

smrrces and increased pressures to sustain enviromnent (The World Bank 

1993, chap.(1) and (2) pp.10-15). 

The World Bank study (1993), specified four major critical factors 

that cause differences in energy sector performance in the developed and 

developing c0tmtries, these factors include, differences in energy pricing 

policies, policies ( or mechanism) for controlling or regulating energy 

supply enterprises, the extent to which energy using industries are 

· protected from competition and the le gal institutional and infonnational 

barriers to the efficient ftmctioning of markets. (The World Bank. 1993, 

chap.(1) and (2) pp. 10-15). 

In most developing c0tmtries including Sudan, energy cns1s 1s 

attributed basically to f0trr fundamental and major problems these are, 

"low supply because energy is scarce, high and increasing demand, low ~~ 

efficiency and high perceutage oflosses, inefficient pricing system due 1 o ~., 

159 

CODESRIA
 - B

IB
LIO

THEQUE



low price and sùbsidies that creates price distortion". (The World Bank. 

1993, chap.(l) and (2) ). These four major problems directly or indirectly 

related to energy crisis in the Sudan and in most other developing 

countries. Consequently, all efforts deal with or directed to manage the 

energy sector crisis must consider all these factors. 

6.1.1 Inefficient Pricing System (Low Energy Price): 

It is a major and fundamental issue confronting the energy sector in the 

developing com1tries. The World Bank (1993), demonstrated that "prices 

· in most developed countries are set with the object of covering at least the 

full financial costs of supply, but in many developing cmmtries including 

Sudan, energy prices ( other than some petrolemn products ), do not cover 

the economic costs or full financial costs of supply. This means that 

energy consmners many of whom produce other goods, do not face prices 

that encourage them to use energy efficiently, selects the most economic 

fuel, or use the tecbnology that wmùd best meet their needs. In the 

transport sector fuel are used inefficiently whe1~ fuel prices are below 

boarder prices, and when there are distortion producing prices 

differentials among alteniative fuel (gasoline, diesel and kerosene ). The 

World Bank (1993) experience· and study in sixty developing cmmtries, 

demonstrated that on average tariffs for nearly 80% of the utilities in those 

countries did not cover the long run marginal cost of supply, in addition to 

encouraging wastage in energy end use efficiency and ma.king many 

energy efficiency conservation and technology initiatives financially 

unattractive". (The World Bank, 1993, chap.(4) pp.36-37 ). 

6.1.2 Shortage in Supply: 

In the developing countries, energy cns1s could be viewed in a 

macroeconomiccontext through the ànalysis and investigation of supply- ~~ . 

demand sides. According to Sudan's National Energy plan (1985-2000).~ • 

' ' ,." 
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the Ftmdamental problem with regard to enen,'Y sector is that supply 

lagged behind demand, this problem attributed to the increase of oil prices 

after the period (1970s-1980s) and a reduction of the ability to iinport oil 

or petrol, due to inad~quate capital investment, fuel allocation, electricity 

load shedding and emergency investments to bridge the gap, these 

resulted iI1 completely unreliable energy supplies for the consmners, 

which caused losses to the economy and the gap continues to grow as the 

suggested solutions fail to solve the fundamental problems. 

The World Bank study (1993), demonstrated that institutional and 

supply side inappropriate investment decisions and govenunent 

intervention in the. da.y to da.y operation of energy supply enterprises 

resulted iI1 a large economic costs and financial losses. (The World Bank, 

1993, chap.(l) p.14). 

The basic three sources of energy in the Sudan face these problems. 

Traditional fuel wood sector suffers due to diminishing forests stock and 

desertification problem. Electricity sector suffers from mrreliable supply 

and discontmuous generation (peak period iI1tem1ption). Petroleum sector 

suffers from low iiiadequate supply due to shortage of foreign exchange 

receipts and ha.rd currency. 

6.1.3. Excess-Demand:-

It has been evident that energy crisis in the developiI1g com1tries 1s 

basically attributed to the problem of excess demand. In Sudan the 

growmg and mcreasiI1g energy requirements and needs of the productive 

sectors iI1 the economy resulted iI1 excess demand, which creates problem 

of shortage in most energy sources, particularly c01mnercial energy. This 

resulted in the appearance and emergency of black market particularly in 

petroleum products sector. The problem of excess demand and low ~~ 

supply lead to inefficiency in energy sector market. Recently, the t., 
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govennnent resorted to introduce and implement cmmnercial prices that 

cover the costs of supply to reduce the excess demand and to create 

balances in energy market and to eliminate or at least reduce the gap 

between the supply of energy and the demand for eriergy. 

6.1.4 Inefficiency and Losses Problems in. the Energy Sector:-

Losses and inefficiencies appear clearly in energy balance for all 

cmmtries, but varies across cmmtries due to many factors, the major ones 

are related to the country's degree of development, the prevailing 

technical levels or standards, and the increasn1g public (general) 

awareness about losses and their socio-economic nnplications (Gamal 

Osman Abubaker 1991 - Sudan Energy News 1991 p. 15-18). 

Inefficiency and losses Î11 energy represent a serions problems that 

constramt the perfect perfonnance of energy sector. Accordn1g to the 

World Bank (1993), "Energy efficiency is nota ~ell defined concept, it 

has two aspects; magnitude efficiency or "x" efficiency and price 

efficiency more recent literature suggested that "x" niefficiencies exist at 

both production and consmnption sides of energy, one frequently used 

empirical measures of energy efficiency Î11 energy use per mrit of GDP. 

However, in the context of development, it is the econonric rate of rehm1 

to capital that is relevant, not energy use per mrit of output of GDP. 

According to World Bank (1993), pursuing energy efficiency is desirable 

or required up to th~ point where the changes in the economic rate of 

rehm1 become zero or negative, or alteniatively where the rate of retun1 is 

greater than or equal to the cost of capital" (World Bank. 1993, p.15). In 

tlris way Î11creasing subsidies and raising teclurical managerial 

Î11efficiencies resulted Î11 a reduction of the rate of retun1 to n1vestment 

and against enhancn1g energy efficiency and conservation objectives. ~~ 

There is an argument that, historically one of the driving forces o~\., 
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increasing energy efficiency is the increase in energy prices relative to or 

compared with the other economic factors. (The World Bank. 1993). 

In the developing cmmtries, the problem of losses is particularly 

acutè. According to the World Bank study (1993), a sainple of '51' 

developing com1tries, revealed that older power plai1ts in many 

developing cmmtries consmne from 18% to 44% more fuel per Kilo Watt 

hours (KWH) of electricity produced than do plants in OECD cmmtries 

(The World Bruù<. 1993). This high percentage of losses is attributed to 

many factors; (1) man y govennnents failed to pass on all of increase in 

international energy prices to domestic producers ai1d consmners. (2) In 

many com1tries a large part of total consmnption is in non household 

sectors which are dominated by inefficient state (public) enterprises ru1d 

protected industries, these protected industries has relatively high 

consmnption per unit of output (3). Subsidized publicly owned monopoly 

enterprises supply energy on cost plus basis did not provide a conclusive 

enviromnent for effective built in continues for the high levels of 

efficiency. ( 4) Because of non competitive market structure aild 

subsidized energy prices, it has not been profitable for market 

intennediaries to develop to arbitrate information on energy efficiency or 

on fmai1cial ai1d tecl1110Iogical options. In tltls way, lack of infonnation 

intennediation resulted in a relatively higher costs of infonnation 

financing ai1d management expertise. (The World Bailk. 1993, chap. (2), 

p. 19). 

In Sudru1 enetgy efficiency problems appeared in the fonns of loss in 

trai1smission, conversion, distribution ai1d trai1sportation. In some years 

total supply is relatively ltlgh but losses occmred in tlle fonns of 

transmission, distribution, conversion lead to reduction in the total supply. ~~ 

According to Energy Hand Book (1987,,1990 and 1991), the estimated f. , 
' . . . 
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losses on average was about 4 million ton oil equivalent, which represents 

about 40% of total energy supply in the years (1987, 1990 and 1991), this 

irnplies that only 60% of total energy suppl y reaches end users. 

According to Gainal Osma11 (1991 ), in Suda11 losses rnight appeai· in 

the fonn of direct losses that occur or associated with energy generation 

( e.g. electricity), transmission, conversion a11d distribution ( e.g. petrol), or 

in the form of losses that occur due to institutional, maiiagerial, 

administrative or orga11izational factors, delays in enforcement or 

irnplementation of projects pla11s, demand mismanagement and absence 

of qualified laws for rationalization. These fonns of losses occur due. to a 

ma11y reasons such as weak :infrastructural bases which :include low 

technical a11d qualified tra11sportation a11d colillnmrication system, absence 

or inadequate qualified techtrical workers to maiiage losses problem, 

inefficiency in working capacity due to teclnrical problems related to 

machines a11d equipment operations, inefficiency attributed to low 

experiences and ignora11ce to deal with technology. In addition to 

fmancial problems (economic factors), losses also attributed to the 

shortage of foreign excha11ge receipts a11d bard currency which 

constrained the imports volume of both petroleum products a11d spare 

parts used by machines a11d equipment,th~ weak roie of the private sector 

investment in energy sector. In addition to difficulties and mis-allocation 

111 sectoral distribution. Moreover, administrative, managerial a11d 

orgairizational problems contributed in losses problems. In addition to the 

lack of expertise a11d experience or knowledge to deal with these 

problems. Moreover, losses occ1rr due to social reasons due to the fact 

that most consumers have low concen1 a11d awareness about losses 

problems a11d the:ir socio-economic implications, these attributed to ~~ 

ineffective and weak raie of awareness efforts on one side, and also due'-~ 
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to the nature or patten1 of demand for energy in the Sudan which lead to 

the failure of efforts to reduce the total demand for energy through 

regulatory laws and economic tools and policies particularly pricing 

policies because energy demand is price inelastic and consmners are less 

responsive to changes in prices, and also due to the failure of interfuel 

substitutions policies that constrained by difficuities in modifying the 

behaviours or preferences of consmners to shift to the other substihltes 

sources which are characterized by the maximmn benefit, high efficiency, 

low costs and minitnmn lasses (i.e. have low technical, economic and 

eilvironmental costs). (Ga.mal Osman Abubaker 1991- Sudan Energy 

News 1991, pp.15-18). 

According to the World Bank (1993), both developed and 

developing com1tries experienced market imperfection problems, that 

create significant barri.ers to efficient energy production and end users. 

These it1clude, (1) lack of a government energy record on consistency, 

predictability and credibility policies to encourag~ energy efficiency. (2) 

Information gaps on energy lasses reduction techniques, technology and 

process options finance and joit1t venture opportmrities, due to lack of 
. . 

· market intennediation and lrigh transaction costs. In the household sector 

in particular, energy users do not usually have easy and low cost access 

to necessary technical infonnation and capital, and first tune applicant 

buyers do not generally have sophistication to tmderstand the potential 

differences in the co~ts of on going energy consmnption. (3) Household 

end use energy consmners usually do not face the real costs of energy use, 

because households are often not adequately metered and because 
'I 

' 

investment decisions are often split among tenants, owners and 

contractors. In addition to these barriers, other factors tend to be .... 

associated with lower level of energy efficiency, these include füe general f.l 
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availability of energy inefficient applicances, equipment and structures, 

partly due to absence of minimum energy efficiency codes and standards 

for c01mnercial building and for small consmners items such as 

applicances and motor vehicles and a weak institutional capacity to 

enforce such codes and standards. (The World Bank 1993, chap.(6) p. 

