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ABSTRACT. Sudan-s deteriorating balance of payments position has
led to massive overseas borrowing and an acute shortage of
foreign exchange. This has resulted more from a decline in
exports than an increase in imports. The report argues that
Sudan's present economic crisis is in no small measure due to
crippling energy shortages in the productive sectors of the
economy accompanied by too little emphasis on adequate energy
prices and too much reliance on a physical petroleum alloca-
tion scheme. Future economic policy must attach a higher
priority to supplying energy to the productive sectors -- to
promote growth and higher export earnings -- and show a
greater willingness to keep energy prices in line with the
economic costs of supply and to use pricing as an instrument
for resource allocation. At the same time, it must be recog-
nized that Sudan will face serious limits on the extent to
which it can increase overall energy supplies and meet ex-
panding energy demands.

The report reviews Sudan's energy resources, including
recently discovered oil and gas reserves, hydroelectricity
and other renewable resources. The report then goes on to
make demand projections over a fifteen-year period for each
subsector (petroleum, electricity, firewood, charcoal and
other renewable energy resources). Two macroeconomic growth
scenarios are used to project the demand for petroleum
products. The important issues and options in the energy
sector are discussed, including pricing and allocation
policies. The report-s recommendations focus particularly on
investment options and strategies, technical assistance
requirements, institutional strengthening and conservation.



CURRENCY EQUIVALENTS

US$1 = LS1.300 (Sudanese Pounds)
LS1 = US$0.769

ACRONYMS AND ABBREVIATIONS

BNG Blue Nile Grid
CFA Central Forest Administration
FY Fiscal Year (July 1 - June 30)
GPC General Petroleum Corporation
IS Isolated Systems
KSC Kenana Sugar Company
LPG Liquified Petroleum Gas
MEM Ministry of Energy and Mining
MFC Mechanized Farming Corporation
n.a. not available
NEA National Energy Administration
NEC National Electricity Corporation
PEWC Public Electricity and Water Corporation
PSR Port Sudan Refinery
RTC River Transport Corporation
SRC Sudan Railway Corporation
SWD German Steering Committee for Wind Energy in

Developing Countries
USAID United States Agency for International Development
WECS Wind Energy Conversion Systems
WNPC White Nile Petroleum Corporation
bpd barrels per day
BTU British Thermal Unit
GJ Gigajoules
GWh Gigawatt-hour
Ig Imperial gallon
kgoe kilograms of oil equivalent
km kilometer
m meter
mt metric ton
mtpa metric tons per annum
MCF thousand cubic feet
MMCF million cubic feet
MMCFD million cubic feet per day
MVA mega-volt-amperes
MW megawatts
toe (metric) tons of oil equivalent
W watt



ENERGY CONVERSION FACTORS

Fuel Physical Units per TOE Million Kcal per Unit

Petroleum products (mt):
- LPG 1.06 10.8
- gasoline 1.03 10.5
- kerosene/jet fuel 1.01 10.3
- gasoil 1.00 10.2
- fuel oil 0.96 9.8

Electricity (M'Wh) 4.00 86.0 x 10 2

Biomass (mt)
- charcoal 0.68 6.9
- fuelwood 0.32 3.3
- other 0.26 2.7

Memo Items

1 TOE = 10.2 million kcal = 40.5 million BTU = 42.7 GJ
1 kcal = 3.968 BTU-6
1 kcal = 4.19 x 10 GJ
1 MWh = 860,000 kcal = 0.248 TOE at 34% efficiency in thermal (oil) generation

This report is based on the findings of an energy assessment mission which
visited Sudan in November-December, 1982. The mission comprised N.B. Prasad
(Mission Chief, Consultant), R.W. Bates (Deputy Mission Chief, Energy Econo-
mist), H.M. Codippily (Country Economist), A. Ody (Ethanol Specialist),
W. Kupper (Power Engineer, Consultant), P. Dodd (Forestry Specialist, Con-
sultant), F. Bigache (Petroleum Refinery Specialist, Consultant), T. Ritter
(Petroleum Geologist, Consultant) and B. Yates (Bagasse/Ethanol Specialist,
Consultant). The principal authors of the report were R.W. Bates and
N.B. Prasad.
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KEY ISSUES AND RECOMMENDATIONS

The Energy Sector and the Economy

1. Sudan's present economic crisis is in no small measure due to
crippling energy shortages in the productive sectors of the economy dur-
ing the last few years. The economy has relied too little on energy

pricing as a tool of demand management and placed too much emphasis on a
physical allocation system for petroleum products. Future economic
planning and decision taking must attach a higher priority to supplying
energy to the productive sectors of the economy, particularly export -
oriented industry and agriculture arLd show a greater willingness to keep
energy prices in line with the economic costs of supply (paras. 1.16-
1.18; 4.26;4.29). At the same time, it must be recognized that Sudan
will face serious limits on the extent to which it can in fact increase
the overall supply of energy.

2. There are some encouraging signs for the short-term and medium-
term outlook: power shortages are likely to be relieved during FY84, with
a doubling of installed capacity; and domestic crude will augment petro-
leum supplies and export earnings from FY86 (para. 1.18). However, from
a longer-term perspective, it must be recognized that Sudan is poorly
endowed with indigenous energy resources in relation to its large land
area (para. 2.01). A sustained improvement in economic performance will
require much better management of the energy sector and a system of
foreign exchange allocation which will permit the Government to plan pe-
troleum imports on a more rational basis (paras. 1.18; 4.31; 5.05). To
that extent, energy pricing will assume an even greater importance than
usual in restraining overall energy demand and in optimizing the distri-
bution of petroleum products between different consuming sectors and
between individual consumers within those sectors. While the impact of
energy pricing on demand may take full effect only in the longer-term, by
initiating action now the economy will be given the maximum opportunity
to adjust to a situation in which energy prices reflect the full economic
costs-of supply (paras. 4.26-4.29; 4.55 - 4.58).

Options in the Energy Sector - An Overview

3. As in many African countries, fuelwood, charcoal and biomass
constitute the main source of energy supply and satisfy about 82% of
final consumption. Commercial energy meets the remaining 18%, largely in
the form of oil (17%), all of which must be imported, although a small
amount of final consumption (1%) is supplied by hydroelectricity (para.
1.07). Sudan's options for the future are comparatively straight-
forward. Energy conservation offers some scope for reducing imports,
although the main potential must lie with the transport sector (para.
4.35); also, as stated above, pricing policy needs careful and immediate
attention. On the supply side, several measures are suggested for alle-
viating the fuelwood problem; furthermore, if decisions are taken now to
harness more fully Sudan's hydroelectric resources, hydroelectricity
could play a more important role in the long run. However, a number of



new and interesting options have become available in the petroleum
sector, following the discovery of oil in the southern part of the
country and natural gas in the Red Sea. An export pipeline and a
parallel diluent pipeline are to be constructed to transport the oil to
the Red Sea; the project has been appraised by IFC. The diluent pipeline
could be used to distribute products in the eastern and southern
provinces; part of Sudan's entitlement to the crude could be used in a
refinery/topping plant at Kosti (although this would probably reduce the
benefits of using the diluent pipeline to distribute products), which in
turn could make it attractive to locate a power station at Kosti to
supply the main grid; alternatively or in addition, some indigenous crude
could be blended with imported crude at the existing Port Sudan
refinery. Finally, if natural gas is available in sufficient quantities,
it could be used in domestic markets; in particular, it could be supplied
to power stations to supplement hydroelectric and oil-fired thermal
generation.

Energy Supply

A. Petroleum

(i) Oil

4. The discovery of crude in the southern part of Sudan and the
construction of an export pipeline has made available certain options,
among which a choice must be made (paras. 2.07-2.14). The three prin-
cipal options are (paras. 4.05; 4.11):

(a) Set up a topping plant at Kosti,

(b) Utilize part of the indigenous crude at Port Sudan Refin-
ery, together with imported crude; and

(c) Set up a new refinery at Kosti or on the Red Sea to process
indigenous crude, maximize the production of middle distil-
lates and minimize the production of long residue which re-
quires further processing.

In view of the high capital costs of a new refinery, it seems prudent to
pursue options (a) and (b) and to consider (c) only if much higher recov-

erable reserves are established (para. 4.16); however, technical assist-
ance is recommended for further study of the three options (para. 6.11).

5. The construction of a diluent pipeline parallel to the crude
export pipeline presents the option of using the diluent pipeline to
deliver products (para. 4.18). It is recommended that the diluent pipe-
line be designed for an additional pumping station at El Fau at a future
date, although the benefits of using the diluent pipeline for product
transport should be re-examined in light of a decision on the Kosti
topping plant (para. 4.20).
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6. All bitumen is currently imported while PSR produces a surplus
of long residue. The construction of a bitumen plant in Port Sudan is,
therefore, an option (para. 4.21). However, in view of the mission's
projection that the surplus of long residue may disappear after 1988, it
is recommended that the option of a bitumen plant be re-examined only
after a decision on a new refinery is taken (para. 4.22).

(ii) Natural Gas

7. The discovery of natural gas in the Red Sea makes available cer-
tain potential options for its utilization in domestic markets (paras.
2.03 - 2.06). Among other options, Sudan should consider using the natu-
ral gas in a urea fertilizer plant and -- perhaps more probably -- for
power generation (para. 4.42.). Technical assistance is recommended to
study both these options, including the possibility of piping the gas to
Khartoum (paras. 4.44-4.45; 6.13). The study should include an assess-
ment of gas reserves based on available data, the possibility of a Gov-
ernment "farm-in" with Total and the subject of gas pricing (para. 6.13).

B. Power

8. Despite the numerous studies of hydroelectric projects which
have been made for the BNG, none have been completed beyond the pre-
feasibility stage and no scenario is available from which an order of
merit could be prepared based on a least-cost analysis; furthermore, past
planning of additions to system capacity in the BNG has been carried out
with insufficient lead time to permit the optimal use of Sudan's hydro-
electric potential (paras 2.15-2.16; 2.23). Technital assistance is
therefore recommended to prepare, as soon as possible, a study to update
the long-term power generation development plan for the BNG to the year
2000 (para 6.14). The study should (para. 2.24): (a) define the economic
merit order and appropriate timing for the different generating plants
recommended; (b) be organized so that it can be repeated at least every
two years at low cost; (c) assess the adequacy of existing studies of
different generating plants; (d) define further studies necessary to pro-
ceed to feasibility and preliminary design; (e) estimate the local and
foreign exchange costs of the further studies; and (f) attach a priority
and timing to each recommended further study.

9. Outside the BNG, generation studies have been carried out but
they are not up-to-date, they lack sufficient detail and they have not
been coordinated. PEWC's Electric Power Status Report of March 1982
should be repeated. annually by NEC and a mechanism for coordinating past
and future studies should be established (para. 4.51).

10. Low-voltage distribution has played a secondary role in past
expansion programs in the power sector; distribution systems in the BNG
are therefore in poor condition and comprehensive distribution studies
have not been made outside Khartounm and Port Sudan. Attention should
therefore be given under the proposed Power IV project to distribution
planning and investment in the Three Towns. Furthermore, technical
assistance is recommended to investigate the condition of distribution
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systems within and outside the Three Towns, to assess the requirements
for their renovation, improvement and expansion (para. 4.49; 6.16), and
to implement a power system loss reduction study (paras. 5.10; 6.15).

11. To a substantial extent, the Power III project should alleviate
power shortages in the BNG from the beginning of FY84 (para 4.48); how-
ever, plans need to be drawn up for the commissioning of new generation
capacity beyond Power III. The only short-term options are thermal, as
there are no hydroelectric plants which could be commissioned on time to
meet demand growth (para 4.52). If the topping plant is established at
Kosti, two thermal options in particular need to be considered (para.
4.53):

(a) Use the residual oil for power generation at Kosti and feed
the power into the BNG by strengthening the transmission
lines between Kosti and Sennar; and

(b) Transport the residual oil from Kosti to Khartoum for power
generation at Khartoum.

Technical assistance is recommended for an urgent study of these options
(para. 6.15). In the Port Sudan area, the option of using gas for power
generation could be available (para. 4.54) and technical assistance has
been recommended (para. 7) for studying this option. With a view to the
longer-term, aside from carrying out the study to the year 2000 (recom-
mended in para. 8), a possible Power IV project should consider the in-
clusion of feasibility studies for the heightening of the Roseires dam
and for the Merowe hydroelectric project (para. 4.52).

C. Forestry

12. While some surveys of Sudan-s growing stock have been or are
about to be conducted in selected areas -- notably in the Blue Nile,
Bahr-el-Gazal and El-Buhrat Provinces, with Canadian assistance -- no
national forest inventory has been made to provide an accurate estimate
of the size of the total forest resource; consequently, there is no reli-
able basis for planning (paras. 2.30, 4.61). As a matter of high prior-
ity, a national forest inventory should be carried out, supported by
overseas technical assistance, to extend the Canadian study to all prov-
inces; the inventory would need to be implemented on a continuing basis,
in order to assess the rate of deforestation over time and the degree of
success encountered by afforestation measures (paras. 4.61, 6.18).

13. Despite the lack of a comprehensive national forest inventory,
the present extent of the deforestation problem and the vital role played
by fuelwood in Sudan-s energy sector make it clear that urgent measures
are necessary to preserve the forest resource as much as possible (paras.
2.48, 4.58-4.60). The following package of overseas technical assist-
ance, administrative action, Government budgetary support and enforcement
of regulations is recommended: (a) provide technical assistance to study
the feasibility, cost and economic viability of large-scale energy
plantations, especially near urban areas (para. 4.62) and to set up
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demonstration and pilot projects (para. 6.21); (b) provide technical
assistance to study ways of improving the productivity of forests,
thereby increasing the annual allowable cut relative to the growing stock
volume, through better management practices (including forest protec-
tion), the control of cutting, ancd the improvement and extension of
silvicultural practices (paras 4.61, 6.19); (c) increase the central bud-
get allocation to forestry, to implement the recommendations of the study
under (b) (para. 2.48); (d) provide Government support and technical
assist-ance to design, test, produce and introduce improved firewood cook-
ing stoves, charcoal stoves and charcoal kilns (paras. 4.63-4.65; 6.20),
(e) enforce the requirements that abandoned agricultural land be returned
to the Forestry Administration and that 15% of the land area of agricul-
tural schemes be retained under forest (para. 4.66), (f) carry out a
program to increase public awareness of the deforestation problem, by
establishing village-level committees for environmental protection
(para. 4.67), (g) encourage community forestry, through better extension
services, community woodlots and homestead plantings (para. 4.67);
(h) incorporate the concept of maximum conversion of wood material into
charcoal in all land clearance schemes (para. 4.65); and (i) coordinate
forestry programs with national energy policy

D. Orther

14. Sudan has made only limited use of energy supply sources other
than petroleum, power and forestry. Although solar and wind energy,
molasses and bagasse can at best miake a marginal contribution to the
total energy supply in the near future (paras. 2.36, 2.41; 2.44; 2.47),
it is recommended that. (a) the Government and University of Khartoum
continue to support solar energy research projects, especially for their
eventual application to water heating (para. 4.68); (b) further technical
assistance be made available to design appropriate windmills for irriga-
tion pumping, identify appropriate sites for these windmills and set up
demonstration projects (paras 4.69, 6.22); (c) once the future of the
sugar industry is known, the Government reopen discussions with KSC on
the possible supply of molasses for ethanol production and choose a suit-
able -agency to develop ethanol production (para. 4.72), and (d) the
detail]ed study of the use of bagasse for power generation proceed as en-
visaged under IDA's Technical Assistance II project, taking into account
appropriate economic values for the costs and benefits of each alterna-
tive and determining appropriate institutional and financial arrangements
for power and energy exchange between NEC and the sugar factories (para.
4.73).

Energy Demand

A. Pricing

15. The prices of kerosene, diesel and fuel oil are below even the
c.i.f. import values of the products, while the price of gasoil exceeds
its c.i.f. import value, the margin is insufficient to cover the "inland'
costs (i.e. the port, marketing, distribution and transport costs) (para.
4.28). It is recommended that, as a minimum, petroleum product prices be
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adjusted to reflect their corresponding values in world markets and, in
addition, the "inland" costs be covered. Furthermore, in view of the
excess demand for petroleum products, additional price increases would be
warranted to generate Government revenues and to keep the relative prices
of different petroleum products in line with relative import costs. Al-
though some departure from strict economic pricing might be considered
for kerosene -- due to its social implications and its impact on fuelwood
consumption -- its official price should at least cover its c.i.f. import
value. A study of energy pricing is urgently recommended, which should
also take into account the use of energy prices as a vehicle for taxa-
tion, resource allocation and related issues (para. 4.29).

16. NEC's average tariff has recently been inadequate from a finan-
cial point of view and in relation to the long-run marginal cost of
supply. Substantial increases in electricity tariffs are therefore re-
quired on both economic and financial grounds and are now being imple-
mented in two steps. However, a number of deficiencies appear to exist
in the structure of electricity tariffs and there is a need for a proper
tariff study (paras. 4.56 - 4.58). Technical assistance is recommeded to
support such a tariff study and the study should cover both the BNG and
the isolated systems (para. 6.17).

B. Conservation

17. The growth of road haulage at the expense of rail and river
traffic implies an increase in the input of energy per ton-km of traffic
carried, taking into account the relative fuel efficiencies of the dif-
ferent transport modes (para 4.36). A beneficial shift in the intermodal
allocation of traffic could be realized (paras. 15; 4.29; 4.38) if
(a) rail and river freight rates are revised in relation to marginal
cost; (b) the price of gasoil is raised at least to the level of its eco-
nomic cost; and (c) SRC and RTC are reorganized to make them more compe-
titive.

18. Within the road transport sector, the growth of private passen-
ger vehicles has accounted for most of the overall growth of the vehicle
fleet since 1970 (para. 4.39). A greater emphasis on public transport
could lead to fuel savings. It is recommended (paras. 4.40-4.41) that
the Government: (a) continue to support the expansion of Khartoum's bus
fleet; (b) rigorously apply the existing regulations concerning the li-
censing of vehicle imports and exemptions from import duties; and
(c) consider setting a ceiling on the import of motor cars.

Institutions

A. The Energy Sector

19. A multiplicity of foreign donor assistance continues to take
place in the energy sector; this assistance is uncoordinated and part of
it might be better directed towards essential spares and equipment rather
than demonstration/pilot projects and studies. An appropriate permanent
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mechanism is recommended to evaluate, monitor and coordinate this activi-
ty on a regular basis and bilateral assistance is recommended to help MEM
set up such a mechanism (para. 6.23).

20. There is insufficient technical expertise in the energy sector
to provide the basis for energy planning. A team of technical experts
needs to be established in MEM to examine the various pricing and invest-
nent options and to make clear recommendations to enable the Government
to take prompt decisions (para. 5.01). Similarly, the establishment of
energy plantations will require well-trained cadres of forestry special-
ists (para. 6.24).

B. The Ministry of Mining and Energy

21. The main emphasis of the mission-s recommendations for institu-
tional improvement in the commercial energy sector has been given to MEM.
World Bank technical assistance is already being directed at improving
the performance of NEC and GPC and, furthermore, MEM accounts for many of
the gaps which the mission has identified between actual performance and
statutory responsibilities (para. 5.03).

22. There is no integrated system for controlling all ongoing ac-
tivities and projects within MEM and the Minister and State Minister
become involved in day-to-day operational affairs. The following areas
should. be examined (para. 5.05) to make MEM more effective: (a) institu-
tionalize the energy data collection process; (b) establish a mechanism
for routinely coordinating the different groups within MEM and for co-
ordinating the activities of MEM with other Ministries and relevant
agencies; (c) design follow-up procedures for ministerial decisions; and
(d) strengthen the secretariat of MEM with professionals from each of the
energy subsectors.

23. Sudan is in the process of awarding a number of new petroleum
exploration contracts and is faced or will be faced with certain "buy-in"
and "farm-in" options. Technical assistance is recommended (paras. 5.04-
5.05; 6.12) to help strengthen the staffing and expertise of the Geology
and Mineral Resources Directorate in: (a) contract negotiations; (b) con-
tract monitoring and management; (c) exercising options for "farm-in" and
"buy-in"; (d) evolving a long-term strategy for development of the petro-
leum sector; and (e) compiling and analyzing all geological, geophysical
and well-completion data provided by the contractors.

C. General Petroleum Corporation

24. GPC assists the Government in monitoring petroleum exploration
contracts; it is also likely to become a partner with the international
oil companies in petroleum exploration, through the exercise of the
Government's "buy-in" and "farm-in" rights. The Government should,
therefore, consider the need to define carefully and limit the contract
award, management and monitoring activities of GPC which are the legiti-
mate function of the Geology and Mineral Resources Directorate of MEM
(para. 5.13).



- viii -

D. Forestry

25. The preservation and proper utilization of Sudan's forestry
resources is essential and a national coordinated program of forestry
management and development is vital (para. 13). Strengthening of the
Central Forest Administration (CFA) is therefore recommended. In parti-
cular, as a first step, a body should be created within the CFA to be
responsible for the planning, coordination, review and monitoring of
projects, especially the proposed energy plantation projects (para.
5.19). Technical assistance is recommended to help implement these pro-
posals (including training), to revise forest policy and legislation and
to strengthen the administration of the forestry sector (paras. 5.19;
6.19; 6.24). Furthermore, suitable administrative procedures need to be
established to coordinate forestry activities with national energy
planning and policies (para. 5.20).

Investment

26. There has been under-irvestment in the energy sector (paras.
6.01-6.03). Tentative mission estimates of public investment require-
ments for the eight-year period to FY91 -- corresponding to the low-
growth scenario for demand on the assumption that the individual invest-
ments are shown to be viable -- amount to US$1,730 million in 1983 prices
or approaching US$220 million a year. Such a program -- corresponding to
about 3.1% of GDP -- is not unreasonable compared with the performance of
other developing countries (para. 6.08). Specifically, it is recommended
that the Government consider: (a) a topping plant at Kosti (paras 4.16;
6.05); (b) participating in the Red Sea natural gas discoveries on a
"farm-in" basis and ensuring that the reserves of the Suakin structure
are confirmed by additional drilling (paras. 4.46; 6.05); (c) strengthen-
ing and expanding the power transmission and distribution facilities in
the BNG (para. 6.06); (d) constructing an oil-fired power station at
Kosti, in the event that a topping plant is agreed upon (para. 4.53); and
(e) increasing investment in the forestry sector, notably through energy
plantation programs (paras. 5.19; 6.07). The unfolding debt problem and
tighter constraints on scarce foreign exchange make it increasingly
likely that the tentative program of energy investments may not be
realizable. If half the power investment after Power III is postponed
beyond 1991, total public investment in the energy sector could be cut
from US$1,730 million to US$1,270 million, about US$160 million a year,
corresponding to around 2.25% of GDP (para. 6.09). Such a cut, it must
be emphasized, would have very serious implications (paras 1.06; 1.17-
1.18; 3.13, 6.09).



I. ENERGY AND THE ECONOMY OF SUDAN

The Country

1.01 Situated in the north-eastern part of Africa, Sudan commands the
larges,t land area on the African continent, stretching over 2,000 km from
North to South and 1000 km from East to West. Its land area is a little
over 2.5 million km2 and largely flat, except for a few scattered moun-
tains. Sudan is bordered by eight countries, 1/ and has a shore-line of
640 km at the Red Sea. The River Nile flows through the country, with
its main tributaries -- the Blue Nile and the White Nile -- meeting at

the historic capital city of Khartoum. The climate in the South is equa-
torial, while that of the North can be described as desert climate. The
average rainfall varies from less than one inch in the North to 80 inches
in the South.

1.02 Sudan's present population is estimated at around 19 million.
Roughly 25% of the population is classified as urban.

The Economy

1.03 Agriculture is the mainstay of the economy. Its share in GDP is
currently around 38%, while that of industry is 13% 2/, the balance (49%)
is accounted for by the services sector. Agriculture also accounts for
more than 90% of exports and 65% of employment. The economy is heavily
dependent on exports of cotton, which is the major commodity produced on
irrigated land, and also exports of gum arabic, sesame and groundnuts.
The manufacturing sector is relative-Ly small (6% of GDP) and, apart from
the processing of such agricultural commodities as cotton, oil seeds and
sugar, it is mainly limited to the production of textiles and cement.
There have been some exports of chrome ore and further development of
these deposits is taking place. The public sector, as in many developing
countries, is significant and generates about half the GDP.

Recent Economic Performance

1.04 Following the Addis Ababa accord of 1972, which brought an end
to the civil war, the Government directed its attention to rapid economic
development through a major public iLnvestment effort. GDP growth aver-
aged nearly 8% p.a. from FY73 to FY78 at a time when several other low-
income countries barely averaged 4% p.a. This impressive performance,
however, was not sustainable for a number of reasons. Although Sudan
recorded a trade surplus in FY73, export volumes began to decline (parti-
cularly cotton exports), leading to growing annual trade deficits. These

1/ Egypt and Libya from the North, Chad and Central Africa from the
West, Zaire, Uganda and Kenya from the South and Ethiopia from the East.

2/ Industry covers manufacturing, construction, electricity and water.



successive deficits in turn led to massive and uncoordinated borrowing
abroad, a large part of it on non-concessional terms. As a result, ex-
ternal debts--which had been less than US$100 million in 1972 -- began to
increase sharply. Due to poor project implementation, some debts began
to fall due before new projects came into full production. Since FY78,
GDP has stagnated in real terms; real per capita income has declined and
in FY81 stood at only US$260, placing Sudan within the UN's category of
"least developed countries. 1/

1.05 Sudan's unprecedented external debt problem serves as an indica-
tor of its current economic crisis. The total external debt is estimated
at around US$7 billion and the debt service is estimated to exceed the
country's export earnings. However, external debt is only one dimension
of Sudan's current economic crisis. It is further compounded by weak
infrastructure, falling agricultural and industrial outputs, critical
energy shortages and an exodus of skilled manpower, mainly to the Gulf
States.

1.06 Much of the recovery process now depends upon the extent to
which Sudan can obtain debt relief and new aid commitments. Unless
critical levels of imports are maintained, particularly petroleum
products, domestic production and exports will be further depressed,
leaving little or no scope for debt servicing. At least ten years of
diligent work and extraordinary external support will be required before
Sudan can expect to restore its full economic equilibrium. The Govern-
ment has prepared a medium-term recovery program and consulted with
donors regarding the country's external assistance requirements. Some
increase in the capacity to service the debt can be expected in the
longer term, through the oil revenues which should be earned from the
crude oil export pipeline after 1985. The pipeline is to be constructed
from the Unity-Talih oilfield near Bentiu to the Red Sea with an initial
design capacity of 50,000 bpd (para. 2.11). At that throughput, the
Government's net 'take', after all transport costs, should be at least
16,000 bpd (para. 2.14), equivalent to about half the projected 1991
'low-growth' consumption (Table 3.4). The balance of payments crisis
should not be allowed to affect petroleum imports in the short term as
this would impair the performance of the energy sector, and the energy
sector is crucial to the entire recovery process.

