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CURRENCY EQUIVALENT

Currency unit - Zimbabwe dollar (Z$)
Zimbabwe $1.0 - US$1.59
US$1 - Z $0.63

MEASUREMENTS

a, annum
BTU British thermal unit - 0.252 kilocalories
Btuh British thermal unit/hour
cfm cubic feet per minute

ft3/hr cubic feet/hour
lb/hr pounds/hour
lbm pounds mass
m3 cubic meter
GWh gigawatt hour - 1,000,000 kilowatt hours
km kilometer - 1,000 meters

kV kilovolt - 1,000 volts

kVA kilovolt ampere - 1,000 volt amperes
kW kilowatt - 1,000 watts

kWh kilowatt hour - 1,000 watt hours
MW megawatt - 1,000 kilowatts

MB thousand barrels - 1,000 barrels
MWh megawatt hour - 1,000 kilowatt hours
MVA megavolt ampere - 1,000 kilovolt amperes
tonne metric ton - 1.1 US tons
l'pa (tpa) tonnes per annum
lOE (toe) tonne of oil equivalent - 39.68 million BTU

(10 million kilocalories)
MTOE (Mtoe) thousand TOE (toe) - 1,000 tonne of oil equivalent

Note: The names of some major towns and cities have recently been changed by
the Government. The new names are listed before the maps at the back of this
report.

This report is based on the findings of the Energy Assessment Mission
undertaken during June-July 1981. The composition of the mission was:
Zia Mian (Mission Chief), W. Maane, A. Ceyhan, P. Kotschwar (Coal Consultant),

L. Wijitellike (Refinery Consultant), I. Sam, 0. Issa, M. Stabb, A. Armar, and
* W. Rohrer, Jr. (Energy Efficiency Consultant). The principal author of the

report was Zia Mian. The editorial assistance was provided by Noel King and
secretarial assistance by Josefina Regino-Suarez.
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ABBREVIATIONS AND ACRONYMS

MIED Ministry of Industry and Energy Development, Harare, Zimbabwe

CAPC Central African Power Corporation
CPC Copperbelt Power Company
CAPREF Central African Petroleum Refineries
CONEX Conservation and Extension Department of MA
CTF Coal Tar Fuel
CTFM Coal Tar Fuel Marketing Company
DEVAG Development of Agriculture Communal Areas
ESC Electricity Supply Commission
FC Forestry Commission
f.o.b. free on board
f.o.r. free on railway
Government Government of Zimbabwe
GSD Geological Survey Development
ICORS Incremental Capital-output Ratios
IAE Institute of Agricultural Engineering
IDC Industrial Development Corporation
LD Liquefied-oxygen draft
LONRHO London Rhodesian Mining and Land Co. Ltd.
MA Ministry of Agriculture
MEPD Ministry of Economic Planning and Development
NM Ministry of Mines
M4MB Mineral Marketing Board
MNRT Ministry of Natural Resources and Tourism
MTC Ministry of Trade and Commerce
MWH Ministry of Works and Housing
MWR Ministry of Water Resources
NRB Natural Resources Board
NRZ National Railway of Zimbabwe
RSA Republic of South Africa
SG Special Grant
SES Solar Energy Society
TRB Tobacco Research Board
Triangle Triangle Sugar Estate Ltd.
UZ University of Zimbabwe
WCC Wankie Colliery Company Ltd..
ZISCO Zimbabwe Iron and Steel Company
ZOPC Zimbabwe Oil Procurement Consortium





ENERGY CONVERSION FACTORS

Fuels Physical Units per toe 1/

Liquid Fuel (barrels)

Aviation Gasoline 7.74
Kerosene/Turbo fuel 6.88
Gasoline 7.47

Diesel Oil 6.71
L.P.G. 9.92

Ethanol 10.72
Bitumen 5.92

Lubricants 6.61

Coal (tonne)

Wankie Coal 1.33

Electricity (MWh) 3.97

Biomass (tonnes)

Charcoal 1.40
Wood 2.84
Bagasse 5.68

1/ ltoe = 39.68 million Btu. = 6.61'boe.
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I. SUMMARY OF ISSUES AND RECOMMENDATIONS

Background

1.01 At independence, the new Government inherited a generally
strong, well-diversified economy with good development potential. The
economy continued to grow despite the 15 years of sanctions before
independence; after an initial setback in 1966, exports continued to
increase and in 1979 were about 20% higher in real terms than before the
sanctions were introduced. Infrastructure was developed rapidly, and
there was a sharp increase in agricultural and manufacturing output,
which made the country more self-sufficient. Between 1965 and 1974, real
GDP grew at an average rate of about 7% a year (2.03). 1/ From 1975 to
1979, because of the intensification of the war and the occurrence of
unusual droughts, GDP in constant prices declined by 3% a year, but
immediately after independence a sharp economic recovery set in. GDP
grew by 10% in 1980 and indications for 1981 are that it has continued to
grow rapidly, although at a lower rate than 1980 (2.03).

1.02 Because of the relative importance of the industrial sector (25%
of GDP in 1979) and commercial agriculture (11%), energy consumption per
capita (commercial and non-commercial) is high in Zimbabwe (about 5.28
barrels of oil equivalent (boe) in 1980). Total energy consumption
amounts to 5,874 thousand tonnes (Annex Table 2) of oil equivalent (Mtoe)
or 38.9 million boe. Indigenous sources (coal, woodfuels, hydropower,
and ethanol) satisfy much of the energy demand, so that reliance on
imported energy is less than in many other developing countries.
Zimbabwe's energy balance for 1980 is given in Table 1.1. Nevertheless,
in 1980 23% of energy supplies was imported, of which 11.5% was
electricity and 11.5% petroleum products. In 1980 the cost of energy
imports was 22.6% of total export earnings; and in 1981 it is again
estimated to be about 22% (2.05).

1.03 Zimbabwe's energy problem is threefold: first, how to reduce the
growing burden of energy imports, second, how to develop indigenous
energy resources at least-cost as development and restructuring of the
economy proceeds, and, third, how to make more efficient use of all
energy whether imported or produced locally. To tackle the various elements
of this problem requires urgent actions in a number of areas. For liquid
fuels, an evaluation of the mix between imported and locally produced fuels
and the future of the mothballed refinery at Umtali; for electricity the best
way of developing thermal and hydro resources in light of potential
electricity imports; for fuelwood and other resources, the most efficient
means to increase production; and for all energy using and producing sub-
sectors the most appropriate pricing policies and organization.

1/ Parenthesized numbers refer to paragraphs in this report where further
details may be found.