49). 

It has been evident that increasing efficiency and promotion of 

energy sector are positively interrelated to the growth of GDP. However, 

the growth in energy demai1d which bas not been accompanied with an 

increase in supply creates imbalances in energy market or supply-demand 

gap. These problems and other environmental related problems raised the 

importance of energy conservation issues. 

Recently, energy conservation is extremely important and represents 

a top goal, objective or priority to policy makers in both developed and 

developing com1tries, particularly a.fier the 1970s oil shocks because 

most energy products ·became increasingly expensive, therefore, extensive 

efforts addressed to increases and push the attention, awareness and 

importance to secure the available energy resources, by choosing among 

alternatives to create optimal allocation of available resources at least 

possible costs ( economic efficiency), promoting allocative efficiency 

through ranking priorities and directing the available supply in order to 

satisfy the basic needs and reducing or eliminating mmecessary ( or 

extravagant) consumption. 

h1 Sudan, improving energy sector efficiency and conservation 

requrres the formulation and implementation of an · integrated energy 

strategy within a comprehensive development strategy. An integrated 

· energy plan must fmd solutions to the ftmdamental problems facing the ~~ 

sector, these include: (!) Euergy demand management. (2) Energy supp.ly '\il 
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management and structtrral refo1m. (3) h1terfuel substitution policy. ( 4) 

Adjustment and refonn of pricing system, ( 5) Promoting and enhancing 

efficiency and reducing the losses to their minimmn possible standards. 

( 6) Enhancing and implementing the regulatory and rationalization 

policies. 

6.2. The Mechanism of Solving Ellergy Problems in the Sudan 

(Macro Policies) :-

6.2.1 Adiustment of Energy Pricing System:-

The mechanism of solving energy cri.sis in the Sudan necessitates the 

correction of energy pricing system as a top priority and a focal point, 

because pricing policies considered as a very effective mean or tool in 

controlling the demand side and regulating market mechanism, because 

pricing policies have a direct effect in final consumption, usefiù to eut 

extravagant consmnption, and help to serve rationalization and regulation 

objectives through directing supply toward trrgent economic needs 

(ranking objectives) and help in allocating exploiting and using the 

existing inten1al or domestic sources in an optimal way. Consequently, 

short-medimn and long tenn plans must put or consider pricing policies 

as a top objective to reflect the real costs of supply. According to the 

World Bank (1993), "refonning energy pricing system means set energy 

prices to reflect the real costs of supply and to have prices that cover long 

tenn marginal costs, this implies that energy consmners must face prices 

that encmrrage them to use energy efficiently". (The World Bank. 1993, 

p.43). 

The World Bank (1993), recommended that "as a prut of the overall 

energy pricing, power suppliers and gas suppliers shmùd ptrrsue active 

load management progratmnes that are responsive to tune of use, type of ~-. 

· uses and quality of supply. While the impact of price cha11ges may not be~ • . V·~ 
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longer in the short nm, but the experience of 1970s and early 1980s oil 

shocks, showed that the longer tenn efficiency impact can be quite 

dramatic in competitive markets". (The World Bank. 1993, p.43). 

In Sudan, inefficient pricing system ( distortion problem) caused by 

cross subsidization, because prices of fuel, do not reflect the real costs of 

supply, and tins lead to market imperfection. In addition, to the problems 

of excess demand, shortage of supply and supply-demand gap, cause 

imbalances in energy market. Thus pricing system refonn is inevitable as 

a tool · of adjusting and correcting market condition. Energy pricing 

policies in the Sudan, should be effective, if they are managed to (1) 

restrict and eut the extravagant consmnption through increasing the 

awareness and raising tl1e consciousness among the final consmners about 

the gains and benefits from conservation and ratioanalization policies. (2) 

Correct prices as far as possible and issuing taxes for lrigh income group 

(those who are able to pay for) as a mean of restricting the extravagant 

consmnption. (3) Increase technical and allocative efficiency at the 

consmnption production and distribution levels. (The National Energy 

Plan, (1985-2000). 

According to Ga.mal Osman (1990), since energy products are a vital 

· input in the productive sectors of the economy, therefore, the refonn of 

energy pricing system have a sigirificant :itnpacts on most consum:it1g 

sectors.Therefore, feasibility studies that measure the :itnpacts of pricing 

system refonn, subsidization and taxes on energy prices and the 

consmning sectors that have a significant share on GDP, must be prepared 

and annually fonnulated. These studies have to analyse the Ïlnpacts of 

subsidies and taxes on energy prices and their impacts on GDP and final 

consumption. The :itnpacts of energy pricing unification, 3!ld the :itnpacts of ~~ 

pncmg policies . on interfuel substitution, and the extent of their~ ~ 
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effectiveness in modifying the consumers preferences for certain energy 

sources, i.e. changing prices of substitutes to encomage consmners to 

shift toward the products or sources that have low costs and low prices 

and have low environmental and economic costs. (Ga.mal Osman 

Abubaker. 1990 -Sudan Energy News 1990). 

In tltls context, pricing policies and interfuel substitution policies are 

more effective in modifying nrral and trrban household preferences of 

using biomass charcoal and fuelwood (wltlch have a serions 

environmental costs) through substituting these fuel by reducing the 

prices of kerosene and L.P.G. to encotrrage consmners to shift toward 

them and therefore reducing the environmental and ecological costs 

which are associated with the consmnption or usage ofbiomass (fuelwood 

and charcoal) as a basic energy sotrrce. In tlus way substitution will be 

useful in supporting and serving the environmental conservation 

objectives and susta4iable development objectives. (The National Energy 

Plan .(1985-2000)). 

6.2.2. Supply Side and Structural Reforms:-

In the broader economic context, supply side and structmal refonns 

are considered one of the most important tools in dealing with energy 

problem in both developed and developing countries. It is crucial to 

detennine what approaches and polices used to enhance and promote or 

raise the domestic energy supplies, concentrating upon manageable 

mnnber of alteniatives that acltleved tlrrough · ptrrsuing energy supplies 

options. (The National Energy Plan, (1985-2000)). 

Supply side polices must focus on increasing efforts to make energy 

available at right and critical titnes for all consuming sectors with especial 

emphasis and consideration being directed to satisfy the top priorities or ~-.. 

needs on one hand and also increasing allocative efficiency and optimal "f. ~ 
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use with least possible costs. Moreover, supply side refonn must focus on 

encouraging private sector investment and policies to promote the 

intenml domestic supply sources, that produce adequate supply with least 

possible costs that are teclmically and economically efficient. (The 

National Energy Plan, (1985-2000)). 

The World Bank (1993), recmmnended that "restructuring supply 

side will aim at ma.king energy supply enterprises more autonomous and 

decision-makiI1~ more transparent, and the i.tnprovement of managerial 

efficiency that would arise from institutional refonns and greater pri.vate 

sector participation, which are depend on achieving good fmancial rate of 

retun1 that would leave the enterprises financially able to m1dertake 

required maintenance and. redu ce physical los ses". (The W orld Bank, 

1993, chap.(1) p.14) .. Thus supply side policies will be more effective 

through the establishment of strong institutions, availability of highly 

qualified and well traiI1ed workers (man power). Fonnulation and 

1ssuance of legal regulatory policies and elimination of govennnent 

intervention as far as possible, i.e. making autonomous entities capable to 

promote supply side", (The World Bank. 1993). Increasing supply and 

concentration on s~ctors which are characterized by highest efficiency 

and lowest fuel uses like river and railway transport used as a substitutes 

for road transport. Moreover, making supply side institutions responsive 

through institutional and regulatory refonns. (The National Energy Plan, 

(1985-2000)). 

In Sudan, the National Energy Plan (1985-2000), recolllinended for 

managing the supply side through institutional organizational refonns, 

enforcement of . comprehensive plans and strategies, enhancement of 

workers qualifications and manpower development, increasing efficiency, ~--.. 

in staffing, managerial, administrative and accountability, these changes f. • 
. -~ 
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will result in improving the perfonnance of the energy sector as relevant 

decision and plans will be implemented more effectively. 

6.2.3 Demand Side Management:-

Recently, demand side management strategy considered as a focal 

point in energy conservation policy, because the nature of energy problem 

often stems from excess demand for energy. Previously demand side did 

not receive adequate attention because all concentration was on or upon 

supply side to meet the gi:owing or increasing demand. But after the 

1970s and the early of 1980s oil shocks, due to increasing prices and 

costs of energy generation it is inevitable to focus on the demand side. It 

has been claimed that, "Futtrre public policy with respect to energy supply 

cam1ot be made in isolation, precise guide lines will depend at least 

partially on decisions concenlÎllg the demand side of the equation and 

perceptions of possible constraints on any actions". (The World Bank, 

1993). 

In Sudan it is inevitable to introduée and implement strategies to 

exploit the available interna! supply sources which will help in creating 

adequate supply by more effective means, these could be achieved 

through more effective means and a comprehensive strategies which are 

directly related to demand side, since it is now a basic tool to control 

energy sector demand growth. The demand side management strategies 

requires the following:- (1) Ranking priorities and directing or allocating 

the available supply to satisfy the top priorities, enhancing economic 

efficiency, eliminating and discouraging the low priorities that have low 

econmmc efficiency. These could be achieved through using pricing 

systems and taxation tools. (2) Controlling consumption through 

introducing and enforcing rationalization policies or laws by increasing 

awareness among final conswners and directing them toward the optimal 
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choices, and elim:inating extravagant consumption as far as possible. ( 4) 

Encouraging new :investment (both public and private sectors ), to :increase 

the supply ofvarious sectors. (5) Introducing stn1ctural changes by using 

or choosing the efficient modes of consumption (i.e. economically and 

technically efficient modes), (e.g. using public transport, buses instead of 

private means, cars), using railway and river transport instead of road 

transport). (The National Energy plan, (1985-2000)). · 

According to Sudan's National Energy Plan (1985-2000), demand 

side management . represents the basic tool to achieve the short nm 

objectives. Demand management could.be achieved through (l)The usage 

of appropriate economic tools such as pricing and taxes, to promote 

efficiency among. all consmners. (2) Implementation of aggressive 

conservation strateg:ies to restrict extravagant consumption. (3) 

Minimization of the use of controls or allocation a~ far as possible. Thus 

demand side management strategies aim to modify the patten1s of energy 

demand or usage, for example in electricity sector demand management 

strateg:ies aim to reduce peak load or slow it's grov~l and therefore·defer 

the needs for additional capacity to meet peak load. (National Energy 

Plan, (1985-2000)). 

6.2.4 Rationalization of Energy Use: 

Rationalization of energy use is one of the basic tools pursued to 

manage energy crisis. Many developing com1tries managed to achieve 

satisfactory results through pursuing aggressive rationalization and 

regulatory strateg:ies and through enhancing the end use efficiency and 

technical efficiency. (The National Energy Plan (1985-20000)). 

According to Gamal Osman, (1991) increasing public or consmners 

awareness about regulatory laws or rationalization is considered to be a 

focal point required for the succe~s of any energy strategies. So emphasis 
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must be on defining the concept of rationalization and regulation among 

the end · users by specifying the benefits or gains obtained from these 

strategies to reduce total consmnption to its minimmn acceptable level 

and to generate the maximmn optimal and high efficiency and benefit. 

