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Excerpt from speech delivered at the Peoples' Assembly 

during the Second PresidentiaL Inauguration, May 2 , 1977. 

Ambitious development of energy besides depending on 
the
 

capabi lity of the Sudanese people and teir determination aLso 

depEnds on financial resources, some of which we have and some
 

which require effort to oitain. By this I mean the ideal
 

development of our hydro and solar resources, especially, since 

the world is living through the beginnings of an energy resources 

crisis. We have to take the initiative through planning and 

implementation and to consider all the possibilities including
 

whether or not petroleum is available in our land. And whether 

its discovery and utilization is deleyed. On this path, and 

according to studies which I have assigned to our specialized 

scientists and with help from international expertise, I am about 

to make fundamental decisions to develop new energy resources in
 

Sudan and to realize the best development of nonconventional 

energy resources avai lable in our country. 

GAAFAR MOHAMED NIMEIRY
 



FOfIWARD 

Presented herein is the the National Energy Plan, 1985-2000. 

Work on this Plan commenced in May 1983 folLowing a decree from 

,the Minister of Energy and Mining (Decree No. 5, Year 1983). 

Contributions to the development of the Plan were made by 

six organizati ons from within the Ministry and eight other 

governmental bodies. In addition, 11 foreign organizations and
 

companies working in the field of energy provided their expertise
 

and assistance. In total 110 Sudanese researchers and 19 foreign
 

experts (see Appendix 2) attended or contributed to the 190
 

meetings held during the development of the Plan. Our thanks to
 

ther, a Ll
 

The Plan iE the rr. ult of 20 months of effort undertaken in
 

two phases. Five r.cmr ittees worked on the fi rst phase which was
 

concluded in eFrtrhrr 1933:
 

1 . Deriand Frrecart C rirr,i t tee. 

2. Enicroy SiIp I & R.urces Coromittee. 

3. Debottlerecking Crriri,i t tve. 

4. Energy Cnin, rvr I on ' Oeriand lanagement Committee. 

5. Plan Irp tIrenttaticr: orr ittee. 

Th e second ptase began in January 1984 with the following 

Con iti t tees: 
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1. Techno-Economic Options Committee
 

a. Petroleum Technical Subcommittee 

h. Electricity Technical Subcommittee
 

c. Renewable Energy Technical Subcommittce
 

2. Debottlenecking Committee
 

a. Petroleum Subcommittee
 

b. Electricity Subcommittee
 

c. Dams Subcommittee
 

3. Plan Implementation Committee
 

4. Stretegies and Objectives Committee
 

5. Chairman's Committee
 

6. Final Report Committee
 

The final Plan reports are:
 

1. Plan Executive Summary summarizing the main report. 

2. The Main Report with SectoraL Plans: Petroleum, 

Electr-icity, Forestry and andNew Renewable Energies. 

3. Reports eachfrom subcommittee detai ling conclusions and 

analyses.
 

These reports 
define strategies and objectives, policies, 

conservation 
and debottLenecking 
programs, investment projects
 

demand 
forecasts and available resources. The reports also for 

the first time identify possibilities & programs to utilize 

renewable & new 
energy resources.
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Total investment requirements for 1985-2000 are:
 

Electricity 	 $ 3,832 Million
 

$ 815 "
 Petroleum 


New & Renewable Energies $ 868 "
 

$ 5,515
Total 


The National Energy Plan Committee and the National Energy
 

Administration hope that this effort will provide the impetus for
 

accomplishment and change.
 

Chairman of the National Director General 

Energy Plan Committee NEA 

Dr. John Gindi/ Dr. AbdeL R hmen Shulli 

t 



MINISTERIAL DECREE NO. 
5, 4983
 

FOR THE NATIONAL ENERGY PLAN
 

In accordance with the Ministry of Energy and Mining's 

corimitment 
to the Peoples' Assembly 
to prepare a comprehensive
 

National Energy Plan ain short time to thecover period up to 

1990, and after to 
the year 2000, I deci 'a the following:
 

1. Committee Formulation:
 

Form a comrmittee under the 
supervision of 
the Undersecretary
 

of the Ministery of Energy and Mining and chaired by the Director 

General of the National Energy 
Administration 
 with heads of
 

planning units in the 
energy systems as members besides 
a number
 

of consultants appointed by the Minister of Energy and 
Mining.
 

I have directed the consultancy bodies working 
in this field
 

and Chevron Co. to 
help the 
committee as consultants.
 

2. Duties 
of the Committee:
 

Based on the progress of the Sudanese economy, 
the committee
 

shou ld: 

a. Determine the actual denmand for energy, superseding 

in doing so the historical data which reflect the 

continuous shortage in energy 
supply and taking 

into account the effect of urbanization on 

swi tch ing to different forms of energy and the 

effect of higher Living standards. 



b. 	 The committee is to specify the resources
 

available and to evaluate them economically with 

the aim of self-sufficiency in the field of 

energy, including new and renewable energies. 

c. 	 The committee is to make use of the efforts of 

other organizations in formulating an investment 

program fcr electricity, petroleum, new energies 

and conservation and a national plan for manpower 

developmert in the field of energy. 

d. 	 The investment program is to be presented as 

national planL for the regions. 

e. 	 The Plan is to recommend the participation of the 

Private Sectcr in energy projects and decide on the 

LeulnuloUicul prujects which support the energy 

pr'ograr:1 and on the pricing policy. 

f. 	 The cuninittee should decide all other studies 

necessaiy to finalize the National Energy Plan. 

3. 	 Authority of the Cor.mittee: 

As the job assigned to the committee is considered 

bLraLegic, i mporLan L and uiUerL, I hereby confer the following 

au .hority on the co rmitte after discussion with the Commit.ee 

S u) uvi sur, LIie Unden'becr. eLa y: 

a. 	 The commiLl e is Lu ma ke use of all documents, 

information and national officials in the trinistery 

organi zationL ,,d tu c u mp8ni-us wuvk Iy in the 

field of eneiyy. 

i;
 

http:Commit.ee


b. Set up subcommittees to undertake 
 studies
 

decided an by the committee.
 

c. 	 Make use of computers and technical equipment 

available in the ministry and organization and 

research systems to help complete its work.
 

4. 	 Facilities 
for the Committee:
 

The committee is to decide on an urgent budget 
for its work
 

and submit it to the Supervisor of thi committee to 
raise it from
 

contributions from the Ministry's organizations and 
corporetions.
 

5. Monitoring the Committee's Work:
 

The committee is to submit a monthly report 
to the committee
 

Supervisor outlining the 	 work, the achievements, and the problems 

encountered and 
the 	additional 
tasks to be performed.
 

Issued under my signature
 

on Thursday, 2 1st of April, 1983 

Dr. Sharif El Tuhami 

Minister of Energy and Mlining
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CHAPTER I
 

THE ENERGY SITUATION: 
 NEEDS EXCEED SUPPLY
 

recently and forecasts indicae that,
 

A. PROBLEMS 

For the past five years consumers 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 tos3es to the economy. The 

situation has deteriorated 

if no changes are made, 
conditions 
wi LL continue, to worsen. The
 

problem that 
must be addressed and 
its consequences 
can be summed
 

up as follows:
 

ENERGY NEEDS EXCEED SUPPLY
 

PetroLeum 
 - - Permanent ALLocation 

ELectricity - ReguLar Load Shedding-

Wood/Charcoal 
 - - Shrinking Forests 

As a result of shortages, drivers of cars and Lorriep waste 
hours queueing for benzine and gasoil; 
businessmen 
see machines 

and workers idle when electricity is shut off; farmers watch 

crops dry up when th , 9 is no elec-zricity or gesoil for 
irrigation pumps; 
consumers' electrical appliances are damaged by 

erratic electricity; rural poor spend more and more time looking 

for wood; and urban dwel ,.,,,s spend more and more of their income 

nn buyinS charcoaL.
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The following three charts (Figures 1-1 to 1-3) show these 

prob Lems quantitatively. 

1. The first, "Continuing OiL Shortage," shows that demand 

for oil is about 25% higher than actual supply, and that this 

shortage has been growing. Demand has been reduced to the level 

of avai lable supplies through government allocation of the 

shortage among different consumers and the different regions. 

2. The second, "Blue Nile Grid Demand and Supply," shows 

the relationship between electricity generation, consumption, 

losses and "unmet demand." The "unmet demand," basically the gap 

between supply and demand, has been covered by load shedding, 

self-generation, and holding back expansion of services to new 

consumers. 

3. The third, "Wood Fuel Inventory and Prices " shows how 

rapidly forests in the Khartoum, Central and Eastern Regions are 

being cut down. As a result, charcoal prices have risen so 

rapidly that today they are over seven times the price of eight 

years ago. At today's level they are very costly for the majority 

of the urban population. 

B. EFFECT OF PROBLEMS
 

Everybody in Sudan suffers hardship and losses as a 

result of energy shortages. Individuals are discomfited by the 

lines
frequent electricity outages and waste hours waiting in for
 

asfuel. Productivity is reduced at the workplace a result of 

are
such inconveniences. The economic effects, though, 
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concentrated in the industriaL and agriculturaL sectors. Here 

almost all enterprises are plagued by a Lack of energy leading to 

higher production costs, reduced output and wasted capital 

investment. 

Costs result from 1) an absolute scarcity of energy and 2) 

unreliable suppLies. The absolute scarcity limits economic 

growth: fewer feddans can be planted and irrigated; factory 

expansion plans must be deferred or ccrapped; and new projects 

are cancelled or deLayed. So the effect is that Sudan's GDP 

grows at a slower rato than would otherwise be the case with 

adequate energy. 

The second type of shortage - unreliable supply - causes far 

greater losses to the economy. Huge costs are incurred when 

people undertake a project or production operation with the 

expectation of avai lable power, only to find their operations 

plagued by unplanned electricity outages and/or unanticipated 

fuel shortages. Crops and inventory in process are spoiled and 

production costs increase due to high start-up expenses and the
 

expense of securing back-up energy supplies. Additional costs
 

are incurred as equipment is damaged by power surges and 

outages. Finally, Losses result from the fact that capital 

invented, with the expectation of being fully utilized, lies 

idle. Expected profits cannot be realized but sti LL the 

financing expense of the investment must be paid. 

These Losses were quantified for the smaller irrigated and 

mechanized farms for the Khartoum and Central Regions in 1983. 

OveraLl, Sudan suffered losses of 133 million LS for this portion 
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of the Agricultural Sector. Shortages ranged from 20-40% of 

required energy. The net LS losses by category 
are summarized in
 

Tab le 1 .1. 

TABLE I-I 

AGRICULTURAL LOSSES DUE TO ENERGY SHORTAGES IN 1983
 

Type of Losses Million LS 

Crops not planted due to
 
lack of energy 38
 

Crops lost due to interrupted 
power 70 

Crops spoiled after harvest 15 

Production cost increases 
 29
 

Capital damage, other 3
 

TOTAL 155 

Cost of energy not supplied 22 

Net cost 133
 

These huge losses in output resulted from the lack of fairly 

inexpensive energy inputs. In the irrigated 
 electric pump
 

schemes, the lost output was 3.54 LS per KWH whi le the cost of 

that KWH was onLy 13 pt. Simi LarLy for mechanized farming, a 

loss of 18.5 LS was incurred for each unavai lable gall~n of 

gasoi l costing 2.7 LS. 



C. REASONS FOR PROBLEMS
 

Many factors are involved in the Sudan's energy crisis, 

but the main cause was the sudden dramatic escalation in oi l 

prices ten years ago with a second major jump in 1980. Huge 

price rises not only made it more difficuLt to buy oil but aLso 

meant that scarce hard currency had to be diverted from other 

development purposes to buy oil, thereby slowing economic growth. 

These shortages of foreign exchange drastically reduced the 

country's capacity both to buy oil and to make important, badly 

needed investments in expanding the electricity system. The 

country did not respcnd to this critical situation early enough 

or drastically enough. Consequently:
 

The high dependence on imported oil
 

continued and was even ennouraged by
 

subsidization of consumer prices.
 

The importance of investment in the use
 

and deveLopment of indigenous resources,
 

such as hydro power, was LargeLy ignored. 

The failure to respond to a critical situation which required 

fundamental reform reflects reluctance to change existing 

systems even when they have proved to be unsuitable in a new set 

of circumstances. 
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High oil prices and the foreign exchange crisis have effected 

all energy sectors. Each sector, though, has 
its own reasons for
 

the problems being experienced today. 
 These are summarized betow 

in Table 1-2. A common thread runs throughout with certain 

factors such as inefficient uses of energy and increases in 

demand with no attempt to discourage excessive consumption found 

in all sectors.
 



TABLE 1-2 

REASONS FOR PROBLEMS
 

PETROLEUM SECTOR
 

INSUFFICIENT INVESTMENT
 

Foreign exchange shortages resulting in inadequate
 
and unreliable supplies.
 

INEFFICIENT USE OF EXISTING SYSTEM
 

* 	PetroLeum purchased on unfavorable terms. 

* 	 Logistics system poorly utilized as petroleum 

supply varies with foreign exchange avai lability. 

* High demmurage charges incurred. 

DEMAND INCREASE FOR ECONOMIC GROWTH 

* 	 Growth in agriculture, transportation, industry, 

consumer goods sectors. 

CONSUMPTION ENCOURAGED
 

* 	 Consumers lack incentive to conserve. 

* 	 Unrestricted imports of energy inefficient systems. 

* 	 Products priced below economic cost. 

* 	 Unreliabi lity of river and rail nas forced 
shift to trucking. 

* 	 Expansion of thermal power not hydro. 

* 	 Private transportation favored over public. 



REASONS FOR PROBLEMS
 

ELECTRICITY SECTOH
 

INSUFFICIENT INVESTMENT
 

* 	 Inadequate investment in generating capacity, 
part icu La rLy hydro. 

* 	 Electric Sector lowa priority in national 
investmen 
 of scarce capital. 

INEFFICIENT USE 
OF EXISTING SYSTEM
 

* 
Inadequate maintainance.
 

* Lack of spare parts. 

* 	Large losses.
 

* 	 Manpower brain drain. 

* 	 Delay in implementation of power pr'jects. 

* 	 Depletion of hydro storage capacity.
 

* 	Wide annual 
and seasonal variations in
 
hydro abi lity. 

DEMAND INCREASE FOR ECONOMIC GROWTH
 

* 	 Agriculture, industry. 

* 	 Population increase. 

CONSUMPTION ENCOURAGED
 

* 	 Low prices. 

* 	Uncollected, unbilted 
consumption.
 

* 	 Uncontrolled demand. 

* 	 Growth without priorities. 
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REASONS FOR PROBLEMS
 

WOOD FUELS SECTOR
 

INSUFFICIENT INVESTMENT
 

* 	 Royalties for cutting inadequate for replacement. 

INEFFICIENT USE OF EXISTING SYSTEM
 

* 	 Inefficient conversion and end use technologies. 

* 	 No effective forestry Land use management at 

national or regional levels. 

* 	 Trees from forests clear cut for agricuLture 

are not used for fuel. 

* 	 Receding forests increase transportation costs. 

DEMAND INCREASE FOR ECONOMIC GROWTH
 

* 	 Population growth. 

* 	 Urbanization, resulting in higher demand for 

charcoal. 

CONSUMPTION ENCOURAGED
 

* 	 Lack of alternatives. 
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CHAPTER II
 

OUTLOOK: 
 MORE PROBLEMS IF 
NO CHANGES MADE
 

A. 
 APPROACH AND ASSUMPTIONS
 

The previous chapter established that current energy problems 

are serious and that they are partially a ofresult conditions 

beyond Sudan's control (price of oil] and partially a result 
of
 

choices taken, not
or 
 taken, and decisions made, 
or not made,
 

within the Sudan.
 

The future energy outlook wi II be shaped by where we are 
today and also by future events. Again, ofsome these events 

will be uncontrollable. But, we will also find that choices can 

be made, and decisions taken, that will theaffect future. The 

challenge will be to make the right choices 
and decisions. 

However, in toorder rationally explore and evaluate future 

options, it is necessary to project futurethe outlook, for both 
supply and demand, of the major energies used by Sudan. This 

initial projection wi LL be based on two sets of assumed bases: 

first, economic and physical 
events that 
affect energy, but are 

largely outside controlthe of the Energy Sector; and, second, 

strategies and policies that can be affected by the Energy 

Sector. 

The first set of economic 
and physical assumptions have been
 

designed to reasonably optimistic, but not extremely so.
 
be 
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1, Economic and Physical Acsumptions 

a. 	 CDP wi lL grow 4%/year. 

b. 	 Population wi LL gro , 3%/year. 

c. 	 Each economic sector wi Lt grow according to 

o .e r i en t p La r,ni level . 

d. 	 A t r L,,--year petro'Eum fi ancing grant wi ll start. 

in early 1985 Et $120 million/year. 

e. 	 Crude ex portE, wi LI begin Late in 1987 at 50,000 

barrels/day; volume vi tL increase 10%/year, prices 

3%/year. 

f. 	 Power III vii Ll be comp leted in early 1985. 

The second set of strategy ancd policy assumptions are 

strictly a continuation of past anu current ones. There is no 

judgment here whether they are good or' baC , or right or wrong, 

but they are a necessary first s-t ep to ova Luate the future 

consequences.
 

2. Strategy and Policy Assumptions 

a. 	 Low energy prices are continued with furnace oil 

and electricity subtridized. 

b. 	 Demand growth continues uncontrolled with no 

broad effort in ptac r to discourage low priority 

or uneconomic use. 

c. 	 Continued limi ted emphasis on developing
 

indigenous resources. 

d. 	 Power IV planned as primarily thermal (financing 

uncertain).
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a. Shortages continue to be handled day to day by 

rationing (oil "allocation," alectricity 

"scheduling").
 

Figures 2-I and 2-2 summarize the growth in demand for the 

entire ecomomy using these assumptions. As can be seen, basic
 

consumption of raw energy resources is expected 
to rise from 8 

mi Ilion TOE to 12 mi LLion TOE in 10 years. Finished energy 

delivered increases from 7 mi Llion to 9 mi lLion TOE. While 

electricity is the fastest growing sector, biomass continues to 

be the dominont energy input 
in both its raw and finished forms.
 

Projections will now be made for demand and supply for each 

Energy Sector. Subsequently, the demand 
and supply projections 

wi LL be compared to see what problems are likely. The nature, 

size and consequences of these projected problems wi LL then be 

assessed. In toe second part of this chapter possibilities for 

change will be described and in Chapters III and IV changes will 

be recommended to improve the current outlook. 



A Wood has dominant share. 

IN 10 YEARS 
A 85% from own resources. 

TODAY " t. 

40____ 
0 

WOOD 

9.0 MILLION TOE 

; Imports 

12.4 MILLION TOE 

FIGURE 2-1. DEMAND FOR PRIMARY ENERGY. 
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AElectricity growing rapidly. 

IN 10 YEARS 

TO D AY 

WOOD 

10.7 MILLI.oN ToE 

FIGURE 2-2. DEMAND FOR FINAL ENERGY. 
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B. PETROLEUM DEMAND AND SUPPLY
 

1. Demand
 

In late 1983 a detailed study was made of future demand, 

based on known government and private secto., plans. The 

underlying assumption for planning purposes was that there wouLd 

be minimal restrictions on the availability of foreign exchange,
 

energy, spare parts, equipment and all other imports. This is a
 

highly unlikely situation, but a starting point from which to 

examine shortages of supply against this projection of unlimited 

demand. In Chapter III the stratcgies required to cope with 

these shortages are set forth.
 