Overview of the Energy Sector

1.07 In 1981, Sudan's final energy consumption totalled 6.1 million
toe, of which 82% was in the form of fuelwood, charcoal and biomass and
the balance of 18% was provided by imported oil and hydro-electricity
(see Table 1.1). The largest consuming sector was households (77.8%),

1/ Based on GNP of LS4333.9 million in FY81 and the exchange rate of
US$1 = LSO.90.
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followed by transport (11.0%) and industry (5.8%). The per capita con-
sumption of all forms of energy in 1981 amounted to about 324 kgoe and is
comparable to levels in other developing countries at similar levels of
per capita income. The gross supply of primary energy in 1981, on the
other hand, amounted to 9.7 million toe, made up as follows (in thousands
of toe): fuelwood, 7,765 (80.2%); biomass, 526 (5.4%); hydroelectricity,
188 (1.9%); crude oil, 874 (9.0%); and imported petroleum products, 334
(3.5%). A significant part of the difference between final consumption
and gross supply was accounted for by the high level of losses involved
in the production of charcoal from fuelwood, estimated at 3.2 million
toe; every ton of charcoal produced requires 6 tons of dry fuelwood. By
comparison, losses in the case of petroleum refining amounted to only 42
thousand toe. The energy balance in Annex 1 gives the gross supply, con-
version losses, stock changes and net domestic consumption of energy for
1981.

Table 1.1

Final Energy Consumption (1981)
(103 toe)

Fuel- Char- Bio-- Elec- Petro- Share
wood coal mass tricity leum Total (%)

Agriculture 7 98 105 1.7
Industry 75 100 22 161 358 5.8
Transport 674 674 11.0
Households 2591 1686 426 23 55 4781 77.8
Public/Other 85 92 8 45 230 3.7

Total 2751 1778 526 60 1033 6148 100.0

Share (%) 44.7 28.9 8.6 1.0 16.8 100.0

Source: Mission estimates, based on 1980 data provided by NEA, using
Bank suggested conversion factors.

Commercial Energy

(a) General

1.08 In Sudan, commercial energy is obtained from hydroelectricity
and imported petroleum and amounted to 58 kgoe per capita or 18% of total
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energy consumption in 1981. 1/ Imported petroleum accounted for 94.5% of
commercial energy consumption while hydroelectricity contributed only
5.5%, indicating the high degree of reliance on imported energy. The
largest consumer of commercial energy was transport (62%), followed by
industry (17%) and agriculture (10%). The household sector consumed only
7% of commercial energy, reflecting partly restrictions on the availabi-
lity of kerosene and limited access to electricity. 2/ The balance (4%)
is accounted for by consumption by the public/other category.

(b) Petroleum

1.09 The consumption of petroleum products recorded a modest increase
during the 1970s of 4% p.a. (see Table 1.2), when GDP was growing at 2.6%
p.a. in real terms, giving an elasticity of a little over 1.5. The in-
crease in the consumption of gasoline and gasoil was well above this
average rate reflecting the high growth rate of the transport sector
during the decade. The inter-city surfaced road network went through a
rapid expansion from virtually nothing in the early 1960s to 1750 km in
1982, and thus encouraged road transport; road freight haulage increased
from 920 million ton-km to 3570 million ton-km between 1971 and 1980 --
an increase of 16% p.a. Furthermore, passenger vehicles and taxis in-
creased at an average rate of around 11% p.a. over the decade; the number
of licensed motor cars increased from about 25,000 in 1970 to about
85,000 in 1980--an annual rate of increase of 13%. The mission has not
been able to obtain a breakdown of the consumption of petroleum products
by sectors but the above figures indicate that a substantial part of the
increase in consumption is accounted for by the transport sector and the
consumption of petroleum products by the industrial and agricultural
sectors was either stagnant or increased only marginally. The consump-
tion of petroleum products by the residential sector (mainly kerosene)
actually declined.

1/ This definition of commercial energy may be misleading, in so far as
large quantities of fuelwood and charcoal are traded commercially in
urban areas, but it is retained in accordance with convention and to
facilitate intercountry comparisons.

2/ The consumption of kerosene in 1981 was 20 thousand toe as against an
estimated demand in the order of 70 thousand toe, based on past
consumption patterns.
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Table 1.2

Consumption of Petroleum Products, 1970 and 1980
(toe)

Increases
Product 1970 1980 1970-80 (%)

LPG - 5,550
Gasoline 100,823 206,955 105
Kerosene and Jet 58,285 64,792 11
Gasoil 310,140 551,839 78
Fuel Oil 199,392 163,647 -18

Total 668,640 992,782 48

Source: NEA.

1.10 As there is no indigenous production, the entire increase in the
consumption of petroleum products was met by increased imports of petro-
leum; crude oil imports remained roughly at a level of about one million
mt, partly conditioned by refining capacity and the desired product mix,
while petroleum product imports rose from 11,000 mt in 1973 to 334,000 mt
in 1981. Petroleum imports rose in value from LS6.7 million in FY73 to
LS30.5 million in FY75 and to LS162.8 million in FY81 while total imports
had gone up from LS126.7 million to LS319.7 million and LS781.4 million
respectively. Petroleum product exports rose from LS5.9 million in FY75
to LS17.6 million in FY81. While the total imports as a percentage of
GDP rose marginally from 18 to 21, the percentage of petroleum products
in total imports rose from 4 to 21. Therefore, the net commercial energy
imports rose from a little less than 1% of GDP in FY73 to about 4% in
FY81.

(c) Electricity

1.11 NEC's electricity generation in FY81 was 965 GWh and provided
about 65% of Sudan's total electricity consumption; the balance was gen-
erated by individual enterprises to meet their own requirements. NEC's
total generation capacity in 1982 was 311 MW, of which 160 MW was hydro-
electric and the remainder thermal. However, due to age, lack of spares,
major overhauls and other constraints, the serviceable (or reliable)
capacity was in the order of 220 MW. Private self-generation capacity
(excluding the sugar industry) is estimated to have grown at an annual
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rate of about 70% since 1978 and is now equivalent to half NEC's genera-
tion capacity. 1/ Public electricity operations are divided into eight
regions, mostly served by isolated diesel systems. The only intercon-
nected system is the Blue Nile Grid (BNG), which serves about 85% of cus-
tomers receiving a public supply. Table 1.3 shows the growth of genera-
tion and maximum demand in the BNG over the ten-year period FY72 to FY81
and the growth of generation in NEC's isolated systems (IS) in the seven-
year period FY75 to FY81.

Table 1.3

NEC's Electricity Generation and
Maximum Demand in the BNG

(FY72 to FY81)

Electricity Generation (GWh) Maximum Demand
FY BNG Isolated Systems Total NEC in the BNG (MW)

72 379 n.a. n.a. 74.0
73 418 n.a. n.a. 81.6
74 452 n.a. n.a. 86.0
75 489 100 589 93.6
76 528 104 632 96.0
77 576 106 682 104.0
78 667 111 778 126.0
79 742 112 854 136.9
80 819 113 932 144.7
81 841 124 965 157.8

Growth Rates
FY75 to FY81 (%)

9.5 3.7 8.6 9.1

Source: NEC.

1/ The rapid expansion of private generation facilities is due in large
measure to the low level of public investment in the power sector, which
averaged less than 5% of total development expenditure over the seven-
year period FY76 to FY82. As a percentage of GDP, power investment has
never exceeded 0.5% in the same period (see para. 6.1).



1.12 For the country as a whole, per capita consumption of electri-
city in 1981 is estimated at around 150 kWh. While access to electricity
is limited and only about 8% of the population has access to a public
supply, the residential sector accounted for nearly 38% of NEC's consump-
tion. Industry and agriculture accounted for 37% and 12% respectively.
The balance (13%) was accounted for by the public/other category. There
has been a severe constraint in the supply of power to the industrial and
agricultural sectors, which is likely to be relieved in the near future,
as the components of Power III are commissioned in FY84.

Economic Losses due to Energy Shortages

1.13 Past studies of the suppressed demand for petroleum products in
Sudan suggest that about 28% of real demand is suppressed; no studies
exist in regard to other forms of energy. The mission therefore at-
tempted to develop its own view of the extent of energy shortages and
their impact upon the Sudanese economy. Although useful insights into
the problem were gained, it was concluded that there is no satisfactory
way of quantifying the extent and impact of energy shortages for two
reasons. First, the national income statistics do not permit sufficient
disaggregation by sub-sectors within each major sector to estimate the
impact of energy shortages for a recent year. Secondly, production
losses in agriculture and industry are due to a multiplicity of con-
strairits, whose separate effects cannot be disentangled.

1.14 In the case of agriculture, production losses are caused by a
number of factors, including: delays and inadequacies in land prepara-
tion; inadequate rainfall in certain years; shortages of irrigation; non-
availability of agricultural equipment for one reason or another; and
shortages of fertilizer. There is no clear-cut way of quantifying the
loss clue to energy shortages alone. I/ Agriculture in Sudan is more de-
pendent on commercial energy than in many developing countries and lack
of timely energy supplies could be responsible for some of the factors
listed above. In addition, non-availability of energy at the right time
leads to delayed planting and/or harvesting and transport of crops after
harvesting. While the output of sorghum more than doubled during FY82,
harvesting in one of the MFC farms was delayed due to fuel shortages and
this delayed land preparation for the next season. Losses have also been
incurred due to inadequate transport facilities for crops, particularly
in the western region. For example, it was reported that nearly half a
million tons of sorghum deteriorated due to lack of transport from the
west.

1.15 In the case of industry, seven industrial plants were visited
and it: was evident that output was constrained by shortages of raw mate-
rials, energy, skilled manpower and spares. It was again not possible to

1/ However, it is estimated that interruptions in energy supplies to
pumped irrigation schemes at critical times during the last two years
caused production losses of at least US$60 million.
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disentangle the separate effects of these shortages. In several cases,
the shortage of raw materials appeared to be the main production con-
straint (e.g. of cotton seed due to a drop in cotton production), or
imported raw materials due to a shortage of foreign exchange. On the
other hand, it was noticeable that there was a marked drop in monthly
production during the summer months (May - July), when supply from the
BNG was restricted. For example, Sudan Textile Mills experienced a
complete power cut between May 3 and July 3, 1982 and thus suffered a
production loss despite a standby capacity of 6.2 MW (as against a re-
quirement of 9 MW). In addition, frequent power cuts and voltage drops
led to equipment damage and hence the need for more spares. Studies
carried out by the NEA have indicated a markedly low capacity utilization
in Sudanese industry. While capacity utilization in industries operating
in the Port Sudan area was of the order of 65%, in the rest of the coun-
try it averaged around 40%. The high capacity utilization in the Port
Sudan area was mainly attributable to a greater degree of self-reliance
in electricity generation and easier access to petroleum supplies from
the Port Sudan refinery, imported raw materials, spares and other inputs.

1.16 In many developing countries, rising oil prices have imposed
severe burdens on the economy and imports as a percentage of GDP have
gone up substantially. In the case of Sudan, imports as a percentage of
GDP have increased only marginally and net energy imports amounted to
about 4% of GDP in FY81. 1/ At a time when the transport sector was
growing at a high rate, petroleum products import growth was held to only
4% p.a. and the Government sought to meet the growing needs of the agri-
cultural, industrial and residential sectors by an allocations system.
This may have led to severe distortions; for example, due to a reduction
in the allocation of kerosene to the residential sector (from 66,000 mt
in 1972 to 20,000 mt in 1981) some gasoil was diverted for lighting,
presumably from the agricultural sector. The net result was that the
productive sectors may have been allocated less than they would normally
require and may in fact have consumed less than they were actually
allocated.

1.17 Import allocation priorities do not seem to have been optimal
and a greater percentage devoted to the import of petroleum products may
have resulted in higher agricultural and industrial production and more
buoyant exports. For example, a 25% increase in petroleum product imports
in the three-year period FY79-FY81 would have cost about LS88 million or
around 5% of the total import bill for this period, but would have as-
sured adequate supplies to all productive sectors of the economy, ren-
dered unnecessary an inefficient allocation system and probably resulted
in much higher export earnings. It may be noted that the foreign ex-
change crisis which Sudan faces is a result of exports declining rapidly

1/ By comparison, the ratio of net fuel imports to GDP for all oil-
importing developing countries in 1980 was 5.2% (see World Development
Report 1981, Table 2.5).
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rather than imports increasing sharply as a percentage of GDP. 1/ The
fortunes of the Sudanese economy have always been closely related to
agriculture and in particular cotton. A substantial part of the decline
in exports was caused by a decline in cotton production. One of the keys
to Sudan's economic recovery, therefore, must lie in making energy avail-
able in adequate quantities to the productive sectors of the economy and
ensuring that there is little or no incentive for the diversion of these
supplies to other sectors.

Conclusions

1.18 It appears that the present economic crisis faced by Sudan is in
no small measure due to the massive energy shortages experienced in the
last few years and future energy supplies are critical to Sudan's econo-
mic recovery. The short- to medium-term outlook is encouraging: power
shortages are likely to be relieved during FY84 with a doubling of in-
stalled capacity; and domestic crude will augment petroleum supplies and
export earnings from FY86. However, improved economic performance will
require better management of the energy sector and a system of allocation
of foreign exchange which will permit the Government to plan petroleum
imports on a more rational basis to assist development in the major
energy-using sectors.

1/ Between FY71 and FY81, imports rose from 18% of GDP to 21%; exports
fell from 16% to 9% during the same period.
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II. ENERGY RESOURCES

Introduction

2.01 In relation to its large land area, Sudan is poorly endowed with
energy resources. Commercial energy resources are limited to hydroelec-
tricity and the recent discoveries of oil and gas. Taking into account
the fact that the River Nile traverses the entire length of Sudan, hydro-
electric resources are more modest than would be expected, due to the low
river gradient. The recent discoveries of oil and gas are also not large
but they will have a useful role to play in the Sudanese economy. Sudan
is, however, blessed with a considerable forestry resource; as this is
the most abundant resource and is also renewable, it will continue to
play an important role in the economy even after commercial energy re-
sources have been developed. Due to its geographical position, Sudan
receives high solar insolation which could be a valuable energy resource
when appropriate technologies are developed. The wind regime is favor-
able in the northern part of Sudan and may be expected to contribute
marginally towards meeting Sudan's energy needs. A discussion of each of
these resources follows, including the likely contribution of the sugar
industry to meeting the energy needs of Sudan.

A. Petroleum

Exploration Activities and Hydrocarbon Resources

2.02 Exploration activities have taken place in Sudan for several
years in three broad areas: the northwestern corner, bordering Egypt,
Libya and Chad; the Red Sea coast and areas immediately offshore; and the
interior, especially the southern part of the country. The northwest
corner has not, so far, shown any promising results, although exploration
licences have been granted since 1959, first to Shell and B.P. and later
to Continental Oil and Total. It is the Red Sea area and the interior
which have shown the most encouraging results.

2.03 Interest in the Red Sea area started in 1959, concurrent with
the interest shown in the northwest corner. Since that time, Agip,
General Exploration Company of California, Digna, Chevron, Burmah/Eastern
Petroleum, Total, Texas Eastern and Union Texas have all received
licences. Photogeologic, aeromagnetic and seismic studies have been
carried out. Nine wells have been drilled, of which six are located in
the Tokar Delta region, south of Suakin; only two have tested gas and one
of these (Chevron's Bashayer 1) is apparently non-commercial. The other
(Chevron's Suakin 1) is a wet gas discovery but has not yet been con-
firmed and the concession was relinquished in 1976 without additional
drilling. Based on data from the first well and later seismic interpre-
tations, it could have 130-385 billion cubic feet of gas and 9-29 million
barrels of condensate. The gas has a high heating value (1300 BTU per
cu. ft.) and no sulfur, which makes it an excellent fuel. Additional
drilling on the Suakin structure is required to firm up the reserve
figures. There are two smaller structures in the area which may be
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worthy of drilling if the Suakin structure appears commercial after one
or two more wells.

2.04 Burmah/Eastern Petroleum, Total and Texas Eastern obtained pro-
duction sharing contracts along the Red Sea in 1979. The first two con-
tract areas are in the Tokar Delta and adjacent offshore while the latter
is in the north from about Ras Abu Shagara northward to the Egyptian
border. All of these companies carried out seismic programs in 1980 with
recorcded totals in 1980 and 1981 as follows: Texas Eastern, 2100 kmi;
Total, 3064 km; and Burmah, 390 km.

2.05 Total drilled an exploratory well on the Bashayer structure on
which Chevron had found non-commercial gas. The well was low and dry.
Total is now trying to "farm out its contract area, which will require
the "farm-in" partner to drill a delineation well on the Suakin struc-
ture, where Chevron had drilled the Suakin 1 gas-condensate discovery
well. Total believes there may be a light oil ring present that could be
commercial and enhance the prospect of the Suakin structure.

2.06 The Burmah-Eastern PetroleuLm contract area was farmed out to
Union Texas Petroleum, which completed the Digna 1 exploratory well early
in 1982. The area will probably be relinquished in 1983, as the well was
dry and gave little encouragement for additional exploration on the off-
shore portion of the tract. Texas Eastern began its Halaib 1 exploratory
well in the north portion of its contract area on October 1, 1982. It is
the most northerly location yet to be drilled in the Sudan offshore and
for that reason is important. It has been programmed to a depth of
11,300 feet, which is expected to be into basement. A second location
has been selected by Texas Eastern but the final decision to drill has
not been made.

2.07 The first exploration licences to be granted in the interior of
Sudan covered almost the entire sedimentary outcrop area of the country
south of latitude 150 north and were granted to Chevron in 1974. Aero-
magnetic, gravity and seismic work was carried out. The first explora-
tory well was begun in late 1977 and the first discovery was made in
1979. By early November, 1982, three drilling rigs and four seismic
crews were operating, with a fourth drilling rig to begin in 1983; 35,000
line km of seismic had been recorded In September 1982, total expendi-
tures had exceeded US$500 million and were taking place at a rate of
about US$15 million per month. Chevron had drilled 50 wells as of
November, 1982, in two of the three sedimentary basins; of the thirty-
three wells on which results are available, nine had tested oil, i.e. a
success ratio in excess of one in four. However, to date only one
discovery seems to be of commercial interest, namely the Unity-Talih
Trend which is 16 km long by about 2 km wide. Recoverable reserves
appear to be at least 150 million barrels, which are present in ten
individual reservoirs, some of which are less than ten feet thick. The
oil is very waxy with a paraffin base and has a high pour point of
80°F. These characteristics will cause difficulty in handling, which in
turn will increase the cost of the oil. In addition, as there is no
dissolved gas in the oil and no apparent water drive in the reservoir,
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water flooding will be required immediately upon the commencement of
production, which again will increase the cost. To some extent, these
increases in cost will be offset by an expected higher price due to the
low sulfur content and the excellent lube qualities of the crude.

2.08 Unfortunately, reliable estimates on the size of recoverable
reserves in the Unity-Talih field are not available. The figure of 150

million barrels is based upon a knowledge of the field's geology and
information gathered from the wells tested to date. On the other hand,
the known plans of the Government and Chevron for the exploitation of
Sudan's petroleum resources suggest that total reserves may be consider-
ably higher. A senior Chevron official has stated that discovered oil
reserves amounted to 200 million barrels and Chevron was optimistic that
they would continue to make significant discoveries. 1/

2.09 In November, 1979, Total, along with two minority partners,
entered onshore exploration by obtaining rights over large areas that had
previously been released by Chevron, along with a block in the northwest
portion of the country. Total has recorded 1,000 km of seismic and has
interpreted it along with 500 km of Chevron data which was recorded
earlier. An aeromagnetic program has been completed and 1500 km of
seismic is planned for 1983 to explore further two long, narrow basins
that have been located.

2.10 In 1981, both Sun and Phillips obtained contract areas in the
northwestward extension of the Blue Nile graben. They have completed a
joint aeromagnetic survey, which was reported to be indecisive as to
basement depth. However, experimental seismic work will be undertaken in
1983. A number of small independent companies have made applications for
contract areas adjacent to the major holdings noted above, so that by now
all areas with any sedimentary thickness are either under contract or
have been applied for.

Crude Oil Export Pipeline

2.11 After considering various alternatives, including the construc-
tion of a refinery at Kosti, the Government and Chevron signed an agree-
ment in January, 1983 providing for the construction of a 1,425 km crude
oil pipeline from the Unity-Talih oilfield near Bentiu to a marine termi-
nal at Marsa Nimeri, 20 miles south of Port Sudan. The pipeline diameter
is to be 22" - 24", with an initial design capacity of 50,000 bpd. By
adding pumping stations, the capacity can be increased to about 200,000
bpd. Given the waxy nature of the crude, several alternatives were
examined to make its transportation by pipeline feasible. These
alternatives included heating the crude and the addition of different
types of cutter stock (or diluent). It was decided to use a middle
distillate as a diluent (e.g. naphtha) and to transport the diluent

1/ Middle East Economic Survey 26:14, January 17, 1983. The higher
figure would appear to include the nearby Heglig field.
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inland from the coast in a parallel cliluent pipeline. The diluent would
be blended with the crude oil in a ratio of up to 1 in 5. Since the
diluent will remain in the crude af-ter it is sold, to make continued
transport possible, the crude should fetch a higher price but not enough
to cover the cost of buying and transporting the diluent. 1/

2.12 Bids for the pipeline project were invited in January 1983, from
six prequalified consortia and the award of a turnkey contract is
expected in September, 1983. The project is scheduled for completion
towards the end of 1985. Construction of the oil terminal will be
handled under a separate contract to be let in 1984.

2.13 The estimated cost of the pipeline and marine terminal is about
US$910 million (including working capital and interest during
construction) and, although it should be possible to arrange the
financing, the terms will need to be examined carefully. The pipeline
will be owned by the White Nile Petroleum Corporation (WNPC) and operated
as a common carrier for any oil discovered by other exploration
contractors. Most of the financing will be arranged through borrowing
against the proceeds of the crude oil exports. Chevron has declared that
it is prepared to arrange the necessary financing for the construction of
the pipeline. WNPC is owned by the Government (one-third), Chevron (one-
third), IFC (one-sixth) and APICORP (one-sixth). The pipeline is
expected to be financed 25% by equity, which will mean increasing the
capital of WNPC to US$225 million. The Government intends to increase
its share of the re-capitalized WNPC to 44%, with Chevron also holding
44%, and IFC and APICORP the remaining 12%. Agreement has been reached
in principle for Chevron to prefinance the Government's equity share.
IFC has appraised the project and will take a decision soon on its
participation.

2.14 As a substantial part of the crude has to be exported to recover
the cost of exploration, field development and the pipeline, the amount
of crude likely to be available to Sudan at a production level of 50,000
bpd is estimated to be at least 16,000 bpd. 2/ Under its agreement with
Chevron, the Government has the option to take up to 5,000 bpd at the oil
fields or at any point along the proposed crude oil export pipeline.
Apart from its direct share in the output of the Unity-Talih field, the
Government, as a shareholder in WNPC, should also receive a dividend on
part of the transportation fees which are paid to WNPC. 3/ However, it
must be emphasized that these estimates of Sudan's net benefits are

1/ A further possibility would be to construct a parallel gas pipeline
instead of a diluent pipeline, to use the natural gas which has been
discovered in the Red Sea to heat the crude and to supply local markets
(see para 4.42).

2/ Based on a crude oil price of US$30 per barrel in 1983 prices.

3/ Estimated at 2,000 bpd, again based on a crude oil price of US$30 per
barrel in 1983 prices.
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conditional upon the eventual terms which are arranged for financing the
pipeline. Nevertheless, the quantities of crude which are likely to be
available to Sudan provide some new options, whichi are examined in
Chapter IV.

B. Hydroelectricity

2.15 A complete inventory of Sudan's hydroelectric resources is not
available. 1/ Nevertheless, it is evident that, for large scale develop-
menits, Sudan will have to depend on the Nile and its major tributaries.
Detailed discharge records covering over fifty years are available and
the potential water uses have been studied extensively; a computer model
has been developed by consultants for the Government and NEC. Irrigation
requirements largely dictate the water release patterns of the existing
hydroelectric plants and the nature of the rivers requires long but low-
head dams and large reservoirs to ensure water availability for irriga-
tion during the dry season. Reservoirs have been created at Roseires and
Sennar on the Blue Nile and at Khasm el Girba on the Atbara River.

2.16 A number of studies have been carried out for the BNG, to vary-
ing levels of detail; potential hydroelectric sites have been identified,
but follow-up studies have not been completed beyond the pre-feasibility
stage to ascertain their technical feasibility, particularly with respect
to siting. Consequently, no scenario is available from which an order of
merit scheme could be prepared resulting from a least-cost analysis. It
should be noted that the large hydroelectric schemes in the south, such
as the plants on the Bedden and Fola Rapids near the border with Uganda,
cannot be considered as generation sources for the BNG as they are too
remote from the consumption centers and transmission costs would be
high. Such information as exists on the various hydroelectric possibili-
ties which have been identified for the BNG and which could in principle
be included in the long-run development plan is summarized in the follow-
ing paragraphs.

2.17 The addition of 2X7.5 MW at Sennar could generate on average 72
GWh in addition to the 109 GWh average capability of the existing plant;
it would not add to firm capacity. 2/ It appears that the plant would be
economically justified only if the Roseires dam is heightened and until
then only as a substitute for thermal energy.

2.18 The installation of a seventh unit at Roseires would add on
average 120 GWh per annum by 1990 or about 10% of generation by the first
six sets. The heightening of Roseires dam (by 9 m) would increase plant
capacity outside but not during the flood season. The additional mean
generation would be 500 GWh. A low-head power plant (4X30 MW) could also

_Y A study is being financed by the Italian Government, covering the
southern part of the country.

2/ The feasibility of adding 2 x 15 MW is also being studied.
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be added at Roseires, using canal works already completed but not ex-
pected to be fully utilized. The station would operate throughout the
flood season, add some 100 MW of f-irm capacity during the flood season
and generate a mean 368 GWh p.a. The possibility exists of adding a 35
MW power station at the existing Jebel Aulia dam on the White Nile, 40 km
south of Khartoum. The gross head at this dam varies from 6.3 m in March
to practically zero during the flood season. No contribution would be
made to the system's firm capacity but 166 GWh could be generated on
average to substitute for thermal energy. The technical viability of the
project has yet to be established, as operation at a decreasing low head
becomes more and more difficult and would impose further constraints on
the plant's generating capability. The installation of bulb-type turbine
generators has been studied but there are doubts as to whether or not
this type of machine can be used, for reasons of system stability and
maintenance.

2.19 The potential exists for a 20 MW plant at Rumela, on the Atbara
river upstream from Khasm el Girba. The dam would extend the life of the
Khasm el Girba reservoir by providing additional storage for siltation.
In the early years, generation would not depend on irrigation require-
ments and mean generation could be about 58 GWh per annum.

2.20 Although no detailed information exists, there is the possibili-
ty of installing a dam and power facilities at Burdana, on the Setit
River, a tributary to the Atbara between Khasm el Girba and Rumela.
Further studies are required to establish the potential generating capa-
city.

2.21 A 120 MW station at Sabaloka, on the Main Nile, 90 km north of
Khartoum, has a potential annual mean generation of 700 GWh, which again
would be largely free from irrigation constraints. A major problem, how-
ever, could arise in extreme hydrc,logical conditions, when floodwater
from the tailrace apparently could flood Khartoum; the cost of protecting
Khartoum has not been studied.