Such policies must be fonnulated at the national level and in a broader 

context, that include many aspects or dimensions, like awareness about 

reducing losses in energy production, promotion of ecological and 

environmental balances by using the most cleanest substitutes without 

polluting the environment or diminishing the stock of forests or increasing 

desertification, awareness about gains or benefits obtained from optimal 

( efficient) uses of varions energy sources, awareness about the role of 

consmners (individual households) to fill the gap between supply and 

demand in energy balance, awareness about socio-economic and political 

implications of energy cri.sis, awareness about energy pricing policies as 

effective mean or tool of rationalization. All these could be achieved 

through the fonnulation of a comprehensive awareness efforts that use 

varions means (like advertisement, such as radio, television, newspapers 

and magazines) and through regulating, org~nizing or conducting 
. . 

seminars, lechrres and workshops to define the ilnportance and benefits or 

gains generate from the implementation of rationalization policies and 

regulatory laws. (Gamal Osman Abubaker. 1991 ·-Sudan Energy News. 

1991, pp.22-28). 

Rationalization of consmnption Îll basic productive sectors like 

agriculture, indùstry, transport and household sectors help to save, 

preserve or conserve about 20% of total energy constuned i11 the cmmtry 

(Sudan Energy News, p. 18, Sept. 1991). 
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6.2.5. The Mechanism of Reducing and Controlling Losses as a tool 

of Energy Conservation:-

In Südan, technically it is difficult to fully cont~ol losses and promote 

efficiency, but ecpnomically it is possible to reduce losses by maximizing 

uses and m.inimizing technical losses to the least or minimum possible 

levels. From economic point of view efficiency means optimal uses of 

nattrral materials· and hmnan resmrrces in the energy sector, (i.e. directing 

resmrrces to satisfy priority needs which are characterized by least 

possible costs and maximmn possible gains or benefits). (Gamal Osman 

Abubaker. 1991- Sudan Energy News. 1991, pp.15-18). 

According to Ga.mal Osman (1991 ), losses and inefficiency in the 

energy sector naturally attributed to teclmical ptoblems, but the other 

socio-economic factors directly or indirectly contributed in raising losses. 

So in the broader context, the mechanism of solving or reducing losses 

problem must considers all the primary and secondary factors through 

introducing and enforcing short - medium and long tenns effective 

solutions or comprehensive plans. The short nm plans concentrate on a 

temporary solutions, tlrrough minimization of losses problems at their 

eliminatory stages, improving operative efficiency of machines and 

equipment which are related to energy production, transportation and 

conversion. Medimn tenn plans, should focus on increasing the public or 

general awareness, in addition to the refonn of infrastn1ctural bases ( e.g. 

transport and commmlication system), and through introducing tecluliques 

that help or required in reducing losses problems and promoting allocative 

and productive efficiency. Moreover, securing funding or finance that are 

reqtùred for the implementation of the medium tenn projects and plans 

that are related to losses problems. The implementation of the long term 

plan (objectives) required a long time period, and greatest finance, since it 
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represents a comprehensive plan at_sectoral, regional and national levels. 

Moreover, ranking priorities and policies according to sectoral, regional 

and national needs or objectives, introducing techniques which are 

characterized by lowest fuel consumption, highest operative capacity and 

efficiency, creating organizing and promoting a comprehensive 

infonnation system (i.e. infonnation Bank), promoting the in.frastructlrral 

bases like communication and transportation systems by increasing their 

operative capacity and efficiency, and concentrating on hydroelectric 

power generation as a substitute for thennal power generation, because it 

has low cheapest costs and high efficiency. In addition to, ùnplementation 

of the relevant . economic polices that promote · the efficiency and 

perfonnance of the energy sector and help to save or preserve hard 

currency, and enc0trrage the ùwolvement or participation of the priva.te 

sector in enhancing ù1vestment efforts ù1 energy sector, the refonn of 

supply side and manpower development (i.e. the enhancement of workers 

qualification) . (Sudan Energy News. 1991, pp.15-18). 

Accordù1g to Sudan's National Energy plan (1985-2000), improve 

efficiency through investment in debottlenecking, policy changes and 

better management of foreign exchange resources, efficiency can be 

realized in production, consumption of wood, production, transmission, 

conversion, distribution and transportation of electricity and ù1 the 

purchase of petrol and transport distribution, (The National Energy Plan 

1985-2000) and Sudan Energy News. 1991). 

6.2.6 Rationalization of Commercial Energy Consumption through 

Reducing the Working Days :-

This procedtrre is ptrrsued ù1 many c0tmtries, because reducing the 

working days from six days to five days help to save or preserve oil fuel 

consmnption (including benzine and gasoil for transport sector), and 
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electricity in public services, commercial and productive sectors, because 

the reduction of working days will reduce consmnption and will help to 

save or preserve electricity used for lighting, cooling and other offices · 

uses. Moreover, the reduction ofworking days will lead to a reduction in 

the consumption of gasoil and benzine in the transport sector. According 

to Al Zubeir (1991 ), fuel consmnption on Frida y ( official holiday) is less 

than consmnption in the other working days by 43%. 

According to the result of Al Zubeir (1991) statistical survey, 

benzine total consmnption in working days was about 137,000 (gallons), 

while the total consmnption of benzine on Friday was about 78,000 

(gallons), therefore saving per week was about 59,000 gallons. The 

reduction in total consumption of benzine per years was about 3068,000 

gallons or 10,200 tons. The results of Al Zubier (1991) statistical survey, 

indicated that total gasoil consmnption · in working days was about 

168,000 gallons, Friday consmnption was about 95,000 gallons, the 

reduction in total. consumption per weak: was about 73,000 gallons, and 

was about 3,866,000 gallons or 14,425 tons per year. Moreover, the 

study revealed that total saving from electricity per year resulted from the 

reduction of working days per week was about 6,25 (GWH) or 17 

(MWH) which equals 2143 ton of furnace c.onsmnption, the study 

indicated that the total saving of cmmnercial ei1ergy ( electricity and 

petrol) per year was about 27,000 ton in Khartomn city and was about 

45,000 ton in the Sudan (i.e. in all the com1try), or was about 3% of total 

petrol consumption , the cost of which was about 8 million dollars. The 

study recmmnended this proposed procedure and directing this saving to 

satisfy the needs or requirements in the agricultural and industrial sectors 

which will lead to an increase in the value added in these sectors. Because 

these productive sectors are faced by . shortage in suppl y, e.g. the NEA 
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studies indicated that sh01;tage of supply in the agricultural sector at 

critical tnne in 1983, resulted in a reduction of total suppl y in the sector 

by 20 million Sudanese pouuds, and total losses in the sector of about 133 

million Sudanese _pmmds.(Al Zubeir .Al-Sayed.Al Zubeir 1991- Sudan 

Energy News.1991, pp.8-11). 

6.3 Microeconomic, Sectoral ·strategies:-

6.3.1. Petrol {Oil) Sector :-

Petrol ( oil) sector suffers from low supply that fail to cover the 

growing or increasing demand. Hence, all proposed projects or suggested 

progrannnes must focus on strategies of raising supply and reducing 

demand. Many options are recommended to bring balances in the market 

and to reduce dependence on oil imports. These include increasing 

domestic exploitation, reducing the current consmnption through raising 

prices and rationalization procedures, and shifting or switchmg to the 

other fuels such as hydroelectric power, coal, geothennal power and 

encouraging the use of new and renewable sources. 

The National Energy Plan (1985-2000), recommended the following 

programmes: (1) p~ogrrunme of petrol imports facilities to increase the 

volume of Îlnports by devoting adequate foreign exchru1ge receipts, ru1d 

co-operating or making contracts with least cost suppliers or producers in 

oil market, maximizmg fuel efficient modes of petrol transparent within 

the country to minnnize losses in storage hru1dling ru1d distribution in the 

short run; devoting more efforts to increase the vohune of oil ilnports ru1d 

consideru1g them as a top priorities that deserved µighest attention m the 

total ilnports list ru1d directing or allocating greatest flows of foreign 

exchange receipts to il1crease the volmne of oil ilnports to satisfy the 

requirements of the productive sectors in the economy particularly 

agricultural ru1d il1dustrial sectors. 
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Based on the results obtained in chapter (4) of the present study, 

petrolemn products are necessary inputs for the productive sectors and in 

most cases have no close substitutes. The income elasticity of aggregate 

oil products is le~s than unity and most sectoral demand ftmction showed 

income and price elasticities less than mrity, thus oil products are 

important or necessary input in the productive sectors in the economy. In 

the long and medimn tenns, efforts must be devoted to introduce the 

relevant techniques to enhance and maximize the exploitation of domestic 

(indigenous) discovered oil and to remove all constraints that delay 

exploitation. Moreover, promoting and using the exploitable natural gases 

( discovered) in thermal electricity generation as a substitute for imported 

gases product. 

According to the National Plan (1985), the long tenn strategies a:im 

to maximize the use of indigenous resources through maxilnizing the 

contribution of indigenous crude oil in the GDP in the economy and 

through the intensification of exploration and development activities and 

use remote crude oil deposits, reduce the growth in demand for oil 

products by maxitnizing hydro power for electricity generation and build 
. \ 

in land refinery capacity and using domestic cn1de. 

For oil sector, demand sicle management strategy is cn1cial to 
i 

achieve the sectoral strategies, the demand side policy include: (1) 

Detennination and ranking priorities in the distribution of oil products, 

with particular consideration of sectoral needs and the gains or econ01nic 

rate of retun1 to the economy (GDP),from oil consmning sectors.(2) 

Refonn or adjusting the existing pricing system in petrol sector and the 

use of other important or effective economic tools or means so as to · 

reflect the real economic and financial costs of supply, with efforts aim to 

generate profits to General Petrolemn Corp<?ration to encourage 
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investment · in the agricultural and industrial sectors, to reduce the 

extravagant consmnption to reduce or fill the supply-demaiid gap. 

Emphasis on high priorities in sectoral distribution of oil products.(The 

National Plan.(1985-2000) pp.69-70). 

The National Pla.11 (1985), recmrunended that "pricing policies must 

consider the relevant economic price for each sector a11d policies aim to 

(1) promote the sectoral productivity ( e.g. to provide subsidise or low 

pnces of electricity, diesel a11d ftunace for industrial sector - gasoil a11d 

diesel for the agriculttrral sector), (2) reduce the extravagant consmnption 

through imposing imports restrictions or imposing high taxes or both for 

equipment a11d · machines which are · characterized by high oil 

consmnption. (3) promo te both teclmical a11d economic efficiency through 

rationalization, regulatory laws a11d policies a11d raising general public 

awareness atnong final consmners. (4) increase hydroelectricity 

generation to the maxitnmn level to be used as a substitute for itnported 

oil products, because it is domestic sotrrces and have cheapest low costs 

compared with high a11d expensive itnported oil products.(5) encourage 

the uses of new a11d renewable resources as a substittlte for imported oil 

products in the agricultural, industrial a11d household sectors. Recently 

agricultural residues a11d bagas resotrrces are used in sugar factories as a 

substitute for oil products (Kenana Sugar Factory uses bagas).(6) Promote 

and maximize the efficiency in the transport sector which is the largest oil 

consuming sector( on average uses about 60% of total consmnption) 

through structtrral refonns or cl1a11ges to promote teclmical a11d economic 

efficiency it1 the sector,concentration on public transport rather than 

private transport a11d encourage the usage of river ~1d railway tra11sport as 

a substitt1te for road transport.(The National Plan.(1985-2000)pp.53-54). 
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6.3.2 Electricity sector :-

Electricity sector in the Sudan suffers from unreliable supply, excess 

demand, inefficiency and losses problems. Strategies and plans are 

recmmnended to ..(1) stabilize supply and increase its _availability in the 

critical tunes (2) reduce extravagant consumption (3) rationalize 

consrunption and enhance demand management strategies, ( 4) promote 

efficiency and reduce losses, ( 5) encourage investment particularly priva.te 

sector participation. 