TABLE 1I.1

ZIMBABWE - ENERtGY BIUPPLY/DEKAND BALANCE - 1980
(In 000 TOE)

SOLID FUELS LIQUID FUELS ELECTRICIrY TOTAL NON-COMMERCIAL

Petroleum 4/ COMMERCIAL
Coal Coke Products Ethanolt Hydra Thermal Total ENERGY Fuelwood Bagasse TOTAL ENERGY

Production 2.075 -- 15 1,010 1,010 3,100 1,645 1 5 0 - 4,895

Imports -- 693 __ 693 693 1,386 1.386

Exports (172) (87) -- -- (4) (4) (263) (263)

Total Supplies 1,903 (87) 693 15 1,703 (4) 1,699 4,223 1,645 150 6,018

Statistical Differences (83) __ (6) __ (89) (89)

Electric Generation (219) -_ 84 84 (135) (135)

Other Transformation I/ (206) 158 -- - -- (48) (48)

Sector Own Use/loss n.a. n.a. (96) (96) (150) (246)

Final Cons. 1,395 71 693 9 1,687 3.855 1,645 5,500

Industrial/Commercial 781 63 76 __ 829 1,749 58 1,807

I/Iron & Steel 538 58 __ 51 589 589

Perrochrome/ 16 5 -' 281 355 355

Chemicals- -- - -- 219 224 224

Others 227 76 __ 278 581 58 639

Transport 186 1 372 9 568 568

Road - 214 9 223 223

Railvays 186 1 86 -- 273 273

Aviation -- -- 72 -- -- 72 72

Others 428 7 208 -- 858 1,801 1,587 3.08

Agriculture 216 -- 93 -- 135 448 175 6b3

Government -- -- 90 - 90
Households -- -- 9 -- 223 242 1,412 1,654

Mining 90 3 16 -- 309 418 418

Other 122 4 -- 177 303 303

Non-Energy Use 37 37 37

() Brackets show transfer or input to other sectors. For inventory, bracket means increase in stock.
1/ Coal to Zisco for internal coke conversion is not shown as part of other transformation but is accounted by coal used in iron and steel industry.

The coke by-products and conversion losses are also not shown separately and would be accotnted by differences between input and output.

2/ Mission estimates.
3/ Represents bitumen and lubricants. In drawing up historical tables, these products have been excluded.

Energy conversion factors: bitumen - 6.7 million Btu/bbl, and lubricants 6 million Btu/bbl.
4/ Represent September-December 1980 volumes.
5/ Mainly fertilizer industry.
6/ The fuelwood consumption data in this Table and Annex Table 2 differ due to the basis for calculation. In Table 5 industrial use and waste production

is excluded.
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Liquid Fuels

1.04 Zimbabwe's petroleum consumption consists of liquefied petroleum
gas (LPG), petrol (gasoline), aviation kerosene (turbo fuel-Al) and
aviation gasoline, illuminating kerosene, and gas oil (automotive diesel
oil).1/ Petroleum products are currently imported through the RSA by
rail. About 40 million litres of ethanol are produced locally from
sugarcane juice and blended with imported petrol. To minimize the cost
of importing liquid fuels and to lessen reliance on transit through RSA,
the Government has been considering the following alternatives:

(i) increasing ethanol production, which currently replaces 15
percent of the petrol consumed, to further substitute for
imported petrol;

(ii) producing syn-crude from coal;

(iii) rehabilitating the Feruka refinery at Umtali; and

(iv) reducing the railway freight of imports by using the
Beira/Umtali pipeline, which is currently being
rehabilitated.

The Government has not pursued exploration for oil and gas within the
country. On the basis of available geological information about the
Western and Northwestern region, petroleum potential cannot be totally
ruled out.

1.05 The mission reviewed these alternatives and came to the follow-
ing conclusions:

(i) Pure ethanol as automotive fuel is not advisable at
present for it would require engine redesign as well as
high new investment in storage and distribution
facilities. It should continue to be used as an extender
of petrol and be mixed within a 20:80 ethanol-petrol ratio
(2.28).2/

(ii) Oil-from-coal as part of the country's liquid fuels policy
should be deferred until the technologies of coal
liquefaction and gasification are commercially proven and
the costs are competitive with petroleum (2.41).

1/ Bitumen and lubricants are included in the energy balance under non-energy
uses.

2/ The Government is currently carrying out tests to determine whether a
ratio of 25:75 is feasible; the mission supports this activity.



-4-

(iii) Rehabilitation of the Feruka refinery as designed is not
an economic option, because the product mix does not match
current and projected demand (2.20) and the refining costs
are high.

(iv) The rehabilitation of the Beira-Umtali pipeline, when
completed, will considerably reduce the cost of imported
petrol and gas oil, provided that reasonable pipeline
thruput charges can be negotiated with the owners
(2.23). The mission supports the proposed study to
determine the least-cost option for meeting the country's
liquid fuel needs. This study should include an
evaluation of the following alternatives (2.21):

(a) import of petrol, gas oil, and other compatible
products whether purchased directly or through an of f-
shore processing arrangement, through the Beira-Umtali
pipeline, and non-compatible products (such as LPG,
and turbo fuel) by other means (road and rail).
Within this option, extending the Beira-Umtali
pipeline to Salisbury should also be considered;

(b) rehabilitation of the Feruka refinery with changes in
configuration to match current and prospective changes
in market demand and the types of crude oil feedstock
likely to be available;

(c) construction of a new refinery with sufficient
flexibility to match changes in market demand and to
process different qualities of crude oil;

(d) import of refined products from the Ndola refinery in
Zambia with a possible petroleum product pipeline from
Ndola to Lusaka and to Salisbury.

Coal

1.06 Zimbabwe is well endowed with coal and has, traditionally, made

good use of it for railways, power generation, steel production, tobacco
curing, and other activities. Possible resources in 24 coal fields are
estimated at 29 billion tonnes. About 2.2 billion tonnes, or 7% of the
total, can currently be classified as proven recoverable reserves. The
only colliery, located at Wankie, produced 3.2 million tonnes of raw coal
in 1980. Currently coal supplies about 27% of the country's total energy
requirements. In the future this resource will dominate the energy mix
and supply 46% of the country's energy needs by 2000 (Annex Table 25).

1.07 The major issues in the coal sub-sector are: first, the need to
establish clear coal development policies, including the role of the
newly proposed Minerals Marketing Board (MMB) in stimulating new
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investments and exploration 11, and what to do about pricing of the 2
million tonnes of high ash steam coal a year that self-ignites after
being discarded at Wankie open pit mines (2.30) and which will be used
for thermal power generation; and second, how to reduce the loss of
skilled and professional manpower.