Unrestrained demand is expected to reach 2 mil.i., tons by
 

1990. Today actual consumption is about 1.1 million tons/year, 

but if the restraints caused by scarcity were removed then
 

demand would be about 25% higher. Thus, a growth rate of about 

8% a year has been estimated to take into account both today's 

unsatisfiod demand and the growth in demand. The Tranaport 

Sector is the largest petroleum consuming sector, with demand 

for electricity generation growing at the fastest rate. In fact, 

half of the projected growth in demand is for furnace oil to be 

used in an expansion of NEC generating capacity.
 

Summaries of the expected growth in demand in the main 

sectors follow: 

a. Transportation 

Fuel consumption is roughly 50-50 freight end passenger. It 

is assumed that fuel needs for freight will grow in proportion 
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to _rowth in aricultural produc,l. iC , wit I ri 0 furt l' cr ecrE!asC 

in the amount ca v r i e d b y rai I . De v i t. f ,r fiel Co 1 ; f. c e n e r 

transportation is expected to grow tr..ice Es fEst .. tle g rcrlvth 

in population, due to ir, cr-eased Urla.. I t ion. Overall, the 

projected growth for this sector is 5%/yeE;I' uLp tC' 1290. 

b. ELectricity
 

Although in 1983 petroleum for- power generalion was only 7% 

of total. consumption, it is forecast to be over 30% by 1990. 

This is an increase of about 29% year, mairly to cover the larcle 

thermal generating expansion of Power IV. 

c. Indu,.try 

Each of the major sectors was analyzed separately, e.g., 

cement, sugar, texti les, soap and oi I, bakeries, etc. Based on 

substantial expfansion plans, e Epecially in cement, corbiri eda 

petroleun cons umption ro wth to 1990 of 6%/year was projected. 

d. Agriculture 

Deriand projections were directly related to national plans 

for expansion of cultivated land and farm products production. 

However, this was offset by the expeotation of considerab LE 

electri fication of i rr- icaLion, u rips (rer lacing diesel). As a 

resuIt., overal petroeIEum c(,r.,a r; d growth in t1iE sector iE 

projected at only 6'/yer. 

A sur,a r y of the pet ro leum dear.and forecast for al L sectors, 

in thousands of tons/year, is shown ir Teble 2-1. 
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TABLE 2-1
 

PETFO'EIJM DFflANf FOBFCA..T [TOE)
 

Yearly 
1982/83 1990/91 Growth 

Transportation 601 875 5% 

Electricity 81 638 29% 

Industry 138 227 6% 

Agriculture 149 172 2% 

HousehoLd 56 71 3% 

Commercial 39 60 5% 

Total 1,064 2,043 8%
 

2. Supply
 

The avaiLability of foreign excharne is of critical
 

importance to all energy suppties. Petroleum supplies in
 

particular depend directly on Sudan's foreign exchange position.
 

If foreign exchange is inadequate for all imports, then all wi LL
 

be restricted, including petroleum. This is the situation at
 

this time. In addition, thermal power generation wi LL also be
 

restricted by the inability to purchase furnace oil.
 

In the future when exports the situation 1i
oil begin .1 be
 

slightly different, but the basic problem wi LL remain the same.
 

The choice then wi IL be to export oi l to improve the foreign
 

exchange position or to consume it internally and forfeit the
 

foreign exchange earnings. In either case the overall foreign
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exchange 
baLance wi lL continue to determine how much oi l can be
 

consumed. This problem is shown in Figure 2-3 which gives the 

historicaL and forecast foreign exchange expenditures on imports 

and earnings from exports. 

Recent foreign exchange deficits are shown to have been 

about 
$800 miLLion to I biLLion. 
 This very Large gap is expected
 

to grow over the next few years and then graduaLLy shrink as 

crude exports increase. However, it appears that there wi LL 

continue to be a severe restraint on oil suppLies for at Least 

the next five years and probably Longer. 
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The near-term petroleum financing grant should have a 

positive effect on petroleum supply, but netthe effect is stilL
 

uncertain. Also, 
 future forecast growth in Sudan's export 

earnings shouled provide more foreign exchange for oil purchases. 

This is summarized in Figure 2-4 with the maximum increase in 

supply beirg due to the "Financing Facility." 

ALso shown in Figure 2-4 is a prediction of demand based on 

the continuation of the present tendencies fnr unrestrained 

demand. It becan seen that the petroleum shortage may decrease 

when new financing is available, butt it is sti L L ikely to be
 

substantial. 
Then, as demand continues 
to grow, the shortage
 

increases and within five years is likely to be even Larger than 

it is now - or about 500,000 TOE/year compared to the current 200 

-300,000 TOE. 

The effect of a Lower rate of ingrowth demand, labelled 

"Historical," is also shown. This represents about 4 %/year 

compared to the forecast B%/year. It makes 
the point that if
 

demand growth could be restrained by proper management, the 

petroleum shortage problem could be much smaller than it is 

likely to be. This point wi Ll be further elaborated when 

discussing new strategies. 
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C. 	 ELECTRICITY DEMAND AND SUPPLY
 

1 . Demand
 

The 	 forecasting of demand for 	 electricity is characterized 

by uncertainty. Historically, demand has risen by approximately
 

9% per annum over the last five years. Delivered electricity, 

however, has grown by only 7% per year. - The current shortage 

situation is equally unclear. Estimates of unsatisfied demand
 

vary by 100 GWH depending on whether only currently connected
 

demand is considered or if the guess of
best unconnected loads,
 

unsatisfied even by self-generation, are included as well.
 

Estimates for future demand vary from an annual 	 ofincrease 

6% to over 9%. This widm gap is unsatisfactory for planning 

purposes since in 12 years the demand would range by 30% from 

2600 	to 3500 GWH.
 

Three forecasts are presented in Figure 2-5: 9%, 6.3% and
 

7.5%. The 9% growth was used in the original Power IV planning 

document. 6.3% represents an estimate of growth in electricity 

required to satisfy assumed economic growth. This figure is based 

on historical experience: a 1.58% growth in electricity 

consumption is required to support a 1% growth GDP.in Given a 

4% per year growth in GDP, electricity will then grow by 6.3%. 

The 7.5% forecast is derived from the 	 World Bank's end use
 

sectoral projection of 7.8%. As a basis for planning, the 7.5% 

is applied to the 1983/4 actual energy generated plus the 

estimate of unmet demand. 
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Clearly considerable judgment 
 is required here. The 7.5% 

forecast is used as the "best guess." A comprehensive end 
use
 

sector-by-sector projection should be carried out at the earLiest 

possible moment.
 

2. Suply
 

With the completion of Power III by 1985 and 
 other changes, 

the generating capacity of the Blue Nile Grid system wi IL have 

increased by or MW80% 180 over the past three years. This 

increase has been split 80 
MW hydro and 100 MW thermal.
 

As shown, in Figure 2 -6a, this higher capacity wi LL cover 

increasing demand for several years. At the higher rate of 

increase of 9%, the capacity wi LL be used up within a year (by 

1986). At that time, if no new capacity has been bui Lt, the
 

shortage probLem will begin again. 

The current strategy iq based on financing substantial
 

additional thermal capacity as 
 soon as possible; hopefully the
 

first units of Power IV will be operating by 1986 (Figure 2-4b). 

This strategy envisions bui lding about 140 MW of thermal
 

generating capacity by to
1988 give substantial operating 

reserves as backup, even with a high demand growth, if enough 

foreign exchange is avai lable to purchase the furnace oil 

required to run all this th3rmal capacity.
 

The efforts 
 to obtain the approximately $250 mi Llion 

financing required for Power IV nothave yet been fruitful. At 

this time it is doubtful whether as much thermal capacity as 
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planned can be bui Lt, and as early, as the current strategy 

anticipates. In this case the shortage wi LL grow after 1986, and 

reach about 20% within three yearc. 

A slower rate of demand growth would provide time to adopt 

a different generating strateg , one of expanding hydroelectric 

witth minimal thermal capacity. Thi; point is demonstrated 

graphically in Figure 2-6a, where at the low growth rate 

shortages could be minimized for another two-three years, up to 

1989. These points wi LL be addressed more fully in Chapters III 

and IV on strategy and plans.
 

D. WOOD FUELS DEMAND AND SUPPLY
 

1 . Demand
 

The basic assumption is that wood and charcoal demand will
 

grow in relation to expected population growth. This is based on 

the belief that, because of tradition, the Sudanese will continue 

to prepare their food the same way in the future. It is also 

tqsdd on the expectation that petroleum substitutes will not be 

generally available. 

Since urban growth will be faster than rural, and the urban 

dweller prefers using charcoal rather than wood, charcoal demand
 

will grow faster than wood. The specific estimates are presented 

in Table 2-2.
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TABLE 2-2
 

CHARCOAL AND FUEL DEMAND 
PROTECTION
 

1982 1990 
 2000
 

DEMAND (000 TOE)
 

Wood 2,810 3,930 4,920
 

Charcoal 
 1,630 2,220 3,230
 

GROWTH (%/YEAR)
 

Wood 

2.1
 

Charcoal 

3.9
 

Population 

2.9 

Urban Population 

% of Total 28 
 47
 

2. SuppLy
 

Over the last 50 years 
many acres of forests have graduaLLy 

been chopped down to provide fuel and farmland. Recently, the 

pace of this deforestation has accelerated as large areas have 

been cleared for mechanized farming schemes and the shortages and
 

escalating costs of fuel have forced more and more people to turn 

to wood and charcoal for cooking 
and other domestic uses. 

As shown in Figure 2-7, the result is that forests have 

receded further and further from major urban centres. The source 
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of charcoal suppli as for Khartoum is now Southern Demazine, a 
distance of some 600 KM away. Distances have doubled over the 
past 30 years, so 
the price of charcoaL is effectively doubLed by
 

transportation costs. This is LikeLy to 
increase over 
the next
 

few years.
 

In 1,ne Longer term, the problem is even more serious and 

will probably involve the complete denudation of forests from all 

parts of the Sudan except the extreme south. 
 The consequences of
 

this in terms of human hardship, effects on the climate and the 

economy will be 
very serious.
 

The rate of cutting 
in response to increased demand far
 

outpaces replacement. As the inventory 
in Figure 2-8 shows, if
 

current practicee continue number
the of trees will be reduced by 

half in ten years and within 15 years 
will have almost completely 

disappeared. 

This problem is widely known, although perhaps its 
magnitude and eventual consequences 
 have been seriously 

underestimated. A number of research projects are currently 

engaged in various aspects of fcrestry management and wi LL 

provide a considerable body of knowledge to be applied if and 
when serious efforts are made to arrest the decline in forests. 

But such efforts need to 
be made now before it is too late.
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OUTLOOK: POSSIBILITIES FOR CHANGE
 

The planning process has shown that much can be done 

to influence the crisis situation positively, if the approach to 

change is scientific, bearing in mind that:
 

* The energy crisis is a national issue and not onLy 

a concern of the Energy Sector.
 

* The country has to learn to Live with the crisis for 

a long period, and so try to minimize its negative
 

effects and develop policies, institutions and
 

manpower for longer term, more effective solutions. 

* Awareness and dedication to change must be promoted 

to help understanding of unpopular measures and 

secure nationwide participation as well as 

coordination. 

Possibi lities for change, short and medium term, cover the 

whole technical strata of the Energy Sector, primary and 

secondary resources, supply and demand and its interrelation as 

well as the end use. 

A. RESOURCES AVAILABLE
 

1. Oil and Gas 

Oi L in the Chevron concession area and gas in the Red Sea 

area, having already been discovered, wi LL contribute in the 
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medium and long term in partially solving the importation and
 

balance of payment problems. 

The Sudanese government ,nd i t institutions, as well as 

international companies, the World Bank and USAID, are 

coordinating efforts to solve materialization problems of this 

resource. 

2. Hydro 

Potential hydro sites for power generation have been 

identified. Feasibility studies are underway. Although large­

scale hydro requires huge financing and long lead times, an 

early start on this el -rt wi II shorten the crisis - .. I , . 

Components of Lhis program within the next ten years are the 

cortpletion of Merowe, the heightening of Roseires and the Setiat 

(Atbara River) project. 

Mini-hydro development needs intensive surveying and 

economic evaluation. Sites identified in southern regions and 

western regions as well as middle regions should be pushed to 

improve the regional situation. Though small in size, their 

impact is tremendous due to the low level of regional demand. 

The 2 MW Kinyetti River project, where construction wi LL begin in 

early 1985, provides a model for future development of this 

resource.
 

3. Biomass
 

The biomass resources avai lable are wood, charcoal, 

agricultural waste and animal dung. The significance of these 

resources is derived from their impact on the ecology and their 
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use by the massive poor population. Measures to improve
 

the biomass situation shouLd cover:
 

a. Securing renewal of 
resources.
 

b. Improving traditional technology.
 

c. Introducing new technologies (bioges, gasification, 

etc.]
 

Provided that the necessary planning 
funds are secured, 

positive effects from biomass could seen thebe in short and 

medium 
term due to the fact that most technical problems are 

solvable. 

4. New Energies
 

There are ideal meteorological conditions in Sudan for the 

application of windmi tL technology in northern Darfur theand 

middle region. Demand, especially for pumping water 
and other 

applications, is apparent. 

Solar energy, although it needs intensive research, has 

considerable implementation possibilities especially in solar 

water heating for laundries, hotels and hospitals and solar 

cookers for household use. 

5. Future Resources
 

Sudan's energy 
 resources should be identified and evaluated 

systematically. Efforts should be concentrated in areas of 

maximum avai labi lity. These areas are: oiL and gas, uranium, 

geothermal energy, 
coal and peat.
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B. SUPPLY AND DEMAND
 

To manage the crisis in the short term, there are more 

effective measures than direct allocation to promote change: 

1. Pricing is the most effective supply-demand control 

tool, as it Limits consumption to necessary needs, forces 

conservation, directs supplies to the most economic choices 

avai lab Le, and creates chances to enrich the energy mix with new 

local resources. 

2. Industry, transportation, agriculture and household 

equipment manufacturing :should be monitored by regulations old 

standards based on energy efficiency. 

3. Subsidies, taxes and other economic incentives should be
 

carefully implemented to encourage the commercialization of new 

and renewable energies and to encourage conservation. 

Appropriate measuring devicogs should be used to monitor the 

effectiveness of these incentives.
 

4. Choices within sectors should be analyzed to determine 

energy efFective choices, i.e., river and rail versus road
 

transport, pipeline, power station or fuel transport versus power 

transport or national grid expansion, mass transport versus 

individual transport and so on. 

5. Analyze and reduce the tremendous technical and non­

technical losses within the physical system of the Energy Sector:
 

refining, conversion process, power systems, transmission, etc.
 

Implementation of conservation measures within the sector wi Lt
 

create an example for the whole economy. 
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6. A series of small-scale industries could be developed
 

from the importation needs of the Energy Sector, if the Private
 

Sector 
is involved and assists in the identification of
 

commercial areas. Implementation of import substitution
 

within the Energy Sector 
through creation of free enterprises
 

will reduce foreign currency needs and reduce brain drain.
 

7. Research can improve traditional technologies,
 

especially in the field of biomass, as well as help
 

commercialization of energy conservation 
measures.
 

B. Since the Energy Sector is capital and energy
 

intensive with complex operations, it needs modern management
 

practices. Accordingly, Energy Sector corporations must have a
 

free hand to do business on a purely commercial basis, to secure
 

proper decisionmaking 
and to improve terms of service. The
 

result will be to realize technical and economic efficiency.
 

C. ENERGY SUBSTITUTION
 

Energy resources, in secondary form and in the end use
 

stage, are substitutable. This phenomenon paved the way for the
 

domination of electric power in developed societies, due to its
 

operational merits in industry and households.
 

In this era of high energy costs the substitution phenomenon 

should serve to optimize the energy mix and enrich the economy. 

This is true especialty in developing countries, where technical 

choices are sti LL at an infant stage. For 
 Sudan a series of
 

substitution possiblities should be encouraged. To 
be discouraged
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definitely is the domination of oi l in power generation and 

household use. Monitoring of substitution is an area where 

intensive research should be instituted, focusing on the economic 

evaluation of resources, with special consideration of age, 

renewability, technical efficiencies, the technology involved end 

future as well as present economic benefits to the nation. For 

Sudan the following goals should ease the present crisis 

si tuat ion :
 

1. Improve refinery yield and the economics of utilization 

of imported oil. The different uses of oil products should be 

studied from the point of view of substitutability. 

2. Keep the generation of power in th j BNG at 80% hydro 

and 20% thermal. This is a healthy ratio, which wi LL be 

disturbed by the thermal additions of Power III and IV. To 

restore this ratio in the future, utilization of hydro generation 

should be emphasized. 

D. AGRICULTURE AND INDUSTRY
 

Biomass-intensive consumption is destroying the ecological 

balance of Sudan. If oi l supplies are available, the natural 

short-term trend wi LL be to substitute :erosene, LPG and gasoi l 

for biomass. The long-term trend should be to improve biomass 

technilogy, (i.e., plantations, introduction of biogas) and 

develop other renewable technologies as substitutes. If this 

issue is properly mastered, more local oil could be exported and 

better efficiency in utilizing local resources could be realized. 
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New and renewable energy technology, like windmi Lls, are 

potential and promising applications for the future. Research 

and economic subsidies are necessary at this tostage overcome
 

the implementation and commercialization problem. 
 The
 

substitution ability of these resources is strong in 
the existing 

crisis situation, especially due to nonavailability of other 

resources. 

E. END USE
 

End use of energy covers every activity, productive end
 

nonproductive, throughout the Sudanese economy. End use
 

efficiencies are very Low, due to:
 

* lack of Awareness. 

* Arbitrary Choices of Technology. 

* Lack of Energy Conservation. 

* Lack of Energy Measuring Devices. 

* Lack of Regulations and Standards Governing the 

Efficient Use of Fuels. 

* Lack of Economic Incentives To Take Conservation 

Measures and Incentives.
 

Many countries have achieved good results by 
 controlling
 

demand through energy conservation in the short term.
 

Sudan could utilize this potential for change by completing 

its energy balance analysis, through end use efficiency auditing, 

and promoting public and private energy consumer awarene3s. 
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CHAPTER III
 

STRATEGIES FOR CHANGE: THE NATZONAL STRATEGY
 

A. THE STRATEGY IN THE OVERALL NATIONAL CONTEXT
 

The formulation of energy strategy Trat-P--
 on achieving 

economic security is practically the definition of the role of 

the Energy Sector within the comprehensive strategy of the State 

which comprises the military, economic, social, political and 

diplomatic aspects. The strategy therefore derives its 

objectives from the overall, especially the economic policy of 

the country. The economic policy has to take the energy
 

efficiency of the economy as a whole into consideration.
 

B. 	 OBJECTIVES
 

1 . Provide an adequate and reliable supply of energy to 

support sustainable economic growth and to improve the 

quality of life. 

2. Maximize development and utilization of indigenous 

resources to minimize dependency on energy imports.
 

3. 	 EfficientLy use all forms of energy to get the most 

economic value of the 	 energy and minimize the cost of 

the 	energy to the country.
 

4. 	 Develop local capabilities in manpower and technology to 

support the above three ubjoctive6.
 

The strategy to realize these objectives addressed resources
 

(supply) and demand.
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C. RESOURCES STRATEGY
 

, sound resources strategy has satisfy the
to domestic energy
 

demand from local resources as much as is economically feasible, 

especially those which 
can only be consumed internally.
 

1. Hygaro Potential 

This is the most important energy resource for electric 

power generation in the Sudan today and for generations to come.
 

The present approach where hydro is the base electricity supply 

and thermal generation is supplement has bea only to maintained. 

Hydro projects are to be considered basic and Long term in 

the infrastructure for the development of agriculture and 

industry as well as providing a source of power. Hydro energy is 

a substitute for imported, and potentially exportable, energy 

resources. Another advantage of hydro resources is that they are 

clean, renewable and ;nexpeIns;ve to operate. 