The National Plan (1985) demonstrated tha~, "basic trade off exist 

between satisfying near tenn demand on highly reliable basis ru1d 

providing expanded services to the Blue Nile Grids ru1d meeting the 

growing needs of regional c01mnmlities". 

According to the National plan (1985), the long tenn strategy for 

electricity sector aims to cover the excess demru1d, to increase total 

generation with least possible costs. These objectives acllieved through 

devoting and securing adequate finru1ce ru1d ftmding for power generation 

and transmission facilities in both short and long tenns. 

According to the National Plan (1985), the short fllll objectives are 

focused on co11trolling consmnption pattern and improving supply through 

the following: (1) Rehabilitate the system ru1d improve over a.11 operative 

procédures to reduce both technical ru1d non technical losses by 10% of 

total consmnpti01i" or 100 (GWH), in addition to increase reliabilities, 

investme11t and ftmds to purchase spare parts for the operating machines 

and equipme11t. (2) Elimina.te excess co11smnption and improving tariff 

system by collecti11g from a.Il customers. (3) Lam1ching an aggressive 

conservation and load management programmes to reduce the 11011 

essential usage of electricity and expanding the ·use of economic cost 
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· based rates. ( 4) Directing the limited available supplies to satisfy the 

highest priorities and uses. (5) Manage the extension of service to new 

customers so that demand does not exceed the available supply. (6) Use 

generating capaçity of private operators in planning to meet loads in 

critical periods. (7) lmprove management perfonnance and financial 

ability to enhance the National Electricity Corporation plans of operating 

electricity corporation effectively without resorting to subsidies. (8) 

Improve regional electricity generation perfonnance through technical and 

financial assistance to local govemments and increasing or enhancing 

efforts of regional electrification. 

The long tenn plan aùns to maxùnize the uses of ù1digenous supplies 

to provide low costs reliable electricity ù1 a
1 
well nianaged system through: 

(1) maxùnize hydroelectric expansion; (2) mù1ünize thennal expansion, 

(3) exploit 11011 traditio11al energy sources for the regions like small 

hydroelectric generation system and remote cn1de, ( 4) involve the private 

sector ù1 financù1g and managù1g system expansion, ( 5) ùnplementation of 

both short and long tenns progrrumnes which are objected to create 

adequate supply with reliable power generation. 

' 
The success of the demru1d side managerhent stra:tegy requires a 

comprehensive regulatory laws and rationalization polic~es, adjustment, 

refonns ru1d collection of tariffs from different consmnJrs, improve the 
; 

financial perfonnance, encourage the efficient : consmnption, 

c01mnercialize electricity operations, through increasù1g efficiency, 

adjusting tariff or prices system through elimùiating sub.sidies ru1d 

enhancù1g managerial achninistrative efficiency on self~ustaù1ed basis. 

According to the National Energy Plan (1985), controlling ru1d adjusting 

of tariff collection system will reduce total consmnption by 1.5o/o of total 
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sectoral. electricity consumption in the country.(The National Plan.(1985-

2000) p.79). Refonning and adjusting tariff for the household sector i.e. 

pricing according to final consmnption through increase the price per 

meter as conswnption increase after certain threshold or level (i.e. 

payinent according to total final consmnption). This implies subsidizing 

low and medium income groups but taxing high income group (i.e. pricing 

according to ability to pay). According to the National plan this will save 

about 1 % of total electricity consmnption. The plàn(l 985), rec01mnended 

other fonns or types of tariff such as (1) peak and non peak period tariff 

i.e. considering prices and costs at peak and non peak periods, issued to 

or for high income group and consmners in the agriculttrral, industrial and 

commercial sectors that are ready to pay and accept this procedure or 

high tariff to ensure a reliable supply at peak or critical tunes. The 

plan(l 985), considered them as effective proèedtrres to reduce 

consumption at peak period but demonstrated that they are of litnited use 

due to the lack of the equipment and machines required for the 

implementation of these procedures. (2) Average costs pricing system, 

which was the first pricing policy pursued in the Sudan, it depends on 

average costs of electricity generation from different smrrces and 

consmnption per kilo watt hmrrs. However, it is not applicable now. (3) 

Marginal costs pricing system, recently electricity tariff on Sudan depends 

on tlus system, the system considers the costs of short - medimn and long 

tenns investments. In tlus system consumers are obliged to pay for füese 

additional ( short, medimn and long tenns) Î11vestments that involve 

improvement in generath1g services. Econmnically the marginal cost 

pricing system is more acceptable because compared with the otller 

system it reflects the real financial costs of supply. Moreover, long nm 

marginal cost pricing policies cost must coiisider the increase of 
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petroleum products pnces or costs which enter into generation of 

electricity ( e.g. diesel for thennal generation) by equivalent ratio to 

consider the increase in prices to cover any additfonal costs in productive 

sectors. The marginal cost pricing system depends on fixed costs, variable 

costs (i.e. operation costs) of machines and equipment used in generation 

process and total· costs of generation. (The National Plan.(1985-2000) 

pp.79-81) and Gamal Osman Abubaker. 1991- Sudan Energy News. 

January, 1990, pp.21-29). 

The National Energy Plan (1985), (1) emphasized the role of public 

awareness efforts in ·the household, industrial and agriculttrral sectors to 

eliminate or reduce the non essential or non necessary consrunption 

without affecting the productive sectors capacity, these achieved through 

the reduction of technical losses to about 16 - 20% of total consmnption, 

which will save about 50o/o of electricity partic1ùarly at critical times. (The 

National Plan.(1985-2000) pp.78-79). Moreover, the National Plan 

(1985), recommended for the (2) promotion and encmrragement of 

scientific empiricar research projects in electricity sector and in energy 

sector as a whole to determine the magnitt1de of the crisis and to assess 

efforts m1dertake11. (3) Control tune of cm~smnption in order to reduce the 

consmnption at peak and critical tune period, these aim to transfer 

demand from peak critical period to non peak (non critical) period on 

daily or seasonal bases, through introducing the following: (1) introducing 

pricing differential, reducing prices in non peak period in the industrial, 

agricultural and c01mnercial sectors, and raising prices in the critical peak 

period to reduce total electricity demand. ·. 

6.3.3 The biomass sector :-

The biomass .sector seriously suffers from the problem of excess ~">. 
demand and diminishing supply. The Natioual Plan (1985), reco=euded\., 
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the following progrmmnes to alleviate the sector' s problem, (1) creation 

of high level task force which aim to define strategies, progratmnes and 

orga11izations to cons'erve forests ( tackle forestry \ La11d use ma11ageme11t 

problem). (2). Rain fed pla11tation development that aim to increase the 

suppl y of wood fuel. (3) Irrigated plantation development. to secure the 

ecological bala11ces. ( 4) Resources matiagement a11d conservation 

maiiagement which will enha11ce the efficient use of existing resources 

a11d reduce the 11011 essential dema11d. 

The National Plm1 (1985), recommended the following: (1) 

increasing productivity of existing forests resources and efficient 

utilization of wood being cleared from the agricultural Ia11d instead of 

bunung it a11d raising the efficiency of charcoal production, while 

protecting. or rehabilitating them. (2) Establishing new forests, through 

pla11ting more f orests on rainf ed are as a11d irrigated schemes by enf orcing 

the article 20 (3) of the Forestry Law wluch specifies 10% of the total 

rainfed area as protection a11d production belts, and 5% of the total 

irrigated area for the saine ptrrpose. (3) Encouraging the production of the 

lmge traditional renewable resotrrces of agricultural residues such as 

grom1dnut shells and cotton stalks, atlÎmals waste (biogas tmits) a11d 

industrial residues in tenns of bagass a11d molasses. (4) Dema11d 

management and conservation through improving the technology of stoves 

( design and dissemination) and awareness efforts . (5). Encouraging the 

use of alteniatives through increasing their supply such as kerosene and 

liquid petrolemn gas (L.P.G). 

For biomass sector dema11d side. management strategy m1d 

rationalization policies represent a focal point in the proposed sectoral 

strategies aim to matiage the problems of this sector. _However, the ~~ 

success of this policy depends on adjusting and refomring pricing system t., 
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to reflect the real costs that is considered or based on forests costs plus 

marketing cost, wages of labmrrs working in cutting trees plus marginal 

profit. Charcoal price is more complicated compared to fuel wood, 

because its cost includes the cost of techniques of burning ( conversion) 

and labmrr wages. Recently a small proportion of agriculttrral and animal 

residues are used, but they have no clear pricing because they are still in 

experimental stages and not widely used. (The National Plan.(1985-2000) 

pp.79-81) and Gru.nal Osmru.i Abubaker. 1991- Sudru.i Energy News. 

Jru.rnary. 1990 pp.21-29). 

The proposed. pricing system in the charcoal sector according to 

National Energy Plru.i, ru.id Gamal Osmru.i (1990), depends on the criterion 

of marginal cost which includes or considers the costs of investment in 

the sector, costs of plantation of new trees ru.id costs of replacing 

traditional techniques· used in bunling by modem one with 11.i.gh efficient 

teclnliques, and costs of new machines used in cutting trees ( ru.id replacing 

hand cutting) which represent fixed costs. (National Energy Plru.i (1985-

2000) and Gamal Osmru.i Abubaker. 1990 pp. 21-29). 

6.3.4. The New and Renewable Energy Resources :-

"The new and renewable resmrrces include iI~digenous hydro-carbon 

resources, coal, peat, nattrral gas ru.id renewable energy resources like 

solar, wi.tid, non wood biomass, small hydro ru.id geothennal. Although 

tliese resources are abmidant and have great supply, however, tliey do not 

significantly contribute in Sudan's energy balru.ice due to mider­

utilization, under-development of teclnliques used to exploit tliese 

sotrrces, difficulties in application and low economic retuni of some of 

tliem". (The National Plru.i.(1985-2000) p.65). "In the short run, there is 

uncertainty about the benefits from these sources, however, in the long ~~ 

run they are expected to contribute significantly in Sudan's energy't., 
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balance through raising total supply and effectively contribute to meet 

energy needs". (The National Plan.(1985-2000). 