1.08 The mission makes the following recommendations:

(i) the Government should commission a comprehensive coal
utilization study (2.42). This study should include the
evaluation of coal conversion possibilities as well as the
potential for exports of coal and coal products;

(ii) the coal which currently self-ignites should be used for
thermal power generation as is currently proposed in the
development of the Wankie I power project (2.40);

(iii) the Government should start training programs to replace
the lost skilled labor. Since this is a medium to long
term solution (3.05), measures should be taken to provide
immediate manpower needs through technical assistance; and

(iv) the Government should consider, once the study under (i)

is completed, the role of private investment in the coal
sub-sector (2.43 and 4.10).

Electric Power

1.09 Per capita electricity consumption in Zimbabwe is one of the
highest in the Eastern Africa region (928 kWh per capita in 1980),
largely because of use by the manufacturing and mining sectors which
together consume about 69% of the total electricity (1980). Four large
manufacturers (Sable-chemical, Zisco-steel, Rhodall and Rhomet-
ferrochrome) account for about 63% of electricity consumed by the
manufacturing sector. Domestic consumers (almost entirely in the urban
areas) account for only 13% of total consumption. Power demand has been
met since 1960 largely from: (a) four relatively old coal fired thermal
power stations (2.49); (b) the Kariba South power station. 2/; and
(c) imports from Zambia, which meet 37.8% of total requirements. The
only plant under construction is Wankie Stage I (4x120 MW), which is
expected to use 1.6 million tonnes of low quality steam coal (2.51).

I/ To determine which fields should be developed first and for what specific
use.

2/ A small area of the country in the vicinity of Beitbridge is supplied with
electricity imported from RSA, but the amount is less than 0.2% of the
country's total requirements.
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1.10 Power Development: The timing for new generating plants
following Wankie I depends to a large extent on how much 'surplus' power
is available from Zambia. However, even with a conservative estimate of
future demand in Zambia, a new power plant needs to be commissioned in
Zimbabwe by April 1985 (2.56). The consultant's evaluation indicates
that only Wankie Stage II Phase I (2 units of 200 MW each) could be
commissioned by that date. The extensions at Kariba would follow this
development. The new schemes on the Zambesi River (which are the Mupata
Gorge, Batoka Gorge, Devil's Gorge, and Victoria Falls hydro projects)
are longer term prospects; only Mupata Gorge could be built by the end of
the 1980's; the others could only be built during the 1990's. The
Government is also anxious to lower its dependence on imported power from
around 38% 1/ to 15% - 20% for security reasons. The mission considers
that the costs of reducing this dependence would be excessive, since it
would mean fast construction of new power plants in the country.

1.11 Another factor which affects the power development program is
the efficiency with which electricity is used by the major industrial
consumers. A preliminary energy audit of seven large electricity users
shows a gross potential savings of about 159 MW although not all of these
savings are economically recoverable. The mission recommends that an
energy efficiency program be introduced in those plants where the payout
is quick. Energy audits for all other major energy users should also be
conducted (5.05).

1.12 Among the seven large electricity users, Sable's consumption is
the largest. The mission recommends that a study to analyze the long-
term prospects that a study to analyze the long-term prospects for using
coal to produce ammonia and replace the electrolytic hydrogen production
should be commissioned (5.05).

1.13 Electricity Connections: Zimbabwe's power supply is mainly
geared to industry and commerce, and serves only a small proportion of
the urban population. The mission recommends that urban low income
households be connected to the grid as soon as possible to lessen the
pressure on fuelwood demand. However, because the rural population is
widely scattered, rural electrification will remain a medium to long term
objective and in the short term only the rural 'growth points'2/ should
be connected to the grid. The program for electrification of both the
growth points and other rural areas requires further study, and this
should be done in the near future.

1.14 Manpower: The electric power sector faces an increasing
shortage of qualified manpower. Training is insufficient, and measures

1/ See para. 2.48 and accompanying footnote.

2/ A concept which is being developed within the context of the rural
development program.
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are necessary to reduce the outflow and to replace the lost manpower.
The mission recommends that extensive training be carried out to solve
the long term manpower shortage (2.58). In the short term, the manpower
shortages should be met through technical assistance. Funds to cover
foreign exchange for training and technical assistance could be provided
as a component of the proposed Bank power project loan which is being
processed or through other aid funds.

Fuelwood

1.15 While wood is the most important source of energy for both rural
and urban households, Zimbabwe's indigenous woodlands present a fragile
energy base. In several of the old and densely populated 1/ eastern
midveld rural settlements, wood resources have been depleted to a
critical level (2.64). In the rural areas, wood is expected to remain
the principal energy source for at least the next 20 years, with some
possible shifts to alternative sources of energy. However, while the
mission supports rural afforestation activities based on communal
woodlots, especially within the wood deficit areas, as proposed by the
Government (2.69), clearer delineation of the respective roles of the
government departments and local authorities is necessary; in particular
there should be recognition of the leading role of the MIED in the
planning and use of fuelwood supplies (3.08). In and around the low
income urban areas, where wood is the primary fuel for cooking and
heating, and consumption is estimated at I million m3, or about 17% of
total household energy consumption, the depletion of woodlands is of
grave concern. The mission recommends that commercial farming estates be
encouraged to supply urban fuelwood markets. Licenses to fuelwood
merchants should be issued only if they obtain supplies from nearby
commercial fuelwood plantations which are currently underutilized. In
the medium term, fuelwood supplies should be increased by encouraging the
development of new commercial fuelwood plantations. Fuelwood demand by
commercial agriculture (for tobacco curing and crop drying) has declined
recently because of the wider use of coal. However, as long as shortages
of railway wagons and bottlenecks persist, further substitution by coal
on a large scale is unlikely on scattered commercial farms. Since an
estimated 750,000 m3 of wood residues is discarded annually by commercial
forests, commercial production of charcoal from the residue should be
encouraged near these plantation districts. This could be used to meet
commercial agriculture's demand and part of urban fuelwood needs.
Distribution of charcoal to urban markets may be left to small private
entrepreneurs as is done in most African countries. The use of charcoal
stoves and efficient wood burning stoves should be promoted.

1/ With population densities sometimes exceeding 40 persons/sq. km., the
demand on wood resources may already have exceeded the sustainable level of
supply.



-8-

Alternative Energy Sources

1.16 Meteorological records indicate a good wind potential for the

highveld, particularly during the dry season of late July to October,
when mean windspeeds are high. The viability of using windpumps for
supplying drinking water from boreholes in communal areas (former
Trustlands within the highveld) should therefore be determined (2.79).
Solar insolation in Zimbabwe is excellent in most regions; the annual
average is between 3000-3600 sunshine hours, and the mean daily solar

radiation is 490 cal/cm2. The mission therefore recommends that the
Government increase support through research and tax incentives for solar
crop dyers and solar water heaters. With livestock population at about
7.4 million, the potential for using animal wastes for biogas is also
promising, but its development on a widespread basis awaits the
rehabilitation of livestock production in the country. Ongoing research
on biogas (which is currently fragmented) should therefore be
consolidated (2.80). Finally, since there is currently no known
exploitable geothermal potential, and since the use of vegetable oil as a
substitute for gas oil does not appear to be viable, further research is
needed before any investments are considered in these fields (2.82).