2.22 Some 2000 MW can be developed at four sites along the Main Nile,
downstream from Sabaloka, up to Lake Nubia and the Egyptian border: 240
MW at Shereik, downstream of the confluence with the Atbara; 450 MW at
Shirri Island, downstream from Shereik; up to 750 MW at Merowe, down-
stream from Shirri Island; and 600 MW at Dal, near the Egyptian border.
No efforts have been made to study these projects beyond the prefeasibi-
lity stage. Discussions are underway with the Swedish Government for
financing a study of the Merowe plant, which could be built in one or two
stages.

2.23 Despite the numerous studies which have been made of the Nile
and its tributaries, the planning of additions to system capacity in the
BNG has been carried out with insufficient lead time to permit the opti-
mum use of Sudan's hydroelectric resources; in practice, optimisation has
normally been confined to a choice between the thermal alternatives which
could be constructed in time to meet anticipated demand.
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2.24 As soon as possible, therefore, a study should be prepared which
would update the long-term power development program to the year 2000.
The study should: (a) define the economic merit order of plant, taking
into account a range of uncertainties in irrigation development and, con-
sequently, define the appropriate timing for the plant; (b) be organized
in such a way that it can be repeated rapidly and at low cost at least
every two years; (c) assess the adequacy of studies already made for each
plant; (d) define further studies and surveys necessary to proceed to the
stages of feasibility and preliminary design; (e) estimate the local and
foreign exchange cost of the studies and surveys; and (f) attach a prior-
ity to each of the studies and define its timing in the light of assumed
financial and physical constraints.

2.25 In updating the long-term power development program for the BNG,
an important objective is to lay the foundations for a consistent ap-
proach towards regular updating, so that the reliability of the findings
would increase through time. The hydroelectric capability of the Sudan
(2,000-3,000 SW) is large enough to justify executing studies in an
orderly and expeditious manner.

C. Renewables

(1) Forestry

Climate

2.26 Sudan consists essentially of an extensive plain bounded on the
north by desert, on the east by the Red Sea Hills and the Ethiopian foot-
hills in the south by the line of the Acholi, Smatang and Didinga
Mountains and, on the southwest and west, as far as 9°N latitude by the
higher ground of the Nile-Congo watershed. Lying within the tropics, the
climate is dominated by the seasonal movement of the inter-tropical con-
vergency zone, except for the local influence of the Red Sea on the
climate of the Port Sudan coastal plain.

2.27 Three climatic zones may be recognized. The first is north of
about latitude 190 N. This is a desert region, witlh prevailing northerly
winds throughout the year, and minimal rain. The second climatic zone is
south of about latitude 190 N, where the climate is dominated by north-
south movement of the inter-tropical convergence zone of the dry norther-
ly and southerly winds. The duration of the rainy season is determined
by the period during which the moist southerly winds predominate; hence
short, sparse rains occur in the northern limits and longer, heavier
rains in the Southern Region. Rainfall intensity is determined by the
shower or thunderstorm type falling in the afternoons and evenings. In
the semi-arid north, duststorms are common. The third climatic zone is
along the Red Sea coast, which is influenced by the Red Sea maritime
factors, and most of the rainfall occurs in the winter, with a secondary
rainy season in the summer.

2.28 The mean annual rainfall isohyets are remarkably parallel across
the country from west to east. There is thus a steady progression of
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increasing rainfall from north to south; this pattern of distribution
determines the natural vegetation divisions, which in consequence tend to
lie in broad belts across the country.

The Forest Resource

2.29 Early estimates made in the 1950's to the 1960's indicated a
productive forest area of 455,000 km2 . A further revision indicated
limits of 455,000 to 585,000 km2 . The lower figure was estimated to
carry a growing stock volume of 1,280 million m3 of firewood and building
poles and 52 million m3 of timber, i.e. a total growing stock of 1.3
billion m3 . The overall stocking based on these figures would be of the
order of 22.2 m3 to 28.6 m3 per hectare of productive forest, with actual
values ranging from 150 m3 per hectare in the mentano forest of the
Southern Region to less than 1 m3 per hectare in the desert areas.

2.30 No national forest inventory has been made to verify these fig-
ures and only limited surveys for specific purposes, generally resource
estimation for the sawmilling industry, have been carried out. As a
result of this uncertainty, no reliable data base exists for forestry
planning purposes. A national forestry inventory should therefore have a
high priority. The National Energy Administration (NEA) did commission a
study, executed by the Forestry Administration, using 1972 Landsat imag-
ery, to revise the estimates summarized in para. 2.29. The satellite
imagery was visually interpreted in thirteen strata covering the country
from the Luratong mountains in the Southern Region to the arid areas of
the Northern Region.

2.31 A growing stock inventory at low intensity to provide ground
truth was carried out in selected areas including the Blue Nile, White
Nile and Kassala Provinces in April and May 1982. The results of these
activities indicate an increase in total growing stock to 1,994 million
m3 due to both larger forest area and higher growing stock volume per
hectare. However, analysis of the ground truth data reveals severe re-
duction in growing stock volumes, particularly in the once heavily
forested areas of the Blue Nile Province, where the growing stock is
presently estimated to be only one-third of previous estimates, i.e. less
than 9 m3 per hectare. Preliminary data from these surveys are in
Annex 2, which also indicates a total annual allowable cut of 15.1 mil-
lion m3 of wood for the Northern Region and 29.3 million m3 for the
Southesrn Region.

Distribution of Forest and Population

2.32 The available growing stock resource is unevenly distributed
both between the Northern and Sout:hern Regions and between Provinces
withinl the Regions. Thus, 33% of the total growing stock occurs in the
Northern Region and 67% in the Southern Region. Furthermore, within the
twelve Northern Region Provinces, 93% of the total available growing
stock occurs in the two Provinces of Southern Darfur and Southern
Kordofan combined. By contrast, the Northern Province probably has less
than 3Z of the growing stock of the Region. In the Southern Region, the
Provinces of Bahr El Ghazal and West Equatoria together carry 63% of the
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Region's growing stock, with the smallest resource of 3% occurring in the
Jonglei Province.

2.33 The population distribution pattern between the Northern and
Southern Regions presents the opposite case. In 1980, 78% of the total
population was concentrated in the Northern Province, whereas the
Southern Region had only 22% of the total population. There is thus a
considerable imbalance between fuelwood resources and population.

2.34 In terms of available growing stock and annual allowable cut in
m3 of roundwood per capita, 1980 average figures for the Northern Region
were 50 and 1 respectively; for the Southern Region, the figures were 322
and 7 respectively. These numbers emphasize both the uneven distribution
of the resource and, as far as the Northern Region is concerned, the in-
ability of its resource to provide a sustainable supply adequate to meet
consumer requirements for firewood and charcoal, quite apart from other
demands on the resource for commerce, industry, poles and timber.

(ii) Solar

2.35 Sudan has been maintaining records of solar radiation since 1957
and the data base is extensive. Solar radiation, measured horizontally,
ranges between 6.9 GJ/m 2 p.a. in the south to 10.1 GJ/m 2 p.a. in the
north, equivalent to a sizable 436-639 W/m2 .

2.36 At the present state of development, solar energy could be used
in Sudan for the following purposes: (a) water heating for low-temper-
ature commercial and industrial applications; (b) drying of agricultural
products; (c) stills for water desalination, and (d) photovoltaic cells
for remote small-scale application. These combinations were submitted by
the NEA to ten Sudanese and in-country foreign experts involved in the
study of renewable energy developments. The panel concluded that only
item (a) could have substantial utilization and market potential in the
country. NEA itself has identified several hotels and industries as
potential customers for converting to solar heating and made an analysis
of a typical, locally produced solar water heating system, which would
have an internal rate of return of 8.8% when substituted for fuel oil.

(iii) Wind

2.37 Wind speed has been measured in 23 meteorological stations
throughout the country, mostly for more than 20 years, at a height of
15.2 m above ground, as well as at ground level. NEA has analysed and
refined the available data to identify wind characteristics for the
design of wind energy conversion systems (WECS). The wind energy poten-
tial generally increases from south to north with the area around Dongola
(in the northern part) showing a density in excess of 400 W/m2 . In the
Khartoum area, wind power density ranges between 285 W/i 2 and 380 W/m2 .

2.38 About 250 windmills of American design were installed in the
Gezeira province in the early 1950's for pumping drinking water for dis-
persed small communities. They were progressively replaced (the last one
was dismantled by 1965) by diesel and electric driven pumps because their
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operating and maintenance cost were high, spares were lacking and the
design was inadequate for Sudanese conditions.

2.39 Research in windmill design, construction and testing is under-
way at the University of Khartoum in collaboration with Reading Univers-
ity (UK). The Australian government has agreed to supply five windmills
which are expected to be installed shortly in the Khartoum, Kordofan, and
Darfur areas.

2.40 A wind energy program is presently being studied by the German
Steering Committee for Wind Energy in Developing Countries (SWD), in
collaboration with the Sudanese Institute of Energy Research. The two-
phase, five-year program would establish a wind energy department within
the Institute to develop and introduce a wind energy technology appropri-
ate for the Sudan. The first phase would initiate pilot projects of
locally designed and manufactured pumping windmills. In the next phase,
both water pumping and electricity generating systems would be installed
at selected sites to collect data on problems and suitability of equip-
ment.

2.41 In view of the high wind alensity in the northern part of the
country, mostly in excess of 150 w/m2, and the fact that some 12,500
diesel driven pumps are operating .in the agricultural areas, with an
installed capacity of about 125 MW, potential for developing WECS' for
pumping are large. Even at a load factor as low as 25X, these diesel
driven pumps would represent some 175 GWh of energy, equivalent to a
consumption of 82,000 mt of gasoil.

(iv) Molasses and Bagasse

Sugar Industry

2.42 There are two distinct sectors in the Sudan sugar industry. The
first is the wholly government-owned sector, comprising four mills
(Guneid, New Halfa, Sennar and Assalaya) with a combined design capacity
of about 340,000 mtpa. The second is semi-private and consists of the
Kenana Sugar Company (KSC), whose mill has a design capacity of 330,000
mtpa at a single location. KSC is owned by the governments of Sudan,
Kuwait and Saudi Arabia, the Arab Investment Company, the Sudan Develop-
ment Corporation and various private foreign investors. It commenced
production in FY80. The publicly-owned sugar sector has performed poorly
and exhibited declining production for several years. As a result,
proposals for the rehabilitation of the public sector have been prepared
by Tate and Lyle Technical Services (TLTS) and a Sugar Rehabilitation
Project is now under consideration by the Government and the Bank.
Kenana is a sophisticated project, which is technically successful, but
there are financial aspects of its future which remain to be resolved.

Molasses

2.43 The possibility of substituting part of Sudan's domestic con-
sumption of gasoline by ethanol produced from molasses has been under
consideration for several years. A project proposal was submitted by
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TLTS in 1980; at the time of the energy assessment mission, TLTS was
updating relevant ethanol project data, while preparing its recommen-
dations on the rehabilitation of the publicly-owned sugar schemes. It is
understood that KSC has also commissioned an independent review of fuel
ethanol potential.

2.44 Assuming that the full rehabilitation proposals are implemented,
TLTS has estimated molasses availability (in mtpa) in the public sector
at full capacity as follows: Sennar, 43,800; Assalaya, 40,800; New
HaLfa, 26,400; and Guneid, 25,600. Kenana might reach 130,000 mtpa
rather than 105,000 mtpa, as assumed by TLTS. The potential for ethanol
production from this total quantity of molasses is estimated at
45,000 mt.

Bagasse

2.45 Throughout the world, bagasse is potentially a source of primary
energy after meeting the needs of the cane sugar industry. Provided that
a sugar factory is well-designed, well-operated and functions at or near
its design throughput, the bagasse availability will normally be surplus
to its own steam and power requirements. In Sudan, the ratio of fibre to
cane (18%) is higher than in most countries so that a potentially large
quantity of bagasse is available. Nevertheless, the sugar industry in
Sudan is a net energy consumer as it uses significant quantities of
petroleum products (see Annex 3) and in addition is supplied with elec-
tricity from the public grid.

2.46 There are six reasons for this heavy reliance on external energy
supplies: (i) the factories are poorly managed and operate intermittent-
ly; (ii) cane supplies are insufficient, due in part to an unreliable
public power supply for irrigation; (iii) steam and power demand are high
as a result of the production of refined rather than mill white sugar;
(iv) all mills (except New Halfa) have high electric demands from their
irrigation systems; (v) the mill operations are generally highly mecha-
nized; and (vi) cane haulage distances are long, resulting in a high
usage of gasoil and gasoline.

2.47 However, the industry is unlikely to become a net energy ex-
porter and the best that may be expected is that it would not be a net
power consumer. Consumption of petroleum products would continue.

Conclusions

2.48 In the short- to medium-term, the fuelwood resource will con-
tinue to be the most important resource for Sudan and more managerial
effort and a higher budgetary allocation should be devoted to its preser-
vation. Oil and gas resources proven to date will have a limited impact
on the overall energy supply situation, but exploration activity has been
stepped up substantially in the last five years or so and there is a real
possibility that additional discoveries of oil and gas will be made.
Southern Sudan is held to be the most promising area and the Government
of Sudan and Chevron are wisely planning a pipeline with a capacity in
excess of the presently planned production. If these new discoveries can
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sustain an additional production of 50,000 bpd or more Sudan could well
become self-sufficient in energy for some period of time. Solar and wind
energy and additional hydroelectric generation are expected to make a
contribution only in the longer term.
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III. SUPPLY AND DEMAND FORECAST SCENARIOS

Introduction

3.01 The 1981 energy balance shown in Annex 1 and discussed in
Chapter I makes extensive use of data compiled by NEA, particularly re-
garding the consumption of fuelwood, charcoal and biomass. The conver-
sion of these fuels from original units to oil equivalents is based on
the Bank's suggested conversion factors rather than those used by NEA.
Electricity data was obtained from NEC records. There are discrepancies
in the petroleum product data: consumption figures provided by GPC are at
variance with refinery crude throughput, product output and product im-
port figures. In order to achieve a material balance in the petroleum
sector, these discrepancies have been shown as stock changes. This indi-
cates the need for preparing material balances in the petroleum sector on
an annual basis. It should also be noted that the consumption of all
forms of energy in 1981 was constrained by limitations on supply, which
were reflected only partially, if at all, in the prices charged. Never-
theless, Annex I represents the best data available to the mission and
has been used as a basis for the mission's projections of energy supply
and demand for 1986, 1991 and 1996. Separate projections are made for
fuelwood, charcoal, biomass, electricity and petroleum products, as dis-
cussed in the following paragraphs.

Non-Commercial Energy

3.02 Studies indicate that the consumption of fuelwood in rural
households is higher than in urban households. Among rural households,
consumption appears to be higher in provinces with more abundant fuelwood
supplies. On the other hand, urban households have a higher per capita
consumption of charcoal. The detailed breakdown of the consumption of
fuelwood and charcoal in different provinces are in Annexes 4 and 5 re-
spectively and summarized in Table 3.1. Table 3.2 shows projected in-
creases in the demand for fuelwood and charcoal corresponding to the
anticipated growth rates in population to the year 1995 on the assump-
tion that there is a continuation of the present levels of per capita
consumption and that very little inter-fuel substitution takes place in
the household sector. The derived forecasts of demand for fuelwood and
charcoal separately, in terms of m3 of roundwood, are given in Annexes 6
and 7 and for fuelwood and charcoal combined in Annex 8.
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Table 3.1

Average Consumption of Fuelwood and Charcoal
in Urban and Rural Areas, 1980

(m3 roundwood equivalent per capita)

Fuelwood Charcoal

Urban 0.85 3.70
Rural 1.50 1.80

Table 3.2

Five-Year Growth Rates in Urban, Rural and Total Population
and in Fuelwood and Charcoal Consumption in the Household

Sector, 1980-1995

1980- 1985- 1990-
1985 1990 1995

Urban population 40.6 38.2 35.6
Rural population 5.8 7.0 3.8
Total population 14.2 16.9 14.9
Fuelwood consumption 9.3 10.7 9.3
Charcoal consumption 16.4 24.8 21.9

3.03 Limited quantities of fuelwood and charcoal are also used in
industry and commerce. Fuelwood use in industry is largely confined to
wakeries and brickmaking, which account for 83% of total industrial
use. Industrial and commercial consumption of fuelwood and charcoal is
projected to grow at 3% per annum.
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3.04 In the case of other biomass energy sources - bagasse, groundnut
shells, crop residues and animal wastes - a simpler approach is adopted.
Allowance is made for a substantial increase in availability and utiliza-
tion of bagasse, due to rehabilitation of the sugar industry by 1985.
Use of biomass in the household sector is assumed to grow at a rate
slightly below the total population growth rate, to reflect the increas-
ing degree of urbanization.

Electricity

3.05 The approach adopted for the electricity subsector was dictated
by the fact that its growth will be constrained by the available supply
throughout the projection period. Until 1991, supply will be based on
the completion of Power III and the possible implementation of Power IV.
Between 1991 and 1996, the supply options are confined within a narrow
range, given the long lead time for hydroelectric projects. The fore-
casts of demand for electrical energy are, therefore, more properly
regarded as the mission's best estimate of the consumption which is
likely to be met, given an expected upper limit on NEC's ability to
supply. Separate estimates were made for the BNG and the isolated sys-
tems. In the forner case, it was estimated that consumption could grow
by 7.5% in FY83 and that the implementation of Power III in late FY83 and
FY84 would permit consumption to grow by 30% in FY84; after FY84 electri-
city demand in the BNG was held to a growth of 9% p.a., i.e. the average
rate recorded in the decade FY71 to FY81. 1/ In the case of the
isolated systems, the historical growth rate of 4% p.a. in consumption
since 1974 is entirely misleading, but little objective basis exists for
future projections. More or less arbitrarily, it is assumed that demand
in the isolated systems will grow at 15% in FY83 and 10% p.a.
thereafter. The demand projections for the BNG and isolated systems were
then combined and generation forecasts obtained on the assumption that
transmission and distribution losses would fall from the present level of
27% to 17% by FY86. Finally, the consumption of petroleum products by
the electricity subsector (NEC) was estimated by projecting the
generation mix between hydroelectric and thermal power generation and by
anticipating a significant shift from the use of gasoil to fuel oil. 2/

Petroleum Products

3.06 While the demand for electricity was treated as supply con-
strained, the demand for petroleum products was derived on the assumption
that additional supplies could be imported. The conventional approach
was, therefore, adopted in which the growth in the demand for petroleum
products was related to the growth in GDP. As noted in Chapter I, the
future recovery of the economy of Sudan and its subsequent growth will

1/ NEC is projecting a growth rate of 12% p.a. after FY84.

2/ New thermal units will be of larger size and suitable for the use of
residual fuel oil.
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depend on a high level of external assistance so that Sudan can maintain
critical imports of oil, raw materials and intermediate goods, to this
end, the Government has prepared a medium-term recovery program to serve
as a basis for consultation with overseas donors. 1/ Economic recovery
will also entail better management of domestic resources and a revitali-
zation of exports. In view of these uncertainties, the forecasts of the
demand for petroleum products has been predicated on the basis of two
alternative scenarios related to the underlying growth of the economy.
Under Scenario A, GDP grows at an average rate of 2% p.a. from 1981 to
1986 and 3% p.a. from 1986 to 1991. The aggregate final demand for
petroleum products (excluding electricity generation, see para. 3.04)
assumes an elasticity of 1.5 with respect to aggregate GDP growtlh, the
figure during the decade 1970-1980 (para. 1.09). Under Scenario B, GDP
grows at 4% p.a. from 1981 to 1986 and 5% p.a. from 1986 to 1991. The
aggregate demand elasticity for petroleum products under Scenario B is
assumed to be 1.5 for the period 1981-1986, falling to 1.2 in the period
1986-1991. Under both scenarios, demand grows after 1991 at the rate
calculated for the period 1986-1991. Lump-sum provisions have been made
for individual large-scale plants, as yet unidentified. These would be
plants with high energy requirements, e.g. cement, bitumen and ferti-
lizers. The projections of the consumption of fuel oil include 100,000
mt in 1986 and 150,000 mt in 1991 and 1996 for these purposes.

3.07 In making the projections for the individual petroleum products,
a neutral assumption was employed, in which present consumption patterns
continue. This tends to overstate the growth in gasoline consumption and
understate the growth of LPG and kerosene consumption. In the urban
areas, there is likely to be some inter-fuel substitution in the house-
hold sector, particularly of charcoal by kerosene and LPG. An increase
in the emphasis on public transport and a greater degree of restraint on
the growth of private transport (motor cars) will also tend to increase
gasoil and suppress gasoline consumption. The energy balances do not
reflect these likely shifts and provide only a general indication of the
aggregate petroleum product demand f'or the purpose of discussing some of
the issues and options in the petroleum sector.

The Energy Balances

3.08 The demand projections, in terms of oil equivalents, are in
Annex 9 (Scenario A) and Annex 10 (Scenario B). Supply projections are
also included, based on the following assumptions: (a) consumer demand
for non-commercial energy will be fully met, in spite of a declining
fuelwood resource; (b) no substantial improvements in the conversion
efficiency of fuelwood to charcoal; and (c) PSR would work at full capac-
ity and the remaining demand for petroleum products would be met by
imports. Table 3.3 summarizes the results in terms of final energy con-
sumption. The same information is expressed in conventional units in

1/ "Prospects, Programmes and Policies for Economic Development
(1982/83 - 1984/85)".
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Table 3.4, along with annual growth rates. The net imports of petroleum
products which would be required to meet these consumpti-n e e s,
including the intermediate consumption of the electricity industry (NEC),
are in Table 3.5.

Table 3.3

Final Energy Consumption 1981, 1986, 1991 and 1996
(103 toe)

Base Year Scenario A Scenario B
1981 1986 1991 1996 1986 1991 1996

Fuelwood 2751 3020 3345 3685 3020 3345 3685
Charcoal 1778 2137 2610 3180 2137 2610 3180
Other biomass 526 823 937 1066 823 937 1066
Total biomass 5055 5980 6892 7931 5980 6892 7931
LPG 6 7 9 11 8 11 14
Gasoline 262 304 379 472 351 470 629
Kerosene-Jet 65 75 93 116 87 116 156
Gasoil 566 656 817 1018 757 1013 1356
Fuel oil 134 255 343 391 279 390 471
Total petroleum 1033 1297 1641 2008 1482 2000 2626
Electricity (NEC) 60 115 183 286 115 183 286

Total all energy 6148 7392 8716 10,225 7577 9075 10,843

Note: The figures show final energy consumption and therefore do not
include NEC's consumption of petroleum products.
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Table 3.4

Final Fnergy Consumption and Growth Rates 1981-1996

Scenario A Scenario B
Base Year

1981 1986 1991 19% 1986 1991 19 %

A. Consunption (Conventional
Units)

1. Non-cannrcial energy
(103 mt)

Fuelwood 8503 9335 10,339 11,390 9335 10,339 11,390
Charcoal 2628 31 9 3,858 4,701 3199 3,858 4,701
Other biomass 1986 3110 3,538 4,025 3110 3,538 4,025

2. Cammercial energy
(a) Petroleum products

(103 mt)
LPG 6 7 9 10 8 10 13
Gasoline 254 295 368 459 341 457 611
Kerosene-Jet 64 74 92 114 86 114 154
Gasoil 566 656 817 1,018 757 1,013 1,356
Fuel Oil 140 267 359 409 292 408 493

Total Petroleum 1,030 1,299 1,645 2,010 1,48' 2,OC12 2,627
(b) Electricity (GWh) 706 1,291 1,988 3,115 1,291 1,988 3,115

B. Growth rates (% p.a. for
each 5-year period)

1. Nn-commercial energy
Fbelwod 1.9 2.1 2.0 1.9 2.1 2.0
Charcoal 3.8 4.1 4.0 3.8 4.1 4.0
Other bianass 9.4 2.6 2.6 9.4 2.6 2.6
Total biomass 3.4 2.9 2.9 3.4 2.9 2.9

2. Commercial energy
(a) Petroleum products 4.8 4.8 4.1 7.6 6.2 5.6
(b) Electricity 12.8 9.0 9.1 12.8 9.0 9.4
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Table 3.5

Imports (Scports) of Petroleum Products, 1981-1996
(103 mt)

Base Year Scenario A Scenario B
1981 1986 1991 19% 1986 1991 1996

LFG 1 2 4 6 3 6 9
Gasoline 72 99 172 262 144 260 415
Kerosene-Jet 13 15 32 55 27 55 95
Gasoil 248 262 437 625 363 633 963
Fuel oil (147) (156) 104 386 (131) 153 470
Net product imports 187 222 749 1334 406 1107 1952

Conclusions

3.09 In both scenarios, electricity consumption has been held to grow
at the same annual rates. The result is a per capita consumption of 100
kWh, 137 kWh and 186 kWh for the years FY86, FY91 and FY96 respective-
ly. It could be argued that the electricity consumption growth should be
related to GDP growth and the projections for Scenario A should be lower
than for Scenario B. It should be noted, however, that: (a) during the
period FY72 - FY81, electricity consumption in the BNG area grew at an
annual rate of 9.5%; (b) during the three-year period FY78 - FY81, when
GDP stagnated in real terms and real per capita income declined, consump-
tion grew by 26%; and (c) these growth rates were recorded despite severe
supply constraints. As noted earlier, only 8% of the population had
access to electricity in 1981 and the demand for new connections far ex-
ceeds NEC's ability to accept new consumers. There are ambitious plans
to electrify irrigation pump systems in the Rahad, Kenana and Gezeira
schemes and agricultural consumption is likely to grow substantially.
Sudan has plans to commission relatively power-intensive industries such
as cement and fertilizer and it appears prudent to plan for consumption
growth rates as projected.

3.10 Non-commercial energy consumption grows at a rate nearly equal
to projected population growth. The major initiatives in the non-commer-
cial energy sector are expected to be on the supply side, where energy
plantations and improved charcoal kilns may be expected to reduce the
aggregate demand in the forestry sector.

3.11 Petro leum product consumption is expe-cted to grow at ab1 out 4.B%
under Scenario A and a slightly higher rate under Scenario B. Fuel oil
consumption should grow at an even higher rate, partly due to increasing
reliance on fuel oil for power generation and the lump-sum provision for
individual large scale plants with high energy requirements. The import
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of petroleum products in Table 3.5 does not reflect the domestic use of
Unity-Talih crude. Use of domestic crude under the various options
examined in Chapter IV would reduce product imports. For the longer
term, if additional oil discoveries are made and production reaches a
level of 100,000 bpd, all imports could cease. Finally, the energy
balances do not take into account the production or direct use of crude
from dlomestic sources.

3.12 In arriving at gross supply, it was necessary to incorporate
conversion losses, which occur in the conversion of fuelwood to charcoal,
in the generation of electricity and in refinery processing. Some loss
of energy also occurs in the transmission and distribution of electri-
city. The conversion losses in the production of charcoal account for
over 90% of the total losses so that there is substantial scope for their
reduction.