"Supply side strategy aims to maximize energy supply from these 

indigenous sources as large as possible and to promote the economic uses 

of these sources. Demand side management strategy ailns to use these 

sources as a substitute for the commercial energy ( oil products and 

electricity i.e. to reduce the presstrres on the two smrrces) and as a 

substitute for traditional biomass wood fuel and charcoal to reduce the 

enviiomnental degradation and ecological imbalances".(The National 

Plan.(1985-2000) p.65). These sources are.also suggested to satisfy the 

need of other far locations which are not supplied by moden1 energy 

means. Accordi11g to National Energy Plan (1995), the sh01t run plan aims 

to provide · motive and direction to fully assess the potential of each 

energy sources and where appropriate begin development and 

commercialization. The National plan (1985), recommended that efforts 

must be directed to explore and develop hydro carbon resources, 

particularly expanding cn1de oil and natural gas and recommended that 

govermnent must initia.te interests in these sotrrces and to involve the 

private sector in ail aspects of exploration, development and 

commercialization, in addition to, more active promotion efforts 

especially in tmsurveyed high potential areas. Accordi11g to the plan 

cmrunercialization of renewable techniques implies a complex series of 

steps that include research, · studies, pilot projects and market 

development, these progrannnes according to the plan require a 

sophisticated decision ma.king fi.md raising to co-ordination, considerable 

management and organizational skills and creation of renewable 

implementation task force. 
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Moreover, at the sectoral, regional and national levels for all energy 

sources, increasing the efficiency of infonnation programmes help to 

narrow the gap between the technical potential for energy efficiency and 

current efficiency · levels, because these prograimnes provide both 

producers and consmners with infonnation of gains or benefits, losses, 

impacts ... etc. i.e. the infonnation about the dema11d sicle a11d cover 

technical, economic a11d fina11cial infonnation so that they are able to 

make decisions on energy production a11d consmnption, e.g. provide 

training infonnation and advice on loss reduction techniques and 

disseminate infonnation methodology, options a11d. fina11cing. 

6.4. Conclusion :-

Since energy problem has constrained the sustainable development 

objectives and therefore affected the perfonna11ce of Sùda11's economy at 

both micro and macro levels, thus efforts must be devoted to alleviate the 

problem in the short nm a11d to minimize or solve the problems in the 

medium and. long rm1s. A comprehensive plan at the sectoral, regional 

and national levels must be implemented to solve the ftmdainental 

problems. These req~ired the implementation of integral energy strategies 

which required the itnprovement of supply side and it1crease the 

effectiveness of demand side management strategies, minimization of all 

fonns of losses a11d maximization of efficiency, raiùcing priorities, 

encouragement of conservation strategies to control or to minimize the 

extravaga11t consmnption. Promotion of both the allocative, economic and 

technical efficiency. Adjustment a11d refonn of pricing system (i.e. 

enha11cing pricit1g 'System efficiency) a11d using the other economic tools 

to solve energy problems. Enha11cing regulatory laws a11d implementation 

of rationalizations policies. h1volve the private sector in ail aspects of ~-.. 

exploration, deveJopment, COilJillercialization, financing and managing 'f. , 
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the energy sector . Facilitate the access to teclmology, increase the 

efficiency of infonnation programmes ( establishment of infonnation bank) 

to benefit both the consmners and the producers. Promotion of 

competitive markets. in energy sector through enhancing market 

efficiency, establishing stronger autonomous administrative institutions 

that are capable to carry out or implement energy conservation strategies 

or progrrunmes in the short - medimn a11d long tenns at sectoral, regional 

a11d national levels. 
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7.1 Conclusion:-

Chapter Seven 

Conclusions and Recommendations 

Energy . input plays a vital role for all hmnan, social and economic 

activities. In the context of sustainable development strategy, energy is 

essentially considered an important economic factor, because the process 

of development in the productive sectors is· critically determined by or 

depends on the availability of energy resources, and the growth in GDP 

directly linked to growth in energy consmnption particularly the 

co1D1nercial energy. 

The patten1 of energy use significantly affeèts the over all economic 

perfonnance. In Sudan, the shortage of supply and the excess demand 

lead to. poor economic perfonnance and contributed in the current 

economic crisis namely shortage of foreigu exchange receipts reduces the 

availability of c01rnnercial energy (i.e. petrolemn products) which are 

required for the operation of the productive sectors. Moreover, the patten1 

of energy use . resulted in a serions enviromnental de gradation (like 

desertification and deforestation) which are serions and ha.rd to manage. 

It has been evident that, the growth rate in GDP is directly linked to 

growth rate in energy consmnption, particularly c01mnercial energy. The 

present study revealed that in the Sudan, both co1D1nercial and total per­

capita energy consmnption are very low and have a very slight growth 

rate during the study period compared with the other developing 

com1tries. 

Moreover, the contribution of the energy sector( electricity and water 

sector) in GDP during the period (1980/81-1990/91) on average was 

ranged between 1 % - 2.3o/o, the household sector is the major ·consmning 

sector and on average accounted for about 76% of total sectorai,,t' 1·~ 189 
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consumption during the period (1980-1993), this reduced the total amom1t 

of energy devoted to the productive sector, particularly, agriculture and 

industry which accounted for about 3% and 7 .2% of total sectoral 

consumption respectively during the same period. 

The present study focused on the analysi~ of the demand side, the 

study revealed that energy has an in elastic demand with respect to price 

and in most cases with respect to income. Most of the estimated equations 

are statistically significant m1der the 5% level of sigiùficance. All the 

estimated equations showed a nonnal demand ftmction because in all the 

estimated equations the income elasticities are positive. Most estimated 

equations showed a downward sloping demand curve, some equations 

showed upward sloping demand curve due to subsidize in prices and 

because prices did not reflect the real costs of supply( e.g. household 

demand for biomass, transport sector demand for benzine and gasoil). All 

the estimated equations showed an inelastic demand ftmctions with 

respect to price, this implies that energy demand in the Sudan is less 
! 

responsive to changes in energy prices, and this means that pricing system 

is inefficient and ineffective in managing or modifying demand patten1 

du.ring the study period. Most estimated equations showed income 

elasticities less than tmity and tlùs implies that energy is necessary or vital 

for the consmning sectors in the Sudan. 

The results of the present study verified that the volmne of ilnported 

energy (petrol ilnports) is sigiùficantly constrained by the availability of 

foreign exchange receipts dming the period (1980-1993). This ilnplies 

that shortage i11 foreign exchange receipts will directly lead to reduction i11 

the vohune of oil imports and therefore affecting the perfonnance of the 

productive sectors i11 the economy. 
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The study revealed that dependence on oil imports as a maJor 

conunercial energy have a significant implication for the perfonnance of 

Sudan's economy. The oil imports have positive impacts on GDP through 

their effects on the perfonnance of the productive sectors. But have 

serious negative itnplications on the inten1al balance, extenial balance and 

significantly contributed in raising the rate of inflation. 

7.2. Recommendations :-

Based on the results obtained the following recommendations are 

made:-

7.2.1 The Macro policies, strategies and solutions :-

(1) Enhancement of domestic supply through encouragement ofboth 

public and private sectors mvolvement and participation it1 energy sector 

development, through raismg hydroelectric power generation and 

it1creasit1g and supportmg all efforts devoted toward the exploitation of 

domestic it1digenous oil products and removal of all technical and 

financial constrait1ts that faced the process of exploitation. 

Encouragement of scientific research and investment it1 new and 

renewable energy resmrrces to fill the shortage it1 supply. 

(2) Implementation of demand management strategies, through 

controlling demand and reducing it to the minimmn possible or acceptable 

level through regulatory laws and policies, elimit1ation of extravagai1t 

consumption and achieving allocative efficiency in the distribution of 

energy resmrrces, with priority given to the productive sectors. 
' 

(3) Increase the awareness among energy consmners (end users) 

about the gains and benefits obtamed from rationalization policies and 

demand management policies. And support all efforts devoted to 

implement rationalization and regulatory policies .. 
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( 4) Promotion of technical efficiency and reduction of lasses to the 

minimmn possible level. 

(5) Promotion of allocative efficiency with priority given to the 

productive sectors. 

( 6) Adjustment and refonn of pricing sys~em to reflect the real costs 

of supply and to modify the demand patten1 in the long nm. 

(7) F annulation and implementation of short, medimn and long tenns 

plans at macro (aggregate) and micro (sectoral) levels. 

(8) Consideration of environmental issues in the fonnulation of 

energy planning and strategies through encourage the usage of reliable 

energy sources wlùch are characterized by high technical efficiency and 

low lasses and least possible enviromnental costs. 

(9) Promotion of infonnation system ( establishment of infonnation 

bank). 

7.2.2 The Micro (Sectoral) Policies, Strategies and Solutions:-

7.2.2.1 Biomass Sector :-

(1) Implementation of resources management and conservation 

strategies to achieve the efficient use of existing resources and to reduce 

or eliininate non essential demand. 

(2) Increase the supply of wood fuel through rainfed plantation 

development projects. 

(3) Consideration of environmental and ecological issues through the 

implementation of irrigated plantation development projects. 

( 4) Promotion of tecluùcal efficiency and reduction of lasses to the 

1ninimmn possible level (particularly lasses in cmiversion) e.g. promotion 

of efficiency of charcoal stoves (kiln and -wood consmnption to increase 

forests productivity). 
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( 5) Refonn and adjustment of pricing system to reflect the real costs 

of production (or supply). 

( 6) Reduction of total demand and encmrragement of shifting toward 

other new and renewable sources, L.P.G. and kerosène. 

7.2.2.2 Electricity Sector :-

(1) Enhancement of electricity generation capacity, concentration on 

hydroelectric power generation, enhancement ofreliability, promotion of 

efficiency and secure adequate fi.mding for projected schemes and 
1 . 

encouragement of private sector involvement and · participation in 

investment in the sector through removal of all technical and financial 

constraints. 

(2) Achievement of allocative efficiency through directing supply to 

satisfy the productive sectors requirements and reducing the household 

sector extravagant or non essential electricity usage, through the 

implementation of energy conservation strategies, demand management 

strategies, supporting rationalization policies through increasing 

awareness among consmners ( end users) and through the itnplementation 

of regulatory laws or policies. 

(3) Promotion of technical efficiency and reduction of technical 

losses. 

( 4) Refonn and adjustment of tariff system to improve financial 

perfonnance and to encourage efficient consmnption (i.e. adjustment of 

ta.rift) to reflect the real costs of supply (generation or production). 

7.2.2.3. Oil Sector :-

(1) Encouragement of domestic efforts devoted to exploit the 

indigenous oil production, through removal of all financial constraints, 

encouragement of priva.te sector investment, involvement and 
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participation in the process of exploitation, enc~)lrragement of foreign 

investors and facilitate their participation. 

(2) Achievement of allocative efficiency through ranking priorities 

and distributing oil products according to sectoral needs. 

(3) Increàse the volmne of oil imports by directing or devoting more 

adequate foreign exchange receipts and purchasing at least possible costs 

through petrol imports facilities. 

( 4) Promotion of teclmical efficiency and reduction of losses in 

production, distribution, conversion and storage; ~rrough improvement of 

efficiency of refinery (Port Sudan refinery generation). 

( 5) Implementation and encouragement of rationalization poli ci es 
! 

and enforcement of regulatory laws and policies to reduce non essential 

needs or consmnption through demand management strategies or 

programmes. 

(6) Refonn· of pricing system (to reflect the real costs ofilnports or 

supply) through the adjustment ofprices and removal of subsidies. 