The biggest obstacle to development of the resource is 

obtaining the amounts oflarge capital required. Due to the
 

remote location of many sites and 
the complexity of construction,
 

hydro projects are cost ly, requi ring cornsiderab le lead time and 

extensive effort. 
 Such issues as the geopolitical aspects, 

infrastructure, and demand growth must be addressed. Full 

development of this resource invoLves cooperati on and 

interconections with neighboring countries. The benefits of such
 

a system of interconnections aro to be studied.
 

2. Wood Fuels
 

Wood fuels constitute the largest energy resource providing 

80% of the supply for use by almost all the people in the 
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country, The resource has been over exploited and is fast 

disappearing. How to maintain it wi LL be one of the most 

important issues during the nex' 15 years. To address this 

issue, a national consensus must be achieved. Close cooperation 

of all concernud institutions wi '.L be of vital importance. 

The basic strategies required are: 

a. 	 Resolving the competition for land use. 

b. 	 Initiating nationwide and multiple approech efforts 

to grow trees.
 

c. 	 Efficient use of wood and charcoal.
 

d. 	 Substitutioii of other resources, especially other 

renewab les. 

3. 	 Petroleum
 

The country already has identified limited quantities of 

petroleum and natural gas reserves. The geological prospects 

indicate the possibility of additional reserves in the future. 

The following strategies are designed to exploit known and 

potertial future resources:
 

a. 	 Encourage a high level of exploration activities 

consistent with the Long-term interests of the 

country. 

b. 	Encourage rapid development of oil discoveries and
 

maximize exports rather than encouraging
 

unnecessary internal consumption. 

C. 	 Locally refine indigenous crude when justified 

to reduce the cost )f securing essential supplies. 
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d. 	 Seek innovative ways to exploit nonexportabte oil 

and gas discoveries for local use. 

e. 	 Develop Sudanese expertise to better utilize this 

important nationaL 
resource.
 

4. Renewables
 

There are considerable 
renewable 
 resources 
 in the Sudan 
which could be of strategic importance in substituting for oi l, 
electricity, 
 wood and charcoal; in assisting in rural 
deveLopment; and in improving the quality of life in rural areas. 
These strategies 
 are 	 designed 
 to exploit economically the
 

potential 
of these resources 
as rapidly as possible.
 

a. 	 Apply proven technologies which are economically 

viable such 
as:
 

Nonwoody biomass 
 technologies, 
 especially
 

direct combustion, 
 biogas, densification,
 

gasification and ethanol production. 

• Mini-hydro technology. 

* Wind for 
water pumping in remote areas.
 

• Solar for essential services, and commercial
 

hot 	 water applications; photovoltaics for 

remote electrical supply.
 

b. 	 Launch an intensive applied research program and 

field testing for technically proven and 

economically not yet iable technologies. 

Develop implementation
c. 	
and dissemination
 

strategies 
to promote the application of these 

technologies on a commercial 
basis.
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5. CoaL 

Although some occurrences of coal have been noted in
 

Northern and Eastern Sudan, no workable coal deposits have been 

reported. This is due in part to inadequate prospecting and 

exploration and the avai labi lity of cheap abundant alternatives 

in the past. It is therefore necessary to launch an intensive
 

coal exploration program. The Geology Department is well staffed 

and equipped to carry out such a program. 

Any discovery of workable coal deposits would affect fuel 

imports and the electricity generation program. 

6. Uranium 

If economic uranium deposits are identified, this resource 

will be exploited for export to add to foreign exchange revenue. 

It can a lso lead to working out a nuclear Long-term energy 

program ?or the future. Therefore, prospecting and exploring for 

this resource are to be promoted because of its strategic 

importance and potential future economic impact. 

D. DEMAND STRATEGY
 

Not enough attention has been given in the past to demand. 

Emphasis has been solely on supplies to meet all and every demand 

consumers placed on the system. Because of the high cost of
 

energy, it is necessary to introduce strategies which will more
 

effectively use the energy supplies which can be made available. 

To accomplish this end the following strategies are needed:
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1. Manage demand to 	 the higher priorities and most 

economic uses and discourage Low priority 
 and
 

uneconomic uses through economic tooLs such as 	 prices, 

taxes, etc.
 

2. Control consumption with energy conservation laws and 

regulations; establish minimum energy efficiency 

standards. 

3. Encourage 
 energy conservation 
 to achieve the same
 

result by:
 

a. 	 A public awareness campaign to better inform 

consumers of their energy consumption choices.
 

b. 	 Energy saving capital investments.
 

c. 	 Structural changes using 
 more energy efficient 

systems, e.g., mass transportation versus private 

transportation.
 

E. 
 TOOLS TO IMPLEMENT STRATEGIES
 

With completion of the first National Energy plan, the
 

challenge 
 to 

improvement by enlisting the support 

ahead is implement the strategies for change and
 

and active involvement of 

the whole government, donors and the 	people of Sudan. 
 Successful
 

implementation of the 
Plan will require commitment of substantial
 

financial 
 resuurces, changes in organization and management
 

practices, 
and 	follow through. Studies 
have shown that the best
 

measures to implement 
the plan are the following:
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* 	 Initiate a unified and complete energy information 

system to facilitate the decisionmaking process.
 

* 	 Revise the Plan periodically and stert regional 

planning. 

* 	 Develop innovative ways and means to finance the plan 

and to overcome the Lack of investment in the Energy 

Sector. 

* 	 Develop and modernize the organization of the Energy 

Sector and improve coordination and cooperation among 

its sectors.
 

* 	 Encourage applied and field research. 

* 	 Develop technical cooperation with developed and 

underdeveloped nations. 

Create public awarness.
 

Develop local manpower.
 

Attract Private Sector initiatives, especially in the
 

development of renewable energy resources. 
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SECTORAL STRATEGIES
 

A. PETROLEUM
 

1. Overall Demand/Supoly Ob-jectives
 

The future problem which Pet-oLeum Sector strategies must 

address is a continuation of what has 
been happening in the past:
 

too little 
supply and too much demand. Today, as in the past,
 

this gap is being handled by "allocation." That is, shortages are 

allocated amongst consumers on the basis 
of decisions made by
 

various government units. Of necessity, these 
decisions must
 

discriminate 
between different geographical regions, different 

industries, different classes of consumer and, eventually, 

between different individual consumers. 

Lengthy worldwide experience has shown allocation to be a 

last resort procedure only, to be avoided if at all possible, and 

to be simplified and minimized when unavoidable. This is so 

because consumers are better able to make the many daily purchase 

decisions for using petroleum, based on the alternatives 

available to them. Thus, the objectives of the petroLeum 

strategies for the Sudan are to: 

Manage demand and enhance suppLy so
 

that an economic baLance is achieved
 

without the need for continuous
 

atLocation.
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2. Strategies
 

Supply and demand can be economically brought into balance 

by increasing supply and decreasing demand. In the Sudan, the 

gap is so large today that, realistically, only drastic strategic
 

actions taken consistently over several years have any chance of
 

meeting this objective.
 

The strategies must not only overcome the large gap between
 

supply and demand that exists today, but reverse the trend that 

is causing this gap to increase. Accordingly, a new look is 

required at the strategies now being followed and revisions made 

where appropriate. 

In Chapter II, current strategies and the expected future
 

supply/demand results were detaited. The new strategies required
 

for the future are developed below.
 

a. Strategies To Increase Supply:
 

* Ensure that the share of total foreign exchange 

to purchase petroleum is appropriate to its 

importance to the economy.
 

The Sudan has many claims on its limited foreign exchange 

for buying imports of all kinds. Since petroleum is one of the 

main ingredients of economic growth, adequate priority must be 

given to providing sufficient foreign exchange on a timely basis 

for its purchase. 



-51­

* Intensify and diversify exploration activities 

and subsequent development of hydrocarbon 

resources. 

The Sudan has encouraging, proven commercial oil deposits 

with the likelihood of more. There is 
every incentive to see 
to
 

it that existing and potential resources be developed as soon as
 

possible.
 

* DeveLop internal uses for nonexportabLe oil and 

nas discoveries
 

Small known deposits of both oil and gas have development 

potenttial and could be used within the tocountry replace 

petroleum imports in areas such as thermal power generation. 

b. Strategies To 
Manage Dema-id:
 

Reduce nonessential 
 demand by all available
 

means. consistnlnt 
 with the- noal of manaai no 

demand while enhancinq economic -rowth and 

supplyinq the most productive and export 

.sectors. 

The main cause for the large and growing demand/supply gap
 

has been the substantial growth in demand. This has partly been
 

necessary to realsupport economic growth, but consumption has 

also been greatly increased by much Lower priority uses. 

The most effective 
way to both reduce unnecessary demand
 

growth and 
 it
to steer towards economic activities is through use
 

of the price mechanism. A strategy 
of deliberately managing
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product prices, product-by-product, at appropr, 

Levels to moderate and direct demand growth, wou 

significant benefits over a period of years. 

As an additional tool to discourage nonessential demand 

grnwth, restric Lons and/or taxes can be applied selectively to 

petroleum-consuming machinery and equipment.
 

A third component to reduce urnecessary demand is through 

increasing the efficiency of use - "conservation." Such an 

effort, by educating consumers to meet their needs with less 

petroleum, would complemert the economic incentives estab.isied 

through using price and tax mechanisms.
 

* Maximize eLectric power generation from 

hydro power, not imported oil.
 

The construction and maximum use of hydro power capacity
 

zubstitutes an indigenous resource for an expensive imported one. 

* Use biomass and other renewables to repLace oiL 

in industry, agriculture and households. 

Considerable amounts of crop residue ore already used to
 

generate steam in sugar refining, rnd it is anticipated that a
 

variety of other economic uses can be found over time.
 

* Pursue energy efficiency in transportation 

throu h structural channee. 

The biggest consumer of petroleum in a country the size of 

Sudan is the Transportation Sector. Some moderation of growth in 

demand may be obtained by pricing and conservation measures. 



However, major changes 
should 
also be sought by rethinking some
 

basic transportation strategies; 
 for example, the relative
 

advantages of rail 
versus road transport.
 

b. Expected Results
 

It is not possible to estimate 
the detai led impact
 

of each strategy on the supply/demand balance. There 
are too many
 

uncontrollable 
 and unquantifiable 
 factors, such 
 as the
 

availability 
of foreign exchange, the price 
of oil, economic
 

versus nonessential 
demands on oil, and 
so on.
 

However, it is feasible, the
and useful, to forecast 


magnitude and direction of 
the combined effect 
of all these
 

strategies. 
 The table 
 below, "Demand 
vs. Supply: Managing
 

Shortage," projects 
the shortage 
over a range of assumptions and
 

shows the potential impact of the new set of 
 strategies.
 

Tab In 3-1
 

DEMAND VS, SUPPLY: MANAGING SHORTAGE
 

1983 1986 
 1989
 

Base Shortage With
 

Current Strategies
 

000 Tons' 
 260 300 540
 

% 
 25 22 
 40
 

Reduced Shortage
 

With New Strategies
 

000 Tons 
 260 140 
 140
 

% 
 25 10 
 9
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The 	above anaLysis is based in tnese assumptions:
 

* 	 The rate of demand growth can be cut in half 

without reduci; . caanic growth. 

* 	 Foreign exchaiigu for oil purchases grows at 

the 	 same r ti -,s forecast total Sudan exports. 

Thu results show that, without 1y change in strategies, 

the current problem could become much worse in a few years. 

However, a big improvement is possible if the right mix of 

strategies is vigorously applied. Conceivably, within five years 

or so, the need for alloc- i on could be sharply reduced. 

B. 	 ELECTRICITY
 

1. 	 Overall Demand/Supply Objectives
 

Three central objectives guide the formulation of 

strategies for the electricity sector: 

a. 	 Eliminate power shortages and unreliability of
 

supply.
 

b. 	 Provide electricity at the lowest possible cost to 

meet the needs of a growing economy. (Electricity 

shortages must not constrain economic development.) 

C. 	 Expand services to regions and smaller towns in 

order tc promote economic activity in these areas 

and improve the quality of Life for the 

populations. 
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2. 	 Strategy: Elements & Constraints 

ELEMENTS: The fundamental el.ements of this strategy
 

are: 

a. 	 Gain energy from the existing system by
 

eliminating present bottlenecks 
 and improving 

efficiencies in production, distribution and 

consumption of electricity. 

b. 	 Plan and manage future growth in demand to ensure 

economic development but discourage unnecessary 

consumption. Use conservation and load
 

management, among other measures, 
to achieve this
 

result.
 

C. 	 Emphasize development and expansion of hydro power
 

generating capacity, minimizing thermal as much as
 

possible.
 

d. 	 Uti lize local resources and the financial and 

managerial capabi lities of the Private Sector to 

expand electricity systems, with special emphasis 

on this participation in the regions.
 

CONSTRAINTS: The strategy 
for achieving these objectives
 

recognizes and allows for 
several important constraints:
 

a. 	 Limited access to capital to finance expansion 

primari ly because of the large debt burden facing 

Sudan. 

b. 	 Limited foreign exchange for current expenditures, 

such 	as fuel end spare parts.
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c. 	 A weak infrastructure for transporting fuel oil for 

thermal generation.
 

d. 	 Lack of a stable, proper management system,
 

resulting in a scarcity of trained managers and
 

skilled technicians.
 

a. 	 Difficulties in coordinatiun among the various
 

institutions.
 

Accordingly, the Electricity Sector strategy emphasizes more 

efficient use of existing resources and maximum reliance on 

indigenous energy potential. 

Thus, for the Blue Ni Le Grid he essense of the strategy (for 

the next five years) is to slow down demand growth below that 

currently forecast by careful planning and management of that 

demand and by more efficiently using existing resources. This 

slower demand growth wi LL then allow the Energy Sector and the 

NEC to minimize new thermal generation in the near term so that 

financial, management and planning resources can be focused on 

developing hydro power sites as rapidly as possible. 

Accordingly, in the early 90s the BNG will again be predominantly 

hydro based and the demands of the Sudanese economy can be fully 

realized.
 

Failure to slow down demand growth and realize improvements 

in efficiency wi ll force the Electricity Sector to pursue a 

riskier thermal-flsed expansion strategy. This alternative will 

require substantial thermal capacity additions in the late 80s,
 

or the shortages and unreliability currently plaguing the system 
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wiLL reoccur. The fuel oil consumed by thermal generators will 

require sizable 
amounts 
of foreign exchange and 
 a vast 

improvement in the infrastructure for transportation of fuel. 

Moreover, in to
order realize cost savings in the Long run, 
more
 

hydro capacity will be required by the mid-90s. 

This alternative is risky in that the strategy requires a 

guarantee of foreign exchange to purchase the fuel oi l and a 

viable means for transport to the power station. Realizing both 

conditions appears problematic 
 at this point in time. The 

dangers inherent in this approach are that capital IL notwi be 

raised in time, new units will 
be delayed, and because funds will
 

be used for thermal units, subsequent hydro expansion will never 

materialize. 
 In addition, a high probability exists that if
 

thermal units are financed 
 and built, output will be limited by a 

lack of fuel. 

These dangers, though, must be weighed against the 
risks in
 

the hydro-based s.trategy. 
 These are:
 

a. That demand will not 
(or cannot) be properly managed
 

to 
limit growth without hurting the economy.
 

b. Oelay in construction of unitshydro caused by 

financial and infrastructure obstacles wi LL expose
 

the grid to 
a shortage situation in the 
Late 80s. 

On balance, however, the hydro-based strategy is Less risky 

overall, and more feasible and economical in the long run. 

Vigorous efforts, though, wi LL sti LL be required in the short 

term to control demand and improve efficiency. 
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C. WOOD FUELS
 

1. Overall Demand/Supply Objectives
 

The projection in Chapter II for continued and drastic 

reduction in Sudan's forests is unsatisfactory. The questions 

are: "Can the outlook be improved? How much? How?" 

The record in Sudan and other countries is not encouraging ­

there is no history of a major reversal, or even stopping, of the 

disappearance of forests. The historical record is equalLy bleak 

in other countries where it has been neccessary to reduce the use 

of wood/charcoal as the main fuel of the mass of the population. 

But the Sudan now has a Last chance to try to do what it , and 

others, have not done in the past. 

If Sudan cannot, or will not, stop the continued removal of 

forests, the Sudan will be a different - and poorer - country in 

a few years. Wood/charcoal wi LL become an expensive luxury, 

especially in the North. It will no longer be a universal staple
 

that everybody uses for his many needs - for cooking, heating, 

end bui Iding.
 

Life, of course, wi LL go on, but it wi LL be different. The 

richer ones wi LL clamor for kFrosene and butagas, which the 

country cannot afford to import, The poor people wi II go without 

wood - or use whatever material they can find. And the country 

will look different: no longer trees to nourish the land and thf 

people - but bare landscapes and encroaching desert. 

The key question is: "Can this grim outlook be changed?"
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Very little has been done in the 
 past to change the 

inevitable - but this is not a, technical problem. The Sudan, 

fortunately, has a wealth of know-ho.w, experience and highly 

qualified people in forestry. Rather, the problem is one of the 

society. The society treats trees as an unlimited reource, 

requirirg no care or attention. Society gives higher priority
 

to:
 

* 
 Clearing forests to expand farming. 

* Animal grazing. 

* Satisfying immediate needs, not the long term. 

To make any changes in this grim outlook for the forests, 

fundamental changes wi LL have to be made in the attitude of 

society. To do so will require that all segments of the country 

agree that it is worthwhile to join together in the effort - the 

political leadership, the government bureaucracies, the 

consumers, the rural population, the farming interests, and so 

on. 

As a first step in seeir.g what changes can be made, the 

following objective is proposed: 

Provide a long term, sustainable suppLy of
 

wood to meet the needs cf the popuLation,
 

at an affordabLe cost, whiLe preserving 

the ecoLogy of the Sudan.
 



The key phrases are "long term", "meeting the needs", 

"affordable cost" and "ecology." The purpose of stating the 

objective this way is so that all decisions affecting wood wi LL 

with Long-range establishingbe taken a view. That is, a 

continuing and 'iloquate supply of wood, to meet all the needs of
 

a growing populaLion, at a cost that bolh the poor and the rich 

can afford without harming the ecology. 

2. Strategies To Ruach The Obective
 

The problems are many and complex, and so must be the 

strategies. And they wi l he difficult to carry out. BuG .10 

ones that are described below are required if the country is to 

have the chance to meet the objective. As in the Petroleum and 

toElectricity Sectors, strategies must be developed both 

increase supply and decrease demand. 

a. To Increase Supply
 

The basic approach is both to increase the yield from the 

sti ll-standing forests and to rebui ld forests where they have 

already been destroyed. Specifically, the components of the 

supply strategy are: 

1] Maintain existing forests - Increase the 

productivity of the existing resource by 

improving care and protection. 

2) Establish new forests - There are two 

components of this strategy. The first is to 

encourage the growing of trees on irrigated 
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Lands integrated into the existing farming 

activities. The second is the planting of 

Large forest tracts on idle rainfed lands. 

Both strategies, expanding forests and 

managing the present ones, must be supported
 

by appropriate applied research and
 

development activities.
 

3) Expand supply source - Although udequate 

forest reserves exist in the far south of the 

Sudan. they are not an economic supply source 

row because of the high transportation costs 

to the 
major consuming centres. A systemwide 

approach to transportation incorporating 

river, rai I and truck is required to expand 

the available supply at an affordable cost. 

b. To Decrease Demand
 

The ba sic approach here is to both improve the 

efficiency of use the wood, asthe of well as to develop 

substitutes for the consumer. Specific strategies are: 

1 1 Increase the efficiency of the wood and 

charcoal stoves in use. 

2) Improve the efficiency of the charcoal 

product ic r.Vrcc ass. 

3) Provide the consumer with economic and 

attractive alternativbs. 
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The consumer is free to choose - providing he has a choice. 