Energy Organization

1.17 The organization of the energy sector has recently become more
coordinated with the establishment and strengthening of the MIED, whose
responsibilities are to implement, coordinate, and monitor appropriate
energy and pricing policies. The power sector organization is still
fragmented, but the individual organizations supply electricity
efficiently and operate reasonably well. However, the overall power
sector planning is lacking and a central planning unit needs to be
established (3.04). The administration of other energy sector requires
an acceleration of the coordination process, and the manpower aspects of
the MIED should be strengthened, where necessary, through external
assistance. The collection of energy data base should be developed to
provide the groundwork for developing a national energy plan.

Energy Pricing

1.18 Petroleum: Although the Government's pricing policy is to fully

reflect import costs (4.01), the price structure at the time of the
mission did not do this. Current transport costs through RSA are high
and vary from US$114 per tonne for gas oil to US$167 per tonne for
kerosene. To maintain stability in petroleum prices, 1/ the Government
set up a Price Equalization Fund, which is administered by ZOPC.2/

1/ The cost of supplies through RSA suffers from uncertainty due to spot

purchases at times.

2/ The Zimbabwe Oil Procurement Consortium consists of Shell, B.P., Caltex,
Total and Mobil. The Consortium operates on a break even basis.
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At the time of the mission, the reserve was being depleted at Z$1.5
million per quarter to cushion cost increases. Table 4.1 shows that
ZOPC's landed cost ex-Salisbury was higher than the price at which the
products were sold to the marketing companies, with the difference being
met by the Reserve. For example in June 1981 the landed cost of petrol
blend was Zq35.48/litre, whereas the price to marketers was Z027.03/litre
(Table 4.1). The mission recommends that no cross subsidies be given to
petroleum products and that the whole question of petroleum prices be
considered in the recommended energy pricing study (4.14). In any event,
the opening of the Beira pipeline will help to reduce the cost of
transport and bring stability to product prices. To avoid distortions in
petroleum product demand, the Government should also endeavor to reduce
the gap between the prices of petrol and gas oil (4.04).

1.19 Electricity: In Zimbabwe, power tariffs are low because they
are mainly based on the low historical asset and debt servicing costs of
Kariba which was constructed in the late 1950's and early 1960's
(4.05). ESC's average selling price per kWh for 1980 was z¢1.24
(USO2.07); tariff levels in the cities are even lower. An increase of
20% was imposed on January 1, 1981, to help fund the local costs of the
Wankie I project. Tariff levels should be raised to approach the
economic cost of power supply and generate funds to finance the large
sector development program that is required. The structure of the
tariffs encourages power-intensive industries, such as the production of
ammonia through electrolysis of water. The mission recommends (4.08)
that a study on the rationalization of the tariff structure be
commissioned as soon as the Government has decided on the implementation
of the least-cost power program.

1.20 Coal: Coal and coke prices are regulated under the Coal Price
Agreement (CPA) signed by the Government and Wankie Colliery Company Ltd.
(WCC) on August 31, 1976. The Government was amended in November 1981
and will expire on August 31, 1995. Prices are set to permit the Company
a 12.5% return on historical capital employed 1/ and an additional 5% on
export sales. This agreement does not provide incentives for major new
investments. The mission recommends, therefore, that the Government
reconsider its coal pricing policies to ensure that they attract new
investment in this sector (4.11).

1.21 The mission concludes that the energy prices in the country do
not reflect their true cost. In order to finance large future
investments in the energy sector, these prices need to be increased and
rationalized. The mission recommends that a general energy pricing study
be commissioned to determine a rational energy products (coal, power, and
petroleum products) pricing policy. The study could be financed as part
of the Bank's power project loan or through other external assistance.
In the meantime, the level of power tariffs should be increased

1/ Capital employed is defined as net book value of fixed assets and stocks.
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immediately. The realistic prices of energy resources are expected to
also encourage an efficient use of various energy resources in the
country.

Demand Projections

1.22 It is likely that Zimbabwe's GDP will grow at 4-5% a year for
the rest of the decade. However, because the future is so uncertain,
likely energy demand and investments in the energy sector are projected
on the basis of three scenarios: 3%, 5%, and 7% 1/ sustained annual
growth rates of GDP. An annual growth of 3% (low growth) would be
somewhat disappointing given the country's potential, while 5% growth
(medium growth) should be attainable with moderately successful policies
and favorable external circumstances.

1.23 Total energy demand is expected to increase in line with the GDP
growth rate (6.02). 2/ Under the high growth scenario (7%), total energy
demand in 2000 is projected to be 25.6 million toe (a growth rate of 7.6%
p.a.) with 29% of it coming from imports, of which electricity would
account for 17% and petroleum 12%. Under the 5% GDP growth scenario,
which the mission considers the most likely, total energy demand would
increase to 16.9 million toe (a growth rate of 5.4% p.a.) with imports at
16% (electricity 10% and petroleum 6%).

Investment Implications

1.24 Under the medium growth scenario (a 5% sustained growth), the
necessary investment in the energy sector (Table 6.3) to 2000 is
estimated at US$7.1 billion (1980 dollars). About 74% of this will be in
the power sector and 25% in coal. 3/ Within the power sector, 69% of
investment will be in generation and the main transmission lines which
would include Wankie II Phase 1 and 2 coal-fired, and Kariba North and
South hydro extensions, and the Batoka and Mupata hydro projects.
Investment costs for substations and distribution facilities are
estimated at 31% (US$1.6 billion) of total power investments. In the
fuelwood sector, investment of about US$30 million in the next 10 years

1/ The Government has emphasized that during the next three years the GDP
growth will be 8%. Thereafter the growth rate will slow down. The plan
figures for long-term growth are not yet available. However, the Government
hopes to achieve a 7% average growth during the next 10 years.

2/ See Annex Table 25 for details.

3/ Assuming that the export potentials can be developed and transport
constraints are resolved (2.38). The power sector cost estimate are based on
a least-cost program and should be financed by increasing the power tariffs to
an adequate level (4.07 and 4.08). Coal development for export may be
financed by the private companies to supply their overseas affiliates.
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is to provide for maintenance of an afforestation extension program and
for manpower training.