3.13 The major difficulty underlying all the demand forecast scena-
rios discussed above and summarized in Table 3.4 is the uncertainty sur-
rounding the development of the Sudanese economy as a whole. It has been
emphasized (in paras 1.07 and 3.06) that economic recovery will depend on
the achievement of a number of favorable outcomes; for this reason, two
scenarios were predicated. However, as the magnitude of Sudan's debt
problem continues to unfold, it becomes increasingly likely that even the
'low-growth' Scenario A may be optimistic -- not, it must be emphasized,
because the underlying energy demand has been overestimated, but rather
because constraints on foreign exchange and investment may become so
tight that even the high priority energy sector cannot receive the re-
sources it needs. For example, if limitations on investment in the power
sector over the five-year period 1986-1991 -- i.e., after the completion
of Power III -- hold the growth of electricity consumption to 4.5% p.a.
rather than 9.0% p.a. as in Table 3.4, then electricity consumption would
be cut from about 2,000 GWh to about 1,600 GWh in 1991. Similarly, the
demandl for petroleum products in Table 3.4 will not be satisfied by im-
ports (as assumed in para. 3.06) if the requisite amounts of foreign ex-
change are not made available. For example, by restraining the increase
in supply of petroleum products in the ten-year period 1981 - 1991 to
2.4% p.a. -- half the rate underlying Scenario A in Table 3.4 - the
aggregate consumption of petroleum products in 1991 would be 1.3 million
m.t. rather than 1.6 million m.t. In effect, the 1986 forecasts of
petroleum and power consumption corresponding to Scenario A would be
postponed by five years. The result, of course, of constraining foreign
exchange and investment in the energy sector in this way -- and the
result must be weighed carefully in any decision to impose such con-
straints -- is that it will be even more difficult to achieve a satis-
factory growth of GDP and exports and to resolve Sudan's economic diffi-
culties, at least in the short - and medium-term future.
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IV. ISSUES AND OPTIONS IN THE ENERGY SECTOR

Introduction

4.01 The Sudanese economy has been characterized by severe energy
shortages in the past few years which have affected all economic acti-
vity. Although the transport sector is allocated the largest share of
the supply of petroleum products, long queues of trucks, cars and buses
persist for gasoline and gasoil at the pumps. Allocation of petroleum

products to the agricultural and industrial sectors seems inadequate in
relation to their needs and the problem is compounded by an inefficient
and unreliable public power supply. There are frequent power interrup-
tions and power supply to industry is curtailed drastically for a two to
three month period when hydroelectric generation drops. The supply of
petroleum products to the household sector, mainly in the form of kero-
sene, has also been reduced drastically over the past seven years, with
the result that quantities of gasoil, allocated to other sectors, is
diverted to lighting. There is also a growing fuelwood shortage leading
to deforestation of large tracts of land in the northern region and to
haulage of fuelwood and charcoal supplies over hundreds of kilometers
from the Southern region.

4.02 As noted earlier, Sudan must import nearly all its commercial
energy and in so doing it is seriously limited by the current foreign
exchange crisis. Nevertheless, unless adequate supplies of commercial
energy are made available, economic recovery does not seem possible.
This is the single most important issue that Sudan faces and the recent
discoveries of oil and gas are not likely to have any major impact in
alleviating these energy shortages in the short term. One redeeming
feature is that substantial electrical generating capacity is likely to
be commissioned in the near future and the availability of power to in-
dustry and agriculture is likely to improve.

A. Petroleum

(i) Oil Sector

Recent Supply/Demand Situation

4.03 The demand for petroleum products in Sudan is met partly by the
domestic processing of imported crude and partly by the direct import of
products. As the refinery output pattern does not follow the domestic
product consumption pattern, some petroleum products are imported while
large quantities of fuel oil are exported. In recent years, Sudan has
been importing about 0.9 million mt of crude per annum and in addition
0.3 million mt of products while exporting 0.2 million mt to 0.3 million
mt of fuel oil. PSR has not operated at its rated capacity of 1.2 mil-
lion mt, due to lack of regular supplies of crude, but even when it does,
some product imports will be required. Fuel oil surpluses are likely to
keep decreasing as larger quantities are utilized for power generation.
Some of the issues and options in the supply and demand sides of the
petroleum sector are discussed below.
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Oil Resources, Issues and Options

4.04 As noted in Chapter II, oil has been discovered in commercial
quantities in the southern part of Sudan and the Government has announced
plans for the construction of a pipeline to a point on the Red Sea for
export of the crude. Plans call for commissioning of the pipeline by
1985 at a capacity of 50,000 bpd initially. The pipeline has a design
throughput capacity of up to 200,000 bpd to provide for additional dis-
coveries. The pipeline and marine terminal are estimated to cost around
US$91() million and will be owned and operated by WNPC, which will receive
a fee for the transport of the crude, probably payable in kind. WNPC
would export the crude thus received towards amortization of the debt.
Present plans call for a debt: equity ratio of about 3:1, so the debt is
expected to be about US$685 million.

4.05 It is understood that, according to the contractual arrangements
between the Government, Chevron, and WNPC, the Government's share of oil
production would be 24,500 bpd at a producton level of 50,000 bpd. After
paying for transport of the crude in kind, the net crude available to the
Government for domestic use or for export should amount to over 16,000
bpd. Out of this quantity, the Government could take up to 5,000 bpd at
the oil fields or at any point along the export pipeline. Crude is
likely to be available in these quantities by 1986 and would provide
Sudan with the following options:

(a) Set up a topping plant at Kosti with a capacity of 4000 to
5000 bpd;

(b) Utilize part of the indigenous crude at PSR, together with
imported Arabian Light; and

(c) Set up a new refinery, with a capacity of 25,000 bpd or
about 1.2 million mtpa, at Kosti or near the export ter-
minal on the Red Sea to process indigenous crude.

If options (a) and (b) are pursued, Sudan will have about 5,000 bpd of
crude available for export. These three options are discussed below:

(a) Topping Plant at Kosti

4.06 Under its agreement with Chevron, thie Government has the option
to take 5,000 bpd from the proposed crude oil export pipeline or at the
oilfields. This crude could be used in a topping plant to meet the
demanct for middle-distillates in the southern part of the country and
provide heavy fuel oil, which is likely to be in short supply for power
generation. An estimate of the consumption of petroleum products in the
Southern Region (Equatoria and Upper Nile Provinces) in 1986 and 1991 is
given in Table 4.1, based upon the mission's estimates of the overall
national consumption of each product (Annex 9) and the percentage of the
national consumption which will occur in the Southern Region. The annual
consumption of middle distillates is expected to be in the order of
50,000 mt by 1986 and 60,000 mt by 1991, including gasoil consumption for
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petroleum exploration. Taking a 30% yield of middle distillates by
weight for Sudanese crude, consumption would be satisfied with a topping
plant of about 180,000 mtpa. For example, a 4,000 bpd skid-mounted
topping plant might be considered, with the material balance shown in
Table 4.2.

Table 4.1

Southern Region Consumption of
Petroleum Products, 1985 and 1990

(metric tons)

1986 1991

LPG 70 90
Gasoline 12,7 68 15,918
Kerosene - Jet 4,200 5,208
Gasoil 45,920 57,190
Fuel oil 5,355 7,203

Table 4.2

Material Balance for 4,000 bpd Topping Plant

Percent
(by weight) mtpa bpd

Losses 0.6 1,070 40
Unstabilized Naptha 7.8 13,900 360
Kerosene-Jet 5.7 10,160 260
Gasoil Product 22.4 33,910 940
Gasoil Fuel 2.0 3,560 80
Long Residue 61.5 109,600 2,320
Crude Oil 100.0 172,200 4,000

Source: Mission estimates.

4.07 Marketable products (kerosene and gasoil of about 50,000 mtpa)
would be stored while other products (unstabilized naphtha and long
residue) would be either returned to the oilfield facilities, to be
blended with the crude oil, or used for power generation close to the
topping plant. The excess production of kerosene and jet fuel over the
anticipated consumption could be reduced by blending with gasoil produc-



- 33 -

tion (of which there is a deficit relative to anticipated consumption) if
allowed by the gasoil flash point. The gasoil distillation cut points
might also be modified to match consumption more closely. Blending of
the non-marketable products with the crude oil is feasible only if crude
oil production is maintained at a level sufficient to avoid degradation
of the export crude oil quality. If diluent is mixed with crude oil, the
corresponding volume of diluent will be recovered by distillation of the
crude oil, thus reducing the crude quantity required to be processed for
meeting the demand for middle distillates.

4.08 A topping plant would require, apart from the distillation unit,
investment in steam boilers, an electric power generator, a compressed
air package, a control room, laboratory, workshop and offices. Storage
tanks for kerosene, jet fuel and gas oil would also have to be erected.
A preliminary estimate of the investment cost is US$ 20 million (in 1982
prices), including material and equipment, transportation to the site,
engineering costs, erection of the topping plant, utilities generation
and distribution, product storage, bujildings and site preparation. Owner
expenses, such as project management, financial charges, contingencies
etc., are excluded.

(b) Utilization of Indigenous Crude Oil at PSR

4.09 Little attention has been given to the possibility of using in-
digenous crude as a feedstock at the existing refinery in Port Sudan. In
particular, the management of PSR has not been approached by the Govern-
ment to carry out feasibility studies. Nevertheless, Shell International
has made some preliminary studies on its own initiative, which indicate
that a portion of local crude oil could be processed at PSR if blended
with imported Arabian Light. 1/

4.10 The refinery might process an amount of crude equivalent to 25%
- 30% of its capacity, say 300,000 - 350,000 mtpa. It is assumed that:
(a) the available processing capacity of PSR is 3660 mt per standard day
or about 1.2 million mtpa; (b) the throughput of Arabian Light remains at
the present level of about 870,000 mtpa (i.e. 2,635 mt per standard day);
and (c) the indigenous crude is an equal mixture of Unity and Talih
crudes. 2/ The distillation yields, expressed as percentages of the
crude in terms of weight, would be: gas, 0.53; butane, 0.37; full-range
naphtha, 7.51; kerosene-jet, 5.71; gasoil, 24.37; and long residue,
61.51. Due to its low naphthenic and aromatic content, the naphtha is
not suitable for further processing in the catalytic reformer but could
be sold as petrochemical naphtha, for example to the Sudan-Ren fertilizer
plant in Khartoum. Having a low sulfur content (0.02% by weight), the

1/ Without blending, problems arise due to the high residue content and
waxiness of indigenous oil. PSR would not be equipped to handle this type
of crude as its normal feedstock.

2/ With APIs of 30.9 and 39.5 respectively.
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gasoil can be used in the final gasoil blend to match the Sudanese sulfur
gasoil specifications without adding kerosene. The present production of
fuel oil 1500 is assumed to remain constant and to be blended according
to the present refinery practice. The remaining quantity of long residue
ex-Arabian Light crude, long residue ex-indigeneous crude and kerosene
are assumed to be blended to make fuel oil 3500. Table 4.3 summarises
the overall material balances when processing a mixture of indigenous and
imported crude oil and for comparison shows the additional products which
are obtained relative to the processing of imported crude alone at the
present level of around 870,000 mt.

Table 4.3

Material Balances using Blend of
Indigenous and Imported Crudes

(mtpa)

Indigenous/Imported Imported Crude
Crude Blend Only Difference

Crude input
Arabian Light crude oil 869,616 869,616 -
Unity-Talih 50-50 mix 338,184 - 338,184
Total crude input 1,207,800 869,616 338,184

Products Output
L.P.G. 4,343 3,090 1,253
Gasoline 136,230 136,230 -
Naphtha 25,397 - 25,397
Kerosene-Jet 103,910 43,352 60,558
Gasoil 299,310 271,053 28,257
Fuel oil (1500) 175,019 175,019 -
Fuel oil (3500) 402,600 198,377 204,223
Refinery fuel and losses 60,991 42,495 18,496
Total products output 1,207,800 869,616 338,184

Source: Mission estimates

(c) New Refinery

4.11 The forecast of petroleum products in Chapter III shows that
Sudan will face a shortage of refined products by 1986 even if the "low-
growth" scenario materialises and the existing refinery operates at full
capacity. The deficit will be acute for middle distillates -- kerosene,
jet fuel and gasoil -- amounting to nearly 300,000 mtpa by 1986 under the
"low-growth" scenario. One option to tackle the projected shortage is:
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(a) to construct a new refinery, utilizing indigenous crude; (b) to maxi-
mize i:he production of middle distillates; and (c) to minimize the pro-
ducticn of fuel oil requiring secondary processing of the long residue.

4.12 From available data, it appears that indigenous crude oil has
the following characteristics: (a) high paraffin content and high pour
point; (b) low sulfur content, (c) high nitrogen content; (d) low metals
and asphaltenes content; and (e) a high fuel oil yield (61.5% by weight)
with a high pour point. Due to (a), thermal cracking such as coking
could lead to a high gasoil yield. Due to (d), more sophisticated pro-
cessing techniques, such as hydrocracking of the long residue, could also
be utilized to maximize the gasoil production.

4.13 The refinery should be located at a site which can be supplied
with crude oil from the oil fields in the south and from which products
could be shipped to the rest of the country using, as far as possible,
the existing infrastructure. Two locations offer themselves: at Kosti
and on the Red Sea. The Kosti area is traversed by the Nile, a railway
runs from the west to the north-east and a main road provides links to
the Khartoum, Gezeira and Kassala provinces. The crude oil pipeline is
planned to cross the Nile river near Kosti. Plans exist for a crude oil
export terminal on the Red Sea, in the Port Sudan-Suakin area. A product
pipeline, roads and a railway link this area to Khartoum and other prov-
inces, while the planned diluent pipeline could deliver diluent to the
southern oilfields and be used for the shipment of middle distillates to
the Western and Southern provinces. Blending low sulfur gasoil produced
from domestic crude with products from the existing refinery will be
easier if the new refinery is located on the Red Sea. It would also be
possible to export from a coastal refinery any product surplus arising
out of an imbalance between the market structure and the structure of the
refinery output or from a temporary unavailability of process units
treating the long residue.

4.14 Since the market structure requires maximization of middle dis-
tillate production while Sudanese crude oil will have a high fuel oil
yield, two processing schemes were envisaged: a coker scheme and a hydro-
crackLng scheme. A refinery capacity of 25,000 bpd or about 1.2 million
mntpa was chosen in order to meet the market requirements by 1990 in the
case of the coker scheme. The same capacity was utilized in the case of
the hydrocracking scheme for the purposes of comparison. Possible pro-
duction slates for the two schemes are in Table 4.4.
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Table 4.4

Coker Scheme Hydrocracking Scheme
mtpa % mtpa %

Butane 11,730 0.9 10,570 0.8
Gasoline 214,010 17.4 179,440 14.6
Kerosene-Jet 70,290 5.7 70,290 5.7
Gasoil 598,160 48.6 844,780 68.6
Fuel oil 124,340 10.1 -
Coke 137,060 11.1 -
Refinery use and losses 76,060 6.2 126,570 10.3

Crude oil intake 1,231,650 100.0 1,231,650 100.0

Source: Mission estimates.

4.15 The Coker scheme would produce a high quality (low sulfur and
metal) coke which might be exported. The plant's capital cost is esti-
mated at US$430 million (in 1982 prices), excluding contingencies, the
cost of land and interest during construction. The hydrocracking scheme
would be technically more elaborate, involving a unit which combines
residuehydrodemetallization and the hydrocracking of vacuum distillates.
To some extent, the production of kerosene could be increased at the
expense of hydrocracking gasoil production. Refinery use and losses are
high due to the hydrogen production unit and to the high energy consump-
tion of the hydrocracking unit. The plant's estimated capital cost is
US$590 million (in 1982 prices), excluding contingencies, the cost of
land and interest during construction.

(d) Conclusions

4.16 The net imports of petroleum products by 1991 are estimated at
0.75 million mt and 1.1 million mt under Scenarios A and B respectively
(Table 3.5), if none of the three options is exercised. Net crude im-
ports would be about 0.45 million mt, i.e. 1.2 million mt for PSR minus
0.75 million mt of crude exports (at 15,000 bpd). If options (a) and (b)
are exercised, product imports would be reduced by 0.17 million mt to
0.58 million mt and 0.93 million mt under the two alternative scenarios,
while net crude imports would correspondingly rise to about 0.62 million
mt. In view of the capital costs of a new refinery, it seems prudent to
pursue options (a) and (b) and to consider option (c) only if a much
higher production potential is established for the oil fields in the
south.
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Other Issues

4.17 Two other issues which need to be examined in the petroleum
sector are: (a) use of the proposed diluent pipeline for products; and
(b) the setting up of a bitumen plant at Port Sudan. These are discussed
in paras. 4.18 and 4.22.

(a) Use of Diluent Pipeline for Products

4.18 The construction of a diluent pipeline from the Red Sea to the
Unity-Talih field near Bentiu - parallel to the crude oil export pipeline
- raises the possibility of using the diluent pipeline to deliver kero-
sene and gasoil to the eastern and southern provinces, thus meeting some
of the demand for kerosene and gasoil in the provinces of Kassala, Blue
Nile, White Nile, Kordofan, Darfur, Equatoria and Upper Nile. 1/ Estimated
demands from these provinces in 1985 and 1990 are in Table 4.5. 2/

Table 4.5

Consumption of Kerosene and Gasoil in Eastern
and Southern Provinces, 1985 and 1990

(metric tons)

1985 1990
Kerosene Gasoil Kerosene Gasoil

Kassala 2,240 41,500 2,840 52,000
Blue Nile 960 59,300 1,220 74,300
White Nile 720 45,100 910 56,500
Kordofan 2,180 24,600 2,760 37,200
Darfur 960 23,700 1,220 29,700
Equatoria and
Upper Nile 2,240 41,500 2,840 52,000

1/ Other provinces could be supplied from the existing Port Sudan-
Khartoum pipeline.

2/ These are mission estimates -- used for the diluent pipeline hydrau-
lics calculations in para. 4.19 -- and take into account forecasts of the
provincial distribution of consumption made by the NEA and by Pencol.
The latest mission forecasts of total petroleum products demand in Annex
9 imply demands for individual provinces in Table 4.5 which could be
higher by 3% for kerosene and 5% for gasoil.
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4.19 For product supply to Kassala and Blue Nile provinces, a depot could
be built with a take-off at El Fau, where the pipeline crosses the new all-
weather Wad Medani-El Gedaref road; products could then be dispatched to the
Kassala and Blue Nile provinces by road tankers. Product supply to the White
Nile, Kordofan and Darfur provinces is assumed to pass through Kosti, from
which point products could be sent by rail, road and river. Product supply to
the southern provinces of Equatoria and Upper Nile would be effected by river
and road from a new depot in the city of Bentiu. If the crude oil pipeline
produces 50,000 bpd and uses a 1 in 10 dilution ratio, 5,000 bpd or about
233,000 mt per annum of diluent would be required. Combined with the esti-
mated product demands at each take-off point, the following throughputs for
each section are implied: Kosti to Bentiu, 287,300 mt in 1990; El Fau to Kosti
415,600 mt; and Red Sea to El Fau, 546,000 mt. Pipeline hydraulic calcula-
tions show that an additional pumping station would be required at El Fau.
The cost -- including new storage facilities at El Fau, Kosti and Bentiu and
other related facilities -- is estimated at US$5 million (in 1982 prices),
excluding contingencies, interest during construction and the cost of land.

4.20 In view of the above, the design of the diluent pipeline should
provide for installir an additional pumping station at El Fau at a later
date. However, the benefits of the use of the diluent pipeline for moving
products inland should be re-examined in the light of a decision on the
topping plant at Kosti.

(b) Bitumen Plant

4.21 All bitumen is currently imported. At the same time, PSR produces a
surplus of long residue. The feasibility of a bitumen plant has therefore
been the subject of past studies, e.g. by Shell and Agip. GPC statistics show
that annually about 20,000 mt of bitumen are imported. GPC forecasts of
future consumption or the period 1982-1990, as reported in the Pencol study,
are 26,700 mt for 1982, increasing to 41,400 mt for 1989.

4.22 Using the Agip study of November, 1981, as a basis, Table 4.6 sets
down the possible characteristics of a 40,000 mtpa bitumen plant, in terms of
plant facilities, capital costs (in 1982 prices) and material balances. Major
factors in the economic justification of a bitumen plant would be: the future
demand, the amount of long residue that will be required and the future oppor-
tunity cost of long residue (in relation to the export price of residual fuel
oil or the value of the reduced supply of residual fuel oil to the local mar-
ket, e.g. for power generation). However, in view of the projection that long
residue is not likely to be surplus and Sudan may have to import fuel oil
beyond 1988 unless a new refinery is built, the option of setting up a bitumen
plant needs to be re-examined only after a decision on a new refinery is
taken.
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Table 4.6

Possible Characteristics of 40,000 mtpa
Bitumen Plant

1. Facilities

Storage

Long residue 15,000 mt 80/100 Bitumen 2 X 1600 mt
Short residue 1,000 mt Naphtha 2 X 500 mt
Blown bitumen 4 X 1,500 mt Kerosene 800 mt

Utilities

Sea water desalination 8 cm/h Air service 800 m3/h
Boiler 12 kg/cm2 steam 5.5 mt/h Sea water treatment 200 m3/h
Electric power generator 1 MVA Cooling water 15 m3/h

2. Material Balances
(mtpa)

Input (from PSR) Output (from plant)

Long Residue Arabian Light 109,500 Vacuum gasoil to PSR 72,900
Kerosene (for 80/100 cutback) 3,460 60/70 Pen Bitumen 24,000
Naphtha (for RC 250 cutback) 564 80/100 Cutback 12,800
Total input 113,524 RC 250 Cutback 3,230

Plant use and losses 594
Total output 113,524

3. Capital Costs
(LS thousands)

Bitumen Plant- Drum Factory Total

Buildings 3,400 1,400 4,800
Plant & Equipment 10,400 2,200 12,600
Sundry 300 _ 300
Transport - 100 100
Total 14,100 3,700 17,800

Source: Mission estimates.

Transport, Distribution and Storage of Petroleum Products

4.2-3 The physical movement of petroleum products from Port Sudan to
the rest of the country takes place by railway, road, pipeline and river.
Table 4.7 shows the distribution of traffic between these modes in FY82
and it can be seen that the largest single carrier of products is the
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railways. However, a greater volume of petroleum products could and
should be transported by pipeline than is currently the case; the reasons
for this need to be studied. Furthermore, as can be seen from Table 4.8,
the overall share of the railways has declined substantially, from nearly
90% of the traffic (by weight) in 1973 to less than 40% in 1981. Indeed,
the absolute volume of products carried by the railways has also
declined, in total and for each product category, with the exception of
gasoline.

Table 4.7

Transportation of Petroleum Products by Mode FY82
(metric tons)

Road Rail River Pipeline Total

Gasoil 233,405 77,503 14,831 327,481 653,220
Gasoline 45,189 144,740 718 14,348 204,995
Kerosene 8,740 361 3,062 12,163
Diesel 5,385 10,455 15,840
Fuel Oil 8,985 148,171 157,156
Jet 5,100 33,643 335 39,078
LPG 341 4,502 4,843

Total 307,145 419,375 15,884 344,891 1,087,295

Distribution (%) 28.2 38.6 1.5 31.7 100.0

Table 4.8

Transportation of Petroleum Products
by Railways, 1973-1981

(metric tons)

1973 1978 1980 1981

Gasoline 95,455 152,286 177,025 144,740
Kerosene 43,377 7,284 2,484 361
Gasoil 229,274 180,303 192,355 77,503
Diesel Oil 12,833 14,177 12,673 10,455
Fuel Oil 206,646 137,148 141,827 148,171

Total 637,585 491,195 326,364 381,230
Share of Railways
in total (%) 88.6 59.7 57.8 36.5
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4.24 The split of the traffic in petroleum products between the
different transport modes has been directly influenced by the policy and
actions of the GPC in a number of ways. First, the official selling
prices of petroleum products are based upon railway freight rates, so
that the consumer pays a premium if road tankers are used. Secondly,
GPC's monthly plan for the allocation of products determines the geogra-
phical, distribution of each petroleura product and also the means by which
products are moved from Port Sudan to their respective destinations.
Normal movement is to take place by railway and product pipeline. Never-
theless, the four marketing companies are allowed, in exceptional cases,
to accept the delivery of products in Port Sudan and to make their own
arrangements for shipment by road tanker. In these cases, the final
consumer pays a premium, subject to agreement by the regional governor.

4.25 Current deficiencies in the transport and storage of petroleum
products are masked by the severe overall supply shortages. Although
trans;port and storage problems contribute to supply shortages at parti-
cular times and in particular places, it is not possible to assess their
true extent. In the case of transport, the basic problems are not pecu-
liar to the transport of petroleum products but are part of the broader
transport problem in Sudan -notably serious inadequacies in the rail and
river systems (see para. 4.37). In the case of storage, the question of
capacity is almost entirely academic; the stores are normally empty,
aside from the minimum stocks which inevitably exist in moving products
from Port Sudan to the final consumer. While the national storage capac-
ity of about 60 days of 1981 consumption (see Table 4.9) may be regarded
as adequate for a developing country such as Sudan, 1981 consumption was
seriously suppressed. In any case, a national average is misleading.
More than half the national capacity is in the Red Sea province, which
accounted for less than 20% of 1981 consumption. Outside the Red Sea
province, storage capacity is equivalent to 30 days of 1981 consump-
tion. The situation for individual products can be quite acute in some
cases.
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Table 4.9

National Storage Capacity for
Petroleum Products, by Province

Storage Capacity
1981 Consumption Quantity Equivalent Days of

Province (mt) (mt) 1/ 1981 Consumption 2/

Nile 55,619 4,568 30.0
Northern 10,822 2,779 93.7
White Nile 74,379 5,233 25.7
Khartoum 524,970 42,893 29.8
Blue Nile 28,020 3,677 47.9
Kordofan 26,392 2,580 35.7
Darfur 6,658 1,225 67.2
Equatoria 9,038 1,253 50.6
Upper Nile 2,052 690 122.7
Gezira 45,877 2,202 17.5
Kassala 43,986 3,713 30.8
Sub-total 827,813 70,813 31.2
Red Sea 198,514 98,543 3/ 181.2
Total 1,026,327 169,356 60.2

Notes:

1/ Includes: the "LPG project" (1100 mt) in Khartoum, Wad Medani,
A.tbara, El Obeid and Kassala; and the component of the "Romanian project"
for the storage of gasoil, gasoline and LPG in Port Sudan (22,483 mt) and
Haiya (2,245 mt), both in the Red Sea Province.

2/ Based on 365 days per year.

3/ Excludes the component of the "Romanian project" for the storage of
crude oil (42,835 mt) and residual fuel oil for export (16,679 mt). The
former is equivalent to 12 days of crude oil requirements at full
refinery capacity of 3660 mtpd. The latter will permit exports by larger
tanker.

Pricing of Petroleum Products

4.26 The prices of petroleum products are fixed by the Government
through the GPC. In the past, the Government has been reluctant to pass
on to consumers the full delivered cost of these products; this is true
whether costs are defined as the c.i.f. value of imports at the official



- 43 -

exchange rate plus the financial costs of transport and distribution or
whether economic costs are taken into account. Thus, the Government has
tended to subsidize petroleum products to the extent that prices were
held below the full delivered costs. According to a Bank report of
February, 1982, subsidies ranged from 15% to 45% at the end of 1980. 1/
Following a 25% increase in the prices of petroleum products which took
effect in March 1981, these subsidies were largely eliminated at the
offic[al exchange rate. However, since the Sudanese currency was over-
valued, the application of economic costs (shadow pricing) would have led
to the conclusion that petroleum products were still subsidized. Further
price increases took effect in November 1981, averaging nearly 40% but a
concoTmitant devaluation of the Sudanese pound meant that, even at the
official exchange rate, all petroleum products were subsidised, with the
exception of regular and premium gasolines. Following the November, 1982
devaluiation, the situation worsened further and subsidies appeared across
the board, with the possible exception of premium gasoline. The price
increases announced in January, 1983, have improved the situation and
underLined the Government's intention to minimize or eliminate the sub-
sidies on at least some petroleum products.