Besides animal and agricultural wastes (which are very practical 

in rural areas) some new possibili -ies, Like b ogas, wilL help to 

a great degree if proper economic designs are developed and 

incentives for l'ivate Sector ct ,.rcialization are introduced. 

Petroleum d. a substitute i fiot sible on a large scale 

because of the .nabi lity of the country to finance additional 

supplies. PetroLeum may have a supplemental use, however in 

certain special cases. It should be noted that if the objective 

stated for wood fuels s,-r pLy and demand cannot be reached ,d 

biomass and other runewabLes are not developed as a substitute, 

then there wi LL be very little choice but to provide large 

quantities of kerosene and butane to the consumer, particularly 

the urban consumer. The impact on the na tion's balance of 

payments is not an attractive prospect. 

3. Quantifyinq the Possible Changes
 

Assessments have been made of how much each of the above new
 

strategies could achieve, and by when. These are the best
 

estimates available at this time as to what could be achieved
 

wiith the right implementation plans, full cooperation amongst the
 

various groups, proper organizatirn and adequate funds. Figure
 

3-i shows the effect in terms of a 3Lowdown of Cepletion of the
 

inventory of standing wood in all the northern part of the Sudan.
 

The basic graph repeats the one in Chap ter II. It shows that
 

with current practices, if they continue unchaned, E, very severc!
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problem will occur within ten yeers. This is not long when one 

considers how long it takes to grow a tree. This problem will be 

felt most directly when the forests of central Sudan and then 

southern Kordofan are eliminated and prices rise dramatically. 

The 	effect of the new strategies as shown on the graph is
 

based on the assumed achievements beLow: 

a. 	 5% of irrigated land wi lL be converted to grow 

trees. 

b. 	 Planting of new forests on existing bare rainfed 

land will average 1.7 million feddans per year for 

the foreseeable future. 

c. 	 Productivity of the existing forests will increase 

25% and end use efficiencies wi LL improve, 

especially via better charcoal stoves, so that
 

within five years the demand will be 16% lower than
 

currently projected.
 

It 	can be seen that even with major changes in management
 

practices the decline of the forests wi LL continue. This does 

not mean that exhaustion of forest cover in aLL of northern Sudan 

is inevitable. It does mean, though, that slowing down the 

decline to an acceptable rate is not going to be easy. The 

assumptions on which the graph is based are thought to be 

reasonable. However, not enough is known at the present time to 

judge their accuracy. The best that can be said is that major 
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changes have to be made very soon to have any chance of success. 

It takes a Long time to grow a tree; time that can never be made 

up, if lost now. 

The cost of carrying out these changes has been very roughly 

estimated to total about 1 bi Llion LS over the next 15 years. 

This is not an enormous amount of money when you consider that it 

wi LI introduce the radical change required and represents only 

0.5 LS for every sack of charcoal consumed during this period.
 

4. Conclusions
 

It is reasonable to conclude, in a very broad sense, that 

the Sudan is capable of slowing the decline of its forests and 

retaining the widespread use of wood and charcoal as a fuel and, 

of course, wood for many other purposes. However, it is also 

reasonable to conclude that there does not seem to be a way to 

stop the steady decline in the avai labi lity of wood and the 

steady increase in its cost. The best that could be achieved 

would be to slow down the pace of dec Line and intensify 

reforestation in years to come. 

D. RENEWABLES OTHER THAN WOOD FUELS
 

1. Overall Demand/Supply Obiectives
 

a. Problems
 

The objectives are derived from the problems to be 

solved. For renewables to contribute to Sudan's energy suppLy, 

the problem is to: 
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1) Uti lize economically the huge untapped 

resources of soLar, wind, hydra and 

geotherma 1. 

2) 	 Utilize more efficiently the huge traditional 

renewable resou rces of agri cultural residues, 

animal and human wastes. 

b. 	 Objectives
 

1) SuppLy
 

The main objective is to develop an economic use for
 

these resources through economic applications. This objective is
 

to be pursued with special emphasis on biomass.
 

2) 	 Demand
 

Renewables are to be used to satisfy already met needs 

and therefore to substitute for: 

* Oil and electricity in the Modern Sector 

thus savin9 foreign exchange and promoting 

exports of exportable energy resources. 

* Wood and charcoal to stop the depletion of 

forests and the deterioration of the 

envi ron,.ent. 

Renewables are to satisfy urgent unmet demand in rural areas 

through modern applications, e.g., water pumping, photovoltaic 

applications in health services, educational TV remoteand 


telecommunication stations.
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2. Strategy
 

a. Elements
 

1) Emphasize Proven technoloqies and applied 

research aiming at local wanufacturing and 

assembly because of the scarcity of capital 

and qualified manpower. 

2) Use nontraditional and enerjy svvirig forms of 

biomass.
 

3) Apply in remote areas especially rural 

application of simple technoLogies. 

4] Emphasize manufacturing and importing by the 

Private Sector. 

5) Employ a promotion strategy to develcp 

applications 
to the point where further
 

applications aPd development can be sustained 

by the PrivuLe Sector. 

b. Constraints
 

The new renewable technologies are still developing 

technologies. Therefore, their economic and technical parameters 

are continuously changing which makes planning and implementation 

di fficu Lt. 

Renewable appLications in general are location and site 

specific. Therefore, the 
appropriate choice of technologies and
 

designs and subsequent adaptations of these technologies have to
 

be site and location specific. Also, if energy is needed on a
 

different site, transportaticn economics come into play.
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Biomass as the most important renewable source has 

competitive uses in a complex traditienel society. New renewable 

have a relatively high capital co:_L aiid hence a relatively high 

initial cost per tinit of energy output. Theref , r-:, before 

iritiating any , rograr thorcug'. studies should be carried out 

aimed a t: 

1) Assr'ssing social acceptability. This nay dictate 

or prohibit certain types of renewables. 

2) 	 Screening technoLogies and colLectirg information 

based on the experience of ot her cc,un .1 ir( ,. 

Technical i n for rla ti cr, exchange progran, s are 

essential, especially with other developing 

ciurtries with exl,.-.rience in this field (Egypt, 

Kenya, China, India, Philippines, etc.).
 

3) Establishing a comprehensive data base of the 

renewable rsou rce, i.rC th e i r current competitive 

uses in the regions to define the different 

potertial energy end uses and users' groups. 

4) Definirig region-specific technical., economic, 

soci c c;onr, ,i t, enccl 1 L, ,0 rd sociocultural 

criteria for the application of the different 

vysterr.s . 



CHAPTER IV
 

PLANS FOR CHANGE: POLICIES, PROGRAMS AND PROJECTS
 

The strategies presented in Gha. tEr TiI provide the 

foundation for defining a plan of action - pOlities, programs and 

projects to achieve change ­ in each sectoi. These are developed 

below with specific reference to the institutions resr.onsible for 

impLementing each element of the pr cran.* Thn in Chapter V 

these implementation 
issues are more fully discussed.
 

* The action programs and project investment requirements are 

presented in tabular form in Appendix 1. 
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PETROLEUM 

The strategies presented in PL't 1 of Chapter III provide a 

franietvcrk En n a set of directions for organizing the petroleum 

side of tho - jy (bL(i r. II vPr, follow-up actions deriving 

fron these 5; Vil .1 0ies must be taken in fer to achieve resu Lts. 

A. POLICIES
 

One such follow-up is to estabtish decisionmaking policy 

guidelines, which not only communicate the intent, of :he 

strategies in i.-suing t .actives for specific action, but aLso 

identify the unit (or uniLs) responsible for" carrying out the
 

required action.
 

These guidelines are covered in this section. They are 

grouped into three cate:gories: demand management, supply 

continuity and supply increasEs. Subsequently, specific 

plans and projects will be identified. 

1. 	Demand Manaenment Policies
 

a. 	 Develop overall and sectoral demand growth targets 

to guide planning, operational and investment 

decisionmaking. These are to be based on national 

priorities for sectoral economic growth and to aim 

for balanced demand/supply by 1990, or earlier. 

Responsibility: GPC assisted by NUiA.
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b. 	 Institute a product pricing system to discourage 

nonessential use in favour of higher priority 

economic use.
 

Responsibility: 
 GPC/NEA with Ministry of
 

Finance and Economic Planning.
 

c. 	 Restrict and/or tax nonessential imports of 

oiL-consuming equipment and establish technical 

standards.
 

Responsibility: 
 GPC/NEA with appropriate
 

Ministries.
 

d. Fducate consumers to conserve oi l by providing 

information and technical advice both to the general
 

public and directly tL 	 Large, individual consumers. 

Responsibility: NEA/ERC.
 

a. 	 Emphasize expansion of hydro power electricity 

generation in in forplanning and requests financial
 

support.
 

Responsibility: NEC.
 

i'. 	 Assist industry to expand the use of crop residues 

and other indigenous resources to replaco oil 

Raspunsibility: NEA/ERC.
 

2. SugpLy Continuity Policies
 

Create a system whereby sufficient foreign exchange on a 

continuous basis for oil purchases wi LL be guaranteed. This 

system is to be coordinated with contributions from foreign 

donors as part of the Petroleum Financing Facility. 
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Responsibility: GPC/Bank of Sudan/Ministry of
 

Finance and Economic Planning.
 

3. 	 SupLy Increase Policies 

a. 	 Promote the introduction of appropriate technologies 

and overcome problems impeding such innovations
 

(production, information, conservation,
 

standardization).
 

Responsibility: NEA/NCR
 

b. 	 Investigate ;,rojects for use of noncommercjal 

western crude and Red Sea gas discoveries to replace 

oil imports; if economic, develop financing. 

ResponsibikL' ty: NEA/NEC/GPC
 

B. PROGRANS AND PROJECTS
 

Consideration has been given to the facilities required
 

to 	 deLive- petroleum products to consumers in both the near term 

(1985-1990) snd long term (1991-2000).
 

1 . Assumptions
 

As a first step, several key assumptions were made:
 

a. 	 Foreign exchange wi LL be availabLe to double 

petroleum product consumption from 1984 to 1990 (1 .1 

to 2.0 milLion tons/year), and increase threo times 

(to 3.1 million tons) by 2000. 

b. 	 Crude exports wi l, begin in 1987. 
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2. 	 Proliecte
 

Based on these assumptions, the following investments 
have
 

been identified:
 

Tab Le 4-I
 

PETROLEUM SECTOR INVESTMENT PROGRAM
 

1985-1990 1990-2000
 

(MM $) (MM $J
 

R-efinina. 

Part Sudan Rehabilitation 
 7 18
 

New Inland Refinery 
 84 	 550
 

PipeLine: 
 16
 

Storage: 
 15
 

Blending: 
 10
 

132 	 668
 

3. Implementation
 

a. 	 Near Term (1985-1990)
 

The Port Sudan minor improvement project is justified based
 

on fuel savings and continuity of operations. The decision to
 

proceed with the new refining investment ("mini-refinery") wi LL
 

be tied directly to the completion of the proposed crude export
 

pipeline and fuel supply requirements of new thermal power
 

stations.
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b. Longer Term (1991-2000)
 

The forecast refinery investments are based on strong demand
 

growth forecasts. Further understanding wiLL be gained before
 

investment decisions are made.
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ELECTRICITY
 

Chapter III, 
Part 2 defined a four pert strategy to overcome 

problems in the Electricity Sector. 

A comprehensive mix of policies, programs of action and 

capacity expansion pLans wil successfuLLy reaLize implementation 

of 	that strategy. These are presented below.
 

A. 
 EFFICIENCY IMPROVEMEITS AND DEBOTTLErECKING
 
1 . Dottenec k i n 

The first action required in the Electricity Sector is to 

eliminate the bottlenecks presently constraining performance. 

The recommendations of the Subcommittee on Electricity Sector
 

Bottlenecks are summarized below:
 

* 	 Make foreign exchange available for regular and 

timely purchases of spare parts. 

* 	 Accelerate the rehabilitation of Burri power station
 

to provide adequate electricity for the coming
 

hydro-constrained year. 

* 	 Replace or upgrade transformers connecting power 

stations to the grid to increase delivered
 

electricity and improve the ability of the grids to 

handle variations in load.
 

Install new substations and upgrade existing ones at
 

selected points in the BNG to 
 reduce losses and
 

increase reliability.
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* String a third 220 KV circuit from Roseires to 

Sennar station to increase reliability.
 

* Upgrade capacitors on long Lines to reduce Losses. 

* Provide adequate training and incentives to attract 

and retain qualified personnel to maintain thie BNG 

and isolated systems.
 

* Support NEC with required logistics. 

* Continue the dredging at Roseires to maximize hydro 

output. Institute a program to manage the Roueires 

resevoir basin to minimize debris accumulation.
 

In Piost cases, a moderate investment of effort yields a 

subst antial improvement or energy gain. However, one issue looms 

above all others in its eignificance as an obstacle to improved 

performance: transport of heavy fuel oil to thermal power 

stations. 

By mid-1985 with tho cnmpletion of the Power III project, 

requirements for the transport of fuel oil from Port Sudan to 

Khartoum will surge from 440 to 840 MT per day, an increase of 

90%. Sudan rail ways currently can only deliver 200 MT/day. The 

outlook for improvement in their capacity is limited. 

Immediate action is obviously required here. A task force
 

representing GPC, NEC and the Ministry of Transport is currently 

studying this problem (see Petroleum Debottlenecking Subcommittee 

Report). Note that the realization of an inland mini-refi!,--ry 

represents a practical solution over the long run, easing the 

problem and providing available fuel. 
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2. Technical Losses
 

A program to reduce transmission and distribution Losees 

from the current 16-20% to 10-12% in five years is to be 
implemented by the NEC. couldThis save approximately 94 GWH in 

1987/88 and reduce generation capacity required at 
peak by 4%.
 

The NEC 
has begun this effort but a specific action program is 

required as part of the PLi,. Rucurrent donor funds are to be 

targeted for this effort.
 

3. Conserytion and Efficiency in Concumption
 

The current efforts underway 
 at the NEC to launch
 

conservation 
 and efficiency 
 programs to reduce electricity
 

consumption represent an encouraging first step towards greater
 

efficiency. These 
 programs must now be focused and expanded. 

The key elements are: 

a. Proper Bi fling. 

Unpaid and unbilled consumption, ranging from 
 16-20% of 

generation, is to be eliminated in three years. This will add 
approximately 30-35 mi ILion LS to NEC revenues and promote 

conservation 3mong users who now enjoy virtually free 

electricity. Overall electricity consumption could be reduced by 

1.5% with this reform. NEC is launching this effort by upgrading 

their data base, replacing broken meters, registering customers 

and computerizing the billing system. 
 A comprehensive management
 

approach to this problem is recommended. 
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b. Inverted Block Rates for ResidentiaL Consumers
 

The present inverted bLick rates, where additional KWH cost 

more than earlier ones, are a very positive aspect of the present 

tariff structure. To promote conservation and discourage 

extravagant consumpti on, a steeper rate differential is 

recommended. For example, the first 1ll KWH could be priced at 

10 pt. (equivalent to today's rate), the next 100 at 20 pt. and 

alL additional KWH priced at 40 pt.
 

This system wi lL allow middle and low income users to 

consume the energy they need for basic living at reascneale 

prices, but will force heavy users to pay dearly (those who use 

air conditioners or who waste electricity). Conservation savings
 

could amont to 1% of total consumption. This issue is to be 

addressed in a forthcoming NEC rate study. 

On Peak and Off Peak Rates for Large Customers 

On peak and off peak rater are to be implemented on a 

selective but mandatory basis ro large commercial, industrial 

c. 


and agricultural users. Higher prices for peak period 

consumption (daily and seasonally) wi LL encourage customers to 

use less energy in these critical times, On peak and off peak 

rates are currently available to large users, but only in effect 

for a minimal number. This - .ram is to be expanded by NEC.
 

d. 	 Electricity Conservation. 

to reduce unnecessary electricityA comprehensive program 

in all sectors is to be developed and implemented byconsumption 
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the NEC and the NEA. For the Government Sector, efforts recently
 

Launched to Limit usage ere to be continued and oxpanded. These
 

include recruiting monitors for all public buildings and reducing
 

street Li ghtir g at tirim of shortage. The NEA is to work with the 

NEC 	 ;o Lunich o prngri;rrr rf" audits identifying ways Large users 

such a I, ndt~ iat Sur:tor con coa :noica[Ly Limit consumption 

wi thout reducirij ntput. A general putb Lic awarenesc compaign is 

to he i n tr!d c ("d in tIe Recidentiu l end Cornmerci a t Soctors 

incLL 	 i nq an ed, c ,ir.,i p roL ram I cchn Ls 

An, gL r.sa rivncnmo i [n coL Id rd uce oa vera L coon unp ti on by 

ao.	out 3% i n t fi'UV yYL 's , 'ith ' ta r 'u ;%i' n 5% reducti on foir the 

d rtrioL and CoIninf.rcici Sectors, aj a rescult oF conserver:ion 

A nined with u '- p e ak and o ff peek rates. The target for 

Gov, u',r, Sec t.ir suvitn s i3 I ovLr three years. 

-SI. l~li'rV p[ ;, , v rV in _ 

cn rI vinr)s from impiemenLinr i those conservation and 

uffici-unc me a:,:)fs 1 r i ma ri zed in Tah Le 4-2. Note that over 

hEl I 7 ;e ',v iInU coM : from rneeting the. target to reduce 

t 1' i cI o ea ti C 1 % 

Therc mU't IC! cfss ;irL Led aS " )t-6t, .juL''.;seo" ill quanti fying 

the e f'ec t of D viqoro!ur program to reduce, Losses ar,d promote 

ef f cien y. Su;h scvinga cou Ld pocnt i lI be rea Li zed in as 

.t , a throi_ yenrrs t!,:.-rFby previ(I i rl more c;ner.CI' Lu s ti s fy 

riQ d L r!i. n d. 

http:c;ner.CI
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The NEC and the NEA are to analyze these programs in more 

detaiL to develop a more accurate assessment of possibLe savings 

for use in power system planning.
 

Table 4-2
 

POTENTIAL ENERGY + DEMAND SAVINGS IN THREE YEARS
 
FROM EFFICIENCY AND CONSERVATION PROGRAMS
 

Annual Peak
 
Savings Generation Reduction
 

(%) (GWH) (MW) 

Reduction in technical losses
 
from 16 to 12% 5.2 94.0 18.0
 

Implementation of steep inverted 
 1.0 18.0 3.5
 
block rates for residential users 

Government Sector conservation 
 .3 6.0 1.0
 
and reduced streetlighting
 

Industrial and commfrLdL 2.2 
 41.0 7.6
 
conservation
 

Collection of unbilled 
 1.1 20.0 3.8
 
consumption 

­-

TOTAL Savings 
 9.8 179.0 33.9 

B. MANAGEMENT OF DEMAND GROWTH
 

The anove section identifies means to realize energy savings
 

in the existing patterns of distribution and consumption to make
 

available more energy to the economy. implementing these programs 

is the first step in eliminating unnecessary consumption. 

The second step is to plan how to manage the growth in 

demand and the timing of future 
consumption. By managing future 

demand the Energy Sector will be to avoid theable unscheduled 



power cuts and unreLiability that plague the system today. The 
program of action to be implemented by the NEC in cooperation 

with the NEA is outlined as follows. 

1. Control Growth in Demand 
* Define targets for yearly demand growth so that 

increases 
in consumption match expansion 
in supply.
 

Define targets and set priorities for soctoral 

demand growth. 

Conduct a detailed study of 
demand and 
consumption
 

to identify where increases 
in demand 
come from and
 

what relationship 
these domands 
have to economic
 

growth.
 

* Set priorities for expansion of services based on 

economic 
 criteria. Work jointly with other 

concerned 
ministries 
 in analyzing needs 
 and
 

establishing priorities. 
Work wi 
 h the Ministry of 
Finance 
and Economic 

Planning (MFEP) to incorporate constraintp 
 on 
availability of electricity into the, National 

Economic Plan. 