1.25 Such a large and diversified energy investment program requires
careful planning. The mission recommends that the MIED embark on a
comprehensive energy development program based on the medium growth
scenario. Assistance should be sought to strengthen the institutional
capability of the Ministry to perform this task.
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II. ENERGY SECTOR REVIEW

The Economy

2.01 Zimbabwe is a relatively industrialized, landlocked country in

the center of the southern part of Africa (See map IBRD 15480). In 1965,
the white-dominated colonial Goverrnment unilaterally declared
independence (UDI) from Britain. The United Nations applied sanctions,
which officially cut off most of Zimbabwe's economic links from the rest

of the world except for neighboring RSA. After a long political and
military struggle, Zimbabwe finally gained full independence under
African leadership in April 1980, after which economic sanctions were
lifted.

2.02 Even before UDI, the country had, by African standards, a

relatively well-developed modern sector economy, based on large-scale
European agriculture, mining, and related industries. Although
landlocked, the country had access to ports in Mozambique and RSA via
excellent road and rail links, and trade with Zambia in the North had
been significant. After the imposition of the sanctions, Zimbabwe's
economy became more closely linked with that of RSA.

2.03 At independence, the new Government inherited a generally
strong, well-diversified economy with good development potential.
Despite the sanctions, the economy had continued to grow strongly up to
1974. Infrastructure was developed rapidly and there were sharp
increases in agricultural and manufacturing output, which made the
country less dependent on imports. Between 1965 and 1974, real GDP grew

at an average rate of about 7.5 percent a year. Because of the
intensification of the war and the occurrence of severe droughts, GDP in
real terms declined by 3 percent a year between 1974 and 1979, but
immediately after independence a sharp economic recovery set in. GDP

grew by about 10 percent in real terms in 1980, and current indications
for 1981 are that growth has continued, albeit at a slower pace than in
1980. During the period of UDI, the economic structure of the country
experienced some change. Before UDI, the modern sector of the economy
was heavily export-oriented; after UDI, although exports continued to
grow, there was a gradual change to production for the domestic market in
both agriculture (foodstuffs, cotton) and in manufacturing (textiles,
fertilizers, steel and steel products).

2.04 The slower growth of exports posed no balance of payments
problems up to 1979. This was due to effective control of non-essential
imports, successful import substitution, and the enforced delays in
maintenance and replacement of capital stock. In 1979, the current

account deficit was about US$110 million, but this was more than made up
by official and private capital inflows, so that foreign assets increased
by US$180 million. In 1980, however, the current account deficit had
grown to US$270 million, because of rapidly increasing imports for
reconstruction. Capital inflows also declined and foreign assets
decreased by US$90 million. These developments signal the beginning of a
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trend that is likely to continue with the urgent need to replace
increasingly obsolete capital equipment, and the investment needs for the
hitherto neglected African sectors of the economy.

2.05 Because of the relative importance of the industrial sector (25%
of GDP in 1979) and commercial agriculture (11%), per capita total energy
consumption (commercial and non-commercial) is high (Table 2.3) in
Zimbabwe (about 5.28 boe in 1980). However, most of the energy demand is
satisfied by indigenous sources such as coal, wood, hydropower and
ethanol. Imported energy requirements are relatively low. In 1980, 23%
of energy requirements were imported, half of which was electricity and
half petroleum products (Table 1.1). In 1980, the cost of energy imports
was 22.6% of total export earnings, and in 1981 it is again estimated to
be about 22%.

2.06 Although the economy at independence was relatively strong,
it also had severe shortcomings. Development before independence was
strongly centered on the white-owned agricultural and industrial sectors,
and the development of purely African sectors of the economy was
neglected. Although data on the ownership of productive assets are
incomplete, it is clear that the ownership is skewed in favor of non-
Africans. The average income for Africans was about Z$105 (US$169) per
capita in 1978, while that for non-Africans was about Z$5,500
(US$8,700). The consumption of commercial energy is mainly concentrated
in the industrial sector, urban centers, and commercial agriculture.

Consumption Trends

2.07 Table 2.1 shows energy consumption by economic sectors for
(details in Annex Table 1) 1970-79.
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Table 2.1

Sectoral Energy Consumption Trends
(000 toe)

Sector 1970 1975 1979 %/a Growth

Agriculture (commercial) 399 629 647 5.5
Mining 300 418 455 4.7
Railways 360 297 239 -4.5
Power 475 282 243 -7.2
Commercial/Industrial 1,344 1,918 2,020 4.6
Others 1,233 1,757 1,863 4.7

TOTAL 4,111 5,301 5,467 3.2

GDP (1965 Z$ million) 980 1,342 1,187 2.2
Income Elasticity 1/ 1.2 1.5

1/ Historically, prices remained unchanged and hence cannot be used to
calculate price elasticities.

Source: Annex Tables 1 and 2.

During this period the elasticity of energy consumption to GDP growth was
about 1.5, a relatively high figure. 1/ However, because of distortions
to the economy caused by the sanctions and the war, historical trends in
energy consumption and price elasticities are an unreliable guide for the
future. The future income elasticity is expected to be close to 1.

2.08 Table 2.2 shows that industry, power, transport and mining
together account for about 59% of total energy and 75% of commercial
energy consumption. Commercial agriculture uses about 12% and the rest
of the energy is used by other sectors. Commercial energy is mostly used
by the urban population whereas the large rural population (non-
commercial agriculture in communal areas) relies on wood fuels for all of
its energy needs.

1/ The high income elasticity resulted from a declining GDP (between

1975 and 1979) without a corresponding decline in energy consumption.
Between 1970 and 1975 the income elasticity was 1.2. In the mission's view,
the normal elasticity is around 1.2. With appropriate energy efficiency
improvement and pricing policies the elasticity should drop to 1.
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Table 2.2

1980 - Sectoral Energy Consumption

Solid Fuels Liquid Fuels Electricity Non-Commercial Total

MTOE % MTOE % MTOE % MTOE % MTOE %

Industry/Commerce 844 57.6 76 11.4 879 50.6 58 3.5 1,857 33.7
(45.4) (4.1) (47.3) (3.1)

Transport 187 12.8 381 57.3 -- -- -- -- 568 10.3
(32.9) (67.1)

Commercial/ 216 14.7 93 14.0 139 8.0 175 10.6 623 11.3
Agriculture (34.7) (14.9) (22.3) (28.1)

Mining 93 6.3 16 2.4 309 17.8 -- -- 418 7.6
(22.2) (3.8) (73.9)

Household -- -- 9 1.4 233 13.4 1,412 85.8 1,654 30.0
(0.5) (14.1) (85.4)

Others 126 8.6 90 13.5 177 10.2 -- -- 393 7.1
(32.1) (22.9) (45.0) _

Total 1,466 665 1,737 1,645 5,513
(26.6) (12.1) (31.5) (29.8) (100)

Source: Table 1.1.