(7) Encmrragement of inter-fuel cross substitution e.g. substitution of 

expensive imported oil by cheapest domestically produced hydroelectric 

power generation. 
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Table(3-l} 

Total and Per-capita Energy and Commercial Enregy 

and GDP Per-capita in the Sudan (1973 - 1994) 

Measured in (000) (TOE), (TOE) and (LS) 

Item Total Energy Total Total· Commercial 
Year Consumption Commercial Energy Per-capita 

Energy Per-capita Consomption 
consomption consomption 

1973 4596.5 842.2 .31 .033 

1980 4964373 1295220 .278 .073 
1981 4967777 1196941 .271 . .066 
1982 5148908 1273573 .274 ,068 
1983 5234079 1251421 ,252 .060 
1984 5400812 1309937 .252 .061 
1985 5622665 1422520 .254 .064 
1986 5820783 1508211 .255 .066 
1987 6141650 1546108 .261 .066 
1988 6395967 1514098 .264 .063 
1989 6333221 1521518 .261 .061 
1990 6533221 17$4373 .266 ,069 
1991 6865539 1711747 .262 .064 
1992 6950747 1697747 .259 ,062 
1993 7068747 1708772 .290 ,069 
1994 7522107 1846107 .294 .072 

Per-capita 
GDP 

n.d*1 

335.91 
341.06 
334.044 

292 
251.41 
268.64 
273.93 
259.37 
279.93 
265.0 
259.59 
280.20 
308.27 
356.49 
381.119 

Source : (1) Energy Hand Books (1987, 1990, and 1991) Columns(l) and (2) 
(2) Own Calculations Columns(3) and (4) Depending on Columns(l) 

·and (2) . 
· (3 ) Own Calculations Column(5) Depending on "The Economies Survey" 

data (1990-1995). 
(*)1No data. 
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Table (3-2) 
Total Energy Consumption By Type (1964-1996) 

Measured in (000) (TOE) 

Type Petroleum Electricity Biomass Total 
Year Consumption 
1964 534.3 35,8 537.3 1107.4 
1970 640.3 104.8 3433.7 4178.8 
1973 704.9 137.3 3754.2 4596.5 
1980 1240984 54236 3669154 4964373 
1981 1138566 58375 3770836 4967777 
1982 1215388 58185 3875335 5148908 
1983 1171741 79680 3982658 5234079 
1984 1221644 88293 4090875 5400812 
1985 1322423 100097 4200145 5622665 
1986 1403552 104659 4312572 5820783 
1987 1451978 94130 4595542 6141650 
1988 1430728 83370 4881869 6395967 
1989 1419118 102400 5011703 6533221 
1990 1584472 199900.4. 5081166 6865539 
1991 1450103 261643.8 5239000 6950747 
1992 1409342 288404.7 5371000 7068747 
1993 1390705 318067.3 5522000 7230772 
1994 1494992 351115.4 5676000 7522107 
1996 1654000 293000 6514000 8461000 

Source:(1) Energy Band Book (1987,1990 and 1991). 
(2) Statistical Publications(Ministry Of Energy and Mining) 
(3) Own Calculations( Rows (15)- (20) Columns(l), (2) and 

(4)) dpending on statistical publications Ministry of 
Energy and Mining 
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Table ( 3-3) 
Forecasts projection and Expectation of Total Energy 

Consu1nption in Sudan (1996-2010) 
Measured in(OOO (TOE) 

Type 1 Electricity 11 petrolueme 1 Biomass 1 Total Energy 
Year . Consomption 

1996 293 1654 6514' 8461 

1997 331 1760 6196 8287 

1998 373 1872 6389 8635 

1999 435 1992 6587 9014 

2000 508 2120 6791 9419 
' ' 

2001 551 2256 6961 9768 

2002 599 2407 7135 10141 

2003 650 2602 7313 10565 
2004 706 2734 7572 11012 

2005 770 2916 7711 11397 

2006 824 3110 7873 11818 

2007 904 3318 8040 12262 

2008 979 3538 8208 12725 

2009 1062 3778 ! 8381 13221 

2010 · 1153 4031 8557 13941 

Source :Ministry of Energy and Mining National Energy Administration (NEA) 
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Table {3-4) 
Total Supply Of and Demand for Energy Type (1981-1993) 

Measured in Million(TOE) and (o/o) 

Year 1981 1983 1984 1987 1989/90 
Item 

Total supply 9.7 10 >10 
<MTOE)" <MTOE) (MTOE) 

Biomass 85.6% 82% 84% 82% 
Hydroelectric 1. 9% 4°/o 3% 1% 

oetroleum 12.5% 14% 13% 12% 
Total 6.1 5.6 6. 1 <6 

Demand <MTOE) <MTOE) <MTOE) <MTOE) 
Biomass 82% · 82% 81. 4% 81. 8% 81% 

Hydroelectric 1% 1% 1.1% 1.0% 2% 
petroleum 18% 17% 17.5% 17.2% 17% 

Total Lasses 3.6 4 (MTOE) >4 
<MTOE) <MTOE) 

Supply- 3% 4.2% 6% 
Demand-Gap 

Source: Energy Hand Books (1987,1990 andl991) 

* MTOE represent Million (TOE) 
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1992/1993 1993/94 

11.677 11.139 
<MTOE) (MTOE) 

87% 86% 
1% 1% 
12% 13% 

6. 653 7.381 
<MTOE) <MTOE) 

5.024 3.758 
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Sector 
Year 
1985 
1986 
1987 
1988 
1989 
1990 
1992 
1993 
1994 

1993-
1994 

Growth 
Rate 

Table {3-5) 
Sectoral and Total Electricity Consumption and 

Generation {1985-1994) Measured In {GWH) 

Total HouseHold Industrial Agricultural. Other sector 
consumotion consumotion consumption consumption consumption 

1173.19 738.62 300.16 23.38 111.03 
1217.04 693.82 374.55 27.65 96.77 
1094.58 530.15 420.39 24.76 97.38 
969.42 518.36 308.46 27.83 92.01 
1050 541 190 207 112 
1240 728 184 195 133 
1789 1054 279 304 152 
1973 1148 313 349 163 
2178 1250 352 400 176 

- 6.6% 5.6% 10.6% 6.3% 
' 

Total 
Generation 

1266 
1349.58 
1432.8 

1277.73 
1754 
1882 

1573.585 
1683.1 

1858.73 
6.7% 

Source: (1) The Economies Survey (1989/1990-1994/1995) and 
(2) Energy Hand Books"1987,1990 and 1991 "). 
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Table (3-6) 
Total Expenditures oil Energy Sector (1981-1994) 

(Measured In Million (LS)) and (0/o) 

Item Total Total Percentage of 
Year Sectoral Expenditures Energy 

Expenditures on Energy Expènditures 
Sector To Total 

Expenditures 
1981 306,4 . 58.8 19.2% 
1982 394,1 62.1 15.8% 
1983 434,4 74.3 17.1% 
1984 419,1 72.1 17.2% 
1985 333,8 35,7 10.7% 
1986 1233.3 263,3 23.1% 
1987 1208,4 253,3 20.96% 
1988 1413,0 238,6 16.9% 
1989 1722,5 233,8. 13.6% 
1990 2316,8 425,4 18.5% 
1-991 10004,2 1018,5 10.18% 
1992 27705,4 '4501,4 16.25% 
1993 14093,0 719,0 5.1% 
1994 12812,0 149,0 11.62% 

Source :(1) The Economie survey (1989/1990 - 1994/1995) Columns(l) and (2) 
(2) Own Calculations Column(3) depending on Columns(l) and (2) 
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Table (3-7) 
Energy Consumption By Sectors (1978-1993) 

Measueed In (o/o) 
Sector Agrictiltural Industrial transport House.Hold 
Year sector sector sector Sector 

1978/1979 3.6% 45.9% * 41.3% 
1980 * * * * 

Biomass 3% * * 95% 
Electricity 11% 36% * 39% 
petroleum * * 57% * 

1981 * 5.8% 11% 77.8% 
1982 3% 8% 9% 75% 
1983 3% 8% 9% 75% 

Biomass * 20% * 98% 
Electricity 11% 8% * * 

(**) 44% 
Petroleum 3% 45% * * 

1984 2.7% 4.5% 10.9% 77.2% 
Biomass * 47% * 77.5% 

Electricity * 8% * * 
(**) 93% 

Petroleum * 45% * * 
1987 3.5% 10% 10% 72% 

Biomass * 50% * 80% 
Electricity * * * <20% 
Petroleum * * * 3% 

1989 3% <7% 10% >77% 
Biomass 3% 44% * 93% 

Electricity 3% <8% * 60% 
petroleum 98% 57% 60% * 

1990 * * * * 
Biomass 3% * * 95% 

Electricity 3% 30% * 66% 
Petroleum * * * * 

1992 3% 6% 11% >77% 
1993 3% .7% .10% >77% 

Biomass * 54% * 93% 
Electricity * * * 51% 
Petroleum * * 64% * 

Source : Energy Band.Book (1989.1990 ,1991). · 
(*)No informations available. 

Public 
Services and 
commercial 

sector 
4.5% 

* 
3% 
16% 

* 
* 

4% 
"4% 
27% 
6% 

4% 
3.8% 

4.27% 
6.45% 

: 

3.96% 
3% 

1 80% 
* 
* 

1 3% 

* 
1 10% 

* 
* 

3% 
10% 

* 
3% 
4% 

9.1% 
5% .. 

4% 
1 

(**)Total Commercial Energy(Electricity+Petroleum) 
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Table (3- 8) 
Total and Per-capita Electricity Consomption 

and Production(Generation) (1980-1994) 
Measured in (KWH) an·d (GWH) 

Item Total Total Per-capita Per-capita 
Year Production consumption Production consumption 

(Generation) 

1980 787.34 630.65 44.714 35.366 
1981 897.54 678.89 49.089 37.135 
1982 954.53 659.32 50.894 35.159 
1983 1025.41 926.51 49.353 44.593 
1984 1227.67 1026.66 57.295 47.914 
1985 1266 1173.19 57.285 53.086 
1986 . 1349 1217.04 59.182 53.393 
1987 1432.8 1094.58 60.944 46.558 
1988 1277.73 969.42 52.701 39.984 
1989 N.A 1050 N.A 42.00 
1990 N.A 1240' N.A 48.109 
1991 1573.585 1623 59.222 61.082 
1992 1683.1 1789 56.601 65.476 
1993 1858.73 1973 67.486 79.120 
1994 1855.83 2178 72.621 85.095 

Sources : (l}Euergy Hand Books 1987 , 1990 ·aud 1991 
(2}Natinal Electricity Corporation (NEC) publication 
(3) Columes (3) and (4) Own calculations dependiilg on Columns 

(1) and (2) · 
(4) N.A (No avilable Information) · . 
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Table (5-1.d) 
Total Petroleum Products Consumption By Sectors 

(1980-1995) Measured in (MT) 

Sector Agricultural Industrial Transport Household Total Sectoral 
Year Sector Sector Sector Sector consumption 

consumption consumptlon consumption consumption 
1980 228794.7 101417.6 525301.6 6942.1 968866 
1981 243737.5 108019.2 559494.9 25238.2 1029114 
1982 251808.4 138089 610964.1 14526.7 1048315 
1983 137370 .186981 607294.8 25110 1123040 
1984 67550 169817 616960.3 19852 1072082 
1985 186743 171017 701674.1 19408 1186925 
1986 185092 196721 733549.2 27285 1346122 
1987 263819 195425 764816.0 73968 1358265 
1988 203680 169010 779255.3 31828 1425400 
1989 189567 184524 743237.9 33147 1360396 
1990 195071 661483 778631 29227 1664412 
1991 214833 380172 697478 29930 1322389 
1992 156067 387843 782599 25880 1352389 
1993 209261 340635 763045 18779 1331720 
1994 407335 509173 694284 19360 1630152 
1995 204483 382871 703841 18899 1310094 