Establish standards 
for efficiency, power factor 

and energy consumption on all electrical equipment, 

imported or manufactured. Work with related 

ministries 
 to implement 
 these standards 
 as
 

enforceable regulations. 
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* 	 Use prices and other economic tooLs to manage 

demand growth. 

a. 	 Implement steeper "inverted block" rates to 

discourage residential consumption of excessive
 

amounts of energy and use of energy consuming
 

appliances.
 

b. 	 Tax the purchase of energy intensive 

appliances: air conditioneri, freezers, heavy 

duty refrigerators, electric stoves, microwave 

ovens and others.
 

2. 	 Control Timing of Consumption to Reduce Energy
 

Consumption and KW Demand at Peek Periods:
 

* 	 Use rate surcharges and incEsnti- 's to shift 

variable demand to off peak periods on a daily and 

seasonal basis.
 

* 	 Implement on peak and off peak rates for Larger 

commercial, industrial and agricultural users.
 

Charge those users according to the real economic 

cost 	of providing service. 

* 	 Where feasible, connect large private generating 

units into th8 grid for optimal use of available 

power resources. Incorporate such connected
 

capacity as well as standby units into system
 

planning as emergency capacity for peek daily and 

monthly periods.
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* 	 Develop and, when economically feasible, implement 

Load management programs for direct control of 

customer appliances (e.g., devices to cycle air 

conditioning in large buildings). 

These measures to control demand growth and the timing of 

consumption wi LL enable the NEC to match demand with available 

supply on a planned (rather than the current unplanned) basis. 

Thus the NEC wi LL be able to increase system reliability end 

minimize economic losses resu lting from energy shortages. Such 

an approach is extremely important if financial constraints load 

to delays in implementing the new projects outlined in Section C,
 

be low.
 

C. 	 CAPACITY EXPANSION PLAN
 

The capacity expansion plan of the BNG to meet the 7.5% 

growth rate forecast and provide very high reliability is 

presented in Table 4-3. The key elements uf this plan are: 

1. 	 Near Term - Thermal Supplemented by Hydro. 

• 	 65 MW of gas turbine and diesel over the next three 

years. 

* 	120 MW steam in 1987-1990.
 

70 	 MW hydro before 1Y90. 

2. 	 Long Term - Hydro. 

Commissioning of Lower Merowe in the early 90s. 

* 	Heightening of Roseires Dam. 

Construction of Upper Atbara Project (Setiat) 

* 	Subsequent development of other Merowe dams.
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Table 4-3 

BLUE NILE GRID EXPANSION PLAN: 1985-2000
 

Generation
 
Near Term (1985-1990)
 

1985 60 MW 2x30 Power III 
1986 30 MW 2x15 Gas Turbine 

18 MW RehabiLitation 
(Burri Steam] 

1987 	 40 MW Roseires #7 Hydro 
20 MW 2x10 Burri Diesel Extention 
15 MW 3x5 Eastern Grid Diesels 

1988 	 60 MW 2x'110 Khartoum North 1, 2 

1989 30 MW 1x30 Khartoum North 3 
30 MW 4x7.5 Sennar II Hydro 

5 M',A' 1x5 Eastern Grid Diesels 

1990 	 30 MW Ix30 Khartoum North 4 
300 MW 6x50 Hamdab Hydro
 

Total Near Term: 638 MW 

Long Term (1991-2000)
 

300 MW Birti Hydro 
300 MW Shirri Hydro 
150 MW Thermal
 

Total Long Term: 750 MW
 

TOTAL: 1 ,388 MW
 

Transmission Lines 

220 KV 	 230 KM
 
110 KV 	 330 KM 

64 KV 	 90 KM 
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0. REGInNAL ELECTRIFICATION
 

The Long range goal for the regions is to expand the 

existing smiLL systems and electrify 55 new urban centres. Small 

grids and interconnections are to be conuidered whenever
 

economica L ly feasible. 

Realizing this goat is, however, constrained by a' lack or 

finance, limited management end tachrnicel skills, and the 

Limited ability of regions to afford the high cost of electricity 

and fuel inputs Indeed, the situation now in the regions is 

troubled as the Governments' have assumed responsibi lity for 

systems which operate inefficiently, reouire spare parts and 

expertise to upgrade, and, given current costs und rate 

structires, are resulting in huge deficits. This financial 

burder. is straining the capabilities of the newly established 

regional governments. 

Given these constraints and current problems, the proposed 

near term program is:
 

1. 	 Consolidate and upgrade existing systems, developing 

manaqement and technical capabilities to operate 

efficient Ly. 

2. 	 Expand service selectively in all regions based on 

the criteria of equity across regions and ability of 

towns to afford the electricity. 

To realize t is program the Privote Sector must be irvolved 

to the greatest extent possible. The financial and management 

resources of private interests can go a long way towards 
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resolving the current problems and providing the basis for Long 

term rel iab lE and af fc rdab Le pcu.nr. One approach is tc astablish 

privateLy omned or cooperftivu ,o rpo ati ens. .Arother is to 

contract out tho m. ,igemcr t nd operating ruspons ib -i ty to a 

pr vt : coro1cur . 

Under F.ny ov;,rership sUr' - .ciole bectu r r -;n ,Iust to 

p rovidi eLectri sLrvice .!ithout subsidies. Whi te deficits may 

be L3iti fi "-d in the short tFrm, re 1.i ab.e electricity on n 

su t inabLe besis c n on 1,t" p rovid id if the c r'por ;,tr ent ty 

o; e s o n : sound f'in , L h,3 is. Othaij UCi, Zhe syi;u,!. ,. 

~~rnc .;iI nr a on r Ir)1;ng fj -nCo >sl h s c o . ii s ijcre 

resuF3i Iii l in hi .h 1n r eLi. hi i. ity ,.vi LI f !:,.t 

Snia LI, d veI pIti- c the regin r' eLoctric -..v sO:stom requires 

ro !ng to the Iiaiximum ex ent or Lbno r scur;:es , e 0 ;-;malL 

hydr , remotev cr .,do depoPit s, Lnd event.u l v ethc. re -,;irces such 

as so o, a rd wind. 

f-jspon . ihi tii; f-r, achieving Lhi s Priqam rests ,rim i i Ly 

Rniir :,dwi teh A( e L n vurnmen-s. T hu MLiC NFA ave to assist in 

I I i caL, nn-ining and management Ls-octs. 
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E. IMPLEMENTATION
 

The r po esd investment program to implement the above
 

strategies i $3.8 bi Llion from 1985-2000. 
 $3.0 bi Llion is 

dedicated to the Blue Ni Le and Eastern Grids whi Le the remaining
 

$1 .2 bi ltion is for investments to meet NEP targets for isolated 

systems ,iandthe deve lo,,er ,t of new urban centres. $1 .5 bi ILion 

of this total is recuired in the near term (1985-1990). 

Table: 4-4 provides the details on these investments. 

Clearly this program is ambitious. If successful, it will 

provide a system with capocily to meet all contingencies through
 

the end of the century.
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Tab l 4-4 
ELECTRICITY SECTOR INVESTMENT PROGRAMS
 

NO FINANCIAL CONSTRAINTS
 
Near Term (1985-1990)
 

B"2a NiLe snd Eastern Grids 


DabottLnocking* 

RehabiLitation 

Generation
 
Therma 

Hydro 


Transmission + Distribution 

FueL Transport 

Studies 


Total Grids 


oeLated Systems
 

DsbottLanacking* 

Generation 

Transmission + Distribution 

New Urban centres 


ToteL IsoLated Systems 


To:.al Near Term 


Long Term 


BLue NiLe and Eastern Grids
 

Generation
 
Hydro 

ThermaL 


Transmissiao + Distribution 


TotaL Gridu 


IsoLated Systems
 

Generation 

Tranamiusion + Distribution 

NMw Urban Cantruu 


Tot.L Iso~ated Systems 


Total Long Term 


TOTAL LONG + NEAR TERM 


Foreign LocaL
 
Connonont Coamonent Ii 

(MRS) (MM LS) (MN $
 

30.0 5.0 13.8
 
42.2 5.0 46.0
 

181.5 50.0 220.0
 
405.8 99.0 482.0
 
198.0 130.0 296.0
 
36.0 - 39.0
 
8.2 1.0 9.0
 

901.7 290.0 1,124.0
 

20.0 5.0 23.8
 
154.4 45.0 190.0
 
52.8 25.0 72.0
 
94.7 55.0 137.0
 

321.9 130.0 422.8
 

1,223.6 420.0 1,547.6
 

(1991-2000)
 

870.5 180.0 1,009.0
 
146.1 35.0 175.0
 
261.5 50.0 300.0
 

1260.1 285.0 1,484.0
 

364.5 50.0 385.0
 
203.1 35.0 230.0
 
127.3 75.0 185.0
 

694.9 160.0 600.0
 

1,957.0 425.0 2,284.0
 

3,190.6 845.0 3,831.0
 

Partial estimate, excLudes certain Items not quantified in Subcommittee Report.
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WOOD FUELS
 

A. ACHIEVING CHANGE
 

The major 
thrust of the strategies 
for wood fuels defined in
 
Chapter III, 
Section C was on 
the need for change. This section
 

discusses policies and programs to realize those strategies. 
First, what are the possibilities of achieving changes? 

There are many hurdLes to reaching the goals. The major ones 

are:
 

1. Society is indifferent to the problem, and 
not yet
 

ready to 
support a solution.
 

2. Competition for the Land among agriculture, 

Livestock grazing and trees, if not resolved, could 

prevent implementing any significant program. 

3. Many governmental units and 
other institutions could 

continue to pursue their own goals, making a 

coordinated effort ineffective.
 

4. Funds could not be found, from the 
government budget
 

and from overseas donors, to carry out the size of 

the effort required. 

But there are some favorable signs that give hope: 
* Interest in tackling the problem is increasing at 

the highest political 
Levels, Notably, the 
keynote
 

speech by the President 
 at the recent Forestry
 

conference, 
the efforts underway in the West to 

lessen 
 the effects of drought, and the ongoing 

coordinated donor 
assessment project.
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B. THE NEXT STEP
 

The National Energy Plan has mainly looked at the 

wood/charcoal situation as an energy croblem. ObviousLy it is 

much more. It is many problems: rural development, agricultural 

production, land use, and the envi ronment. Therefore, when 

considering the next development step for energy, it must be done 

in conjunction with whatever development steps Sudan wishes to 

follow in all of these other areas. 

It would not be effective for the Energy Sector to develop 

and promote specific plans on wood and charcoal that relate only 

to energy. However, the Energy Sector has a meaor responsibility 

to contribute to resolution of this unsatisfactory wood/charcoal 

outlook. In the light of the importance of energy, then, the 

Energy Sector should take the initiative to see that a broad 

coordinated national effort is started.
 

C. 	 RECOMMENDATIONS
 

The major recommendations then are:
 

1. 	 Promote the formation of a high level commission 

representing all of the constituencies concerned 

with 	 this problem to reach a national consensus on 

action. One of the key starting points for its 

consideration would be the full report prepared 

under the National Energy Plan. 



2. 	 Take the initiative to obtain information and 

analyses to better understand the aenti re 

wood fuel/charcoal supply and consumption system. 

Such a data base would be imperative for any 

serious full-scale effort to soLve the problem. 

3. 	 Plant wood fuel trees within the framework of an 

overall integrated reforestation policy, so that 

the cutting of one type of tree does not take 

place 	at the expense of other types.
 

4. 	 Seek opportunities to support specific projects to
 

increase the competitive supply of wood/charcoal,
 

especially to encourage development of private
 

investment.
 

D. 	 PROJECT INVESTMENTS 

Tables 4-5 and 4-6 summarize the projects and investments 

proposed to implement these strategies and recommendations. A 

total of $844.1 MM wi LL be required over the life of the Plan, 

with $281 MM needed in the next five years. 
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Tab ls 4-5 

WOOD FUELS INVESTMENT PROGRAM 

Near Term (1985-1990) 

Pro-loot MM LS
 

Development of Forest Resource
 

Reforestation
 

PLanting 1.7 million Feddan
 
Annually on Rainfed Areas 
 233.0
 

PLanting a Total of 80,000 
Feddans Irrigated (5% of irrigated 11.5
 
schemes)
 

Subtotal 244.5 

Resource Management 

Inventory 
 20.0
 

Reservation 
 40.0
 

Rehabilation of Reserves 
 20.0
 

Protection 20.0 

SubtotaL 100.0 

Conservation and Demand Management
 

Improved Stove 
(Design and Dissemination) 1.9 

Improved Technology in Other
 
NonhousehoLd Uses 
 0.8 

Demand Management Education Campaign 0.8
 

SubtotaL 3.5 

Institutional Support, Strengthening PLanning 
Capabilities, RegionaL/Central 2.8
 

Manpower Training (0.5% of investment) 2.0
 

Research and Development (3% of the total 12.8 
investment)
 

TOTAL 
 365.6
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Tab Le 4-6
 

WOOD FUELS INVESTMENT PROGRAM
 

Long Term (1991-2000]
 

Proiect 
MM LS 

DeveLopment of Forest Resource
 

Reforestation
 

PLanting 1.7 Million Faddan 
AnnualLy on Rainfed Areas 
 467.0
 
PLan ting a Total of 80000 Feddan 
Irrigated (5% of irrigated schemes) 
 22.5
 
Subtotal 


489.5
 

Resource 	Management
 

Inventory 

40.0
 

Reservation 

80.0
 

Rehabilitation of Reserves 
 40.0
 

Protection 40.0
 

Subtota I 

200.0
 

Conservation and Demand Management:
 

Improved Stove 
(Design and
 
Dissemination) 


3.7
 
Improved Technology in Other 
Nonhousehold Uses 


1.6
 
Demand Management Eduaction Campaign 
 1.6
 

SubtotaL 

6.9
 

Institutional Support Strengthening Planning
 
Capabilities Regional/Central 


5.6
 
Manpower Training (0.5% of Investment) 
 4.0
 

Research and Development (3% of the totalinvestment) 

25.6
 

TOTAL 
731.6 
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RENEWABLES (EXCLUDING WOOD/CHARCOAL)
 

The policies, projects and plans that follow the strategies 

described in Chapter III, Section D are set forth below. 

A. POLICIES
 

1. InstitutionaL Measures
 

a. 	 Strengthen the National Renewable Energy Research 

Institutions & raise their outreach capability.
 

Respons;bility: NCR, MEM.
 

b. 	 Because of the site specific character of 

renewables, regions are to work out their own 

region specific renewable plans and programs. 

Responsibility: Regions, NEA, ERC/RERI.
 

c . Include strong renewable departments in the 

Regional Energy offices which are planned to be 

established.
 

Responsibility: Regions, NEA, ERC.
 

d. 	 Encourage multidisciplinary and cross­

institutional cooperation among public, private 

& other institutions.
 

Responsibility: NEA, ERC, Industrial
 

Association, Farmers' Union, Professionals'
 

Unions (engineers, agriculturalists,
 

foresters, veterinarians), Regions.
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2. Technology Develonment 

a. Strengthen 
the research and 
development program.
 

Responsibility: ERC/RERI/Universities.
 

b. institute 
 a technical 
 information 
 exchange
 

program.
 

Responsibility: 
NEA, ERC, 
Unions, Vocational
 

Training Centers, Foreign Donors.
 

c. Develop 
a standard specification system.
 

Responsibility: 
NEA, 
ERC, Unions, Ministry of
 

Industry, Ministry of Commerce.
 

3. Economic Measures 

a. Exempt renewable systems from i mport and production 

taxes. 

Responsibility: NEA, ERC, MFEP. 

b. Establish renewables 
 energy credit facilities 

programs for manufacturers, users and importers. 

Responsibilicy: 
 NEA/ERC, 
 Central 
 Bank,
 

Commercial 
and Development Bank, MFEP.
 

c. Establish sales promotion funds for manufacturers. 

Responsibility: 
 NEA, Public Institutions, 

Unions. 

d. Secure attractive wages and salaries for engineers, 

technicians 
and other professionals ininvolved 


renewable activities. 

Responsibility: NEA, MFEP, Unions.
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4. 	 Education, Demonstration. Extension
 

a. 	 Develop a public awareness campaign.
 

Responsibility: NEA, ERC, Unions.
 

b. 	 Integrate renewable studies into curricule of 

educational institutions, especially technical 

vocational centres (TVC). 

Responsibility: NEA, ERC, TVC, Artlien '6
 

Union.
 

c. 	 Establish renewables promotion centers with 

demonstration exhibitions & extension training
 

programs.
 

Responsibility: NEA, ERC, Regions, TVC.
 

d. 	 Integrate some of renewebles promotion centers into
 

educational 	systems.
 

Responsibility: NEA, ERC, TVC.
 

B. 	 PROJECTS AND PLANS
 

A Renewables Promotion Program has been prepared and details 

of the steps arid near-term investment required are presented in 

Table 4-7. The underlying concept of this action program is to 

develop renewable technologies to the point where further 

development and research can be sustained by. the Private Sector. 

The 	 Renewables Task Force (see Section C) is then to design the 

detei led plan to implement the program guided by the avai labi lity 

of resources, and the strategies, policies and priorities sat 

forth in the Plan. 
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Tab to 4-7 

RENEWADLER [EXCLUDING WOOD FUELB) INVESTMENT PROGRAN 

Short Term 1985,190 
In NM LS 

Resource 
andIa2. i~ &OLLL . 1..1 2.1.1 111 1Uii 1li 1li Zaxls 

eater Prefesibilty Study
raveLopsnt & Adaptation 

31.0 
75.6 -

-
" 

-
" 

O6. 
75.8 

Field Test A Pilot Project 275.3 20.2 - " 801.5 
Feasibility Study 
Demontretion A Dieemination 
LocIl Henu ecturlng 

54.2 
46.1 

-

68.0 
804.p 
60.0 

45.5 
120.0 

-

-
-

" 

- -

6s.2 
750 

160.0 
Importation - - 24.0 - - - 24.0 

Subtotal 542.2 986.4 165.6 - - - 1,710.3 

Paseive 
Cooting 

Proresetbility study 
Development I Adaptation 
Field Test APILot Projeot 
Feaibililty Study 

44.4 
216.6 

-
-

-
33.1 
20.2 
27.8 

--
-

12.0 - -

-

-
-

44.4 
Sit. 
205.2 
1.6 

Oemonetration S Diseemination 
Looal ManufaOturing 
Zmportation 

- 8.4 6.4 -
-

244.6 
-

subtotal 204.2 255.9 245.4 6.4 7.6$ 

Wind Prereeibility study 54.0 - - -64.0 
Development & Adaptstion 
Field Test A Pilot Project 
Feemibility Study 
Oemonetration & Dsemination 

215.5 
-
-
-

130.3 
38.6 

-
-

27.7 
62.1 
27.0 
2115.4 

.3 
27.0 
608.0 

-
-106.2 

- -
320.5 11.$ 

377.6 

54.D­
1,303.5 

Local Manufeoturing - 120.0 160.0 300.0 
Importation - - - -

subtotel 273.0 187.1 203.2 641.2 440.5 281.6 2,197.2 

noi-hydro Mini-Hydro Studies 150.0 160.0 180.. 160.0 160.0 180.0 1,060.0 

glegs Prefessibitity Study 30.0 - ­ - - - 30.0 
Development & Adeptetion 70.3 - - ­ - - 70.3 
Field Test 9 Pilot Project 77.5 - - - ­ - 77.5
 
Faeaibility study - 24.0 - - - - 24.0 
Domonstretion A Oieseminstion - 202.6 - 82.3 
Locel Menufactvring - 120.0 120.0
 
Importetion - -

Subtotel 177.6 406.8 
 - 4.6 

sriqVettiem Prsfeeeibitity Study 12.0 
 - - 13.0 
Development A Adaptation 86.5 
 - - - 6. 
Field Tet & Pilot Project 6.6 - - 6.6 
Feesibility Study 12.0 - ­ 1.0

Deeontrat ion A Oesemination - 0.7 60.7 
Least Menufeeturing 240.0 -40.0 

Importatin -

subtotal 100.1 230.7 
 - 430.6 

Uellffeoes Prefessibitity Study 21.8 ­ - 21.6
Ovelopent & Adaptation 430.4 - ­ - 426.4
Field Test A Pilot Projeot 53.6 14.2 ­ - 8.7 
Feesibility study - 28.0 ­ - 2.Demonstretion A DOinemination - 1,716.8 - 1,716Importation - - 12.0 . 

subtotal 514.8 1,783.3 12.0 -. 20.1 

TOTAL 2.052.6 4,102.2 1,013.2 820.7 820.5 471.8 ,066.6 

Investments in the short term - L 0,089.6
 

865 of this total asto be allotted foprthe
 
renoaebtes Promotion Center - L6 3,181.4
 

502 of laber budget to be allotted to
 
ankiLLed Lober o L 843.4 

TOTAL 12,914.3 

Best Available Do cumot
 



C. IMPLEMENTATION
 

A complex, and costly, series of steps has been described to 

meet the objective of either commercializing each major renewable 

technology or determining that commercialization is not feasible.
 