( ) percentage by supply source.
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2.09 Table 2.3 shows recent energy demand trends by source.

Table 2.3

Energy Consumption Trends By Source
(000 toe)

Source 1970 1975 1980 %/a Growth

Petroleum 488 765 656 3.0
Coal 1,750 1,706 1,903 0.8
Hydropower 571 1,365 1,703 11.5
Bagasse 110 149 150 3.1
Fuelwood 1,192 1,316 1,453 2.9
Ethanol .. .. 9

TOTAL 4,111 5,301 5,874 4.0

Population (million) 5.3 6.3 7.4 3.3

Boe/capita 5.12 5.58 5.28 0.6

Source: Annex Table 2.

A highlight is the sharply increased share of hydropower, from about 14
percent in 1970 to 29 percent in 1980, and the declining share of coal,
from 43 percent to 32 percent (details in Annex Table 2). The share of
petroleum in the energy demand mix initially increased from 12% in 1970
to 14% in 1973. Since 1975 it has continued to decline and in 1980 was
about 11%. Per capita energy supplies increased up to 1975 and declined
thereafter (Annex Table 2). In 1980, per capita total energy consumption
is estimated at 5.28 barrels of oil equivalent (boe). 1/ Of this, about
4 boe/capita is commercial energy, which compares with averages of 2.11
boe/capita for the developing world and of 1.94 boe/capita for Africa
(1978).

2.10 Slow growth in fuelwood supplies raises concerns about the
future energy needs of consumers in communal areas. Income disparities
between the rural and the urban populations are wide, with the rural
population relying on the 'free' supply of wood to meet its energy
needs. Fuel substitution does not offer a viable short or medium-term
solution to this energy shortage in communal areas, because the incomes

1/ The figures in boe are quoted for convenience of comparison.



- 17 -

of the rural population must first rise enough so that they can afford to
purchase substitute fuels. As for the use of coal, it is concentrated in
the steel industry, railways, and in power generation , as well as in
drying crops in commercial agriculture. Much of the manufacturing
sector's incremental energy demand is satisfied by low-priced
electricity. During 1970-1980, the annual growth in hydropower demand
was high (11.5%).

A. Petroleum

2.11 There are no known reserves of petroleum in Zimbabwe.
Zimbabwe's geology mostly consists of basement and metamorphic rocks.
However, in the western and northwestern region, there is a sedimentary
area of about 100,000 km2 which is the prolongation of the Zambia Barotse
Basin, with easterly offshoots in which grabens filled with prospective
Karroo sediments are suspected to occur. Even if modest, Zimbabwe's
petroleum potential cannot be totally ruled out. The country's current
petroleum needs are met by imports through RSA and Maputo. Until early
1965, when the local Feruka Refinery owned by Central African Petroleum
Refineries (Pvt.) Ltd. (CAPREF) at Umtali was opened, refined petroleum
products were imported from Durban through Beira in Mozambique. The
refinery only operated until January 1966, when it was shut down due to
the blockade of crude oil supplies following UDI. In February 1966, the
Government formed Genta 1/ (Pvt.) Ltd. to procure petroleum products.
Since independence this responsibility has reverted to the marketing
companies, which have formed the Zimbabwe Oil Procurement Consortium -
ZOPC 2/.

2.12 Zimbabwe's liquid fuel consumption consists of liquid petroleum
gas, petrol, turbo jet fuel, aviation gasoline, illuminating kerosene,
gas oil, and ethanol. Power paraffin is also used to a limited extent
for tractors and fork lifts, but is being phased out.

1/ A solely Government-owned corporation which operated as a private
company.

2/ The consortium was formed under a Memorandum of Agreement signed
between the five marketing companies on October 6, 1980.
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Table 2.4

Petroleum Imports 1/
(% Annual Average Growth Rates) -

1967-1973 1973-1979

Total petroleum products 8.3 -2.9
Petrol 8.3 -5.9
Gas Oil 8.5 -0.9
Transport Fuels 2/ 8.4 -3.0
Real GDP Growth 7.3 -0.7

Elasticity (total petroleum) / 1.1 

1/ Based on volumetric data. Growth on toe basis will be
different.

2/ Petrol and gas oil.

3/ Income elasticity for total petroleum imports.

Source: Annex Table 3.

Table 2.4 shows that petroleum imports increased at 8.3 percent annually
between 1967 and 1973 and declined at 2.9% per year during 1973-79.
About 84% of petroleum imports are for automotive fuels (Table 2.5). The
percentage of gas oil in total petroleum imports has been increasing and
in 1980 was 49% of total liquid fuel supplies. Ethanol, which was
introduced in September 1980 as a gasohol mix with 20% ethanol, now
substitutes for 15% of the petrol market.
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Table 2.5

Liquid Fuels Supplies

1980 Growth %/a
000 Barrels % 1979-80

Aviation Gasoline 44 0.9 -12.0
Kerosene/Turbo Fuel 610 13.2 13.0
Petrol 1,597 34.5 15.4
Gas Oil 2,289 49.5 4.6
LPG 62 1.3 -7.5
Ethanol 16 1/ 0.3 -
Power Paraffin 6 0.1 -76.0

TOTAL 4,624 100.0 11.2

1/Mission estimates based on 20% denatured ethanol in petrol blend
starting with September 1980.

Source: Annex Table 3.

2.13 There are some wide disparities between the Government's data on
imports and the oil marketing companies data on sales (Annex Table 4).
For example, in 1979, the companies reported gas oil sales of 254 m3
compared to Government registered imports of 340 m3. The reasons for
these disparities should be determined so that a consistent set of data
base can be developed to help energy planning activities.

Sectoral Consumption Trends

2.14 Only a small proportion of the population uses petroleum
products. Outside of commercial agriculture, the large rural population
relies on traditional energy sources such as fuelwood. In 1980, for
example, about 99% of imported liquid petroleum products were directed to
the modern urban sector and commercial agriculture. Kerosene and LPG use
by households amounted to only 1.4% of petroleum imports with the rural
share of kerosene estimated at about 13% of the total kerosene
consumption 1/, or only 0.4% 2/ of overall petroleum imports.

1/ This estimate is based on market sales data collected from Shell and
BP. These two companies have 43.1% of the kerosene market (1980).

2/ In 1980 kerosene imports were 3.3% (151 MB) of petroleum products
imports (4,608 MB). Of this 13% were sold in grid zones 2 and beyond.
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2.15 Table 2.2 shows that in 1980, the transport sector used 57% of
liquid fuels, commercial agriculture 14%, and industry and commerce 11%.