Sources: (1) Energy·Hand Books (1987,1990 and 1991) 
(2)Ministry of Energy and Mining (Petroleum Statistics Unit- National 

Energy Administration). · 
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Year 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Table ( 5-2) 
Total Petroleum Products Consumption in The Sudan 

Measured in {MT) {1980-1995) 

Diesel JET-AI BemJne Gns-oll Fumnce Kerosene Avngns L.P.G Totnl 
Petroleum 
Products 

consumutlon 

20407 47628 190951 510553 170502 17626 6090 5109 968866 
18334 41779 212247 539972 186603 20391 4074 5714 1029114 
21683 52749 202504 560904 188792 10996 4525 6162 1048315 
32700 63290 208680 567587 221563 17195 4154 7871 1123040 
30118 63984 182415 536771 235206 13247 3309 7032 1072082 
25243 79144 186168 606465 266063 12302 3676 7564 1186925 
30299 .83223 216996 633466 350017 17943 4454 9724 1346122 
38624 79060 236772 663950 313116 14579 2325 9839 1358265 
43000 76000 240000 748000 283000 22000 3200 10200 1425400 
41325 75993 223276 714337 268941 23790 2157 10577 1360396 
157416 73735 234131 772349 254691 17241 1119 12849 1523531 
34475 71133 178274 813054 264332 17981 2232 12849 1394330 
38275 71133 210648 752183 254122 13284 '2232 13260 1355137 
35883 92674 208882 774558 205187 7000 893 12139 1337216 
37224 85038 202928 716368 373090 9208 1145 12491 1437492 
45641 79509 183614 753291 340393 3760 1628 15197 1423033 

1 

1) Ministry of Energy and Mining (Petroleum Statistics Unit- National 
Energy Administration) 

(2)Energy Hand Book (1990-1991) 
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Type 
Year 

1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 

Table ( 5-3) 
Forecasts proiection and Expectation of Total Petroleum 

Products Consumption in TheSudan (1996-2010) 
Measured in (000) (TOE) 

Av11gas Benzine G11s-oll Furnnce Kcroslne Jet-Al LP.G Total 
Petrolucm 
Products 

consumotion 
3 211 842 452 42 78 26 1654 
3 221 909 475 43 82 27 1760 
3 232 982 449 44 86 27 1873 

,3 242 1060 524 45 90 28 1992 
3 253 1145 550 46 95 28 2120 
3 263 1237 577 47 100 29 2256 
4 279 1336 606 48 104 30 2407 
4 293 1442 636 49 110 31 2602 
4 · 307. 1558 668 51 115 31. 2734 
4 323 1682 702 52 121 32 2916 
4 339 1817 737 53 127 33 3110 
4 356 1962 774 55 133 34 3318 
4 373 2119 812 56 · 139 35 3538 
4 392 2289 853 57 147 36 3778 
4 411 2472 895 59 154 36. 4031 

Source: Ministry of Energy and Mining (National Energy Administration) 
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Table (5- 4) 
Petrol Imports and Total lmports (1980 - 1994). 

Measured in Million (LS) and (o/o) 

Item Total Petrol Petrol Impotrs (2) Imports (2)/ 
Year Imports Imports Imports/ Total Imports(l) 

Total 
'" 

Imports-
Imports Petrol 

lmports 
19_80 788.2 169.646 21.52% 618.6 78.48% 
1981 866.7 168.3 19.41% 698.4 80.58% 
1982 1213.8 328.8 27.08% 885 72. 91% 
1983 1760.9 448.0 25.44% 1312.9 74.558% 
1984 1803.7 409.1 22.68% 1810.4 77.318% 
1985 2128.8 318.4 14.96% 2109.9 85.04% 
1986 2402.2 292.3 12.168% 2115 87.83% 
1987 2612.9 497.9 19.055% 3799.7 80.94% 
1988 4892.8 1093.1 22.34% 4291.2 .77.659% 
1989 5373.4 <" 1082.1 20.14% 3291.2 79.86% .. , 
1990 618.5' 312.3 ·so.49% 306.2 49.51% 
1991 890.3 308.757 34.67% 581.243 65.32% 
1992 820.3 229.645 27.97% 591.253 72.03% 
1993 944.9 21S.253 22.77% 729.679 77.22% 
1994 1161.5 239.0 20.57% 922.5 79.42% 

Sources : (1) Bank of Sudan Annual Reports (1980-1994).(Columns(l) and (2) ). 
(2) Columns (3),(4)and (5) Own Calculation dependig on Columns 
(1) and (2). 
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Table (5- 5) 
Petrol lmports and Total Exports (1980 - 1994). 

Measured in Million (LS) and (0/o) 

Item Total Petrol Petrol · Total Total 
Year Export Import Import/ Import/ Export/ 

Total Total Total . 
Export Export Import 

1980 271.3 169.646 62.563% 291% 34% 
1981 357 168.3 47% 243% 41% 
1982 483.1 328.8 68% 251% 40% 
1983 810.7 448.0 55% 217% 46% 
1984 817.3 409.1 50% 221% 45% 
1985 844.7 318.4 38% 252% 40% 
1986 ·. 833.2 292.3 35% 288% 35% 
1987 1497.1 497.9 33% 175% 57% 
1988 2290.9 1093.1 48% 214% 47% 
1989 3023.l 1082.1 36% 178% 56% 
1990 374.1 312.3 83% 165% 60% 
1991 305 308.757 101.23% 292% 34% 
1992 319.3 229.645 72.9% 257.% 39% 
1993 417.3 215.253 52% 226% 44% 
1994 523.9 239.0 46% 222% 45% 

Sources : (1) Bank of Sudan Annual Reports (1980-1994). 
(2) Columns (4),(5)and (6) Own Calculations, depending on Columns 

(1), (2) and (3) 
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Item Total 
Year EXJ)Ort 

1980 271.3 
1981 357 
1982 483.1 
1983" 810.7 
1984 817.3 
1985 844.7 
1986 833.2 
1987 1497.1 
1988 2290.9 
1989 3023.1 
1990 374.1 

1991 305 
1992 319.3 
1993 417.3 
1994 1191.5 

Table (5- 6) 
Petrol lmports Total Imports, Total Exports 
Trade Deficit and Balance Of Payments Deficit 

Measured in Million (LS} and (o/0)(1980-1994) 

Total Tradc Pctrol Dcficit(2 ')/ Petrol Total 
lmJJOrt Deficit lmJ)ort Trade Im1,ort/ ExJJort/ 

Deficit Trade Trade 
Deficit Deficit 

788.2 519.9 169.646 67% 33% 52% 
866.7 509.7 168.3 67% 45% 70% 
1213.8 730.7 328.8 55% 45% 66% 
1760.9 950.2 448.0 53% 47% 85% 
1803.7 986.4 409.1 59% 41% 83% 
2128.8 1284 318.4 75% 25% 66% 
2402.2 1569 292.3 '81% 19% 53% 
2612.9 1115.8 497.9 55% 45% 134% 
4892.8 2601.9 1093.1 58% 42% 88% 
5373.4 2350.3 1082.1 54% 46% 129% 

. 618.5 224.4 312.3 2("') 1.28% 153% 

890.3 585.3 308.757 47% 53% 152% 
820.3 501.6 229.645 45% 46% 64% 
944.9 527.6 215.253 59% 41% 79% 
1161.5 637.6 239.0 63% 37% 82% 

Petrol 
Import/ 

BOP 

231% 
50% 

131% 
258% 
564% 
220% 
486% · 
71% 

352% 
1196% 
410fo · 

305% 
395% 
577% · 
1343% 

Sources :(1) Bank of Sudan Annual Reports (1980-1994).(Columns (1),(2),(3)and (4)) 
(2) Columns ((5)-(8)) Own Calculations · · • 

1(1)Deficit (2) = Trade D~ficit - Tofal Petrol Imports 
2("') Budget Surplus 
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Table (5- 7) 
Total Development Expenditures ,Energy and Petrol lmports 

Expenditures (1989-1993) 
Méasured in Million (LS) and (0/o) 

Year /Item 1989 1990 1991 1992 1993 

Total Expenditure 2957. 1 4814.9 7851. 041 3523.001 5686.400 

(a) Total Foreign .1266 1845.7 4592.226 1623.002 1660.700 
Expenditures 

(b) Total Sudanese 1691.1 2969.2 3297.815 1899.999 3461.400 
Expenditurès · 
Total Energy 209 347.7 1284.231 437.889 1134.300 
Expenditures 

(a) Energy Foreign 119.7 263.5 972.796 126.890 134.30.0 
Expenditures 

(b) Energy Sudanese 89.3 84.2 311.434 310.999 1000.000 
Exuenditures 

Petrol Exuenditures 301.6 367.8 308.757 229.645 215.253 

~nergy 7. 067% 7.22% 16.57% 12.429% 19.947% 
Expenditures/Total 

Exuenditures 
Energy Foreign 9.45% 14. 28% 21.18% 7.82% 8.09% 

Expenditures /Total 
Foreiizn Exoenditures 
Petrol Expenditures/ 10.19% 7.64% 3.93% 6. 52%. 3. 78% 
Total Expenditures 
Petrol Expenditures 23.823% 19.93% 6. 72% 14. 15% 12.96% 

/Total Foreign 
Expenditures 

Total Expenditures- 2655.5 4447. 1 7542.284 3293.359 5471. 147 
uetrol Expenditures 

Total Foreign 964. 4 1477.9 4283.943 1393.356 5471. 147 
Expenditures-Petrol : 

Expenditures 
Total Expenditures- 89.8% 92.4% 96. 1% 93.5% 96. 15% 
petrol Expenditures/ 
Total Expenditures 

Totàl Foreign 76. 17% 80.07% 93.29% 85.85% 87.04% 
Expenditures-Petrol 

Expenditures/ 
Forei,zn Exuenditures 

Bud2t Deficit 3549 (540)" 22929 25229. 6 7230.8 

Deficit(2) : Budget 3247.4 (907. 8)" 22620.24 25000.35 7015.547 
Deficit - Petrol 
Expenditures 

Petrol Expenditures / 8.498% 1.3465% .91% 2.9768% 
Bud!!et Defièit 

Deficit(2) / Deficit 91. 5% 98.65% 99.08% 97.023% 

Sources :(1) The Economie Survey 1989,1990,1991,1992and1993 : 
( Rows .1-7 and Row 16). · 

(2)0wn Calculat~on(Rows 8-15, and Rows 17-19). ("')Budget Surplus. 
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Table (5- 8) 
Petroleum lmports Growth Rate and GDP Growth Rate 

(1980-1992) 
Measured in{%) 

Item GDP Petrol GDP Petrol 
Year Import Growth Import 

Rate Growth Rate 
1980 5990 169.646 2.81% 136% ' 

1981 6236 168.3 4.6% · -99% 
1982 6264 328.8 -2. 7% 95% 
1983 6084 448 -2.9% -86% 
1984 5387 409.1 -11. 5% 813% 
1985 5937 318.4 10.2% · -22% 
1986 6244 292.3 4.9% 56% 
1987 6276 497.9 -1. 5% 120% 
1988 6628 1093.1 5.6% -1% 
1989 6614 1082.12 -.2% -71% 
1991 7447 308.757 11.3% -26% 
1992 8423 229.645 12.3% -6% 