These steps 
include: research, studies, pi lot projects, market 

development, and Theothers. overall cost has been estimated at 

13 Million LS. 

in order to effectively carry out such a large and 

complicated program, 
 a great deal of decisionmaking, fund
 

raising and coordination - in other words, management - wi Ll be 

required. At the 
 present time, there is no organizational 

frameworx in place, fully-staffed, and functioning smoothly, to 

handle this task. An appropriate organization needs to be 

created, or else it is untikely that the objectives will be met. 

Proposal
 

The successful effort by the Renewable Subcommittee of the 

NEP to produce the commercialization plans, suggests a similar 

approach to manage the implementation. Although committees are 

not usually the best instrument for management, in this case 

there is no ready alternetive. With the right terms of 

reference, and the right membership, such an appronch should be
 

successful.
 

Specifically, it is proposed that:
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1. 	 Implementation be put in the hands 
 of the 

Renewablos Imp Lmentation Task Force. It would 

report directly to the Minister of Energy and 

Chairman of the National Council for Research, with 

an obligation to seek guidance and advice from the 

National Energy Research Council.
 

2. 	 The purpose of the Task Force is to carry out the 

NEP program in renewables through existing 

organizations, by providing overall guidance, 

management, organization, fundraising and 

disbursement. This Task Force would exist for one 

year, 
 subject to renewal if it can continue to
 

ssrve a useful purpose.
 

3. 	 The Task Force be chai red by an appointee of the 

Minister of Energy, have permanent representatives 

from NEA and RER , and have the support of the AID 

Energy Planning and Management Project. Other
 

members would be added, as appropriate, especially 

to further the commercialization objective. 

4. 	 The Task Force be required to develop, disseminate 

and maintain workable technology forward to either 

each renewable technology forvwa rd to either a 

seLf-sustaining rommercialization status, or else 

agreement to stop at some prior step because of 

unsatisfactory prospects. 
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5. 	 The Task Force be required to develop the funding 

needed to carry out the plans either directly or 

through other organizations that are participating 

in various phases. 



-101-

CHAPTER V
 

IMPLEMENTATION OF THE PLAh
 

Chapters II T and IV defined the fundamental strategies and 

key projects, policies, and programs that form the core of this 

firat National Plan. the job ofEnergy Now implementation ­

making change happen -- must begin. This requires efficient 

management within the Energy Sector, coordinated action at elL 

levels of end InGovernment finance. addition, successful 

implementation involves strengthening capabilities in research 

and development, information systems, and in institutionalizing 

the planning process. Finally, follow up is essential to ensure 

that the plans set forth are acted upon. 

A. ORGANIZATION AAD MANAGEMENT
 

1. Within the Enerqy Sector 

Execution of the Plan requi'res effectively functioning
 

institutions and offices with clearly 
defined mandates, adequate 

resources, a trained and accountable staff, and incentives for 

efficiency in operations. Without such a proper institutional 

framework and process, it wi LL be to realizedifFicult the Plan 

objectives. 
All these areas could be improved. Thus, the Plan 

recommends the following: 

a. Form u Ministerial Task Force to review the 

organization 
 of the Ministry and recommerd changes, if
 

appropriate. In line with the Minister's directives, it is 
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recommended that this committee be formed right away after 

acceptance of the PLan and report to the Minister within three 

months.
 

The charge of this task force is to: 

* Review decrees and charters of corporations, agencies 

and offices.
 

* Identify areas of overlapping responsibilities and 

recommend changes, if needed.
 

* Recommend ways to better coordinate the Energy Sector 

through the formation of a Higher Energy Council. 

The issues and suggestions presented in the NEP
 

Organizational Report are to serve as guidelines.
 

b. Form a Higher Energy Council consisting of the
 

Directors of all energy-related corporations and administrations. 

The specific duties and responsibilities of this council are to
 

be dsfined by the special task force, above, but generally this
 

body is to 
advise the Ministry on all major issues and coordinate
 

overall planning and implementation of key decisions.
 

c. Review Staffing Levels and Terms of Service for all 

corporations and agencies. Inefficiency results from so many 

people doing little work for little money. The Plan recommends a 

review of staffing requi rements and appropriate compensation 

required to effectively carry out the responsibilities of each 

organization and agency. The goal is to operate with an
 

efficient, highly qual fied staff, providing compensation to 
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realize higher productivity and reduce brain drain. This review
 

is to be undertaken by the Ministry and the Higher Energy
 

Counci l. 

d. Strengthen Training and Career Development for 

managers and technical staff. Each corporation and 

administration is responsible for developing its own program. 

The Ministry wi LL institute a sectorwide energy management 

training program. Faci lities developed can in the future be 

extended to outside Energythose the Sector for broader benefits 

of this initiative.
 

e. Eliminate 
Subsidies of Energy Ooerations. Develop
 

a prrgram to realize the goal of operating the corporations - NEC 

and GPC - without subsidies. They should be self-financing 

ongoing oper,!tions with the authority to establish tariffs at the 

level required to earn a fair rate of return. Each corporation 

is to develop its own program for submission to the Higher Energy 

Council for review and approval. 

2. At the Regional Level
 

The logistics of Sudan, the difference in habits and modes 

of life, the richness of regions in local resources, and the fact 

that the majority of the poor population lives in remote areas, 

mandates the development of regional energy programs. These are 

designed to solve the energy problems of the poor, create 

stability in the regions, 
reduce internal migration and create
 

conditions for development.
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Two factors wilL help the effort to succeed: 

1. 	Political and administrative regionatization which 

localizes the decisionmaking process. 

2. 	 The difficulty central organizations like NEC and 

GPC experience in monitoring and supporting their 

regional operations. 

The potential to influence the regional 

energy crisis, which consists of increasing shortages of 

wood fuels for households and scarce, costly commercial energy, 

is substantial. Change for the better has major ecological, 

economic, And social repercussions. 

The regional energy program should therefore concentrate 

on: 

* 	 Collecting regional information and developing 

regional energy balances. 

* 	 Initiating projects to develop regional energy 

resources using local technologies. 

* 	 Training of local manpower in energy management and 

technical operations.
 

Conducting studies on households and the sociology
 

of tribes relating to energy consumption and
 

resource development.
 

Accordingly, the Plan recommends the following activities to 

develop the regions' capabilities to deal with their energy 

problems:
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* From the nationaL energy strategy, derive regional 

strategies depending on the demand and supply 
of
 

each region.
 

Responsibility: NEA
 

* Form organization links between regions and the 

central Ministry of Energy.
 

Responsibitity: NEA
 

* Carry out region-by-region assessments which include
 

demand and supply. Identification and development of
 

resources 
are to follow so that regional plans and 

projects can be identified using local resources. 

Responsibility: NEA
 

* Technical assistance from NEC to regions should 

continue so that regions can support their operations
 

on a sustainable basis. 

Responsibility: NEC
 

3. At the National Level
 

Solving the energy 
 problems of today and preparing for the 

future involves 
not just the Energy Ministry but coordination 

with other ministries and action at the national The keylevel. 

issues of developing sustainable wood fuel resources, exploiting 

the hydro potential of the Ni le, and ensuring thE timely 

execution of large energy projects all require different
 

government institutions coming and
together pursuing joint
 

actions. Therefore, the Plan recommends formation of high­three 

level commissions to tackle these problems at the national level. 
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a. A High-LeveL Commission on Forestry Resources.
 

Objective: Mobilize the Nation to act on 
developing
 

sustainable forestry resources.
 

The Plan calls for drastic, immediate action and a Large 

investment of funds to protect Sudan's forestry resources. This 

issue, tho!igh, is not just an energy problem but involves 

consideration of needs for agriculture, grazing, housing and many 

other uses. The first step recommended in the Plan is deveLopment 

and then implementation of a comprehensive land managementuse 

plan, including an agressive reforestation program. 

Such programs have been advocated for years, but no 

actions have resulted. This must change. The Plan's process 

must capture the attention of the Nation to mobilize the 

resources, and establish the organization and management systems 

needed to operate an aggressive program. 

The High Level Commission is therefore charged with 

reviewing all aspects of the current problems and developing an 

overall approach to provide sustainable forestry resources 

adequate to meet needs over the long term. A major focus then 

must be on the organization and management structure and poilicy 

initiatives required to implement a workable program. 

The Commission must represent all involved parties including 

those in the Regions. It is to issue a preliminary report within 

12 months and a final action program in 18 months. Consultant 

support is to be provided and the donor community involved in the 
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effort. The Ministry of Agriculture with the Ministry of Energy 

is responsible. This effort is to be coordinated with the donor 
Forestry Assessment Project 
 and the 
 current activitiea 
 to
 

establish a High Council for Natural Resources. 

b. A Task Force on Development of Hydro Resotirces.
 

Objective: 
Realize government consensus 
leading to 

action on a program to develop hydro resources 
to
 

benefit Sudan 
in the 1990s.
 

Hydro resources affect all aspects 
 of the economy and 
involve many declisionmakers at all Levels of government. Many 
proposals to develop hydro thefor benefit of agricu ltu re, 

energy, and regional development are now tabled. Definitive 

choices must besoon made so that real action, including securing 

financing, can begin.
 

The Task Force on Development of Hydro Resources is charged 
with analyzing all options and developing a viable hydro program. 

This ccmmittee is report1.o within six months. Consultant 

support is beto provided and the don or community involved in 
this effort. Responsibility for initiating this effort is with 

the Ministry Energyof working with the Ministry of Irrigation 

and the Ministry of Agriculture. 

c. A High-Level Steering Committee for Large 
Energy
 

Projects. Objective: Coordinate 
across ministries 
tn
 

expedite project implementation.
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Major energy projects frequently are delayed due to a Lack 

of coordination between various units of the government. These 

delays cause serious energy shortages and are costly. (See 

Section D below.) Therefore the NEP recommends creation of a 

high-Level committee as needed to oversee construction of large 

projects involving coordination among ministries. 

B. ACQUIRING FINANCE
 

Capital investment in the Energy Sector must increase to 

achieve the goals of the Plan and reve.'se present trends. The 

Plan calls for $2 bi Llion of projects to be financed over the 

next 5 years and $3.5 billion in the 1990s.* 

Of this initial $2 billion for the whole Energy Sector, only 

a small portion for power generation has been secured. This 

program is presented as the target required for a strong Energy 

Sector. A first task of implementation wi LL be to establish 

priorities and devise strategies to secure minimum financing 

requirements and to avoid delays in implementation. 

Clearly there is no easy way to raise this money given 

Sudan.'s huge debt burden and weak financial performance. Yet 

without such investment the economy will be continually crippled 

by inadequate energy supplies.
 

* 	 See Appendix I for the summary of the Projected Investment 

Program. 
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The Plan, therefore, recognizes the importance of self­

financing within the Energy Sector . .. that ic. colLecting
 

revenues 
that exceed operating and depreciation costs, thereby
 

creating a surplus to pay for future expansion. This approach 

will not only provide needed cash but also strengthen the ability 

of the 
Energy Sector, as part of the Government, to secure loans 

and grants. 

This approach is effectively a major means of acquiring 

finance and must be coupled with efforts to secure grant monies 

or soft loans from donors. It means a reversal of the current 

situation where the Energy Sector is a net drain on the Treasury.
 

Under such conditions -t is impossible for Sudan to fund any 

major investments. 

A complementary approach is to explore innovative sources of 

finance by involving the Private Sector as much as possible 

through creating special incentives for investment. 

In addition, the Plaii recommends the following: 

1 . Establish priorities at the Ministerial level for 

capital projects and development programs. This 

rbview of capital budgets -- the outcome of which is 

to advise the Minister 
 -- is to be one of the 

functions of the Higher Energy Council. L ihese 

priorities are to be established in the first year of 

the Plan.
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2. 	 Develop an effective strategy for securing the
 

finance by dividing the total amount required by
 

sectors*, develop marketable packages, focusing
 

efforts on the highest priority items, and avoiding 

competition from different units of the Ministry for 

funds from the same donor nr financing source. This 

effort is to be coordinated by the Office of the 

Ministry.
 

C. 	IMPLEMENTATION OF PROJECTS
 

A cornerstone of this Plan is the series of projects 

(totalling $5.5 billion) identified in Chapter IV. Major as well 

as smaller projects are called for including Power IV, 

construction of a mini-refinery, Merowe and/or Roseires dam 

heightening, and development of extensive forestry plantations. 

Successful and timely execution of these projects is 

essential to realizing the objectives of the Plan. Historically, 

though, such projects have encountered many problems, major and 

minor, which cause delays or poor performance. Consequently, the 

goals of the project as originally conceived are not properly 

achieved. The case of Power III serves as an example. 

A major objective of the Plan, therefore, is to determine
 

ways to reduce the time between conceiving and sucessfulLy
 

completing 
a project. A common sequence of events associated 

with projects has been identified: 
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* 	 ProjectL" are poorly conceived und Ciffir ul.t to firnar, c . 

* 	 Onue financed, they are deIcyed Cur tu riar,y obsta'cleE; 

an d Len g thy p rc v du:d r es 0 t. I, r i c a . anded 

unanticipated.
 

* 	 These delays increase project costs. 

* 	 Projects then run out cf non1:- end are further delayed.­

* 	 Once completed, projects operate bulow capacity and are 

poorly maintained. 

The issue of acqui ring finance is addressed in Section B 

above. The other key problems and r ecorme nded solutions are 

presented in Table 5-1 below. 



-112-

TABLE 5-1
 
KEY PROBLEMS AND SOLUTIONS
 

PROBLEM 
 RECOMMENDED SOLUITON
 

Planning
 

Projects are improperly Achieve 
better planning
 
planned, 
 through developinp a strategic
 

National Energy Plan and by\a
 
more rigorous identification,
 
analysis, and review of each
 
project by the parent organiza­
tion. 

Involve financiers and an 
independent outside consultant 
to review the project at the 
prefeasibi lity and feasibi lity 
levels. 

Coordination
 

There is a Lack of coordi- Form a Ministerial Steering
nation and clearance at the Committee 
to coordinate and
 
highest levels, oversee key projects once plan­

ned. The committee is to
 
consist of the Minister or
 
State Minister from agencies
 
directly related to gaining 
project approval and to exe­
cution. 

Organization 

Responsibility and 
account- Create an autonomous organ­
ability for the project are ization with independent finan­
not centered in one individ- cial and budgetary authority
ual or organization, and an independent Director to 

execute the project. This en­
tity, formed upon completion of
 
the feasibility study, is to 
have sole responsibility for
 
the project, be accountable 
directly to the Board Chairman,
 
and have a staff relationship
 
with the parent organization
 
(e.g., GPC, NEC).
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Terms of Service 

Incentives and terms of . Provide adequate incentives

service are poor and so 
 to attract and retain quality

fail to attract 
and personnel and ensure quality,
retain quality people. timely work. Reward high
 

performance and 
 discourage 
poor perfor ience. 

Manpower Ski lls 

There is a lack of know-
 Include overseas on--the-job

Ledge of the technology operations training in 
the im­employed. The training plementation phase so that op­provided is inadequate 
 erators are already experienced

to gain this knowledge. when the project begins full 

operation.
 

Provide training (Local or 
overseas) to managers who will 
be responsible for performance 
of the unit once completed.
 

The responsibility to pursue implementation of these changes
 

rests with each corporation as coordinated the Higherby Energy 

Council and reviewed by the 
the Office of the Minister.
 

D. IMPLEMENTING PROGRAMS AND POLICIES
 

While sucessfuLLy completing projects wi LL improve the 

energy situation over the long term, in 
the short run the focus 

must be on implementing policies and programs to more effectively 

use 
existing supplies. Such programs as demand management, tariff
 

reform, conservation, 
 and public awareness will improve 

conditions immediately as more energy will be avai lable from the 

existing system. These policies 
and activities are fundamental to 

the strategies as defined Chapter III.in They are further 

detailed in Chapter IV. 
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These programs and policies require Little if any finance 

but face their own obstacles to implementation. They must be 

properly designed by the responsible unit and then approved by 

senior managers and policymakers within the organization. In 

addition, a broad group of institutions and poLicymakers within 

the Energy Sector and across the Government are involved in 

setting and implementing any new programs. These groups must, 

therefore, accept understand changes and supportand the their 

implementation.
 

This process is time consuming, requiring considerabLe human 

resources. Yet it is imperative it be implemented quickLy or the 

suppLy/demand situation will further deteriorate. The appropriate 

operating units and agencies responsible for specific 

programs are identified in Chapter IV. The following schedule is 

provided to guide the activities of these units:
 

* Within three months draft programs and an 

impLementation schedule are to be developed and
 

presented within the corporation or agency.
 

* Within six months a formal program is to be 

submitted to the Higher Energy Council for 

review and approval. 

* Within one year initial implementation is to 

begin. 

* Within two years programs and policy changes are 

to be substantially implemented.
 



E, RESEARCH AND DEVELOPNENT
 

Over the Long term overcoming 
 Sudan's energy probLems 

requires appLying new technoLogies to the expLoitation and 

consumption of new and indigenous resources. firstThe step 

towards rea Li zing this isfuture strengthening research and 

development efforts. This invoLves developing the necessary 

scientific and technological infrastructure, ins'titutions, and 

manpower. 

The goal of the National Energy Plan is, therefore, to 

estabLish the basis for a nationaL research and development 

program for energy resources and technologies. Given the 

high cost of R&D, Limited funds and a scarcity of technicaL 

expertise, this program should focus on applied rather than 

theoretical research. Specifically, the effort is to be directed 

towards: 

Adapting proven technologies to locel 

manufacture. 

Adapting appropriate simple technoLogies 

suitable for rural applications. 

Developing and newadapting technologies, 

especially those applied to new and renewable 

sources of energy. 

Developing the capability to solve technical 

problems 
 encountered in alL energy-related 

development projects. 
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ImpLementing this program requires coordinatioh between the
 

coordinationvarious institutions involved. For Renewables this 

is to be provided by the Energy Research Couici l and the 

Renewables Implementation Task Force. These units to provideare 

overall direction for research activities. Further, they are to
 

assist other institutions (e.g., universities and operating
 

units) in developing active research and development programs. 

Second, additional resources must be brought to bear on 

research. This can best be achieved by cooperation with ongoing 

research p-ograms in donor as well as other developing countries.
 

Pooling of technological capabilities and sharing information 

wi LL be the best way to maximize the benefits from related 

efforts. 