Table 2.6

Sectoral Consumption: Transport Fuels

(%)

1976 1980
Petrol Gas Oil Petrol Gas Oil

Transport
Road 79.6 11.8 78.8 13.5
Railways 0.3 23.5 0.3 24.9

Commercial/Industrial 5.9 24.5 5.3 14.9
Agriculture 4.6 25.5 4.1 24.6
Government 9.5 13.1 11.2 18.8
Others 0.2 1.6 0.3 2.1

Source: For details see Annex Table 5.

In 1980, about 79% of petrol and 14% of gas oil were used for road
transport (Table 2.6). The major consumers of gas oil in 1980 were
commercial agriculture and railways 25% each, Government 19%, road
transport 14%, and commerce and industry 15%. The relatively high
proportion of consumption of petroleum products by the Government during
the war is likely to drop in the future, while the suppressed demand by
public and private transport is expected to be reflected in higher
proportional demand.

2.16 Mechanization in commercial agriculture has led to a high demand
for petroleum products; it accounts for about 14% of total demand for all
products, about 25% of gas oil use, 4% of petrol, 4% of illuminating
kerosene, and 13% of power paraffin (for tractor use) (Annex Table 6).

2.17 Railways and road transport together consume about 57% of
petroleum supplies (Annex Table 5 data for 1980). Vitally important to
the economy, railways consume the most gas oil; this is used by electric
diesel locomotives (Annex Table 7). Because of a shortage of motor
vehicles, the road system in the country is grossly underutilized.
Moreover, existing road transport fleets are old and require early
replacement if they are to cope with the increased economic activity in
the country.

2.18 Because of rehabilitation and development of rural areas, both
road and rail traffic can be expected to grow at high rates.
Furthermore, removal of domestic and import controls is likely to lead to
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a considerably larger role for road transport when likely future changes
in the level, composition, origins, and destinations of traffic are
considered. The scope for using fuels more efficiently or for replacing
imported fuels by indigenous fuels in the transport sector is currently
limited. For the railways, rehabilitation of the country's steam
locomotives will have some effect in reducing the growth of demand for
gas oil. For road transport, the limits to the extension of petrol by
ethanol have almost been reached and the increased fuel-efficiency of
vehicles will be determined largely by the speed at which the existing
fleet can be replaced.

Refinery

2.19 Feruka Refinery (20,000 bd capacity) was constructed in 1964 and
came on stream in April 1965. It has been shut down since 1966,
following sanctions against UDI. The ownership of the holding company
for the refinery, CAPREF, is divided among seven participating oil
companies as follows:

The Shell Petroleum Company (Shell) 20.75%
The British Petroleum Company (BP) 20.75%
American Independent Oil Company (Aminoil) 15.00%
Kuwait National Petroleum Company (KNPC) 5.00%
California Texas Oil Company (CALTEX) 15.75%
Mobil Petroleum Company (Mobilpet) 17.75%
Total Oil Products Rhodesia (Pvt) Ltd (Total) 5.00%

100.00%

At the request of the Government, Shell engaged Fluor Nederlands B. V. in
1980 to study the feasibility and costs of:

(i) restoring the refinery to its original design and
mechanical condition;

(ii) adding modifications required to meet current Shell
operating standards; and

(iii) upgrading the laboratory and recommissioning the
refinery.

2.20 Fluor estimated the cost of rehabilitation, which would take 18
months to complete, at US$38 million. The mission reviewed the Fluor
study and found that although it was competently done, the terms of
reference for the study had been inadequate since they did not require
Fluor to evaluate the capability of the existing refinery to meet market
requirements either with respect to: (i) the types of crude oils
generally available, or (ii) the pattern of product demand in Zimbabwe.
This was a serious omission since:

(a) The refinery was designed to process only Iranian Light or
a similar crude oil. Since crude oils are generally
becoming heavier, the refinery may not be able to easily
obtain the appropriate crude oil feedstock;
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(b) The refinery design yield would produce 41.6% petrol which
would far exceed the domestic demand for it, while the gas
oil and kerosene yield would not meet the domestic demand
for these products; 1/

(c) The refinery will produce high sulphur coke for which there
is no market in Zimbabwe or in any of the neighboring
countries;

(d) The gas oil produced will contain about 1% (weight)
sulphur, while most current engine specifications require
0.5% (weight). The diesel index of the gas oil will also
be below the required standard. There will therefore be
even less usable gas oil than the yield pattern shows.

2.21 The mission concluded that the proposed rehabilitation of the
refinery to its original condition is not an economic option, 2/ and
recommends that a study be commissioned to determine the most economic
alternative for meeting Zimbabwe's petroleum requirements both in the
short and long run. This study should consider the following options:

(i) import of petrol, gas oil, and other compatible
products 3/ through the Beira-Umtali pipeline, and import
of non-compatible products (such as LPG and turbo fuel) by

1/ The estimated complexity factor for this refinery is 9 and the
refinery fuel use/loss 11%. At current crude oil prices, the refinery
own fuel use alone will cost more than US$7/bbl. for every barrel of
crude oil refined. Furthermore, the refinery design yield and product
demand mix are not compatible as shown below:

Product Design Yield* Market Demand
(%) (%)

Petrol 42.6 34.0
Gas Oils 30.4 48.8
Kerosene 9.9 13.0
Others 17.1 4.2

TOTAL 100.0 100.0

* Excluding refinery fuel/loss.

The rehabilitated refinery, at full operating capacity, would produce 2.8
million barrels of petrol whereas the domestic demand in 1980 was 1.6
million barrels. The gas oil yield would be 2.2 million barrels against
1980 demand of 2.3 million barrels.

2/ See footnote 1.

3/ These products could either be purchased from a cheaper source or
could be procured by processing crude oil (purchased from a cheaper
source) at a large refinery where the refining fees are competitive.



- 23 -

rail or road. This option should include the possible
extension of the Beira-Umtali pipeline to Salisbury;

(ii) the rehabilitation of the Feruka refinery with changes in
configuration to match current and future changes in
market demand and changing crude oil quality;

(iii) the construction of a new refinery with sufficient
flexibility to match changes in market demand and to
process different qualities of crude oil; and

(iv) import of refined products from the currently under-
utilized Ndola refinery in Zambia. The feasibility of a
petroleum pipeline from Ndola to Salisbury should also be
investigated.

Pipeline

2.22 As part of the Feruka refinery project, a crude oil pipeline was
constructed in 1964 from Beira to Umtali. Commercial pumping began in
February 1965, and ceased in December 1965 due to the blockade against
UDI. The pipeline has been inoperative since. It is owned by Companhia
de Pipeline Mozambique-Zimbabwe, a subsidiary of Lonrho Limited of U.K.,
with minority shares reportedly held by Portuguese investors in
Mozambique. The facilities include 288 km of 10.7-inch line, with a
pumping station at Beira, a metering station at the Mozambique/Zimbabwe
border, and a receiving terminal adjacent to the mothballed Feruka
Refinery. The pumps are designed to permit variable flow rates ranging
from 1,360 to 3,000 litres per minute, and a maximum thruput of about one
million tonne per annum.