$ouvc~s ~ (l)"Bank of Sudan- Annual Reports"(l980-1994) and "The 
Economie Survey" (1989-l994).(Colum'ns(l),(2)and ( 4). 
(2) Own Calculation (Columns (3) and (5))Depending on the 
Columns (1), (2) and (4) 

217 

CODESRIA
 - B

IB
LIO

THEQUE



Table {5-9) 
Petroleum Imports Growth Rate and Inflation {CPI Growth 

Rate)Growth Rate (1980-1992) 
Measured in {o/o) 

Item CPI Petrol CPI Petrol Petrol Rate/ 
Year lmports Growth Imports CPI Rate 

Rate Growth 
Rate 

1980 503 169.65 26.1% 136% 5% 
1981 923.4 168.3 23.9% -99% -4% 
1982 787.1 328.8 26.2% 95% 4% 
1983 1031.7 448 31.1% -86% -3% 
1984 1367.2 409.1 32.5% 813% 25% 
1985 1999.6 318.4 46.2% -22% -.5% 
1986 2580.8 292.3 29.1% 56% 2% 
1987 3226.3 497.9 25% 120% 5% 
1988 4762.8 1093.1 47.6% -1% -. 02% 
1989 8094.4 .1082.2 70% -71% -1% 
1991 300 308.757 120.5% -26% -.2% 
1992 658.6 ·229.645 119.5% -6% -.05% 

Sources:(l)Columns (1) ,(2), (3) Bank of Sudan Annual Reports (1980-1994) , 
The Economies Survey(l990-1994) • 

(2)Columns (4), and(5) Own Calculations Depending on 
. Columns(l), (2) and(3). 
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Table (5-10) 
Energy Consumption Growth Rate,Inflation and GDP 

Growth Rate Measured in (o/o) 
(1981-1988) 

Item Petrol Electricity Biomass To.tal CPI GDP 
Year Growth Growth Growth Energy Growth Growth 

Rate Rate Rate Growth Rate Rate 
Rate 

1981 -9% 7.09% 2. 70% 0.07% 23.9% 4.6% 
1982 6.3% -.33% 2.70% 3. 520% 26.2% -2.7% 
1983 -3. 72% 26.98% 2.69% 1.63% 31.1% -2.9% 
1984 4.08% 9.76% 2.65% 3.09% 32.5% -11. 5% 
1985 7.62% 11.79% 2.60% 3.95%. 46.i.% 10.2% 
1986 5.78% 4.36% 2.61% 3.4% 29.1% 4.9% 
1987 5.22% -11.19% 6.16% 5.22% 25% 1.5% 
1988 -1. 49% -12. 91 % 5.92% 4.02% 47.6% 5.6% 

Source: (1) The Economie Survey (1980-1990) Columns (5) and (6) 
(2) Own Calculations Columns (1), (2), (3) and (4) Depending on · 

data from Energy Hand Boo~" (1987,1990 and1991) and 
Statistical Publication from "Ministry of Energy and Mining" 

/ 
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Item 
Year 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1991 
1992 

Table(5 -11} 
Petrol lm ports, Total lm ports , Total Exports, GDP, 

Inflation (CPI Growth Rate), Balance Of Trade Deficit 
and Balance Of Payments Deficit Growth Rate 

(1980-1992) Measured in(%) 

Petrol Imports Exports GDP CPI . Balnce Of Balance Of 
Growth Growth Growth Growth Growth Trade Deficit Payments 

Rate Rate Rate Rate Rate Growth Deficit 
Rate Growth 

Rate 
136% 65.1% 16.6% 2.81% 26.1% 106.43% -188. 98% 
-99% 10% 31.6% 4.6% 23.9% -1. 39% 361.85% 
95% 40.1% 35% -2. 7% 26.2% 43~36% 26.22% 
-86% 45.1% 67.8% -2.9% 31.1% . 30.04% -30. 51% 
813% -15. 3% • 8% -11. 5% 32.5% 3. 81% -58. 29% 
-22% 18% 4.1% 10.2% 46.2% 30.17% 10% 
56% 12.8% -1.4% . 4.9% 29.1% 22.20% -58. 68% 
120% 8·.8% 79. 7% 1.5% 25% -28. 88% -1069% 
-1% 87.3% 53% 5.6% 47.6% 133. 19% -55. 69%. 

-71% 9.8% 32% -.2% ,70% -9. 67% 70.88% 
-26% 43~9% -18. 5% 11.3% 120.5% 139. 48% 33.11% 
-6% -7.8% 4. 7% 12.3% 119. 5% -14. 3% -42. 65% 

Sources : (1) Columns (2), (3) (4) and(5) Bank Of Sudan Annual Reports 
(1980-1994) "TheEconomics Survey" (1990-1994) 

(2) Columns (1) ,( 6) and (7)0wn Calculations Depending on the above 
two sources. 
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Table (5-12) 
Petrol, Elecricity and Biomass Consumption and 

Total Energy Consumption 
(1980-1989) Measured in (o/o) 

Type PetroI~ Electricity Biomass 
Year consumption / consumption / consumption / 

Total Ener!!v Total Ener!!v Total Ener!!v 
1980 . 2499 . 0109 . 7391 
1981 . 2299 . 0117 . 7591 
1982 . 2360 . 0113 . 7527 
1983 . 2238 . 0152 . 7609 
1984 . 2262 . 0163 . 7575 
1985 . 2352 . 0178 . 7470 
1986 . 2411 . 0179 .7409 
1987 . 2364 . 0153 . 7483 
1988 • 2236 . 0130 . 7634 
1989 ·, . 2172 . 0156 . 7671 

Source : Own Calculations dependirig on Information obtained from 
Energy Hand Book (1987, 1990 and 1991) 
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Figure (_2.,l f 
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Figure(3. l .a) Total and Cornmerdal Energy Consumption 

Meastu-ed in(OOO) (TOE) (1980-1989) 
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Figure(3.l.c) Per-capita Commercial and Total Energy 

Consumption(1980-1989) Measured in (TOE) 
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Figure (3.1.d) Per-capita Commercial and Total Energy 
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Figure (3.2.a)Total Energy Consumption by Type 

(1980-1989) Measured in(OOO)(TOE) 
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Figure (3.2.d)Ave . . rage Ener c 
. . (1990-1996 gy onsmnption By Type 

PETROL CONSUM ) Measured in(O/) . . ' 
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Figure(3.3.a)Forecasts of Total Energy Consmnption 

By Type (1996-2010) Measured in(OOO)(TOE) 
16000~~~~~~~~~~~~~~~~----, 

14000-

1200(} 

10000-

8000 

6000 

4000 

2000· 
0 J: IJ • u · 1J; IJ; 1} 1

1 l 1·/ IJ ! IJ/ • , , , IJ ~ IP'.1 , l!;l , , i 1 · 1 I·) 1 j 
1996 1998 2000 2002 2004 2006 2008 2010 

1997 1999 2001 2003 2005 2007 2009 

YEARS 

elELECTRICITY 

CONSUMPTION 

~PETROL 

CONSUMPTION 

~BIOMASS 

CONSUMPTION 

lffl.llllTOTAL 

CONSUMPTION 

Figure(3.3.b)Forecasts Of Average Total Energy 

Consumption by Type 

(1996-2010) Measm·ed in(%) 

BIOMASS CONSUMPTION 

228 

CODESRIA
 - B

IB
LIO

THEQUE



Figure (3.4.a)Total Energy Supply and Demand , 

(1987-1993) Measured in Million(TO~) 
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Figure (3.4.b)Total Energy Supply and Demand 

(1987-1993) Measured in Million(TOE) 
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· · Figure(3.4.c )Energy Demand By Type . 

(1983-1993) Measured in(%) 
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Figure(3.4.d)Energy Supply By Type 

(1983-1993) Measured in(%) 
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Figure(3.4.e )Total Energy Supply And Demand 

By Type (1981-1989) 
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Figure(3.4.f)Total Energy Supply And Demand 

By Type (1981-1989) 
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Figure(3.5.C) Total Elecricity Consumption and 

Generation (1985-1994) 
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Figure(3.5.e) Total Elecricity Consumption and Generation 

G 
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Figure(3.5.f) Electricity Consumption Sectoral 

Growth Rate (1993/94-1994/95) 

Measured in (%) 
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Figure (3.6.a) E~ergy Expenditures and Total 

Development Expenditures (1981-1994) 
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Figure (3.6.b) Average Energy Expenditures 
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Figure(3.7.a)Total Sectoral Energy Conswnption 

By Type (1982-1993) 
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Figure(3.8,a)Total Electricity Consumption and 

Generation (1980-1994) 

Measured in( GWH) 
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Figw·e(3. 8. c )Per-capita Electricity Conswnption and Generation 

· ( 1980-1994 )Measured in (KWH) 
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Figure(3.8.d)Total Electricity Conswnption and 
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Figure(5 .2.a) Petroleum Products Consumption 

(1980-1995) Measured in (MT) 
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Figure (5.3.a) Forecasts of Petroleum Products 

Consumption ( 1996-2010) 
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Figure(5.3.b)Forecasts of Average Petroleum Products 
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Figure(5-4.c)Total Imports With and Without 

Petrol Imports(l980-1994) 
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·Figure(5-5.a)Petrol Imports and Total Exports 

(1980-1994) 
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Figure(5.6.a)Petrol Imports and Trade Deficit 

(1980-1994) 
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Figure (5.6.d) Growth Rate In Petrol Imports, 
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Figure(5.7.a)Petrol Imports and Balance Of 

Payments Deficits( 1980-1994) 
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Figure(5.7.b)Total. Imports, Exp~rts and 

Petrol Imports Growth Rat~ (1980-1994) 
·,· 

Measured in(%) 

-200.,._-+--t---t----11--1---t---+---+----+---tl--+---t---+--.t 
1980 1982 1984 1986 1988 1990 1992 1994 

1981 . 1983 1985 1987 1989 1991 1993 

YEARS 

247 

TOTAL IMPORTS 

GROWTHRATE 

TOTAL EXPORTS 

GROWTHRATE 

PE1ROL IMPORTS 

GROWTHRATE 

,' . 

CODESRIA
 - B

IB
LIO

THEQUE



Figure(5.8.a)Petrol and Foreign Energy 

Expenditures and Total Foreign Expenditure~ 

Measured in(LS) Million (1989-1993) 
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Figure (5.8.b) Petrol In1ports Expenditures and 

Balance Budget Deficit 
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Figure(5.8.c)Petrol Expenditures artd 

Total Devlopment Expenditures 

(1989-1993) Measured in(%) 

Figure(5.8.d)Total Energy Expenditures 

and Total Development Expenditures 
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Figure (5.8.e) Petrol Expenditures and Total 

Foreign Development Expenditures 

(1989-1993) Measured in(%) 
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Figure(5.9)Petrol Imports And (GDP) Growth Rate 

(1980-1992) Measured in(%) 
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Figure (5.10) Petrol Imports Growth Rate and Infl~tion 

(CPI-Growth Rate) Measured in(%) ( 1980-1991) 
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Figure (5.11.a)The Rate ofEnergy ConsumP.tion 

By Type To Total Energy 

(1980-1989) Measured in(%) 
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Figure ( 5 .11. b) Growth Rate in Total Energy Type 
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Figure (5.11.c) Growth Rate in Total Energy Consumption 

By Type (1981-1988) 
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Figure( 5 .11.d) Average Growth Rate in Energy 

Consumption By Type (1981-1989) 
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