Finally, training programs must be expanded, especially at 

local institutions. This wi LL ensure the development of the 

manpower necessary to sustain a vibrant research program over the 

long run.
 

F. PLANNING AND INFORMATION SYSTEMS
 

A fundamental objective of the Plan is to develop ' 

system for planning and review. Planning is a process not an 

event and so must be responsive to future changes in conditions. 

The two main elements in this process are information systems and 

institutionalized planning. 
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1. Information Systems 

The energy planning information system should allow high-
Level decisionmakers in the Energy Sector to define appropriate 

policies and plans. 
 The major component of it is 
the supply and
 
demand analysis. Information units in 
GPC, NEC, and the Forestry 

Department should be improved to collect reliable supply and 

demand data.
 

Another component of the system 
is resources data, which 

could be collected jointly by GMRC, NEA, Energy Research 

Counci l, Forestry and Agriculture authorities as well as the 

Ministry of Irrigation.
 

A third component of the system is technology data and 
local production capabilities. This information should be 
collected by NEAthe and by research and industrial 

institutions. 

This national information system should be 
complemented by collection of national economic 
data and trend
 

analysis.
 

The National Energy Administration's role is to
 

monitor the ofprocess collection as wbll as storage, retrieval 

and analysis and to reproduce data according to the needs of
 

decisionmakers periodically. 
The system should serve ministerial
 

levels as well 
 as coordinate planning of 
 different energy
 

institutions and 
researchers.
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2. Institutionalizina the Plannina Process 

The major step forward made in the pLannial process by this 

National Energy Plan will be the basis for more improvements in 

the future. Planning must be continuous, adapting to changes in 

conditions. So within the Ministry every year the Plan will be 

reviewed and updated. This process consists of: 

a. 	 Updating the demand forecast.
 

b. 	 Agreement between the Higher Energy Council and the
 

Minister on the strategies to meet or modify these
 

demands. 

c. 	 Development of specific investment programs, 

policies and plans to meet those strategies. 

d. 	 Review and approval by the Minister and the Higher
 

Energy Council.
 

G. FOLLOW THROUGH
 

To successfulty put the Plan into effect, the major 

initiatives must be understood and agreed to by all concerned 

parties and then acted upon on a timely basis. All obstacles 

encountered must be overcome. 

Responsibilities for undertaking sppeific actions are
 

clearly spelled out in the Executive Summary, this Main Report
 

and the Committee Reports. The NEA is responsible for leading an
 

effort to explain and promote the Plan. This includes -evelopment 

of presentations and materials for a wide audience. 
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Overall responsibility for follow up and monitoring of 

implementation is vested in the Hinoher Energy Council. The role
 

of the Council's Secretariat is to monitor progress, identifying 

problems and potential difficulties. The role of the Council is 

to work out these problems as they arise (as identified by the 

SecretarFil.), and coordipate activ;ties of the appropriate 

bodies. In addition, all units wi LL report ivery six months to 

the Higher Energy Council on progress towards implementing the 

Plan. 

With a vigorous, well-directed effort at change Sudan can 

improve the energy future by providing enough supply at an 

affordable cost to meet the demands of the economy. Let this 

National Energy Plan serve as the commitment of the Nation and
 

its Government to turn 
that idea into action.
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APPENDIX I 
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ABBREVIATIONS
 

BOS = Bank of Sudan
 

ERC = 
Energy Research Council
 

GMRD= Geologicsl 
and Mineral 

Resources Department
 

GPC = General 
Petroleum Corporation
 

MEM = Ministry of Energy and 
Mining
 

MFP = Ministry of Finance and
 

Economic 
Planning 

MOA = Ministry of Agriculture 

NCR = National Council for Research 

NEA 
= National 
Energy Administration
 

NEC 
 National Electricity Corporation 

PSR = Port Sudan Refinery
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TABLE NEP-1
 

NATIONAL ENERGY PLAN 

PROPOSED INVESTMENT PROGRAM
 

SUMMARY 

1985-1990 1991-2000 TOTAL 
(MM $) (MM $) (MM $) 

Pet ro teum 

Refining 
 96 
 678 
 744
 

Other 41 - 41 

SubtotaL 
 137 
 678 
 815
 

Electricity
 

Grids 1,125 1,484 
 2,609 

Regions 
 423 
 800 
 1,223
 

Subtotal 1,548 
 2,284 
 3,832
 

W-Qgd _F.e s 

Plantations 
 188 377 
 565
 

Other 
 93 
 166 
 279 

Subtotal 281 563 844
 

Renewbles 

Studies 3 4 7 

Dissemination 
 7 
 9 
 16
 

Subtotal 
 10 
 13 
 23
 

Hydrocarbons 

Promotion 
 12 5 17 

Subtotal 
 12 
 5 
 17
 

TOTAL 1,988 
 3,543 
 5,531
 

PER YEAR 331 
 354
 



PROJECT/PROGRAM 


" 	Petroleum Import 

Facility. 


" 	Demand Nanagement 

Program. 


* Economic Cost 

Based Pricing. 


" 	Port Sudan Refinery 

Rehabilitation. 


* 	Ninirefinery 

(15,000 tpc]. 


e 	Upgrade of Pail, 

Storage, Transport 

and Blending
 
Facilities
 

* 	Inland Pefinery 


PETROLEUM PROJECTS AND PROGRAMS
 

RESPONSIBILITY
OBJECTIVE 


Increase imports by GPC 


dedicating adequate BOS
 

foreign exchange and
 
purchasing at Least
 
cost.
 

Reduce nonessential GPC 


or low priority NEA 


consumption.
 

GPC 


Sector revenues; MFP 


reduce nonessential NEA 


consumption, 


Increase Energy 


Improve efficiency of GPC 


refinery. 
 PSR 


Provide secure and GPC 


economical fuel oil for 


essential needs (power 

generation, strategic
 
industries).
 

Improve efficiency of GPC 


delivery system. 


Provide refinery GPC 


capacity for the 1990s. 


COST

(MM$)
 

None 


Small 


None 


281 


83 


41 


650 


TIMING/IMPLEMENTATION
 

Imc.aite action required.
 

Design program immediately;
 
implement within one year
 

Develop pricing objectives mad
 

program within six months;
 
impL ent changes progretssively
 

over two yet.a.
 

Secure initial financt:
 
complete rehebilitatic over
 

three years.
 

Senur. finance immediately.
 
Begin ;onstruction within one
 

year. Complete 'y 1988.
 

Secure initial finance;
 
implementation 
over five years.
 

Study feasibility over next three
 

years.
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Table NEP-2
 
PETROLEUM INVESTMENT PROGRAM
 

Rflnti. 

Port Sudan Refinery

Rehabilitation 


New Intand Refinery 

SubtotaL 


Transoortation 

Port Sudan-Marsa Nimeiri
 
Pipeline 

Shendi Booster Station 


Subtotal 


Fao/Rabak 


Shagara 


Atbara 


Kordofan 


Darfur 


Southern Sudan 


Subtotal 

BLendi ngq 

Sudan Oil Blending

Plant 

TOTAL 

Port Sudan Rehabilitation 

New Inland Refinery 

TOTAL 
Near Term + Long Term 

Near Term (1985-1990)
 
Foreign Local
 

Comonent Comonent 
 Tota 
[ M$3) [MM LS) (MM$)
 

- 15.0 11 .5 

69.0 19.5 84.0
 

69.0 34.5 95.5
 

5.4 0.8 6.0 

9.5 
 1.5 11.0 

14.9 2.3 17.0 

2.8 
 0.4 3.1
 

8.5 
 1.6 9.7
 

1 .2 0.2 1 .3 

0.8 0.1 0.8 

0.5 0.1 0.5 

0.3 0.1 0.3
 

14.1 2.5 15.7 

8.4 0.3 8.7 

106.4 39.6 136.9 

Long Term (1991-2000) 

36.0 28.0 

650.0 - 650.0 

550.0 
 36.0 678.0
 
756.4 
 75.6 814.9
 



ELECTRICITY PROJECTS AND PROGRAMS
 

PROJECT/PROGRAM 


" Debottlenecking: 

Technical System Ef-
ficiency Improve-
mont and Loss 
Reduction. 

" Conservation & Load 

Management Program. 

" Tariff & CoLlection 

Reform. 

" 	CommerciaLize ELec-


tricity operations. 


* 	Power IV 

(170 MW thermaL) 

(70 MW hydrol 


* Regional ELectrifi-

cation. 


* 	Expansion of Hydro 

Power FaciLities: 

Morowe & Roseires 

Heightening
 

TI.IN31,'._ tENTATION
 

Begin iroadietety
 

Design immediateLy.
 
ImpLement within one year.
 

Design immediately;
 

implement v. hin one year.
 

Design program within ..'e year;
 

implement in socond year.
 

Secur 'inance immedioteLy,
 
begin construction within one
 
year.
 

Assist regions with existing
 
system immediateLy. Prepare
 
for expansion after three years.
 

Conduct feasibility study; secure
 
finance within one year: begin
 
con,:ruction after two years.
 

OBJECTIVE 


Gain supply through 


improved efficiency;
 
increase reLiabiLity.
 

Reduce nonessential 


eLectricity usage. 


Impiove financial 


performance; encourage 

efficient consumption.
 

Operate NEC ,n an e-


ficient self- '.,ltaining 

basis, eLiainst;ng 

subsidies.
 

Provide power 

facilities for Late 

19806. 


Upgrade existing system. 

Provide power to 55 

new urban centras. 


Provide Indigenous, 

inexpensive power 

for the 1990s. 


RESPONSIBILITY 

NEC 

COST 

(MNSJ 

20-40 

NEC 
NEA 

NEC 

SmaLL 

SmaLL 

NEC 

MFP 
MEM 

None 

NEC 
MFP 

300 

Regions 
NEC 
NEA 

422 

NEC 
14FP 

700 
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TabLe NEP-3
 
ELECTRICITY SECTOR INVESTMENT PROGRAMS
 

BLue NiLe and Eastern Grids 


Debottlenecking* 

Rehbi litatirn 

Generation
 

Thermal 
Hydra 


Transmission + Distributlon 

Fuel Trenepurt 

Studies 


Total Grids 


Isolated Svotgnss
 

OebottLonecking* 

Generation 

Transmission + Distribution 

Now Urban centres 


Total Isolated Systems 


Total Near Term 


Blue NiaLe end Eastern Grids
 

Generation
 
Hydra 

Thermal 


Transmission + Distribution 


Total Grids 


Isottd Systems
 

Generation 

Transmission + Distribution 

Now Urban Centres 


Total Ieolatoed Systems 


Total Long Term 


TOTAL LONG + NEAR TERN 


NO FINANCIAL CONSTRAINTS
 
Neer Term (1985-1990)
 

Foreign 

Component 


(MMS) 


30.0 

42.2 


181.5 

405.8 

190.0 

38.0 

8.2 


901.7 


20.0 

154.4 

52.8 

94.7 


321.9 


1,223.6 


Long Term (1991-2000)
 

870.5 

140.1 

261.5 


1280.1 


364.5 

203.1 

127.3 


894.9 


1,957.0 


3,190.6 


Local
 
g nnP Total
 
INK LS) (MN $}
 

5.0 33.8
 
5.0 48.0
 

50.0 220.0
 
99.0 482.0
 
130.0 	 296.0 

- 3B.n 
1.0 9.0
 

290.0 1,124.B
 

5.0 23.R
 
45.0 190.0
 
25.0 72.0
 
55.0 137.0
 

130.0 422.8
 

420.0 1,547.6
 

1.80.0 1,009.0
 
35.0 175.0
 
50.0 300.0
 

265.0 1,484.0
 

jO.0 305.0
 
35.0 230.0
 
75.0 185.0
 

160.0 800.0
 

425.0 2,284.0
 

845.0 3,031.0
 

Partial estimate, excludes certain items not quantified in Subcommittee Report.
 



INDIGENOUS RESOURCES PROJECTS AND PROGRAMS
 

PROJECT/PROGRAM 


WOOD FUELS 


* 	 Creation of High 

Level Task Force. 


* 	 Rainfed Plantation 

Development 


Irrigated Plantation 

Development. 


Resource Menagment 

& Conservation Program. 


HYDROCARBONS
 

* 	 Resource Assessment. 


Development Promotion,
Exploration. 

Development and 


Commercialization.
 

RENEWABLES
 

* 	 Create Renewables 

Task Force. 

RenewabLes Development 

program 


1. 	Studies, develupmsnt

and tests 


2. 	Create Commercial 

Promotion Canter. 


OBJECTIVE 


Define strategies, 

program and organization 

to tackle forestry/Land 

use management problem.
 

Increase supply of 

of 	wood fuels. 


Secure ecological 

balance. 


Efficient use of ex-

isting resource; raduce 


nonessential demand. 


rMaximize Energy supply 

from indigenous
 
resoLrces for late 8Os
 
and SOe. 


Define program and 

coordinate activities 

of institutions. 


Establish 

economic + technical 


feasibility of new
 
technologies.
 

Promote dissemination 

and manufacturing to 

commercialize new 

technologies.
 

RESPONSIBILITY 


MOA 

HEM 


High Level 

Task Force 


?-'. (Forestry) 
Z 

MOA (Forestry) 

NEA 


ERC
 

GMRD, GPC, NEA 


NEA, GMRD, GPC 


Private Sector 


MEN 


NCR 


Renewables
 
Task Forc3
 

ERC 


NEA 


ERC 

NEA 


Private Sector
 

C 


(MN$]
 

Small 


461 


7 


252 


12 


-

Small 


3 


9 


TIMING/IMPLEMENTATION
 

Task Force formed within six
 
months. Makes final 
recommend­
ations within one year.
 

Design prooram; secure initial
 
finance within one year (157 MMS)
 

Design program; arrange finance;
 
implement over five years.
 

Design progrsm; implement over
 
15 	years.
 

Begin immediately. 
 -

Financed by World Bank.
•
 

Financed by Private Sector.
 

Form Task Force immediately.
 
Task Force conclude work within
 
one year; continued if justified
 

Design program & financ3;
 
implement over 2-3 year.;
 

Phase I complete after 5 years
 

Phase 2 begins after completion
 
of Phase 1.
 



Table NEP-4 

WOOD FUELS INVESTMENT PROGRAM 

Pro iect 

1 . Development of Forest 

(1985-1990) 
(MM$) 

(1991-2000) 
(MM$) 

Resou rce 

Refo resta ti on 

Rain fed 
Irrigated 

179.2 
8.9 

359.0 
17.3 

Resource Management 76.9 153.9 

2. Conservation, Institution, 

Training and Research 
16.2 32.5 

TOTAL 281.2 562.9 

Total Investment (1985-2000) = $844.1 MM 
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Table NEP-5 

RENEWABLES (EXCLUDING WOOD FUELS] INVESTMENT PROGRAM 
(1985-2000)
 

Activities Short Term (1985-1990) 

Biages,
Resources & Solar, Wind, Gasification,
Technology Mini-Hydro Bigjejj SubL 

(MM LS) (MM LS) (MM LS)
 

Studies Research 
 2.76 
 .90 3.66 
and FieLd Test
 

Dissemination and
 
Manufacturing 
 5.52(1) 3.66(1) 
 9.18
 

Total 
 8.28 
 4.56 
 12.84
 

Activities 
 Long Term (1990-2000)(2)
 

Bi ogas,Resource & 
 Solar, Wind, Gasification, 
TIhlgy Mini-Aydro Briouetting Subtoal 

Studies, Research 
 4.56 
 1.20 
 5.70
 
and fieLd Test
 

Dissemination and 
Manufacturing 6.00 6.00 12.00 

ToteL 10.56 7.20 17.76 

Total investments, short term 1985-1990 13.4(3)
Total investments, long term 1991-2000 17.8
 
TotaL investments, 1985-2000 
 31.2

The percentage of the 
fo-eign component in this investments is 50%.
 

(1) 3 MM LS are added for the Renewables Promotion Center.

(2) Estimates for follow-up program of Phase II (1990-2000)

have been based on figures of Phase I (1985-1990).(3) 30% of the manpower budget is added as wages for the unskilled labor. 
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APPENDIX
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PARTICIPANTS IN THE PREPARATION OF
 

THE NATIONAL ENERGY PLAN
 

INSTITUTIONS
 

The Ministry of Energy & Minirn (MEM) 

(A) National Energy Administration (NEA) 

(B) General Petroleum Corporation (GPC) 

(C) National Electricity Corporation (NEC) 

(D) Power III Project 

(E) GeoLoj,' and Mineral Resources Dept. (GMRD) 

Ministry of Irrigation
 

Energy Research Council (ERC)
 

Renewable Energy Research Institute (RERI)
 

Sudan Renewable Energy Project (SREP)
 

Forestry Dept., 1.;'nistry of Agriculture and Natural 

Resources
 

Forestry Research Institute
 

Desert Combating and Rehnbilitation Program
 

Ministry of Finance and Economic 
Planning
 

Ministry of Transport and Communication
 

National Council for Research (NCR)
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COMPANIES
 

E/DI 

Chevron
 

Alexander Gibb
 

Merz and McLellan
 

SWECO
 

Motor Colombus
 

TOTAL Marketing Company
 

Shell Marketing Company
 

AGIP Marketing Company
 

Mobil Marketing Company
 

American Agency for In-,,rnational Development (USAID)
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INDIVIDUAL PARTICIPANTS IN THE PREPARATION OF
 

THE NATIONAL ENERGY PLAN
 

NAME 	 ENTITY
 

Syd Mohd. Elamin Mukhtar MEM 

'Dr. A/Rahman Ali Shu LLi NEA 

Dr. John Gindi NEC 

Dr. Omer ELshiekh GPC 

Prof. Hassan Musnd 	 Desert Combating and
 

Rehabilitation Project
 

Prof. Ahmed EL Houry Forestry Research Institute 

Dr. Hummida AL Hussein NEC 

Dr. Hassan Wardi ERC 

Dr. Mohd. Ali A/Rahiem Geology Dept. 

Dr. A/Rahiem Ahmed Betl NEA/E/DI 

Dr. Altayeb Idris ERC 

Dr. Ahmed Hassan Hood ERC 

Dr. Azmi Zein ELAbdeen ERC 

Dr. Mohd. Hashim Siddig U.K. Faculty of Engineering 

Dr. Shommo Shea Eldin ERC 

Dr. Musa Babiker NRC 

Syd Mohd. Ahmed Taleat Ministry of Finance and
 

Economic Planning
 

Syd A/Fattah A/Kariem Power III Project
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NAME 
 ENTITY
 

Syd A/ALLa Hassan Ishag Geology Dept.
 

Syd Abbas Hidayatatla 
 Ministry of Irrigation 

Syd Gabra Stawro NEC
 

Syd Tag Elsir Ahmed 
 Ministry of Irrigation 

Syd Farou,k ShaaLan MEM
 

Syd Mubarak Omer Adam 
 GPC
 

Syd Mohd. GalaL Eldin Ministry of Finance and
 

Economic Planning
 

Syd A/Bagi A/ALLa GPC
 

Syd Hassan Elzubeir GPC
 

Syd Abubaker A/Rahman Forestry Dept.
 

Syd Hassan Zaki 
 Forestry Dept.
 

Syd Mohd. Hanafi Obied Forestry Dept.
 

Syd Ahmed Hassan Ali GPC
 

Syd Mohd. EL Hassan Aloob NEC
 

Syd Mohd. EL Amin Ahmed 
 Forestry Dept.
 

Syd Gaafer EL Faki Ali NCR 

Syd Victor Saba Wahba 
 Ministry of Finence and
 

Economic Planning
 

Syd Mohd. Mohd. EL Hassan Geology Dept.
 