4.27 In order to make an assessment of the adequacy of petroleum pro-
duct prices in economic terms, the m:ission estimated the average economic
cost of supply for 1982, using Khartoum (the major market) as a reference
point. Although the market is served by a mix of imported and refined
products, the relevant cost from an economic point of view is the margi-
nal cost, which is represented by tlhe c.i.f. value of imported products
plus an appropriate allowance for the economic cost of unloading and han-
dling at the port, marketing, distribution and transport to Khartoum. A
complication arises in the case of diesel and fuel oil 1500, which are
not imported but obtained by blending gasoil and kerosene, respectively,
with residual. Since gasoil and kerosene are imported while residual is
exported at the margin, the economic costs of diesel and fuel oil 1500
may be calculated as the weighted averages of the export price of resi-
dual and (respectively) the c.i.f. value of gasoil and kerosene. 2/ The
results are in Table 4.10, which also shows the official pump prices for
gasoline, gas oil and kerosene and the official ex-depot prices for
diese'L and fuel oil 1500.

4.28 For kerosene, diesel and fuel oil 1500, the pump or ex-depot
prices are below even the c.i.f. import value of the products. While
gasoi'L's pump price exceeds its c.i.f. import value, the margin is
insufficient to cover the port, marketing, distribution and transport
costs. Only in the case of regular and premium gasolines are the pump
prices equal to or in excess of the economic costs of supply; in fact,

1/ "Sudan: Investing for Economic Stabilisation and Structural Chlange".

2/ The weights used are: gasoil 70% and residual 30% for diesel;
kerosene 6% and residual 94% for fuel oil 1500.
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the margins are substantial, implying high rates of effective taxation
(40% and 45% respectively) on the pump prices of those products.

4.29 As a minimum first step, petroleum prices should be adjusted to
reflect their corresponding value in world markets (c.i.f. prices) plus
the inland marketing, distribution and transport costs. For the Khartoum
market (see Table 4.10), this implies increasing the official prices of
fuel oil 1500 by 50%, diesel by 43%, and gasoil by 10%. As a second
step, a further increase in fuel prices beyond their costs should be
considered in line with the Government's policy to increase Government
revenue, to conserve foreign exchange, to raise the level of domestic
savings and in view of excess demand. Moreover, from an efficiency point
of view, the relative retail prices, including taxes, of the various
fuels should be brought in line with their relative costs. As Table 4.10
shows, at present there are large differences, positive and negative,
between the costs and prices of the various types of fuel. In the case
of kerosene, some departure from the above pricing principles may be
warranted, kerosene consumption having special implications for the
protection of forestry resources and for the lower income groups. Given
the importance of appropriate fuel prices, the mission strongly
recommends that the Government undertake a study of the subject within,
say, the next six months. This study would not obviate the need to
implement rapidly the first step price increases already identified;
rather, it would be a prelude to the second step and should review
present fuel costs, prices and taxes; it should propose a timetable for
the next, say, two years, during which period gradual changes in taxes
for the various fuel types would be undertaken to reflect the various
Government objectives with regard to economic efficiency, Government
revenue, balance of payments, and domestic savings.

Allocation Policy For Petroleum Products

4.30 Overall control of the allocation of petroleum products is
exerted by the GPC as the official representative of the Government. As
a first step, to estimate foreign exchange requirements, the Planning
Department of the GPC prepares a consumption plan for the whole of Sudan
at the beginning of each fiscal year. The plan shows the physical quan-
tities of crude oil and imported products which will be required and is
broken down into four quarters. The quarterly estimates of foreign ex-
change requirements are then forwarded to the Ministry of Finance. Fol-
lowing discussions between GPC and the Ministry of Finance, the latter
makes a formal reply to GPC -- apparently usually accepting the GPC
estimates with at most minor revisions -- and also instructs the Bank of
Sudan to set aside, for each of the coming quarters, the appropriate
amounts of foreign exchange.
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Table 4.10

Economic Costs and Official Prices of Petroleunm Products
in Khartoum

(LS/mt)

% difference
c.i.f. import other total official between prices

value 1/ costs 2/ cost prices 3/ and costs

Regular gasoline 489 71 560 924 + 65
Premium gasoline 516 71 587 1078 + 84
Gasoil 448 71 519 469 - 10
Kerosene 499 71 570 464 - 19
Diesel 4/ 372 67 439 250 - 43
Fuel oil 1500 4/ 213 67 280 140 - 50

Notes:

1/ Average for 1982, except for the export price of residual used to
calculate the c.i.f. import value of diesel and fuel oil 1500, which is
the f.o.b. price in October, 1982 (US$ 149.7/mt). All conversions have
been made at the rate of US$l= LS1.3.

2/ A recent Bank study ("Sudan-Export Development Study") gives the
following costs (LS/mt) for gasoline and gasoil: unloading and handling
in Port Sudan, 4; marketing and distribution, 7; and transport from Port
Sudan to Khartoum, 60. The table assumes that the same costs apply to
kerosene and diesel but that marketing and distribution can be reduced to
LS 3/mt for diesel and fuel oil 1500, which are sold ex-depot.

3/ The retail (pump) prices for regular gasoline, premium gasoline,
gasoil and kerosene (corresponding to LS3.00, LS3.50, LS1.75 and LS1.65
per Ig respectively) and the wholesale (ex-depot) prices in the case of
diesel and fuel oil 1500, as of January, 1983.

4/ A weighted average of the f.o.b. price of residual and the c.i.f.
value of gasoil and kerosene respectively, as described in the text.

4.31 While this exercise in forward planning appears to work well in
principle, in practice it is seriously undermined by the acute shortage
of foreign exchange and the way it is allocated. Since the Bank of Sudan
does not release foreign exchange on a regular and predictable basis,
rational planning of the supply of petroleum products is effectively
impossible and GPC is inevitably drawn into the day-to-day financing of
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petroleum imports. GPC submits a request for foreign exchange to the
Bank of Sudan for each individual shipload, specifying the tanker's date
of arrival and the value of the contents. The Bank of Sudan requests
several commercial banks to share in each letter of credit and GPC offi-
cials may be faced with the task of contacting 10-15 separate banks. The
system is time consuming and surrounded with uncertainty. GPC itself
attempts to secure financing from individual suppliers but must clear the
terms and conditions of each contract with the Bank of Sudan. A more
rational foreign exchange allocation system must be devised for petroleum
imports so that planning of the energy sector becomes possible.

4.32 As a second step in its allocation process, GPC prepares a
monthly allocation plan for gasoil, kerosene, jet fuel and gasoline. For
small and medium consumers, GPC starts by collecting information from the
regional governors and from the consumers respectively. The information
is incorporated, with appropriate adjustments, in the monthly plan which
is then discussed by a Monthly Planning Committee. Large consumers are
dealt with directly by the Committee, which functions under the chairman-
ship of the GPC and normally has representatives from each of the four
marketing companies, the River Transport Corporation, the Sudan Railways
Corporation, the Gezeira scheme, KSC, MFC, and the Southern Region.

4.33 The Monthly Planning Committee occupies a key place in the com-
plex system of allocating petroleum products. It discusses in detail
GPC's monthly plan and determines the monthly quotas for the different
consuming sectors. In the allocation process, highest priority is given
to gasoil supplies for NEC and the national water corporations, large
agricultural users, the sugar factories, national defense and security
and certain consumers deemed critical to the public interest (e.g.
Khartoum airport, the Ministry of Health and public transport). Quotas
for private gasoline usage are assigned directly to the regional gover-
nors and allocations to individual consumers are managed by them through
their own rationing schemes. For example, in Khartoum province, ration-
ing worked as follows at the end of November, 1982: taxis, 21 gallons per
week; minibuses, 6 gallons per day; box cars, 4 gallons per day; small
private cars, 2 gallons every 3 days; large private cars (2,000 cc. and
above), 3 gallons every 3 days. Naturally, the rationing system requires
careful implementation and policing. Nevertheless, a thriving black
market in gasoline and gasoil exists.

4.34 A few consumers who earn foreign exchange or who are able to pay
directly in foreign exchange, are allowed to import products through the
oil marketing companies. 1/ Examples of such consumers are Chevron,
Total, international airlines calling at Khartoum airport, some foreign
general contractors and a few Sudanese factories in the sugar and textile
industries.

1/ The imports themselves are handled by GPC through its normal
channels, on behalf of the marketing companies.
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Petroleum Products Consumption, Transport and Energy Conservation

4.35 The major scope for commercial energy conservation in Sudan lies
within the transport sector. Industry accounts for only 17% of commer-
cial energy consumption and 16% of the consumption of petroleum products
(see Table 1.1). Given the major constraints on the supply of energy to
the economy as a whole and to the industrial sector in particular,
industry already has considerable incentive to use its limited energy
supplies efficiently. The transport sector, on the other hand, offers
considerable potential for the more effecient use of scarce supplies of
commercial energy; it consumes 62% of all commercial energy and 65% of
petroleum products (see Table 1.1).

(a) Inter-modal Allocation of Traffic

4.36 Perhaps the most significant trend in the transport sector has
been the development of road haulage as the principal transport mode.
It's share of total ton-km of freight hauled increased from 25% to 61%
during the ten-year period 1971-80, as shown in Table 4.11; by 1982, the
share had increased to about 70%. Around 75% of passenger traffic was
handled by the roads in FY77 and the share has increased since. Rail and
river freight traffic, on the other hand, have declined even in absolute
terms In parallel, passenger traffic on the railways fell from 1,100 to
900 million passenger-km between FY75 and FY82. These trends are dis-
turbilng if account is taken of the relative fuel efficiencies of the
three traditional transport modes. It can be estimated that a 1% shift
in freight traffic from road to rail in 1980, for example, would have
saved 1,360 mt of fuel.

Table 4.11

Freight Haulage by Mode, 1971-80
(millions of ton-km)

Year Railway Road River Pipeline Total

1971 2,683 920 90 - 3,693

1980 1,908 3,570 65 275 5,818

Source: Sudan: Investing for Economic Stabilization and Structural
Change (IBRD, Feb. 16, 1982).

4.37 The reasons for the marked advance in the relative share of road
transport, despite its higher cost in terms of fuel consumption per ton-
km, are numerous and complex. Road transport has enjoyed a high priority
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in the public investment plans of the past decade and its expansion has
been helped by a growing network of paved roads. It has proved to be
more reliable and faster than rail and river transport and loss and
damage to goods are less. There are also important institutional fac-
tors. Trucking is organized as a private competitive system whereas the
railways are run by a parastatal body (SRC) and river transport has been
largely monopolised by the River Transport Corporation (RTC), also a
parastatal. This has given the road transport industry much greater
flexibility in its pricing policy, whereas SRC and RTC are governed by
comparatively rigid tariff policies.

4.38 Several measures are possible to improve the intermodal alloca-
tion of traffic. Railway and river freight rates need to be revised in
relation to the marginal costs of supply. 1/ The price of gasoil should
be raised at least to the level of its economic cost and there is in
addition a case for a fuel tax to narrow the differential between the
price of gasoil and gasoline (see para. 4.29). SRC and RTC should be
reorganised to make the former more market-oriented and less monopolistic
in outlook, while the latter could be faced with greater competition from
private operators of river transport. Additional investment in the rail
and river systems should also be considered.

(b) Road Passenger Transport

4.39 Table 4.12 shows the growth in the number of licensed vehicles
over the period 1970-1980 by vehicle type. The total number of vehicles
grew at an average annual rate of nearly 11% and by 1980 road transport
accounted for 81% of total fuel use in the transport sector. From Table
4.12, it appears that, within the road transport sector, private passen-
ger vehicles (cars and motorcycles) accounted for most (70%) of the
growth since 1970 and all the growth in 1980; the number of licensed
buses and boxes apparently fell in 1980, due to mechanical failure, the
lack of spare parts and inadequate profit margins.

4.40 A study of traffic management in Khartoum, carried out by the
NEA in 1981, recommended an increase in Khartoum's bus fleet of 1200
vehicles, to improve fuel efficiency directly and indirectly by reducing
traffic congestion and allowing smoother traffic flow. The Government's
decisions to import 150 buses from Spain and to carry out a one-year
study of traffic management in Khartoum (due to be finished in Spring,
1983) are consistent with the NEA recommendation.

1/ Apparently consultants were engaged in 1982 to undertake the
necessary cost analysis to provide a basis for modifying the railway rate

structure.
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Table 4.12

Number of Licensed Vehicles, 1970-1980

Cars Buses Boxes 1/ M/cycles Others 2/ Total

1970 25,387 2,003 5,716 2,030 14,348 49,484

1979 70,171 6,295 13,490 3,306 43,767 137,029

1980 84,958 2,956 8,883 4,131 37,765 138,695

Notes: 1/ "Boxes" are converted pick-ups which serve as passenger
vehicles.

2/ Includes trucks and tractors.

Source: Transport Statistical Bulletin 1981/82 (Ministry of Finance and
Economic Planning).

4.41 A further measure to improve the efficiency of energy use and to
promote energy conservation would be to restrain the growth of passenger
vehicles directly. An effective way to do this would be to apply rigor-
ously the existing regulations concerning the licensing of imports and
exemption from import duties. The physical ceiling on the import of
motor cars which was recently imposed should also provide an effective
restraint.

(ii) Natural Gas

4.42 Estimated reserves of natural gas discovered in the Red Sea are
in the range 130-385 billion cu. ft. Two possible uses for the gas as a
feedstock present themselves, namely in a urea fertilizer plant and --
perhaps more probably -- for power generation. Other uses would be as a
fuel for cement production, sugar refining and cottonseed oil processing;
consideration should also be given to constructing a natural gas pipeline
parallel to the crude export pipeline (in place of the diluent pipeline)
to heat the crude and to supply local markets. Some supply of natural
gas to PSR would also permit savings on the current use of liquid hydro-
carbons. The total supply of condensate (9-26 million barrels or about
50-150,000 mta over a twenty-year life) is assumed to be utilized by PSR.

4.43 Since the early 1970s, fertilizer imports have been mainly in
the form of urea. Basic annual needs for the cotton and sugar planta-
tions are in the order of 200,000 mt. If fertilizer requirements for
other crops such as wheat, dura and vegetables are also added, there is
an estimated demand of 400,000 mtpa. All of this would have to be im-
ported. Although a naphtha based fertilizer plant (the Sudan-Ren plant)
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has been constructed in Khartoum and was supposed to start production in
1982, operations have yet to begin, due to the unavailability of naphtha
caused by the shortages of foreign exchange. At full capacity the plant
should require about 140 mt of naphtha per day.

.4.44 It is usually not economical to use natural gas as a feedstock
in a urea production plant with a capacity of less than 350,000 mtpa.
However, in the case of the Sudan-Ren plant, conversion to natural gas
might be considered. The plant could be expected to use 20 MMCF of
natural gas per day. The capital expenditure incurred so far on the
plant can be treated as a sunk cost. Conversion to natural gas could be
done at a relatively low capital cost, say US$2-3 million. The major
capital expenditure would be on a gas pipeline from Suakin to Khartoum,
estimated to cost in the region of US$110 million. 1/ Alternatively, it
would cost around US$150 milLion to construct a new gas-based urea plant
with a capacity of 100,000 mtpa at Port Sudan or Suakin. 2/ Both these
possibilities - conversion of the existing Sudan-Ren plant with a gas
pipeline from Suakin to Khartoum and a new plant in Port Sudan or at
Suakin should be studied.

4.45 The closest major market for natural gas for power generation
would be in Port Sudan. The Gibb study has made a forecast of power
demand in the Port Sudan area, looking at the industrial and non-indus-
trial components separately, which account for 75% and 25% of the present
demand respectively. The results are in Table 4.13.

Table 4.13

Port Sudan: Actual and Estimated Energy Requirements
and Maximum Demand, FY81-FY95

Actual Forecast
FY82 FY90 FY95

Energy generation (GWh) 139 394 650
Growth rates (%) - 12.3 10.5
Maximum demand (MW) 27 75 124
Growth rates (%) - 12.0 10.6

1/ Assuming a pipeline diameter of 8' and an operating pressure of 100
psi.

2/ For comparison, a plant with a capacity of 350,000 mtpa would cost
about US$300 million.
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Existing generation plant in Port Sudan is in poor condition, but 30 MW
of new diesel plant are expected by 1984 (see para. 4.47). At 75% plant
factor, the new diesel plant produces about 200 GWh p.a. If natural gas
is used in a steam turbine plant to supplement supply from the new diesel
plant, requirements in FY90 would be about 5 MMCF of natural gas per day,
increasing to about 11 MMCF per day in 1995. 1/ If natural gas were to
meet the entire power demand in Port Sudan, thus saving on the use of
oil, requirements would be about 10 MMCF per day in FY90 growing to 16
MMCF per day in 1995. Of course, iiE a gas pipeline were constructed to
Khartoum to supply the fertilizer plant, much larger quantities of natu-
ral gas could be used for power generation in the BNG. However, taking
20 MM('F per day for fertilizer production and 10 MMCF per day for power
generation would account for 220 billion cu. ft. of gas over a twenty-
year period, in the lower end of the reserve range.

4.46 As noted in para. 2.05, one or two more wells are required to
confirm the reserves of the Suakin structure and Total is trying to "farm
out" its control area, which will require the "farm-in" partner to drill
a delineation well. If Total is unsucessful, Sudan may consider partici-
pation, based on a more detailed appraisal of available data.

B. Power

Present Supply/Demand Situation

4.47 Public electricity operations are divided into eight regions,
mostly served by isolated diesel systems. The only interconnected system
is the BNG, with a mix of hydroelectric, steam, gas turbine and diesel
generation. Generating capacity in 1982 and generation for FY 1981 by
main plant type for the BNG are in Table 4.14, which also indicates the
new capacity (210 MW) to be added to the BNG during FY84. The second
most iLmportant system is in and around Port Sudan, which is the largest
center of population outside Khartoum Province and the largest load
center outside the BNG. Installed capacity in Port Sudan in 1982 was
only U 1 MW but a new power station is under construction and 30 MW in
capacity should be added before the end of 1984. The major part of the
demand in the area is met by private industrial generation. The remain-
ing isolated systems have a combined installed capacity of 71 MW, of
which 13 MW is hydroelectric and the balance consists of small diesel
sets.

1/ Based upon a steam turbine plant producing 194 GWh in 1989-90 and 450
GWh in 1995 at 30% efficiency with 3% station losses. The gas contains
1300 BTU per cu. ft.
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Tabl e 4.14

Total
Capacity Generation Additions to Capacity
in 1982 in FY81 Capacity by end-1984

(MW) (GWh) (MW) (MW)

BNG

Hydro 147 732 80 227
Steam 30 89 60 90
Gas Turbine 15 5 30 45
Diesel 37 15 40 77

Total BNG 229 841 210 439

Future Developments, Issues and Options

4.48 To a substantial extent, IDA's Power III project is expected to
alleviate power shortages in the BNG from the beginning of FY84, as new
capacity is commissioned. Similarly, power shortages in the Port Sudan
area will be alleviated as the new diesels are commissioned. However,
problems will persist in distribution, because networks are not being
improved and expanded commensurately with the increased generating capac-
ity, due to lack of funds. Only small improvements can be expected in
the remaining systems, depending on the funds to be provided by donor
countries.

4.49 Low-voltage distribution has played a secondary role in NEC's
expansion program and comprehensive studies have not been made, except
for Port Sudan and Khartoum. Loans have been obtained from Poland (US$24
million) and Romania (US$7.5 million) to cover a three year program for
the Khartoum area, estimated to cost US$30-35 million. It appears that
more attention will have to be given under the proposed Power IV project
to coordinated distribution planning and possibly also to the financing
of distribution expansion. Outside the Three Towns area, the condition
of the distribution systems and the requirements for renovations, im-
provements and expansion should be investigated.

4.50 Although plans for the electrification of numerous villages have
been included in NEC's 1980-86 development program, restricted funds will
seriously delay execution. Renovation or replacement of existing plant,
rather than expansion (except for Port Sudan) will be about the most that
can be attained in the next five years in the existing systems; some four
to five towns may be electrified. A new station is being built at Juba
under IDA's Power II Project, but completion has been delayed due to
technical and other difficulties and it is still not clear if it can be
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completed during 1984. A 1.6 MW plant addition in Wau, financed by
Denmark, is expected in 1983. New capacity of 2X1.5 MW and 2X2.5 MW is
expected to be available in Nyala by the end of 1984, with the benefit of
French finance.

4.51 Studies for generation for centers outside the BNG have been
carried out but they tend to be unrealistic; as in the case of the BNG,
they are not up-to-date and they have not been completed in sufficient
detail (see para. 2.16). A laudable effort was initiated by NEC (then
PEWC) in March 1982, with the Electric Power Status Report; with some
improvements, this effort should be repeated annually since it could
define objectives concisely and analyze performance objectively in a
process of self-evaluation. Studies for areas outside the BNG have also
not been coordinated, due partly to the fact that financing has been con-
tributed by a variety of donors and so far no single organization has
attempted to collect, summarize and analyze all existing studies and to
lay down future policy. NEA is responsible for the overall planning of
the energy sector but NEC will be unable to execute its new task as power
advisor to the regions unless it has responsibility for basic planning
and design in the power sector, with NEA acting in a supervisory and
advisory capacity with regard to the country's general energy framework,
leaving the details to NEC.

4.52 Plans have to be drawn up for new capacity to be commissioned
beyond 1985/86. All of this capacity will be oil based, as there are no
hydroelectric projects that could be taken up which would yield benefits
in the short term. The heightening of the Roseires dam would take up to
eight years and the Merowe hydroelectric project on the Main Nile would
take over twelve years to construct, including initial studies. A com-
ponent of the Power IV project should be feasibility studies for the
heightening of the Roseires dam and for the Merowe hydroelectric project.

4.53 Based on the demand forecast for power in the BNG area, about
300 MW of new capacity is likely to be needed during the period 1985-
1990. Of this, 120 MW (2X60 MW) could be added at Khartoum North. One
of the options to be considered in the petroleum sector is the topping
plant at Kosti (para. 4.06), with a capacity of 4000 bpd which would
provide about 100,000 mtpa of residual oil. As it would be difficult to
inject this residual oil back into the pipeline, due to problems of
viscosity, or to transport it by road or rail over large distances for
power generation, an option that should be considered is the setting up
of a generating station with a capacity of 100-120 MW in close proximity
to the topping plant. The transmission lines between Kosti and Sennar
would have to be strengthened, at an estimated cost of US$20 million.
Specifically, two options need to be considered (assuming a topping plant
at Kosti):
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(a) Use the residual oil for power generation at Kosti and feed
the power into the BNG by strengthening the transmission
lines between Kosti and Sennar 1/; and

(b) Transport the residual oil to Khartoum North or to a new
site at Khartoum for power generation.

4.54 In the Port Sudan area, the option of using gas for power gener-
ation could be available after the gas resources of the Suakin structure
are proven. This may be particularly attractive if gas were simultan-
eously utilized for other purposes, for example fertilizer production.
For the other isolated systems, the options are few and are limited to
adding additional diesel sets of small to medium capacity.

Pricing of Electricity

4.55 In 1974, the Bank carried out a detailed study of electricity
tariffs in the BNG and a tariff structure was formulated to reflect the
long-run economic cost of supplying electricity to different consumer
categories. A year later, a follow-up study was carried out by consul-
tants, with a view towards implementing a new tariff structure based on
marginal costs. Although a trial project was subsequently initiated, in
which time-of-day meters were installed on a number of consumers' prem-
ises, and seasonal, time-of-day and maximum-demand tariffs were actually
introduced as early as 1979, in practice they apply only to heavy indus-
try and large agricultural pumping loads. A conventional flat rate
continues to apply to domestic consumers and declining block rates to
commercial, small industrial and small agricultural consumers. Even in
the case of heavy industry and large agricultural loads, the maximum
demand charge is based upon the consumer's estimated maximum demand and
estimated installed capacity, not upon his metered maximum demand.
Maximum demand meters have been installed in the BNG but the number is
unknown. Energy charges, on the other hand, at least for the largest
consumers, are metered by time of day ("peak" and "off-peak") and by
season ("critical" months and "other" months).

4.56 From a financial point of view, NEC's average tariff has recent-
ly been inadequate to meet its operational, debt service, working capital
and normal development requirements. The rate of return covenant under
the Bank's Power III project -- which requires an 8% return on average
revalued net assets -- was met in FY81 by was not met in FY82 and is not
expected to be met in FY83. However, NEC is now implementing a major
tariff increase in two steps. The first step was introduced on May 1,
1983. After the second step -- due to take effect on November 1, 1983 -
the tariff level should be sufficient to enable NEC to meet its financial
covenant in FY84.

1/ A suggestion has been made to burn crude directly in the power
station but this has merit only if the power station must be commissioned
ahead of the topping plant.
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4.57 The mission has attempted to assess NEC's tariffs from the point
of view of long-run marginal cost (see Annex 12). Although the data do
not exist to carry out the exercise properly, the results suggest strong-
ly that the increase in tariff level which NEC is now implementing was
justified from an economic as well as a financial perspective. On the
other hand, the new tariff structure may not provide consumers with
appropriate signals about the differentials in system energy costs at
different times of the day and in different months of the year. In so
far as the BNG will increasingly require thermal generation on a year-
round basis, these differentials may be less than suggested by NEC's new
tariff structure. At the same time, the present maximum demand charge
may need to be higher and seasonally differentiated; the charge should be
based upon metered and not estimated maximum demand.

4.58 A further conclusion arising out of the mission's attempt to
evaluate long-run marginal cost is that there is a need for a proper
tariff study for the BNG to permit the eventual adjustment of tariffs to
reflect more closely the long-run marginal costs of supply. USAID was
considering financing such a study, which would cover the isolated sys-
tems as well as the BNG, but a decision seems to have been made to
postpone the study. Alternative ways of financing the study should be
sought.