Syd A/Rahiem Ahmed 
 GPC 

Syd Ibrahiem Ali Merz and McLellan
 

Syd SaLah Awadal SaLih 
 Energy Consultation
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ENTITY
NAME 


Syd Amin Sabri NEC 

S%'d Mahmoud A/Rahiem GPC 

Syd Mohd. Osman Nugud GPC 

Syd Mohd. Elfadly Mahmoud NEC 

Syd Abayo Wat GPC 

Syd Hisham ELsayed Elfile GPC 

Syd Allam Elhudde Mohd. Elhassan GPC 

Syd A/Rahman EL Tilib GPC 

Syd A/Azziz Gassim Morhoum GPC 

Syd A/alla Ahmed ElkhaLifa GPC 

Syd Ahmed Mohd. Ibrahiem GPC 

Syd Ahmed Khali I GPC 

Syd Salih Gaafer Mohd. GPC 

Syd Mahmoud Sharief NEC 

Syd A/Latif Ibrehiem NEC 

Syd Gamal Eldin A/Rahman GPC 

Syd George Zaki Ministry of Irrigation 

Syd Mohd. El Amin Suliman Power III Project 

Syd Osman ELtoom Ministry of of Irrigation 

Syd Gaafer EL Tenyi NEC 

Syd Margheni Hamad Elniel NEC 

Syd Hemid EL Mamoon ELrieh NEC 

Syd Mawia Habib AlLa Port Sudan Refinery 
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NAE ENTITY 

Syd Omer Mahmoud Ministry of Transport and 

Communication 

Syd AHl Mukhtar Nourien GPC 

Syd Kamal A/Rahiem GPC 

Syd Mohd. A/Rahi.em GPC 

Syd Awed Ali BetaL GPC 

Syd Fisal Yahia Abu Elgassim GPC 

Syd Issam EL Amir GPC 

Syd Taha EL Sukky GPC 

Syd EL FadiL Al Adam NCR 

Syd Hamza Humoudi RERI 

Syd All Ahmed Saliem Forestry Dept. 

Syd Eltag A/MuntaLab Ministry of Finance end 

Economic Planning 

Miss Amna Mohd. Saeed Ministry of Finance and 

Economic PLanning 

Miss Samia EL Rioh Ministry of Finance and 

Economic PLanning 

Syd Ismail EL Gizouli NEA 

Syd Ahmed ELzein ELhassan NEA 

Syd Ishag Adam Bashir NEA 
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RAME ENTITY 

Syd A/Moeen Setti NEA 

Syd A/Halim Ahmed ELshiekh NEA 

Syd A/SaLam Ahmed NEA 

Syd Farah A/Mageed NEA 

Syd Hassan Bashir NEA 

Syd Abubaker Mahgoub NEA 

Syd Ali A/Kariem NEA 

Mrs. Nour A/Mageed NEA 

Syd A/AL La ALazzrag NEA 

Syd Mohd. SaLih Farah NEA 

Syd Mussad A/ALLa NEA 

Syd Rashid Makky NEA 

Mrs. Fatima Ibrahiem Anis NEA 

Miss Maha Mohd. Ahmed NEA 

Miss IgbaL EL Saddig NEA 

Syd A/ALLa A/MutaaL NEA 

Syd Mohd. Mohmdian EL Tigani NEA 

Syd SaLah Ali Mohd. Nour NEA 

Miss Kawther Abd ELsaddig NEA 

Miss Mariam Ahmed Musa NEA 

Miss Soad Siddig NEA 

Miss Iklass Gassim NEA 

Syd Ahmed A/Gader Abu Sam NEA 
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.MENTITY 

Syd Ahmed Osman NEA 

Syd Hisham Bakry GPC 

Syd Mohd. NabiL Fahmy AGIP Company 

Syd Tahe Al Balla AGIP Company 

Syd El Fadil KhaLaf ALLa GPC 

Dr. Amal EL Tigani Kuwait University 

Syd Ismail Shams Eldin NEA 

Syd Mohd. Fouz Mohd. Ali NEA 

Prof. Ronald Larson SREP 

Dr. Heinz Rade RERI 

Mr. Paul Cough E/DI 

Mr. Edward Hopper Alexander Gibb 

Mr. Gene R. Harris E/DI 

Mr. G. H. Connell Chevron 

Mr. Eric Small Alexander Gibb 

Mr. Dennis Monaghan E/DI 

Mr. Marc Daudon E/DI 

Mr. Terence Dulley Merz and McLeLLan 

Mr. Nigel Widgery Alexander Gibb 

Mr. Gunner Sparrman SWECO 

Mr. Dan Ladd Chevron 

Mr. Mathew Gamser RERI 

Mr. Quiririo FerraoriO Motor Colombus 
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NAME ENTITY 

Mr. Roland Moegerle Motor Colombus 

Mr. Seyoum Solomon E/DI 

Mr. Frank Laukaka, E/DI 

Mr. James Westfield E/DI 

Mr. Scott Rogers E/DI 
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THE COMMITTEES OF
 

THE NATIONAL ENERGY PLAN
 

Phase I: 

The National Energy Plan Committee was established in April 

1983 based upon a ministrial decree issued by the Minister of 

Energy and Mining and from this committee seven technical
 

committees 
were formed as follows:
 

1. 	The Energy Demand Forecast Technical Committee.
 

2. 	Energy Supply and Resources Technical Committee.
 

3. 	Dobottlenecking Technical Committee.
 

4. 	Renewable Energy Technical Committee.
 

5. 	 Energy Conservation and Demand Management Technical
 

Committee.
 

S. 	Technoeconomic 
Options Technical Corimittee.
 

7. Plan Implementation Technical Committee. 

Phase II: 

Consisted of eight committees including one main committee
 

called the Chairman's Committee beside other
seven subcommittees 

as follows: 

1. 	Technoeccnomic Options Technical 
Committee consisting of:
 

a. 	Renewable Energy Subcommittee.
 

b. 	Electricity Subcommittee.
 

c. 	 Petroleum Subcommittee 
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2. DebottLenecking Committee 
consisting of:
 

a. Electricity Subcommittee
 

b. Petroleum Subcommittee 

c. Dams Subcommittee
 

3. Organization and Management Committee 
for the Energy
 

Sector
 

4. Research and 
Studies Committee
 

5. Plan Implementation Committee
 

6. Strategies and Objectives Committee
 

7. Chairman's Committee
 

8. Steering and 
Editing Committee
 

ToteL Number of Meetings
 

During Phase I about 53 meetings were held and during Phase
 

II ab.out.137 meetings were held.
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NAMES OF COMMITTEES MEMBERS
 

PHASE I
 

NATIONAL ENERGY PLAN MAIN COMMITTEE
 

NAME 


Syd Mohd. EL Amin Mukhtar 

Dr. A/Rahman Ali Shulli 

Dr. John Gindi 

Syd A/ALle Hassan Ishag 

Syd Abbas Hidayatalla 

Syd Mohd. GaLa L Eldin 

Syd A/Bagi A/Alla 


Syd Hassan Zaki 

Syd Abu Baker A/Rahman 

Syd Ismail El Gizouli 

Dr. Muse Babiker 

Dr. A/Rahiem Belal 

Syd Ahmed Hassan Ali 


Syd Gabra Stawro 


Dr. Hassan Wardi 


Syd IsmaiL Shams Eldin 


Syd Mohd. Fawz Mohd. Ali 


Miss Kawther A/Saddig 


Miss Marim Ahmed Muss 


Miss Soad Siddig 


ENTITY
 

MEM
 

NEA
 

NEC
 

Geology Dept. 

Ministry of Irrigation 

Ministry of Finance and 

Economic Planning 

GPC
 

Forestry Dept,
 

Forestry Dept.
 

NEA
 

NCR
 

NEA
 

GPC
 

NEC
 

ERC
 

NEA
 

NEA
 

NEA
 

NEA
 

NEA
 



-143-


FORECAST TECHNICAL DEMAND COMMITTEE
 

AME 

Dr. A/Rahman ALl ShuLti 


Syd IsmaiL EL GizouLi 


Syd Farah A/Mageed 


Syd Mahmoud A/Rahiem 


Syd Hassan Zaki 


Syd Gabra Stawro 


Mr. PauL Cough 


Syd Dawood Gabr 


Syd Mohamedain ELtigani 


Miss Samia EL Riyah 


Mr. Scott Rogers 


Syd EL Tag A/MutaLib 


Mrs. Nour A/Mageed 


ENTITY 

NEA
 

NEA
 

NEA
 

GPC
 

Forestry Dept.
 

NEC
 

E/DI
 

ALexander Gibb
 

NEA
 

Ministry of Finance and
 

Economic PLanning
 

E/DI
 

Ministry of Finance and
 

Economic PLanning
 

NEA
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ENERGY SUPPLY AND RESOURCES COMMITTEE
 

un ENT ITY 

Syd A/ALL Hassan Ishag Geology Dept. 

Syd Mohd. Hanafi Obied Forestry Dept. 

Syd Ibrahiem ALi Merz and McLeLtan 

Syd Gabra Stawro NEC 

Dr. Mohd. Osman Nugud GPC 

Miss Amna Mohd. Seed Ministry of Finance and
 

Economic Planning
 

Syd Abu Bakir Mahgoub NEA
 

Miss Mariam Ahmed Muse NEA
 

Syd ALi A/Kariem NEA
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ADMINISTRATION COMMITTEE
 

CONSERVATION OF ENERGY AND DEMAND
 

NAME 


Syd Mohd. EL Amin Mukhtar 

Dr. A/Rahman Ali Shulli 

Dr. John Gindi 


Syd Mohd. Elhassan Aloob 


Syd Mohd. EL Amin Ahmed 


Syd A/HaLiem Ahmed ELshiekh 


Syd A/SaLam Ahmed 


Mrs. Fatima Ibrahiem Anis 


Syd Ali Noureen 


Mr. Paul Cough 


Miss Soad Siddig 


ENTITY
 

MEM
 

NEA
 

NEC
 

NEC
 

Forestry Dept.
 

NEA
 

NEA
 

NEA
 

GPC
 

E/DI
 

NEA
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DEBOTTLENECKING TECHNICAL COMMITTEE
 

NAME 
ENTITY 

Syd Farouk Shaalan MEM 

Syd A/Rahiem Ahmed GPC 

Syd Ibrahiem Ali Merz and McLellan 

Syd Abbas Hidatalla Ministry of Irrigation 

Mr. Paul Cough E/DI 

Mr. Dan Ladd Chevron 

Syd Amin Sebry NEC 

Syd Hussan Bashir NEA 
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PLAN IMPLEMENTATION TECHNICAL COMMITTEE
 

NAME ENUIj 
Syd Mohd. GaLaL ELdin Ministry of Finance and 

Economic PLanning
 

Syd IsmaiL EL GizouLi NEA
 

Dr. Humeeda EL Hasseen 
 NEA 

Syd Victor Saba Ministry of Finance end 

Economic PLanning 

Syd Ahmed Hassan Ali GPC 

Syd Mohd. SaLih Farah NEA 

Syd A/ALLa Elazzrag NEA 

Syd Edward Hepper Alexander Gibb 

Mr. Paul Cough E/DI
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TECHNOECONOMIC OPTION COMMITTEE
 

ENTITY 
Dr. John Gindi NEC 

Syd Mohd. EL Fadi t Mahmoud NEC 

Syd Abyo Watt GPC 

Syd Ibrahism ArU Merz and P"cLetLan 

Syd Ismait Shams ELdin NEA 

Syd Edward Hepper ALexander Gibb 

Mr. Marc Daudon E/DI 
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RENEWABLE ENERGY TECHNICAL COMMITTEE
 

NAME 

ENTITY
 

Dr. A/Rahiem Ahmed BeLal NEA
 

Dr. Shoomo Shas 
ELdin 
 ERC
 

Dr. Hassan Wardi 
 ERC
 

Syd Gafar EL Faki All NCR 

Syd A/Hatiem Ahmed ELshiek NEA 

Syd Masaod A/ALta NEA 

Syd A/ALLa A/Mutaal NEA 

Dr. Heinz Rade RERI 

Prof. Roland Larson SREP
 

Syd Ali 
Ahmed Saleem 
 Forestry Dept.
 



-1 50-

NAMES OF COMMITTEE MEMBERS
 

PHASE II
 

PETROLEUM SUBCOMMITTEE
 

NAME ENTITY
 

Dr. Omer EL Sheik GPC 

Syd A/Rahman Eltilib GPC 

Syd A/ALLa Ahmed Khalifa GPC 

Syd Hassen EL Zubier Eltahir GPC 

Syd Ahmed Hassan Ali GPC 

Syd A/Bagi A/ALLa GPC 

Syd Hisham Elsayd Alfi Le GPC 

Dr. Altam EL Huda M. ELhassan GPC 

Syd Ahmed Khali l GPC 

Syd A/Azziz Gasim Marhoom GPC 

Dr. Ahmed Mohd. Ibrahiem GPC 

Syd Salih Gaafer Mohd. GPC 

Syd Mubarak Omer Adam GPC 

Syd Ishag Adam Bashir NEA 

Syd Ismai L Shams ELdin NEA 

Miss Mariam Ahmed Muse NEA 
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ELECTRICITY SUBCOMMITTEE
 

NAME 
ENTITY 

Syd A/Latif Ibrahiem NEC 

Dr. John Gindi NEC 

Syd Amin Sabry NEC 

Syd Ahmed ELzien NEA 

Syd Ishag Adam Bashi r NEA 

Syd Mubarak Omer Adam GPC 

Syd A/Rahiem Eltilib GPC 

Syd A/Bagi A/ALLa GPC 

Syd Hassan Elzubier Eltahir GPC 

Syd Gebra Stawro NEC 

Syd Ismail Shams Eldin NEA 

Syd SaLah Ali Mohd. Nour NEA 

Miss Mariam Ahmed Muse NEA 
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RENEWABLE ENERGY COMMITTEE
 

NAME ENTITY 

Prof Hassan Musnad Desert Combatting and 

RehabiLitation Project 

Prof Ahmed Alhury Forestry Research Centre 

Dr. Hassan Wardi ERC 

Dr. A/Rehiem BeLal NEA/E/DI 

Syd Gaafer EL Faki NCR 

Syd A/ALla A/Mutaal NEA 

Miss Igbal El Saddig NEA 

Syd Salah Awadalla Motor Colombus 

Dr. Heinz Rade RERI 

Syd Gabra Stawro NEC 

Mr. Eric Small Alexander Gibb 

Mr. Gunner Sparrman SWECO 

Mr. Dennis Monaghan E/DI 

Miss Soad Siddig NEA 

Syd Ibrahiem Ali Merz and McLellan 
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PETROLEUM DEBOTTELENCKING SUBCOMMITTEE
 

NAME ENTITY 

Syd Ahmed ELzein NEA 

Syd Mohd. Ahmed Talat MEM 

Syd Farouk Shalaan MEM 

Syd Mawia Habib ALLa Port Sudan Refinery 

Syd Omer Mahmoud M;inistry of Transportation 

and Communication 

Syd Ali Muktar Noureen GPC 

Syd Hassan Bashir Nimir NEA 

Miss Mariam Ahmed Muse NEA 

Syd Hassan EL Zubier GPC 

Syd A/ALLe A/Mutaal NEA 

DAMS DEBOTTLENECKING SUBCOMMITTEE
 

NAME 
 ENTITY
 

Syd Tag Elsir Ahmed Ministry of Irrigation
 

Syd Mohd. Ahmed TaLaat MEM
 

Syd Osman EL Toum 
 Dams & Irrigation Dept.
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ENERGY ORGANIZATION & MANAGEMENT SUBCOMMITTEE
 

NAME ENTITY 

Syd Mohd. Ahmed Talaat MEM 

Dr. Amal Eltigani Kuwait Uuiiversity 

Syd Hassan El Zubier GPC 

Syd El Fadi L KhalfaLLa GPC 

Syd Hamed EL Niel A/Gader GPC 

Syd Ishag Adam Bashir NEA 

Mrs. Fatima Ibrahiem Anis NEA 

RESEARCH & DEVELOPMENT COMMITTEE
 

NAME 
 ENTITY
 

Dr. Hassan Wardi 
 ERC
 

Dr. John Gindi 
 NEC
 

Sy-d Hassan EL Zubier 
 GPC
 

Syd Ishag Adam Bashi r 
 NEA
 

Miss Maha Mohd. Ahmed 
 NEA
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PLAN IMPLEMENTATION COMMITTEE
 

NAME 

Syd A/Fattah A/Kariem 

Syd George Zaki 

Syd Ismail EL GizouLi 

Syd A/Moeen Satti 

Syd Mohd. Amin SuLiman 

Syd Ahmed Hassan 

Syd Salah Awadalla Salih 

Syd Victor Saba Whaba 

Syd Mohd. Gelal Eld 

Syd Mohd. Hanfie 


Syd Mohd. El Fadlie 


Mr. Marc Daudon 


Syd Mohamedain EL Tigani 


ENTITY
 

Power III Project
 

Ministry of Transportation 

NEA
 

NEA
 

Power III Project
 

GPC
 

Motor Colombus
 

Ministry of Finance and
 

Economic Plan Planning
 

Ministry of Finance and
 

Economic Planning
 

Forestry Dept.
 

NEC
 

E/DI
 

NEA
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CHAIRMAN'S COMMITTEE
 

NAMES ENTITIES 

Dr. A/Rahman Shulli NEA 

Dr. John Gindi NEC 

Prof. Hassan Musnad Desert Combatting and 

Rehabilitation Project 

Dr. Hassan Wardi ERC 

Dr. A/Rahim BeLal NEA/E/DI 

Syd A/Fattah A/Kariem NEC 

Syd Mohd. Ahmed Telaat MEM 

Syd Taj Elsir Ahmed Mohd. Ministry of Irrigation 

Syd Abbas Hidyatalla Ministry of Irrigation 

Syd Mibarak Omer Adam GPC 

Syd Hassan EL Zubier GPC 

Syd Gabra Stawro NEC 

Syd Victor Saba Whaba Ministry of Finance and 

Economic Planning 

Syd Mohd. Ali A/Rahiem Geology Dept. 

Syd Mohd. Mohd. Elhassan Geology Dept 

Syd Farouk Shalaan MEM 

Mr. Dennis Monaghan E/DI 

Mr. Marc Daudon E/DI 

Syd Ismail El Gizouli NEA 

Syd Ahmed Elzein NEA 
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NAME 
 ENTITY
 

Syd Ishag Adam Bashir NEA
 

Syd Ismail Shams Eldin NEA
 

Syd A/ALla A/Mutaal NEA
 

Syd Salah Ali Mohd. Nour NEA
 

Syd Mohamdain Eltigani NEA
 

Miss Maha Mohd. Ahmed NEA
 

Mrs. Fatima Ibrahiem Anis NEA
 

Miss Kawther A/Saddig NEA
 

Miss Mariam Ahmed Musa NEA
 

Miss Soad Siddig NEA
 

STEERING AND EDITING COMMITTEE
 

NAME 
 ENTITY
 

Dr. John Gindi NEC
 

Dr. A/Rahman Sh-ulli NEA
 

Dr. A/Rahiem Br.caL NEA
 

Dr. Hassan Wardi 
 ERC 

Syd Ismai L EL GizouLi NEA 

Syd Ishag Adam Bashir NEA 

Syd Mohamedain ELt-igani NEA 

Mr. Marc Daudon E/DI
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ELECTRICITY DEBOTTLENECKING SUBCOMMITTEE
 

NAME 


Syd Mohd. Ahmed TaLaat 


Syd Gaafer ELtinie 


Syd Murghani Hamad ElnieL 


Syd Ishag Adam Bashir 


Syd Salah Awadalla 

Syd Amin Sabry 


Miss Kawther A/Saddig 


ENT ITY
 

MEM
 

NEC
 

NEC
 

NEA
 

Motor 

NEC
 

NEA
 

Colombus 