C. Renewables

(i) Forestry

Projections of Total Fuelwood Consumption

4.59 The growing stock volume of the national forest resource was
estimated to be of the order of 1,994 million m3 in Chapter II. The
annual allowable cut from this resource was estimated at 44.4 million m3,
i.e. a. growth rate of approximately 2.2%. This level of annual allowable
cut was insufficient to meet estimated consumption of 72.4 million m3 of
growing stock equivalent, inclusive of all fuelwood consumption for dom-
estic, commercial and industrial purposes. The annual allowable cut was
only 61% of estimated consumption, the balance representing overcutting
of the resource. There is further loss of growing stock due to mecha-
nized farming schemes, which is estimated at 3.4 milliom m3. Total con-
sumption plus losses add up to 75.8 million m3, exceeding the annual
allowable cut by 31.4 million m3 and resulting in a loss of capital
growing stock. Such a loss effectively reduces the total growing stock
volume and the annual allowable cut iLn subsequent years (assuming a con-
stant mean annual increment). Population growth and sectoral growthl lead
to increased demand for fuelwood in the form of firewood and charcoal,
while agricultural expansion increases losses in growing stock. Thus,
total removals increase while the annual allowable cut decreases. This
progressive reduction in growing stock and annual allowable cut as a
result of increasing consumption, has been determined for the total
national forest resource. It is not possible to determine such a balance
by Provinces since available data are not adequate.
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4.60 Annex 11 shows projections of supply, losses and consumption
balances at five-yearly intervals from 1980 to the year 2000, together
with the percentage changes over the five year periods, assuming present
trends continue. Thus, by the year 2000, the forest resource (and the
annual allowable cut) will have been reduced by 69.6% of the 1980 base
year figure, while consumption is expected to rise by 86%. The forest
resource will become a wasting asset at an increased rate. The projec-
tions indicate that the total area of forest could be reduced from its
present level of 112.5 million hectares to only 33.8 million hectares.
The projections given are necessarily imprecise, since no distinction
between wood-scarce and wood-rich provinces and regions has been made.
Increasing fuelwood costs, due to scarcity and transport over long dis-
tances, will impose a limit on consumer demand in areas with scarce wood
resources. Nevertheless, the figures indicate the serious depletion of
the resource under present regimes of supply and consumption.

4.61 As knowledge of the resource is essential for rational planning,
forestry inventory should have a very high priority. Such activity,
supported by Canadian Government assistance, is about to be undertaken in
the Blue Nile, Bahr-el-Ghazal and El-Buhrat Provinces. Further assist-
ance will be necessary to cover the remaining forested areas and to
assess the rate of deforestation over time. The allowable annual cut has
been estimated at 2.2% of the growing stock volume. This seems to be a
very low figure and more detailed studies are required to determine what
steps should be taken to increase this percentage. Improved management
practices, including protection of the resource, control of cutting with-
in the annual allowable cut, improvement and extension of silvicultural
practices depend upon adequate budgetary provisions.

4.62 The reservation of areas in the vicinity of townships for the
supply of fuel to the urban areas in the future is of the greatest impor-
tance. The recent denudation of forest around towns, e.g. Khartoum, Juba
and Wau, now necessitates long and costly haulage of fuels. The consump-
tion of fuelwood and charcoal in Khartoum Province (including the Three
Towns) in 1980 is estimated at 4.8 million m3 of roundwood equivalent or
about 1.6 million mt of fuelwood. Yields of 5 mt of dry fuelwood per
hectare in well-managed energy plantations are not unrealistic. A feasi-
bility study should be undertaken to establish the economic viability of
energy plantations on a fairly large scale around urban areas, particu-
larly Khartoum. Such plantations could provide fuelwood and charcoal to
urban households, probably at a lower price than is being paid for these
fuels. Additional benefits would be the preservation of the forest
resource and elimination of long haulage of low value fuels with high
value gasoil.

4.63 The traditional firewood stove is a simple open hearth of very
low efficiency, probably less than 6%. Attention should be directed
toward the design and introduction of improved firewood cooking stoves,
particularly for use in urban areas, where wood is used for the prepara-
tion of bread and for long slow cooking. However, acceptance of firewood
burning stoves to any significant extent, particularly by rural popula-
tions who are the greater users of fuelwood, is not considered likely in
the foreseeable future.
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4.64 Consumer testing for acceptability, followed by large scale
production and dissemination of improved charcoal stoves with fuel
efficiency double that of present market model, should be given immediate
Goverrnment support. The involvement of authorities such as the Minis-
tries of Health, Education and Information in the Northern Region, and
the Ministry of Cooperatives and Rural Development and Community Devel-
opment Officers in the Southern Region would be necessary.

4.65 The introduction of metal kilns into production centers needs to
be studied. The introduction of a pilot masonry kiln into a plantation
area capable of supplying the minimum requirement of 20 m3 of wood per
hectare is also desirable. The concept of maximum conversion of wood
material into charcoal should be incorporated into all land clearance and
in particular to rainfed and irrigated large scale mechanized agricul-
tural schemes.

4.66 The requirement that 15% of the land area of agricultural
schemes, both official and under private enterprise, should be retained
under forest is presently virtually ignored. Forestry Administration
guidelines with regard to the limits of agricultural activity on sloping
grouncl, the retention of perimeter wind-breaks, the safeguarding of
fragile lands and the retention of natural forest as internal shelter-
belts (or the establishment of planted belts) are not generally followed.
The return of abandoned agricultural land to the Forestry Administration
for reforestation should be enforced.

4.67 A national scheme for the encouragement of community forestry
and dissemination of advice, together with the establishment of a network
of extension nurseries for the provision of seedlings to the local popu-
lation is required. Objectives should lay emphasis on the establishment
of community wood-lots and homestead plantings. In the Blue Nile
Province there is an awareness of the need for local action and Acacia
tortilis is protected by the local population. Similarly, in the
Northern -Provinces and in Kardofan and Darfur Provinces, there is an
awareness of sand encroachment and deterioration of the environment
intensified by rain failures. This has led to the formation of village
committees for environmental protection. Extension activities should
concentrate on encouragement of the local populations to establish such
committees in order to overcome present reluctance towards self-help
schemes, particularly in areas where population have traditionally looked
to authority for assistance.

(ii) Solar

4.68 From the discussion in paras. 2.35 and 2.36, it appears that
solar energy applications will not be instituted at an early date in
Sudan, due to risks and low return. Additionally, market penetration
would be a function of fuel cost and supply, solar system cost, capital
availability and government actions (including tax deductions and sub-
sidies3). However, Sudan has a number of solar energy research projects
at the Institute of Energy Research in collaboration with the University
of Khartoum. Projects of this kind are worthy of support with a view to
their effective application in the longer term.
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(iii) Wind

4.69 While the potential for the use of windmills for pumping in the
Sudan is large, rapid development will be subject to a number of con-
straints. Research in the country is still in its infancy and to design,
manufacture, adequately site, erect and test windmills will require tech-
nical and financial assistance, both bilaterally and nultilaterally. As
the wind resource could make a significant contribution to the water
pumping needs of irrigation, the setting up of demonstration projects
should be pursued.

(iv) Molasses and Bagasse

Molasses

4.70 In view of the scale and location of the various sugar mills,
priority for ethanol development from molasses should be given to Kenana,
Sennar and Assalaya, which are situated relatively close to each other.
In the case of the smaller mills, Guneid is best placed to continue
supplying molasses to various industrial and livestock markets around
Khartoum, while New Halfa, which is the closest mill to Port Sudan, would
appear to be the most viable single source for future exports of
molasses.

4.71 An ethanol project in the Kenana-Sennar-Assalaya area would
transport ethanol to a point near Khartoum for blending with gasoline and
subsequent distribution. The upper limit for blending (without major
vehicle modification) is about 20% ethanol to 80% gasoline by volume.
Sales of gasoline in 1981 in Khartoum province were 147,446 tonnes and
the addition of other provinces likely to be served out of Khartoum would
give a total 1981 market of about 166,700 tonnes. 1/ This would imply
ethanol production of 30,000 mtpa or approximately 145,000 mtpa of
molasses as input. It appears likely that Kenana, Sennar and Assalaya
would be more than capable of providing this input by the late 1980s,
although it would be prudent to defer any final commitment on a project
of this scale until definite decisions have been reached on the rehabili-
tation program for the public sector and the financial future of KSC. At
that time, a final decision on the optimal location for the ethanol proj-
ect could also be taken.

4.72 Preliminary analysis by the mission (see Annex 13) suggests that
the conversion of molasses to fuel ethanol will be economically attrac-
tive in Sudan. It is recommended that the implications for ethanol de-
velopment should be borne in mind while decisions on the sugar industry
rehabilitation are being taken. Once the future of the industry is
clear, the Government should take a high level initiative to reopen dis-

1/ Provinces served from Port Sudan (or in the extreme south, supplied
by imports) would be less attractive markets due to higher transport
costs.
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cussions with KSC on the possible supply of molasses for ethanol pro-
duction and a suitable agency should be chosen to develop fuel ethanol
production of about 30,000 mtpa, probably at Kenana or conceivably at
Sennar. If Kenana molasses can not be made available to the project,
then a smaller project should be developed to use all the molasses from
Sennar and Assalaya.

Bagasse

4.73 The estimates of surplus bagasse which could be available at the
various sugar mills show that there is an important potential for reduc-
ing the sugar industry's dependence on external energy resources and for
providing limited power exports to NEC's grid, even though the industry
is unlikely to become a net energy exporter. Detailed study of the
economics of this potential, as now envisaged under the Bank's Technical
Assistance II Project, 1/ seems to be justified. However, any study
should evaluate the cost of public power according to NEC's long-run
marginal cost of supply to the sugar mills and the fuel cost of oil-fired
generation should be based on the economic cost of importing and trans-
porting to site the relevant petroleum products (e.g. gas oil). Exports
of power from the sugar mills to NEC's grid should be valued according to
NEC's long-run system cost savings, which means that the timing of the
supplies must be identified (by season and by time of day) as well as the
level (in terms of W and GWh). The study should also examine the terms
for the exchange of power and energy betweem NEC and the sugar factories
and the appropriate institutional and financial arrangements.

4.74 The mission has made some i]Llustrative calculations for the four
government-owned mills in Annex 14, using the results on the economic
cost of petroleum products and the long-run marginal cost of public power
supply derived in Table 4.10 and Annex 12. These calculations suggest
that the full utilization of bagasse for power production is economically
justified at all four government-owned mills.

1/ "Energy Interface between NEC and the Sugar Industry" (Cr. 1153-SU),
to be carried out by Merz and McLellan.
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V. INSTITUTIONS IN THE ENERGY SECTOR

A. General

5.01 In the forestry subsector, the mission has perceived a need to
strengthen the technical expertise of the Central Forestry Administration
(CFA) by creating a body which would have the capacity to implement
projects, especially the more ambitious energy plantation projects which
the mission is proposing. For the other energy subsectors, including
renewables, the mission has identifed the need for a team of technical
experts to provide the basis for energy planning. The team would include
expertise in finance, economics and engineering; it would be capable of
examining pricing and all the available investment options, including the
interrelationships between, for example, the gas, oil and power
subsectors and it would make clear recommendations to enable the
Government to take prompt decisions. Given the present shortage of such
expertise in Sudan, the team would need to be consolidated and
centralized and attached to the Ministry of Energy and Mining.

B. Ministry of Energy and Mining (MEM)

5.02 MEM has overall responsibility for policy formulation in the
energy sector and it regulates the activities of institutions operating
in the sector, including the public corporations, such as GPC and NEC.
The Geological and Mineral Resources Department of the Ministry carries
out geological studies, prospects for minerals and monitors exploration
activities in the petroleum sector. It is divided into two divisions:
the Mineral Resources Administration and the Petroleum Administration.
The Mineral Resources Administration employs 144 geologists and carries
out geological surveys for chrome, gypsum, mica and gold. The Petroleum
Administration employs eight geologists and three geophysicists for
monitoring petroleum exploration activites. The Petroleum Affairs Board
is a high-level body responsible for all contract negotiations; it is
presided over by the Ministry of Energy and has representatives from the
Ministry of Finance and Planning. A National Energy Administration (NEA)
was created in May, 1980 as the planning organ of MEM. NEA is receiving
technical assistance from consultants (ISTI and EDI) financed by USAID.
NEA has done a great deal of work, particularly in gathering data and in
organizing a core of Sudanese officials to sustain future work in the
energy sector. A chart showing the statutory functions and responsibili-
ties of the different agencies in the energy sector is at Annex 15.

5.03 The main emphasis of the mission's recommendations for institu-
tional improvement in the commercial energy sector has been given to
MEM. World Bank technical assistance is already being directed at im-
proving the performance of NEC and GPC and, furthermore, MEM accounts for
many of the gaps which the mission has identified between actual perfor-
mance and statutory responsibilities (see Annex 15).

5.04 There is no integrated system for controlling all ongoing acti-
vities and projects within MEM. Some information is provided by the
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executing agencies, but there is no nucleus within MEM to process the
data for presentation to the Minister. In consequence, the Minister and
the State Minister become involved in the day-to-day operational affairs
of the different energy subsectors, leaving them little or no time for
the policy, planning and supervisory functions.

5.05 The following areas need to be examined if MEM is to function
more efficiently and exercise greater control over the energy sector:

(a) Institutionalize energy data collection. It is necessary
to identify the key information needed for the Minister's
decision-making and ensure the routine flow of that infor-
mation to the Minister in a clearly understandable and
digestible form. At present, this is not done. A great
deal of information exists; not all of it is relevant to
the Minister and he does not receive what is relevant
unless he asks for it. It will be necessary to design
forms and tables, and to train personnel to collect rele-
vant information and to complete the forms and tables;

(b) Establish a mechanism for routinely coordinating the dif-
ferent groups within MEM and for coordinating the acti-
vities of MEM with other Ministries and with relevant
bodies in the energy sector (e.g. NEC and the GPC);

(c) Design follow-up procedures for ministerial decisions.
These do not now exist and follow-up is on an ad hoc basis
when it takes place at all;

(d) Strengthen the Petroleum Administration of the Geology and
Mineral Resources Directorate, so that it can monitor
petroleum exploration and production sharing contracts
more effectively, evolve a long-term strategy for develop-
ment of the petroleum sector and compile and analyze all
geological, geophysical and well-completion data provided
by the contractors;

(e) Strengthen the secretariat of MEM with professionals from
each of the energy subsectors; and

(f) Devise a system of allocation of foreign exchange which
will secure the import of crude and petroleum products on
a regular and predictable basis, so that once a budget
figure is agreed upon for such imports, MEM and GPC will
be able to plan imports in such a way that there is a
continual flow of crude to the refinery and of products to
the market.

C. Power Sector

5.06 Prior to May 1982, the power and water supply sectors were gov-
erned by the Public Electricity and Water Corporation Act of 1978 and
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1980. This Act was repealed in May, 1982 and replaced by the National
Electricity Corporation Act and the Khartoum Water Corporation Act. The
new Acts provide for radical changes in the organization of the power and
water supply sectors -- which have now been separated and regionalized --
although, in fact, these changes cannot be fully implemented for some
time.

5.07 As it relates to the power sector, the May, 1982 legislation
makes the National Electricity Corporation (NEC) responsible for:

(a) the construction and management of the power facilities of
the national grids and the Khartoum distribution area;

(b) the generation and transmission of electricity on the
national electricity grids, its supply in bulk to regional
administrations and the fixing of bulk supply tariffs for
this purpose;

(c) establishing technical standards for electricity installa-
tions and operations, to ensure uniformity throughout
Sudan;

(d) providing consultancy and technical services to regional
electricity organizations on a commercial basis; and

(e) providing training for its own staff and for the staff of
the regional electricity organizations, which are to pay
NEC for such training.

5.08 NEC estimates that the Regional Governments will be in a posi-
tion to take over the management of almost all of the self-contained
isolated electricity systems from July 1983. These include Darfour Area,
Kordofan Area, Central Area, Northern Area, Southern Area (except Juba,
where the power station construction is not yet complete) and Port Sudan.
NEC will continue to manage areas connected to the BNG and the Eastern
Grid until July 1, 1985 when the Regional Governments are scheduled to
take over management responsibilities. NEC considers that this schedule
will provide adequate time for it to install bulk supply meters and to
determine and implement bulk supply tariffs.

5.09 With the help of its consultants, NEC has designed its top man-
agement structure, taking into consideration the regulations in Sudan
which lay down specific salary scales for various categories of staff of
public corporations. To enable it to attract higher caliber managers, it
has designed a structure which includes four senior directors (or deputy
general managers) and eleven managers.

5.10 NEC as an institution faces many problem areas, notably in plan-
ning, finance, operations and maintenance; indeed, perhaps the only area
of strength is the project management office which has been created under
IDA's Power III project. With one exception, the mission makes no speci-
fic proposals for technical assistance for institutional improvement to
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NEC, in awareness of the numerous ongoing efforts financed, for example,
by IDA, USAID and ODA. The one exception is in the area of power system
losses, where the mission does recommend technical assistance to help NEC
reduce its losses from the very high present level of 27% (para. 3.05)

D. Petroleum

(i) General Petroleum Corporation (GPC)

5.11 The General Petroleum Corporation (GPC), acting on behalf of the
Government of Sudan, exercises control over the distribution, allocation
and pricing of petroleum products. There are four marketing companies
operating in the Sudan, but the market share of each is determined by the
allocation of petroleum products to them by GPC. The competition between
the four marketing companies is limited to their sales to large indus-
trial and agricultural consumers, provided that GPC makes the products
available.

5.12 With the agreement of the Bank of *Sudan, GPC determines the
quantity of crude oil and of petroleum products to be imported. GPC
determines, with the refinery management, the product slate of the re-
finery, according to the country's requirements and the availability and
quality of crude oil. Each month, GPC prepares an allocation plan for
all petroleum products and quotas are delivered according to the priority
of the consuming sectors. Pricing of petroleum products is also deter-
mined by GPC in consultation with the Government of Sudan. Finally, GPC
owns and operates the pipeline from Port Sudan to Khartoum.

5.13 Another area of GPC activity is to assist the Government in mon-
itoring the petroleum exploration contracts. It has a right to "buy-
into" all the recent exploration contracts, with the exception of the
Chevron contract. In recent years, it has also built up a core cadre of
exploration personnel. In view of the current activities of GPC and its
likely involvement as a partner in exploration contracts, the Government
should consider the need to define and limit the contract award,
management and monitoring activities of GPC which are the legitimate
function of the Geology and Minerals Resource Directorate.

(ii) Port Sudan Refinery (PSR)

5.14 PSR was contructed by Shell and BP and started operations in
1964. The initial investment of LS5 millions was provided entirely by
Shell and BP but the Government had an option to purchase 50% of the
shares. The option was exercised in 1976; BP transferred its shares to
Shell in 1981, so that the refinery is now owned equally by the Govern-
ment and Shell. The Board has four Sudanese Government representatives
and four Shell representatives. The Board chairman is the State Minister
of Energy. There is only one expatriate (the refinery superintendent) in
management, compared with 25 in 1964, while all 216 operating personnel
are Sudanese, except for two expatriates who are working on a temporary
basis. However, the refinery faces competition for refinery engineers
and technicians from other Arab countries, e.g. Saudi Arabia and Abu
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Dhabi. Such competition is likely to create increasing problems in the
future, even though the refinery reportedly pays the highest salaries in
Sudan and provides generous fringe benefits.

5.15 The refinery is regarded as part of the private sector and is
well run. Government control of policy is exercised through the Board
but there is no interference with technical operations. Crude oil is
purchased by GPC and supplied to the refinery, which merely refines the
crude and then returns the products to GPC. In return, the refinery
receives a fixed but renegotiable processing fee, 1/ to cover its
operating costs (including depreciation) and a 15% return on capital.
Fuel costs and refinery losses are not borne by PSR so that there is no
incentive for PSR to minimize them. Instead, it operates to an agreed
maximum of a 5% difference between the crude supply and product off-
take. In view of the potentially high rate of return on energy-saving
projects, consideration should be given to revising the contract between
the Government and PSR to provide an incentive for reducing refinery
losses further. 2/

(iii) White Nile Petroleum Corporation (WNPC)

5.16 WNPC is a newly formed corporation, with the Minister of Energy
as chairman of the Board of Directors. In addition, the State Minister
of Finance and representatives of Chevron, IFC and APICORP are on the
Board. The Company will own the proposed pipeline from the Unity-Talih
oil fields to the Red Sea terminal. Chevron, as the manager of the proj-
ect, is preparing bid documents for the pipeline and will later supervise
construction of the pipeline and terminal. The operation of the pipeline
will be entrusted to a subsidiary of Chevron. One of the merits of
ownership of the pipeline by WNPC is that the pipeline will serve as a
common carrier for any oil discovered by other exploration contractors.

E. Forestry

5.17 All forest land is owned by the State and its administration is
the responsibility of the CFA, consisting of the Northern and Southern
regions, based in Khartoum and Juba respectively. Under the 1971
Peoples' Government Act, many of the powers relating to land use, forest
conservation and utilization, the control of desertification, the control
and direction of land apportionment, and resettlement have become the
responsibility of the local administrations of the eighteen provinces.
Consequently, many of the forest operations previously controlled by the
CFA have become the responsibility of the provincial Forest Services.

1/ Set at LS1.28 per barrel on June 1, 1982 and LSl.90 per barrel on
August 1, 1982 based upon an annual throughput of 850,000 mt of crude.

2/ The management of PSR has prepared six energy saving projects, which
could lead to an annual saving of 2,400 mt of fuel at a cost of about
LS641 thousand.
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These powers include both budgetary control and the collection of revenue
from the sale of forest produce. The powers left with the CFA are
limited to: providing advice to the provincial Forest Services; responsi-
bility for overall policy, control and evaluation of major development
projects; staff administration, including staff postings and secondment;
and forest inventory.

5.18 The Regions are presently staffed as follows:

Northern Region

University Graduates
(Assistant Conservators and Higher Ranks) 64

Forest Technicians (Diploma) 178
Forest Overseers 320

Southern Region

University Graduates
(Assistant Conservators and Higher Ranks) 13

Forest Technicians (Diploma) 30
Forest Technicians (non-Diploma) 58

The total number of permanent forest workers employed in the country is
probably of the order of 6,000, most of them by the local authorities.

5.19 Since the preservation and proper utilization of the forestry
resource is essential, a national coordinated program of forestry manage-
ment and development is vital. Piecemeal development under local admin-
istration is unlikely to achieve the overall goals towards which the
forestry sector should be moving. The CFA must be strengthened if it is
to introduce legislation and execute policies for optimizing the use of
the forestry resource. In particular, forestry will require increasing
amounts of investment and must be regarded as an important Government
activity requiring an appropriate financing structure. An important step
would be the creation of a body within the CFA responsible for the plann-
ing, coordination, review and monitoring of projects, the most important
of which would be the proposed energy plantations for meeting the needs
of urban areas for firewood and charcoal.

5.20 As fuelwood contributes nearly 82% of the energy consumption of
Sudan -- and this is not likely to change substantially in the near
future -- there is a need to coordinate forestry activities wth national
energy planning and policies. Suitable administrative procedures need to
be established.
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VI. INVESTMENT AND TECHNICAL ASSISTANCE IN THE ENERGY SECTOR

Investment Requirements

6.01 Commercial energy consumption in Sudan is relatively low at 58
kgoe per capita, due partly to a complete reliance on imports in the
petroleum sector and serious underinvestment in the power sector. In-
vestment in the power sector has varied between US$3 million and US$11
million annually and has averaged less than 5% of total development ex-
penditure over the seven-year period FY76 to FY82. As a percentage of
GDP, power investment has never exceeded 0.5% in the same period and has
fallen as low as 0.1%.

6.02 Since 1975, over US$500 million have been spent for oil explora-
tion, but this has been borne entirely by the international oil companies
and to a large extent by Chevron. Current expenditure by Chevron is
about US$200 million per year and represents the largest single invest-
ment in the energy sector. The only other investment in the petroleum
sector has been in distribution facilities.

6.03 There has been minimal investment in the non-commercial energy
sector. Funding for forestry activities has been inadequate in relation
to the size of the forest resource and its rate of depletion. Very
little investment has gone into improving the annual allowable cut as a
percentage of the total resource and into the more efficient utilization
of fuelwood for cooking as well as conversion to charcoal.

6.04 The mission has examined the likely future investment require-
ments for the energy sector up to FY91, in light of the demand forecasts
prepared for Scenario A of Table 3.4. The conclusions are discussed
below and the results (in 1983 prices) are summarized in Table 6.1.

6.05 In the petroleum sector, the major investments will be devoted
to the development of the Unity-Talih oilfields and the proposed crude
and diluent pipelines from the oilfields to the Red Sea, estimated to
cost about US$1.7 billion. All the oilfield development cost will be met
by Chevron, while the cost of the pipeline will be met by WNPC, in which
the Government and Chevron are the major partners. The Government's re-
quired equity contribution to WNPC is estimated at some US$99 million.
Another major investment by the Government in the petroleum sector would
be for the topping plant at Kosti, estimated to cost about US$25 million.
In addition, GPC has the right to "buy in" up to a share of 15% in the
exploration contracts at its discretion. There is also the possibility
of GPC participating in the Red Sea natural gas discovery on a "farm-in"
basis. The investment by Government/GPC in these exploration contracts
could amount to US$50 million. If the gas reserves of the Suakin field
are confirmed after drilling another delineation well, plans could be
drawn up for the utilization of gas for fertilizer and power production.
Chevron estimated in 1976 that development of the gas field and a pipe-
line from the Suakin structure to Port Sudan would cost US$ 131 million
for a production of 50 MMCFD. Investment at 1983 price levels might be
US$300 million.
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Table 6.1

Estimated Public Investment Requirements
for the Energy Sector to FY91
(US$ million at 1983 prices)

Petroleum and Natural Gas
Crude oil export pipeline 99
Topping plant 25
Exploration 50
Gas development 300

Sub-total 474

Power
(a) BNG

-Power III 131
-Generation projects to be
commissioned before 1991 300
-generation projects to be
commissioned after 1991 150
-Transmission 180
-Distribution 145

(b) Isolated Systems 150
Sub-total 1056

Forestry
New plantations, mainly near
urban areas, and other forestry
schemes 200

Total required investment for energy
sector to 1991 1730

6.06 In the power sector, the retnaining works under Power III are ex-
pected to cost US$131 million. Investment in new generation capacity for
the BNG for projects to be commissioned before 1991 is likely to cost
US$300 million (corresponding to 300 MW of thermal plant); a provision of
US$150 million can be made for work on generation projects in the BNG
(including hydroelectric projects) which must be started before 1991 al-
though commissioning would occur after 1991. Investment in strengthening
and expanding transmission and distribution facilities in the BNG is
essential and would require some US$180 million and US$145 million re-
spectively. In the isolated systems, an investment in the order of
US$150 million is envisaged to meet projected demand.

6.07 It is difficult to project specific physical targets and asso-
ciated investment needs in the forestry sector, but a conservative pro-
gram should cover 500 thousand hectares under energy plantation programs.
Most of this new plantation would be close to urban areas and over a ten-
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year period would meet a substantial share of the needs of urban house-
holds for fuelwood and charcoal. Investment costs per hectare for large-
scale energy plantations are not available as there have been few really
large projects. For smaller projects, covering a few thousand hectares,
estimates have been as high as US$1,000 per hectare. Some studies in the
U.S. indicate an investment figure of US$400 per hectare, with a pro-
jected harvested cost of US$25 per oven-dry ton of fuelwood. 1/ The
major investment cost components have been identified as US$160 for seed-
lings and US$180 for site preparation. The seedling costs were based on
tissue culture propagation and may be considerably less if conventional
nurseries are adopted (with a possible reduction in fuelwood yield per
hectare). These costs may be much lower in Sudan and a pre-feasibility
study should be undertaken immediately to establish the major parameters.
This could be followed by a more detailed feasibility study to determine
the economic attractiveness of the schemes. Furthermore, there is an
urgent need to improve on the annual allowable cut from the present 2.2%
of total resource, by better forestry management practices. These pro-
grams may cost annually US$10 million.

6.08 The investments in gas development and forestry projects, total-
ling US$500 million, are tentative and would depend on the outcome of
feasibility studies proposed separately. The estimated investment re-
quirements for the energy sector as a whole (including gas development
and forestry) in the eight-year period to FY91 total US$1,730 million in
1983 prices or approaching US$220 million per year. This corresponds to
about 3.1% of GDP, which is not unreasonable compared with other develop-
ing countries.

6.09 Nevertheless, as explained in para. 3.13, these investments may
not be realizable if constraints on foreign exchange and the Government's
budget become so tight that even the high-priority energy sector cannot
receive the resources it needs. It can be assumed that the main impact
-- as far as public investment requirements are concerned in Table 6.1 -
would be felt through the power sector. Petroleum and natural gas can be
treated as enclave projects and direct foreign-exchange earners or
savers; forestry investment has a high local cost component. Within the
power sector, generation projects for the BNG could be postponed after
Power III; and investment in transmission, distribution and the isolated
systems could be further neglected. If half the power investment outside
Power III (US$462.5 million) could be deferred beyond 1991 -- based upon
the much more pessimistic illustrative load growth described in para.
3.13 -- then total investment in the energy sector might be cut from
US$1,730 million in Table 6.1 to, say, US$1,270 million (by about 27%) or
about US$160 million a year (corresponding to about 2 1/4% of GDP). How-
ever, the very serious implications of such a cut for the Sudanese eco-
nomy are not to be under-estimated: it would become even more difficult

1/ Production of Woody Bifuels from Mesquite (Caeser Kleberg Wildlife
Research Institute).
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to achieve a satisfactory growth of GDP and exports and to resolve
Sudan's immediate economic difficulties.

Technical Assistance

6.10 The discussion in Chapters II, IV and V identified a number of
areas where technical assistance is required, including studies, demon-
stration projects and expatriate experts. Among these, the mission has
identified the following as having the highest priority in the different
subsectors.

A. Petroleum

(i) Utilization of Indigenous Crude

6.11 Sudan is expected to have at least 16,000 bpd of crude on a net
basis (after the payment of annual costs) from 1986, when the pipeline is
commissioned. Three options were identified in Chapter IV, which need
further study.

(ii) Exploration Strategy, Management and Data Review

6.12 Sudan is in the process of awarding a number of new exploration
contracts and is faced with certain "buy-in" and "farm-in" options.
Furthermore, Chevron, Total, Phillips and Sun have large exploration
commitments. Assistance needs to be given to the Geology and Mineral
Resources Directorate of the Ministry of Energy and Mines in: (a) con-
tract negotiations; (b) contract monitoring and management; (c) exercis-
ing options for "farm-in" and "buy-in"; (d) evolving a long-term strategy
for the development of the petroleum sector; and (e) compiling and ana-
lyzing all geological, geophysical and well-completion data provided by
the contractors.

(iii) Natural Gas

6.13 Gas has been discovered at Suakin 1 but the reserves of the
structure need to be confirmed by additional drilling. Total is looking
for a "farm-in" partner and the possibility of the Government taking up
such an option needs to be studied. The study would require an assess-
ment of gas reserves based on available data and the prospects for util-
izing gas in the domestic market and would include the subject of gas
pricing.

B. Power

(i) Hydroelectric

6.14 A number of studies have been carried out for the BNG, where
potential hydroelectric sites have been identified, but no scenario is
available from which an order of merit for the different schemes could be
prepared based on a least-cost analysis. Further studies are therefore
required, as indicated in paras. 2.24-2.25.
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(ii) Thermal

6.15 The option of generating thermal power at Kosti, with a trans-
mission line to the BNG, needs to be studied urgently as an alternative
to additional thermal power at Khartoum. Furthermore, there is a need
for technical assistance to help NEC implement a power system loss
reduction study.

(iii) Distribution

6.16 The condition of the distribution systems within and outside the
Three Towns and the requirements for their renovation, improvement and
expansion need to be investigated.

(iv) Pricing

6.17 There is a need for a study of the structure of power tariffs in
the BNG and in the isolated systems, taking into account the long-run
marginal costs of supply.

C. Renewables

(i) Forestry

6.18 A continuing inventory of the forest resource is essential.
Three provinces are being covered under Canadian Government assistance,
but the study needs to be extended to all provinces under other bilateral
and multilateral assistance schemes.

6.19 Technical assistance is required to identify the steps to be
taken in implementing the proposals in paras. 5.19 and 6.07 to improve
the productivity of the forest resource, revise forest policy and
legislation and strengthen the administration of the forestry subsector.

6.20 Studies are required in the design and introduction of improved
fuelwood and charcoal stoves and charcoal kilns.

6.21 If the forestry programs for augmenting urban fuelwood supplies
suggested in para. 6.07 are to be successful, technical assistance will
be required in carrying out a feasibility study and the setting up of de-
monstration and pilot projects.

(ii) Wind

6.22 As the potential for the use of windmills for irrigation pumping
is large, technical assistance in identifying suitable designs for adop-
tion in Sudan and siting them in the more promising areas will be re-
quired. Such assistance would supplement and coordinate the work being
financed by Germany, Australia and the U.K.
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General

6.23 There is a multiplicity of foreign donor activity which has
taken place and is still taking place in the energy sector. There are
numerous ongoing demonstration projects and studies which are uncoordi-
nated and the number and scope of these projects/studies appears large in
relation to the size of the energy sector and its absorptive capacity.
For example, there are at least seven solar demonstration/ pilot proj-
ects; three wind energy projects; four forestry projects; and a number of
technical consultancy/assistance agreements for the power sector. The
total foreign donor assistance of this kind seems large in relation to
the very low capital investment in the energy sector (para. 6.01); pro-
bably some of this assistance coulcd have been used more effectively in
providing essential spares and equipment. 1/ An appropriate permanent
mechanism is needed to evaluate, monitor and coordinate, on a regular
basis, all foreign donor activity (both project and technical assistance)
in the energy sector. Some bilateral assistance to the Ministry of
Energy and Mining for setting up a cell for this purpose should be con-
sidered.

6.24 The large investments which have been proposed in the petroleum
and forestry subsectors represent completely new areas of activity.
These activities will require cadres of adequately trained manpower and
therefore appropriate programs must be planned and implemented.

1/ USAID has included in its program of assistance amounts for com-
modities and spares for the energy sector.
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1ENICY A] ACICE 1981
(10 mioe)

Priury EeSry Petroletfm Products
Fuel- Bio- Hydroelec- CGide Electri- errosene

woul mass I/ tricity oil Charcoal city (NEC) IP Gasoline Jet Gasoil Fuel Oil Total

Gross Supply

Production 7,765 526 188 8,479

InVorts 812 1 74 13 246 1,146
Producers' Stuck decrease

(increase) 62 62

Total Available Slpply 7,765 526 188 874 1 74 13 246 9,687

Conversion

Petroleun Refining (832) 5 133 41 295 358 0

Clarcoal Production (1,778) 1,778 0
Electricity Gem-ration (188) 248 (15) (45) 0

Conversion lIosses (3,236) (42) (167) (3,445)
Transamission/distrihb-

tion Losses _ _ (21) (21)

Net Supply Available 2,751 526 0 0 1,778 60 6 207 54 526 313 6,221

Exports (141) (141)

Distritbtors' stock
decrease (increase) _ _ 55 11 40 (38) 68

Net 00xwstic CGxansmption 2,751 526 1,778 60 6 262 65 566 134 6,148

GonsuffLng Sectors

Agricul taire 7 98 105
Ildustly 75 100 22 1 1 53 106 358
Transport 262 47 337 28 674

Ilkseaholds 2,591 426 1,68o 23 5 17 33 4,781

Public/O)ther 85 92 8 45 230

1/ The col. hladed bituass represents biomass other dian hlelwood aud charcoal, notably bagasse,

groxuidtnt shells, crop residues and animnal wastes.

2/ O)ie ton of charcoal rexlkires six tO(Is of tuelwood.

3/ Fuel conau4)tion and conversion losses in thernal electricity generatio n are based oA actutal
resUlts. Ihe total coLiversion losses (167,()00 ttoe) incluid also a hypothetical figure for

hydioelectricity based oni 34% efficienlcy.

Source: NEA alld ffission estimates.
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AN2

SUDAN

FOME RESOUCS

Total Standing Annual Mean
Province Total Area Avjrage Volume Gtroing Stock AUulble Cut Increment
Grcup Source (Hectares) (m AIectare) Volume (&) (W) (m3/Hectare)

Eastern Forest 2,748,065 2.55 7,007,855 234,602 0.09
0ther 700,000 4.76 3,332,000 222,133 0.32
Total 3,448,065 3.00 10,339,855 456,735 0.13

Central Forest 5,123,770 4.98 25,532,325 886,256 1.73
Other 700,000 4.76 3,332,000 222,133 0.32
Total 5,823,790 4.95 28,864,325 1,108,389 0.19

Khartoun Forest 5,000 60.00 300,000 30,000 6.0
Other 700,000 4.76 3,332,000 222,133 0.32
Total 705,000 5.15 3,632,000 252,133 0.36

Kordofan Forest 11,628,000 10.56 122,827,800 2,985,994 0.26
Other 7001000 4.76 3,332,000 222,133 0.32
Total 12,328,000 10.23 126,159,800 3,208,127 0.26

Darfur Forest 17,693,300 26.97 477,199,800 9,587,083 0.54
Other 700,000 4.76 3,332,000 222,133 0.32
Total 18,393,300 26.13 480,531,800 9,809,216 0.53

Northern Other 700,000 4.76 3,332,000 222,133 0.32

Northern Region Total 41,398,155 15.77 652,859,780 15,056,733 0.36

Bihayrat Forest 6,525,400 15.03 98,069,800 2,911,378 0.45

Joiglei Forest 11,863,900 3.76 44,643,700 2,007,915 0.18

Bahr-El-CGhazal Forest 11,733,900 34.94 410,037,200 8,336,555 0.71

E. Equatoria Forest 10,808,150 18.18 196,632,396 4,328,640 0.40

W. Equatoria Forest 6,982,783 61.76 431,275,066 6,952,831 1.00

Upper Nile Forest 23,171,600 6.94 160,842,700 4,673,027 0.20

Southern Region Total 71,095,683 18.87 1,341,500,862 29,300,346 0.41
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ANNEX 3

SUDAN
SUGAR INDUXSTRY PRDDUJCTION AND PERFORMANCE DATA

FY79 to FY82

Fuel
Cane Milled Sugar Molasses Bagasse Furnace Oil Gasoil Gasoline
(103 mt) (103mt) (103 mt) (103 mt) (mt) (mt) (103 Ig)

Oxneid
FY79 416 36.5 13.3 203 3864 2143 49
FY-80 319 29.7 11.0 143 1829 2140 48
FY81 398 35.8 14.8 179 2000 2200 51
FY82 186 15.7 6.7 86 2694 n.a. n.a.

New Halfa
FY79 691 64.8 24.2 311 2852 2050 62
FY80 483 43.0 20.5 217 2933 2190 62
FY81 560 50.0 22.8 252 1079 2300 67
FY82 433 35.9 15.6 172 2439 n.a. n.a.

Seruaar
FY79 233 18.2 9.0 105 4000 3000 120
FY80 386 39.0 18.3 174 4000 3000 120
FY81 400 32.0 19.6 180 4000 3000 120
FY82 314 22.3 11.8 141 1/ 2696 n.a. n.a.

Assalaya
FY80 95 7.7 7.5 39 4500 3000 118
FY81 140 12.6 4.3 44 4000 3000 118
FY82 2/ 2/ 2/ 2/ n.a. n.a. n.a.

Kenana
FY80 330 19.7 26.7 122 15,751 7,058 233
FY81 1193 106.8 66.7 459 24,116 9,215 332
FY82 1742 165.4 97.9 644 1/ 30,000 1/ 14,000 1/ 441 1/

Total
FY79 1340 119.5 46.5 619 10,716 7193 231
FY80 1613 139.1 84.0 695 29,013 17,388 581
FY81 2691 237.2 128.2 1114 35,195 19,715 688
FY82 2675 239.3 132.0 1043 1/ 37,829 1/ n.a. n.a.

1/ Estimated

2/ No factory operation; cane milled at Kenana.
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ANNEX 4

HOUSEHOLD FUELWOOD CONSUMPTION, 1980

m3 roundwood
Urban/ equivalent per

Province Rural capita per annum

Khartoum Urban 0.32
Rural 0.38

Gezeira Urban 0.49
Rural 0.60

Blue Nile Urban 0.86
Rural 2.41

White Nile Urban 0.59
Rural 0.88

Kassala Urban 0.78
Rural 1.19

Red Sea Urban 0.23
Rural 0.55

Northern Urban 0.35
Rural 0.50

Nile Urban 0.43
Rural 0664

N. Kordofan Urban 0.79
Rural 1.36

S. Kordofan Urban 0.91
Rural 1.82

N. Darfur Urban 0.91
Rural 1.82

U. Nile Urban 0.9
Rural 1.45

Junglei Urban 0.64
Rural 0.91

El-Buheyrat Urban 0.92
Rural 1.09

E. Equatoria Urban 1.80
Rural 3.64

W. Equatoria Urban 2.20
RureLl 3.64

Bahr-El-Ghazal Urban 1.45
Rural 2.73

Average Fra 5
-~~~~~~~~~rlT9
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ANNEX 5

HOUSEHOLD CHARCOAL CONSUMPTION, 1980

Urban/ m3 roundwood equivalent
Province Rural per capita per annum Source

Khartourm Urban 2.9 M. Mukhtar
Rural 2.0 M. Mukhtar

Gezeira Urban 2.9 estimate
Rural 2.0 NEA survey

Blue Nile Urban 2.9 estimate
Rural 1.5 NEA survey plus

White Nile Urban 3.5 estimate
Rural 2.5 estimate

Kassala Urban 2.7 NEA survey minus
Rural 1.8 NEA survey minus

Red Sea Urban 2.3 estimate
Rural 1.8 estimate

Northern Urban 2.5 estimate
Rural 2.2 estimate

Nile Urban 2.6 NEA survey
Rural 2.2 NEA survey minus

N. Kordofan Urban 5.5 estimate
Rural 2.7 estimate

S. Kordofan Urban 6.1 NEA survey minus
Rural 2.7 NEA survey plus

N. Darfur Urban 5.5 estimate
Rural 2.7 estimate

S. Darfur Urban 6.1 estimate
Rural 2.7 estimate

U. Nile Urban 2.6 estimate
Rural 1.1 estimate

Junglei Urban 0.5 estimate
Rural 0 estimate

El-Buheyrat Urban 2.6 estimate
Rural 1.1 estimate

E. Equatoria Urban 4.3 NEA survey
Rural 0.9 NEA survey

W. Equatoria Urban 5.2 NEA survey
Rural 0.9 NEA survey

Bahr-El-Ghazal Urban 5.2 NEA survey minus
Rural 1.1 estimate

Average Urban 3.7
Rural 1.8

Notes on Sources:

Per capita consumption based primarily on NEA surveys.

Estimates based on NEA surveys and surveys conducted by M. Mukhtar,
(Khartoum 1980), A. Skeikh El Din (White Nile, 1980), T. Hammer
(N.Kordofan, 1978).

"NEA Survey minus" or "plus" indicates that consumption is less than or
greater than the survey result, an adjustment having been made where the
survey location was judged to be atypical.
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ANNEX 6

HOUSEHOLD FUELWOOD DEMAND BY PROVINCE, 1980-1995
(1O m' roundwood growing stock equivalent)

Province 1980 1985 1990 1995

Khartoum 525 670 841 1047
Gezeira 1482 1756 2080 2438
Blue Nile 2061 2250 2508 2694
White Nile 972 976 1318 1509
Kassala 1605 1827 2058 2381
Nile 348 366 384 403
S. Kordofan 1827 1959 2095 2253
N. Kordofan 1698 1859 2057 2302
S. Darfur 2529 2856 3190 3512
N. Darfur 1461 1658 1873 2095
Red Sea 249 283 319 357
Northern 195 206 219 233
E. Equatoria 2718 2758 2781 2834
W. Ecuatoria 1383 1432 1484 1552
Bahr El Ghazal 2163 2305 2432 2555
Upper Nile 1200 1314 1444 1424
Junglei 420 469 526 590
El Buhyrat 654 719 791 870

T'otal 23490 25663 28400 31049

% increase by
five-year period - 9.3 10.7 9.3
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ANNEX 7

PROJECTED DEMAND FOR CHARCOAL BY PROVINCE, 1980-1995
(1O'm3 roundwood growing stock equivalent)

Province 1980 1985 1990 1995

Khartoum 4330 4566 7102 8974
Geziera 5346 6404 7662 9175
Blue Nile 1998 2380 2905 3990
White Nile 3294 3529 4838 5828
Kassala 3024 3628 4271 5270
Nile 1386 1511 1631 i762
S. Kordofan 3636 4241 5089 6212
N. Kordofan 4684 4819 5495 6347
S. Darfur 4644 5534 6694 8083
N. Darfur 3546 4183 4945 5826
Red Sea 1170 1361 1576 1809
Northern 900 967 1035 1112
E. Equatoria 1890 2644 3540 4509
W. Equatoria 1098 1560 2113 2698
Bahr El Ghazal 1639 2175 2932 3855
Upper Nile 1098 1290 1552 1743
Junglei 7 7 7 7
El Buhyrat 810 986 1228 1540

Total 44499 51785 64615 78740

% increase by
five-year period - 16.4 24.8 21.9
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ANNEX 8

TOTAL HOUSEHOLD CONSUMPTION OF FUELWOOD AND CHARCOAL
BY PROVINCE, 1980-1995

(103m roundwood growing stock equivalent)

Province 1980 1985 1990 1995

Khartoum 4885 5236 7943 10021

Gezeira 6828 8160 9742 11613

Blue Nile 4059 4630 5413 6684

White Nile 4266 4505 6156 7337

Kassala 4629 5455 6329 7651

Nile 1734 1877 2015 2165

S. Kordofan 5463 6200 7184 8465

N. Kordofan 6382 6678 7552 8649

S. Darfur 7173 8390 9884 11595

N. Darfur 5007 5841 6818 7921

Red' Sea 1419 1644 1895 2166

Northern 1095 1173 1254 1345

E. Equatoria 4608 5402 6321 7343

W. Equatoria 2481 2992 3597 4250

Bahr El Ghazal 3801 4480 5364 6410

Upper Nile 2298 2604 2996 3167

Junglei 427 476 533 597

El Buhyrat 1464 1705 2019 2410

Total 67989 77448 93015 109789



ANNEX 9

Page I of 3

FE1'ERY BLANCE-1986 (Scenario A)

(10' mtoe)

Primary Energy Petroleum Products

Fuel- Bio- Hydroelec- Crude Electri- Kerosewe

wood mass 1/ tricity Oil Charcoal city (NEC) LPG Gasoline Jet Gasoil Fuel Oil Total

Gross Supply

Production 9,046 823 283 10,152

lThorts 1,250 2 102 15 262 1,631

Producers' Stock decrease

(increase) _ ___

Total Available Supply 9,046 823 283 1,250 2 102 15 262 11,783 co

Conversion

Petroleum Refining (1,187) 5 202 60 415 505 0

Charcoal Production (2,137) 2,137

Electricity Generation (283) 405 (21) (101) 0

Conversion Losses (3,889) (63) (267) (4,219)

Transsmission/distribr

tion Losses _ _ (23) (23)

Net Supply Available 3,020 823 0 0 2,137 115 7 304 75 656 404 7,541

Exports 
(149) (149)

Distributors' Stock

Decrease (Increase)

Neot nxxestic
Cbnisumption 3,020 823 2,137 115 7 304 75 656 255 7,392
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Page 2 of 3

itf BA[ANC 1991 (Scenario A)
(106 mtoe)

Primary Energy Petroleun Products
Fuel- Bio- Hydroelec- Crude Electri- Kerosene
od mass i/ tricity Oil Ch(arcoal city (NEC) LPG Gasoline Jet Gasoil Fel Oil Total

Gross Supply

Productiol 10,705 937 354 11,996
Imports 1,250 4 177 33 437 99 2,000
Producers' Stock decrease

(increase) 

Total -Avatlable Sul,y 10,705 937 354 1,25 4 177 33 437 99 13,996

Conversion

Petroleum Refining (1,187) 5 202 60 415 505 0 1
Ciarcoal Production (2,610) 2,610 0 cn
FAectricity Generation (354) 650 (35) (261) 0
Conversion Losses (4,750) (63) (429) (5,242)
Trahsmission/distribLr-

tion lwosses _ _ __ (38) _ (38)

Net Supply Available 3,345 937 0 0 2,610 183 9 379 93 817 343 8,716

Exports
Distributors' stock

decrease (increase)

Net lDomestic Cbnsuq26
tion 3,345 937 2,610 183 9 379 93 817 343 8,716
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Page 3 of 3

ENEMEY BALAN2CE 1996 (Soenario A)

(10' mtoe)

Primary Energy Petroleum Products

Fuel- Bio- Hydroelec- Crude Electri- Kerosene

wood mass 1/ tricity Oil Charcoal city (NEC) LPG Gasoline Jet Gasoil Fuel Oil Total

Gross Supply

Production 12,653 1,066 510 14,229

laports 1,250 6 270 56 625 369 2,576

Producers' Stodk decrease

(increase) ___ __

Total Available Spply 12653 -66 510 1,250 6 270 56 625 369 16,805

C"oversion

Petroleun Refining (1,187) 5 202 60 415 505 0

Charcoal Production (3,180) 3,180 0

Electricity Generation (510) 1,015 (22) (483) 0

Conversion Losses (5,788) (63) (670) (6,521)

Traisiidssion/distribJ-

tion losses ___ ___(59) 
(5 -9)

Net Supply Available 3,685 1,066 0 0 3,180 286 11 472 116 1,018 391 10,225

Exports

Distributors' stock
decrease (increase)

Net Donestic Cqninqp-
tion 3,685 1,066 3,180 286 11 472 116 1,018 391 10,225
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ENEWY BALANCE 1986 (Scenario B)
(1-0 mtoe)

Primary Energy Petroleum Products
Fuel- Bio- Hydroelec- Crude Electri- Kerosene
wood mass 1/ tricity Oil Charcoal city (NEC) LPG Gasoline Jet Gasoil Fuel Oil Total

Gross Suppl

Production 9,046 823 283 10,152
luorts 1,250 3 149 27 363 1,792
Producers' Stock decrease

(increase)

Total Available Supply 9,046 823 283 1,250 3 149 27 363 11,944

Conversion

Petroleum Refining (1,187) 5 202 60 415 505 0 0:)Ciarcoal Production (2,137) 2,137 0
Electricity Generation (282) 405 (21) (101) 0
Conversion Lasses (3,889) (63) (267) (4,219)
TransLsission/distribL-.

tion Losses _ _ (23) (23)
Net Supply Available 3,020 823 0 0 2,137 115 8 351 87 757 404 7,702

Exports (125) (125)
Distributors' stock

decrease (increase)
Net Doies tic Cons,up

tioni 3,020 823 2,137 115 8 351 87 757 279 7,577
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ENERGY BALANCE 1991 (Soenario B)
(1i0 mtoe)

Primary Energy Petroleum Products

Fuel- Bio- Hydroelec- Crude Electri- Kerosene

wood mass 1/ tricity Oil Charcoal city (NEC) LPG Gasoline Jet Gasoil Fuel Oil Total

Gross Supply

Production 10,705 937 354 11,996

Irports 1,250 6 268 56 633 146 2,359

Producers' Stock decrease
(increase)

Total Available Supply 10,705 937 1,250 6 268 56 633 146 14,355

Conversion

Petroleum Refining (1,187) 5 202 60 415 505 0 co

aiarcoal Production (2,610) 2,610 0

Electricity Generation (354) 650 (35) (261) 0

Conversion Losses (4,750) (63) (429) (5,242)

'transnissiotn/distribir
tion Losses _ (38) _ _ _ (38)

Net Supply Available 3,345 937 0 0 2,610 183 11 470 116 1,013 390 9,075

Fxports
Distributors' stock

decrease (increase)

Net Domestic COLsLnW
tion 3,345 937 2,610 183 11 470 116 1,013 390 9,075
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ENERIY BAINA 1996 (Scenarioxi B)
(10' mtoe)

Primary Energy Petroleumn Products
Fuel- Bio- Hydroelec- Crude Electri- Kerosene
wood mass 1/ tricity oil Charcoal city (NEC) LPG Gasoline Jet Gasoil Fuel Oil Total

Production 12,653 1,066 510 14,229
lnports 1,250 9 427 96 963 449 3,194
Producers' Stock decrease

(increase) --

Total Available Supply 12,653 1,066 510 1,250 9 42/ 96 963 449 17,423

Conversion,

00
Petroleun Refining (1,187) 5 202 60 415 505 0
(larcoal Production (3,180) 3,180 0
Electricity Generation (510) 1,015 (22) (483) 0
Conversion losses (5,788) (63) (670) (6,521)
Traasmission/distribLr-

tion Losses _(59) _ 59

Net Su yAvailable 3,685 1,066 0 0 3,180 286 14 629 156 1,356 471 10,843

Eq)orts

Distributors' stock
decrease (increase) _

Net Dcnestic Consu3
tion 3,685 1,066 3,180 286 14 629 156 1,356 471 10,843
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F1MEWDOID AND CMARODAL: PR1JEMCIONS OF SUPPLY, LDSSES AND 0 NSUMPqCON BALANCE, 1980-2000
AND RTAGE a1ANGE ON BASE YEAR, 1980

(10-m- growing stock equivalent)

Growing Annual Firewood Charcoal Total
Stock Allow- House- Cbamer- Indus- House- Commer- Poles Losses and

Year Volume able Cut hold cial trial hold cial Timber Losses Consumption Balances

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

1980 1,994,361 44,357 23,490 778 669 44,499 2,445 510 3,370 75,761 -31,404

1985 1,810,278 40,263 25,663 851 806 51,785 2,67 585 3,479 85,842 -45,579 1

% Change -9.2 -9.2 +9.3 +9.4 +20.5 +16.4 +9.3 +14.7 +3.2 +13.3 +45.1

1990 1,539,212 34,234 28,400 1,016 995 64,615 3,191 682 3,740 102,639 --68,405

% Change -22.8 -22.8 +20.9 +30.6 448.7 +45.2 +30.5 +33.7 +11.0 +35.5 +117.8

1995 1,145,450 25,476 31,049 1,236 1,211 78,740 3,882 784 4,107 121,009 -952533

% Change -42.6 -42.6 +32.2 +58.9 +81.0 +76.9 +58.8 +53.7 +21.9 +59.7 +204.2

2000 606,991 34,110 1,503 _1459 93,665 AIM 903 4,550 140,913 -127,413

% Change -69.6 -69.6 +45.2 +93.2 +118.0 +110.5 +93.2 +77.1 +35.0 +86.0 +305.7
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SU DAN

ELECTRICITY TARIFFS

1. NEC has made a reasonable effort to update its official schedule
of e:Lectricity tariffs in accordance with marginal cost. A recent exer-
cise was completed in November, 1982 and the results were submitted to
the Ministry of Energy. However, the exercise reflected costs only one
year ahead, the uncertainties in the basic assumptions were considerable,
distribution costs were selected from individual investment items rather
than the full development program, and economic costs were not taken into
account. NEC did adjust the capital costs to take into account the
November, 1982 devaluation but operational costs, including fuel costs,
were not amended.

2. In view of the shortcomings in NEC's calculations and the fact
that the BNG system and its underlying cost structure have changed con-
siderably since the Bank's 1974 study, 1/ the mission attempted to re-
estimate the structure of long-run marginal costs in the BNG, as seen
from December, 1982. Such an attempt should, of course, proceed from an
analysis of the long-run marginal cost of meeting demand with the least-
cost development program. Unfortunately, a development program of this
kind has not yet been identified for the BNG (see Chapter II); neither
does a medium-term program exist in any agreed form. The mission there-
fore made use of the fragmentary information which is available -- not-
ably NEC's immediate program of ongoing works and the study recently
drafted by the consultants for the proposed Power IV Project (Sir
Alexander Gibb and Partners) -- in order to piece together something
approaching a medium-term program of capital works. The result covers a
five--year period from FY83 to FY87. Generation investment includes,
principally: rehabilitation of existing sets and the installation of new
diesel sets (4X10 MW) at Burri power station; additional gas turbines
(2X15 MW) at Kilo X power station; the installation of three new units
(40 MW each) at Roseires hydroelectric station and the heightening of the
dam; and a new power station at Khartoum North, with initially 2X30 MW
oil-fired steam units, followed later by 2X60 MW units. Transmission
investment includes, principally: a 110 kV ring around Khartoum; a load
dispatch center; and a second line from Roseires. Distribution invest-
ment was built up from NEC's simple master plan and short-term budget;
since the data was not separable, it includes 33 kV and 11 kV as well as
LV works proper. The results are in Table 12.1. All calculations use a
discount rate of 12.5% and a standard conversion factor of 0.8 for local
expenditures. Transmission and distribution losses (4% and 16% of gener-
ation respectively) have been included.

1/ See R. Turvey and D. Anderson, "Electricity Economics", Johns Hopkins
University Press, 1977.
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Table 12.1

Capacity Costs for the BNG
(LS per kW per year)

Supply Level
Item Bulk (HV) Distribution (LV)

Generation capital 262.0 299.4
Generation O&M 23.6 27.0
Sub-total generation 285.6 326.4

Transmission capital 106.3 121.5
Transmission O&M 12.3 14.1

Sub-total transmission 118.6 135.6
Distribution capital 60.2
Distribution O&M _ 11.7

Sub-total distribution - 71.9

Grand total 404.2 533.9

Note: Distribution costs in the table include 33 kV and 11 kV works,
which could not be separated from LV works.

3. The above figures are tentative and preliminary; they are not
accurate representations of long-term marginal cost because they are
short-term or at best medium-term in nature and even, in some cases, to a
degree committed. All the cost figures should be revised when demand
projections and the future investment program are firmer. The numbers,
the analysis and the conclusions which follow are intended to indicate
general results and rough orders of magnitude.

4. The timing of additions to generating capacity in the BNG
appears to be determined mainly by the system's energy requirements dur-
ing the dry season. More precisely, the months of March, April and May
are the most critical from the energy standpoint; water availability is
limited and irrigation requirements, which govern water releases at the
Roseires dam, are at a minimum. Furthermore, energy demand is approach-
ing its monthly maximum, which is reached in June. The system's power
capability, on the other hand, is at a minimum during the summer; in the
period June through September, the power output from Roseires is reduced
substantially during the early part of the flood season, when the minimuma
reservoir level and the high downstream water level combine to reduce the
head available for power generation. Consequently, with properly sche-
duled maintenance, the energy constraint normally can be expected to lead
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the power constraint. The detailed computer simulations of the BNG sys-
tem, carried out for the Power IV feasibility study, largely confirm that
the critical period for capacity will arise during the months of March
through May for the years 1984-5 to 1989-90. 1/ Generation capacity
costs should, therefore, be attributed to this period. Transmission
capaciity costs should be attributed to June, when system demand reaches
its maximum level, and distribution capacity costs to the time of peak
demand on the local distribution system, which will vary across locali-
ties; it is assumed to occur in June in the Three Towns, to which the
analysis below is related.

5. The seasonal component of NEC's published tariffs distinguishes
between six "critical" months (March through August) and six "other"
months (September through February). Given the existing data limita-
tions, the distinction is acceptable in the light of para. 4, although
some attention might be given to starting and finishing the critical
season one month earlier.

6. Within each season, there are daily variations in demand but it
was nDt possible to obtain from NEC any reliable daily load duration or
load dispatch curves. The Bank's 1974 study identified two daily peak
periods: 0700-1400 hrs and 1800-2100 hrs. At that time, the evening peak
exceeded somewhat the daytime peak. Such data as could be made available
to the mission suggested that the gap between the daytime and evening
peaks might now be quite short and the daytime peak appears to exceed the
evening peak in the hottest months (June through August), presunably due
to the air conditioning load. No distinction seemed to be warranted in
the 1974 study between Friday (the day of rest) and other days and no
other information was available to the mission to review that position.
NEC's published tariff defines "peak" hours as 0700-1400 hrs and 1800-
2200 hrs, seven days a week. The maission has no basis for questioning
the definition; however, a new analysis is required of the Friday load
duration curve relative to other days and a careful review should be
undertaken of the rationale for reducing or eliminating the afternoon
"off-peak" hours (1400-1800 hrs).

7. To relate this information on the daily load pattern to the
marginal cost of energy, it is necessary to calculate the mean expected
value of energy costs during peak hours and off-peak hours in the

1/ The results of the printouts are not always consistent with the
hypothesis and in a few cases show the energy and power constraints
coinc:Lding in April, when Roseires power is at or near its maximum. The
power limit at those times appears to stem from energy limitations and
planned maintenance.
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critical" and other months, i.e. during four load-dispatch periods. The
energy cost per kWh in any one period would be a weighted average of the
incremental fuel costs of the various generating sets operating during
that period, where the weights are the proportion of the hours in that
period for which each type of plant will be running, but at less than
capacity.

8. Such an exercise clearly could not be undertaken by the mission
but the mission did conduct a rough and ready approximation to it for the
period 1982-87. The results -which are essentially guesses- are inter-
esting. Significant thermal generation will be required during peak and
off-peak hours in the "critical" months but good use can be made of the
relatively efficient steam units which are scheduled for Khartoum North
and the new diesel units at Burri. During the remaining months, the need
for thermal generation is much less (although it grows steadily over the
period) and a proportionately greater use of the gas turbines at Kilo X
is necessary; the fuel cost of the gas turbines is significantly higher
per kWh than other plants. The net result is that peak energy costs and
off-peak energy costs seem to be slightly lower in the critical months.
However, the calculations underlying the results are very sensitive to
small changes in the generation requirements at peak and off-peak in the
non-critical months. For purposes of simplicity and since the data does
not clearly indicate a different conclusion, the best judgement of the
mission is that, for the present exercise, only two tariff periods are
necessary to designate incremental energy costs: one energy cost per kWh
can be taken for the peak hours in the critical and other months and the
second (lower) energy cost can be taken for the off-peak hours in the
other months, as shown in Table 12.2. All calculations use a discount
factor of 12.5% and transmission and distribution losses are included

Table 12.2

Energy Costs for the BNG
(LS per kWh)

Supply Level
Item Bulk (HV) Distribution Level

Peak energy 0.0892 0.0996
Off-peak energy 0.0842 0.0940
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(4% and 16% of generation respectively). Energy costs are based upon the
average imported cost of petroleum products in 1982, with local transport
from Port Sudan to Khartoum, as shown in Table 4.10.

9. The preceding estimates of capacity and energy costs for the BNG,
assuming that capacity costs are all allocated to the six "critical"
months, are summarised in Table 12.3 but conversion of those costs into

Table 12.3

Estimated Marginal Costs of Supply

Capacity Cost Energy Cost
(LS/kW/month) (LS/kWh)

Peak Off-peak

1. "Critical" Months
LV Level 66.738 0.0996 0.0892
HV Level 57.262 0.0892 0.0842

2. "Other" Months
LV Level 0 0.0996 0.0940
HV Level 0 0.0892 0.0842

Note: Capacity costs assume diversity factors of 0.75 and 0.85 at the LV
and HV levels respectively.

a tariff based strictly on marginal costs requires additional assump-
tions. Table 12.4 sets out specimen results for the cases where seasonal
metering is and is not permitted. I/ In both cases, it is assumed that
maximum demand metering would not be applied to LV consumers, so that all
capacity costs are converted into kWh (proportional) charges for LV con-
sumers, taking a load factor of 60%.

1/ In the latter case, capacity costs are spread over 12 months instead
of 6.
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Table 12.4

Possible Tariffs Based on Marginal Costs

Capacity Charge Energy Charge
(LS/kW/month) (LS/kWh)

Peak Off-Peak

A. Seasonal Tariff
1. "Critical" Months
LV Supply None 0.2520 0.2464
RV Supply 57.262 0.0892 0.0842

2. "Other" Months
LV Supply None 0.0996 0.0940
HV Supply None 0.0892 0.0842

B. Non-Seasonal Tariff
LV Supply None 0.1758 0.1702
IV Supply 28.631 0.0892 0.0842

10. The results of the preceeding analysis may be compared with the
new tariff which NEC is implementing in two steps. The first step was
introduced on May 1, 1983; the second step is due to take effect on
November 1, 1983. Table 12.4 suggests that the differences in system
energy costs at different times of the day and in different months of the
year may not be as great as implied by the differences in energy rates
which appear in NEC's tariff for HV supply. It appears that, for the
rest of the 1980s, the BNG system will increasingly require thermal gen-
eration on a year-round basis. At the same time, NEC should consider a
seasonal maximum demand charge at a much higher level than the present
maximum demand charge, which is not seasonally varied, and furthermore
the charge should be based on metered and not estimated maximum demand.
The HV tariff may, in other words, give incorrect signals. 1/ The point
does not apply in quite the same way to the LV tariff; in that case,
capacity costs must be provided for in the energy (kWh) rate, which does
lead to a significant seasonal differential. The time-of-day differen-
tials in NEC's LV tariff, however, could be excessive. Finally, NEC

1/ The power factor penalty clause must also be vigorously applied.
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should again carefully consider the possibility of applying to LV con-
sumers the principles of the seasonal tariffs which exist on paper.

11. Evidently, there is an urgent need for a careful analysis of the
long-run marginal costs in the BNG and for the formulation of a new
tariff which will reflect those costs more faithfully. USAID was consid-
ering financing such a study, which would cover the isolated systems as
well as the BNG, but a decision seems to have been made to postpone the
study indefinitely. Alternative ways of financing the study should be
sought, so that it can proceed as soon as possible, and consideration
should be given to including provision in the possible Power IV loan for
the expected capital costs of metering an adequate seasonal and time-of-
day tariff.
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SUDAN

PRODUCTION OF ETHANOL FROM MOLASSES

1. Minimization of transport costs would favor the siting of an
ethanol project at Kenana, which could supply most of the molasses re-
quired. Kenana could also offer good load-bearing conditions for the
distillery. On the other hand, Kenana's heavy requirements for irriga-
tion water pumping and its energy-intensive mill design imply that no
surplus energy from bagasse is likely to be available for a distillery
and energy requirements will have to be met from fuel oil. This is pro-
bably true of any possible location although, depending on the decisions
taken on the rehabilitation program, there is a slight possibility that
Sennar might be able to make surplus steam available to a distillery
during the cane season. Initial calculations suggest that, in such a
case, the trade-off between fuel oil savings and additional transport
costs for molasses might be a relatively close one. Further considera-
tions would then need to be taken into account, notably the value of
foregone power supplies to the grid and the relative shares of molasses
actually to be supplied by each factory. 1/

2. Tate and Lyle Technical Services (TLTS) will propose two alter-
native project designs, one with 'slops incineration' and one without.
The former would eliminate distillery effluent and reduce fuel oil con-
sumption but project complexity would be greater and capital costs would
be increased by 80%. In the mission's view, effluent disposal into irri-
gation channels need pose no problem and the fuel savings are insuffi-

cient to offset the higher capital cost. It is therefore strongly recom-
mended that the cheaper and simpler project design be preferred.

3. TLTS estimate the long-run export value of Sudanese molasses
(f.o.b. Port Sudan) at about US$65 per mt in 1982 prices. The opportun-
ity cost of molasses at factory gate, under such circumstances, must be
close to or below zero. In all recent years, most molasses output has
been dumped, creating a pollution problem, although the proportion ex-
ported has risen since contracts were signed which placed some of the
onus for mill-to-port transport on the purchaser. The production and
export of molasses are shown in the Table below.

1/ KSC is considering other processing possibilities for some of its

molasses, such as liquid sugars.
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Molasses production Exports
…______('000 mt)…-------

1978-79 46.5 7.4
1979-80 84.0 11.5
1980-81 128.2 36.6
1981-82 132.0 58.4

Additional sales for domestic use are below 10,000 mtpa. It is under-
stood that much of the success inI raising exports has resulted from
greater use of road transport. The transport costs, however, eliminate
any financial return to the sugar industry (other than in years of
abnormally high world molasses prices) beyond the benefit of disposal
itself. Economic transport costs may be higher than financial costs in
view of prevailing gasoil prices. If the efficiency of the railway
system were to improve radically, it might be possible to reduce unit
transport costs significantly, but such an improvement cannot be depended
upon and backhaul capacity is likely to continue to be limited.

4. The TLTS draft report estimates financial rates of return for
several alternative scenarios. Perhaps the most useful base for economic
analysis is the case using the November 1982 exchange rate, a world
gasoline price of US $385 per mt and no slops incineration, which leads
to an estimated rate of return of 24%. The energy assessment mission
tested the modification of some of the TLTS assumptions. An adjustment
of the fuel oil price from a financial to an economic basis would still
give a return of 20.8%. Reducing the assumed cost for the handling and
transport of imported gasoline from LS 94 per mt to a more conservative
LS 64 per mt would further reduce the return to 17.8%. In addition to
the adjustments made above, the project would remain viable even with a
fall of 15% in the gasoline price.
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SUDAN

ECONOMIC ANALYSIS OF POWER PRODUCTION USING BAGASSE

Introduction

1. The following paragraphs review and analyze the future potential
for energy self-sufficiency at each of the five sugar mills; tentative
calculations are made concerning the amount of electricity generation
which might take place, including export to the national grid. Data for
the public sector are based upon the study by Tate and Lyle Technical
Services (TLTS) and the findings of the Bank's mission which preappraised
the sugar rehabilitation project in January, 1983; projections for KSC
are mission estimates. Finally, some illustrative calculations are made
on the economics of power generation from bagasse at the four government-
owned mills. KSC could not be included in the economic analysis, as the
mission did not have even rough data on the capital costs of bagasse-
fired and oil-fired alternatives at the KSC mill.

Potential for Power Generation

2. It is assumed that: (a) the four mills in the public sector are
rehabilitated, which will make it possible to achieve steady and well-
managed operations at full production, thus ensuring that the mills are
in balance for their primary energy requirements; (b) the ratio of fibre
to cane will be reduced from 18% to 17% after relhabilitation; (c) power
supplies from the NEC grid will be reliable; and (d) mill-white rather
than refined sugar will be produced. Since, under these circumstances,
bagasse availability should be more than sufficient to meet the needs for
steam and power of each factory, the calculations determine the surplus
bagasse, over and above the needs of the factories, which could be
available for electricity generation to meet irrigation requirementS, or
for export to the NEC grid.

3. At Guneid, the irrigation demand for electricity is 9.9 GWh
during crop and 10.5 GWh out of crop, i.e. a total of 20.4 GWh. 1/ The
current supply is from the NEC grid, which is unreliable and a cause of
low cane production. Based upon full production, a bagasse surplus would
exist, equivalent to 14.5 GWh. In order to burn all the surplus bagasse,
an additional condensing turbo-alternator (4 Mw) would be required, at a
cost of US$3.8 million. Imports from NEC would still be required,
amounting to 5.9 GWh. Alternatively, power could be generated from 3.3

1/ The in-crop season is from November to April and the out-of-crop
season lasts from May to October.
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MW of diesels at a capital cost of US$2.6 million or purchases from NEC
could be continued to satisfy all needs.

4. Since the irrigation water at New Halfa flows by gravity, there
is no irrigation demand for electric power and all power generation would
be available for export. The potential bagasse surplus at full cane
production is equivalent to 20.4 GWh, The power equipment needed fully
to utilise the bagasse is similar to that at Guneid and the capital costs
of the alternatives are therefore estimated to be US$3.8 million and
US$2.6 million for steam and diesel generation respectively.

5. Sennar is well endowed with steam and power plant but there is
no facility for producing condensing turbo-alternator power for the
irrigation load, which is estimated at 22.7 GWh (9.8 GWh during crop and
12.9 GWh out of crop). The irrigation pumps are 56 km from the factory
and power to them is supplied by NEC. At full production, the bagasse
surplus is equivalent to 25.7 GWh, making Sennar able to supply power to
NEC's grid during the crop season and potentially a net exporter of power
overall. The cost of a bagasse-fired condensing turbo-alternator (6.5
MW) would be US$4.2 million (including transmission), compared with
US$4.3 million to provide diesel generation (5.5 MW).

6. The Assalaya factory is similar to that at Sennar but the high
irrigation pumping head leads to a much higher electricity requirement of
42.0 GWh (25.3 GWh during crop and 16.7 GWh out of crop). Supply is
currently unreliable and met by NEC. Low cane production has also been
caused by insufficient agricultural equipment. In effect, Assalaya has
operated for only two trial crops and rehabilitation will be costly. If
full cane production can be attained, the bagasse surplus would be
equivalent to 24.0 GWh. Power supply could be secured with a condensing
turbo-alternator of 6.5 MW at a cost of US$4.9 million; as with Sennar,
no additional boiler would be required. However, given the high
irrigation demands, it would still be necessary to purchase electricity
from NEC's grid, mostly during the out-of-crop season. A diesel
generator (9.9 MW) would cost US$7.1 million.

7. The Kenana factory generates most of its power needs from
bagasse, supplemented by fuel oil, purchases from NEC's grid and diesel
generation (see Table 14.1). Estimated irrigation demand at full
production is 112.9 GWh (71.0 GWh in crop and 41.9 GWh out of crop).
During crop, the availability of bagasse is likely to be more than
sufficient to supply all power demands; there should also be the
condensing capacity to supply up to 9.4 MW for export. However, excess
bagasse availability is likely to permit the usage of only a small part
of this capacity and fuel oil would be required to take full advantage of
the spare power capability. Out of crop, all power would be generated
from fuel oil, requiring about 30,000 mt to meet the needs of irrigation,
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the factory and the township. l/ Some 4 MW of capacity would be available
for export, but fuel oil consumption would correspondingly increase. The
power availability for export out of crop could be increased with the
installation of extra condensing turbine capacity to utilise more fully
the boiler capacity which is available out of crop. For example, a back-
pressure turbo-alternator might be operated with the steam being
condensed in the evaporator, which could be supplied with raw water.

The Economics of Power Generation

8. The annual power requirements at Guneid, Sennar and Assalaya are
20.4 GWh, 22.7 GWh and 42.0 GWh respectively. These annual requirements
are shown for the six in-crop months of November-April and the six out-
of-crop months of May-October in cols. (3) and (5) of Table 14.2. The
average loads per month (in MW), during the in-crop 'and out-of-crop
seasons, are shown in cols. (2) and (4) of Table 14.2 and are based on
these energy requirements. The peak loads (in MW) are shown in col. (1).

9. Guneid, Sennar and Assalaya are all connected to the BNG. From
the point of view of the BNG, the year can be divided into six months
(March-August) which are critical, and the rest of the year (September-
February) (see Annex 12). Hence, there are two "critical" months in the
in-crop season and four "critical" months in the out-of-crop season. For
power supply from the BNG, the marginal capacity cost is estimated at
$44/kW/month during these "critical" months. Energy costs for supply
from the BNG are US$0.065/kWh and US$0.069/kWh for off-peak and peak
hours respectively. 2/

10. Three alternatives are considered. The first is to install
diesel generators and achieve power self-sufficiency at Guneid, Sennar
and Assalaya. This involves purchasing diesel plant and operating for
twelve months a year using gasoil. The second is to install additional
steam generating plant, using bagasse as a fuel. All available bagasse
is burned during the crop season. Any excess power is exported; any
power deficit is imported. The third alternative is to take all power
supplies from the BNG. Given the inadequate data on peak demands at
Guneid, Sennar and Assalaya, two cases are considered for alternative
three. Case A bases the annual costs on the average load, in MW per
month. Case B incorporates the actual peak loads of the schemes (taken
from the TLTS study) and assumes that these peaks fall in the "critical"
months.

1/ Irrigation requirements of 41.9 GWh plus other requirements of 13.9
GWh, making a total of 55.8 GWh at a conversion rate of 0.53 kg/kWh.

2/ These capacity and energy costs are from Annex 12, converting at the
rate of LS1.3 = US$1.
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11. The annual costs incurred in setting up and operating diesel
generators and steam-based generating equipment are given in col. (2) of
Table 14.3. The capital cost of col. (1) is annuitized using a 12.5%
discount factor, a 20-year life for steam-based generators and a 30-year
life for diesel generators. The non-fuel operating costs are in col. (3)
and ''nclude annual maintenance, repairs and labor costs. Fuel costs for
diesel generators are shown in col. (4), based on a gasoil utilization of
0.25 kg/kWh and a price of US$374/mt. 1/ Bagasse is assumed to be
available at zero cost in the quantities described in paras 3-6. Power
exports and power imports are valued at the long-run marginal cost (LRMC)
of the BNG, accounting for MW and kWh separately. The values of these
exports or imports are in cols. (5) and (6) of Table 14.3. Col. (7) of
Attachment 3 shows the total annuaL costs of the bagasse and diesel
alternatives. These totals are transcribed to cols. (7) and (8) of Table
14.2, where they can be compared with the annual costs of the third
alternative, which assumes all power is imported from the BNG, in col.
(8) (case A) and col. (9) (case B).

12. According to Table 14.2, generation using bagasse appears to be
the least-cost alternative at all three mills. Diesel generation appears
to be the highest-cost alternative, even though power is valued at LRMC
rather than considering the lower tariff curren'tly charged by NEC.

13. At New Halfa, which is connected to the Eastern grid, all
surplus bagasse can be used to generate power for export, amounting to
20.4 GWh. Since the power equipment required to do this is the same as
at Guneid, annual capital and non-fuel operating costs would be
US$703,171 (see Attachment 3) or US$0.0345/kWh. Energy costs at peak and
off-peak on the Eastern grid would almost certainly be higher. The
Eastern grid faces two future options: connection to the BNG or the
installation of new thermal plant. The latter is the most likely for the
foreseeable future. In either case, the marginal cost of energy is
likely to be represented by thermal energy at a level equal to or greater
than the marginal energy cost of the BNG (US$0.065 and US$0.069 at off-
peak and peak respectively).

1/ From Chapter 4, the c.i.f. value of gasoil in Port Sudan is US$345/mt
(LS 4 48/mt). The cost of unloading and handling in Port Sudan is US$3/mt
(LS 4/mt). Marketing, distribution and transportation to 'Khartoum are
estimated at US$52/mt (LS 67/mt). In the case of the sugar factories,
bulk supplies would be used and the distance to Port Sudan is shorter so
that the cost of marketing, distribution and transportation would be
less, say one-half the figure for retail delivery in Khartoum or
US$26/mt. A representative price for gasoil of USS374/mt delivered to
the sugar factories is therefore taken. The assumed fuel consumption of
0.25 kg/kWh may be conservative. Part-load operation in practice could
increase the figure to 0.30 kg/kWh. Also, gas turbines using gasoil are
technically feasible but capital and operating costs would be higher.
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Table 14.1

Kenana Sugar Company
Electricity Generation and Consumption, 1981-82

----- Generation----------------
Condensing Back Pressure --------Consumption---------------

Sets Sets Diesel Total Import Export Factory Irrigation Train Total

1981 Sept. 3853 - 17 3870 2819 1877 873 4379 856 6108

Oct. 2555 - 70 2626 4472 951 5049 1098 7098

Nov. 5307 1909 9 7225 2085 2583 5941 786 9310

Dec. 3630 7110 2 10742 1557 5095 6027 680 11802

1982 Jan. 2272 9798 2 12072 1656 6318 6552 858 13728

Feb. 1631 10720 3 12354 1637 6957 6314 720 13991

Mar. 2537 12227 3 14767 2084 7960 7823 1068 16851

Apr. 5369 10637 5 16011 510 114 7132 8094 1181 16407

May 7043 6499 102 13644 82 4812 7794 1120 13726

June 10185 - - 10185 167 1263 9390 1202 11855

July 9917 - - 9917 2516 147 1466 - 9746 1074 12286

Aug. 8705 - - 8705 219 173 1508 6288 955 8751

12 month total

(Sept.-Aug.) 63,004 58,900 213 122119 19804 2311 46918 83397 11598 141,913

6 month total

(Nov.-April) 20,746 52,399 24 73172 9529 114 36045 89338 5293 82,089

Note: Due to discrepancies in the original data, total generation plus imports minus exports does

not equal consumption for September and December, 1981 and for January and June, 1982. In consequence,

the 12 month and 6 month totals also do not add across.
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Table 14.2

Nov.-April May-Oct. ------------- Annual Costs (US$) ----------------
Peak Average Energy Reqts. Average Energy Reqts. Steam gen. Diesel Grid Supply
load load 1/ for 6 mos. load 2/ for 6 mos. (bagasse and genera- Case A 5/ Case B 6/
(MW) (MW/mo.) (MWh) (MW/mo.) (MWh) furnace oil) 3/ tion 4/

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Guneid 3.0 2.2 9.9 2.5 10.5 1,428,546 2,374,295 1,990,851 2,143,996

Sennar 4.9 2.1 9.8 3.1 12.9 1,588,248 2,838,091 2,246,782 2,804,553 H

ssalaya 7.6 5.5 25.3 4.0 16.7 3,886,118 5,101,201 3,995,000 4,813,400

1/ Based on 190 days.
2/ Based on 175 days.
3/ Assuming a 20-year life for steam generating equipment.
4/ Assuming a 30-year life for diesel generators.
5/ Using the peak energy charge for 11 hours a day and the off-peak

energy charge for 13-hours a day (see Chapter 4).
6/ In addition to 5/, assuming the peak load of col. (1) occurs during

the "critical" months of March to August.
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Table 14.3

(All Figures in US$)

Exports to (-) or Imports from (+)
Anndtized Annual non-fuel Annual DNu Total Annual

Net Capital Cost Capital Cost Operating Costs Fuel Costs In Crop Out of Crop Costs

(1) (2) (3) (4) (5) (6) (7)

Steam based generators (Using bagasse and furnace oil)

Guneid 3,821,000 527,743 175,428 0 -501,033 1,226,408 1,428,546

Sennar 4,153,100 573,612 185,391 0 -893,233 1,722,478 1,588,248

Assalaya 4,853,300 670,321 191,197 0 570,883 2,453,717 3,886,518 1

Diesel generators (using gasoil)

GuneId 2,643,800 340,462 140,112 1,893,721 0 0 2,374,295

Sennar 4,262,800 548,953 173,482 2,115,656 0 0 2,838,091

Assalaya 7,108,100 915,363 258,838 3,927,000 0 0 5,101,201
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