2.23 The rehabilitation of the pipeline is critical to any
alternative for the supply of petroleum fuel and offers Zimbabwe
substantial foreign exchange cost savings in the transport of petroleum
fuels. 1/ Negotiations with Lonrho and the Mozambique Government on the
thruput7charge are, however, still not completed. The rehabilitation of
the pipeline is proceeding and is expected to be completed by November
1981. 2/ Although the line was primarily intended to carry crude oil, it
can also carry refined products. Some modification of the pumps and the
tank farm at the refinery will be needed in order to do this, and the
mission recommends that this be done as a matter of urgency so that

1/ The pipeline thruput charge has not as yet been agreed upon.
However, the thruput charge for the Dar-es-Salaam/Ndola pipeline (1,708
km) is US$23/tonne. If a similar thruput charge is agreed for the Beira-
Umtali pipeline, then savings over the current alternative of RSA would
be substantial.

2/ It is reported that the rehabilitation has now been delayed to early
1982 due to a sabotage of the pipeline.
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petrol and gas oil can be imported through the pipeline. If it is later
decided to build a new refinery (or restructure the existing one) the
pipeline can easily and cheaply be reconverted to carry crude oil.

Ethanol

2.24 In 1979, the Government decided to substitute 15% of gasoline
imports by domestically produced ethanol. The Triangle Sugar Estate
(Triangle) built an ethanol plant which was locally fabricated and cost
approximately Z$4 million (US$6.4 million). Alcohol was first blended
with petrol in September 1980. The plant's rated annual capacity is 40
million liters of anhydrous ethyl alcohol, produced from distillation and
dehydration of fermented sugar cane juice and molasses. The feedstock
requirement is estimated at 70,213 tonnes of invert sugar, with a
conversion rate of 568.27 liters per tonne.

2.25 Sterilized and diluted cane juice is pumped to the ethanol plant
for fermentation. The distilled alcohol has a 99% ethanol content which
is adulterated by the addition of 1% benzol to make it unfit for human
consumption. The denatured ethanol is then dispatched by railway to
depots throughout the country, where it is blended with petrol in a
proportion of 15% denatured ethanol to 85% petrol. Effluent from the
ethanol plant is used as a liquid fertilizer to irrigate the canefields,
though the resulting odor poses an increasing environmental problem.

2.26 The Government and Triangle agreed on the price of ethanol. The
producers estimate that the 1980 cost of ethanol was ZL30.1/liter
(US$1.81/US gallon), which is higher than the price agreed on with the
Government, so they have requested retroactive adjustments. The
retroactive adjusted price is proposed at ZC34.2/liter (US$2.06/US
gallon). In 1982, the production cost is expected to increase to
Z;34.7/liter (US$2.09/US gallon). 1/ This compares favorably with the
Durban/Sasol fob cost of premium petrol at Zq26.892/liter (US$1.62/US
gallon) and the Salisbury landed cost of Zc36.265/liter (US$2.18/US
gallon).

2.27 Ethanol consumption in 1980 is estimated at 9 thousand toe.
There are proposals to expand ethanol production by developing a project
at Chisumbanje, which includes cultivation of 13,300 ha. of additional
land for sugar cane, and an ethanol plant of 127.5 million liters/annum
capacity at a cost of Z$132.6 (US$210.8 million or US$96,000/barrels per
day). The production cost is stated at Zq33.7/liter (USC2.03/US gallon) 2/,

1/ The opportunity cost of ethanol directly varies with the sugar export
price. Due to high investment costs and other disadvantages (2.28),
proposals to increase ethanol production facilities should be carefully
evaluated.

2/ In the mission's view, the cost estimates are understated. Based on
investment costs, the production of additional ethanol is not considered
economic.
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excluding the costs of land and basic infrastructure. This increase in
production would bring the ethanol supply to 167.5 million liters per
annum, or approximately 76% of the demand for petrol. At this proportion
of alcohol in petrol, automotive engines would have to be retrofitted.

2.28 The mission considers that 20% should be the upper limit for the
replacement of petrol by ethanol in an ethanol-petrol blend unless
current tests being carried out by the Government indicate that a
somewhat higher ratio is feasible. The maximum quantity of petrol that
can be replaced, therefore, will be around 25,000 tonnes by the year
2000. A larger quantity of petrol can be replaced with ethanol only if
pure ethanol is used as an automotive fuel. However, the mission
considers that this is not advisable since: (i) considerable investments
will be required not only for retrofitting engines but also to accomodate
the new fuel in corrosion-resistant storage tanks at filling stations;
(ii) there is substantial traffic between Zimbabwe and its neighboring
countries (Mozambique, Zambia, Botswana and RSA), and Zimbabwean pure
alcohol vehicles entering these countries will be handicapped since these
countries do not have pure alcohol automotive fuel systems (See Map IBRD
15680); (iii) sugarcane requires fertile land, so the large-scale
adoption of pure alcohol as an automotive fuel could start to displace
foodcrops; and (iv) dependence on an agricultural crop, susceptible to
the vagaries of nature, as the sole source of a particular fuel, poses
strategic risks. The mission recommends that additional ethanol supplies
only come from the expansion of the Triangle plant and not from the
construction of a new plant at Chisumbanje as currently planned, though
the Chisumbanje project is now being reevaluated to determine whether it
can be made feasible in sugar/ethanol production. In which case, it may
become a viable option to the Triangle expansion.

B. Coal

2.29 Zimbabwe is well endowed with coal resources which,
traditionally, have made a significant contribution to the country's
energy needs. Table 2.7 shows estimates of in situ resources and
reserves in 24 coal fields (Annex Table 8) at 29 billion tonnes (see Map
IBRD 15380).
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Table 2.7

Summary: Coal Resources and Reserves
(In billion tonnes)

Total
Basin Resources Reserves Coking Coal Thermal Coal Total

A. Zambezi 26.5 2.0 2.8 25.7 28.5

B. Sabi Limpopo 0.5 0.2 0.1 0.6 0.7

TOTAL 27.5 2.2 2.9 26.3 29.2
% 92.5 7.5 10.0 90.0 100.0

Source: Annex Table 8.

About 2.19 billion tonnes, or 7.5% of the total, can be classified as
reserves which have been fully evaluated with respect to quality and
quantity. The coal deposits in Zimbabwe are mostly of Permian age and
are concentrated in two basins, the Zambezi in the northwest and the
Sabi-Limpopo in the South. The only developed coal mine in Zimbabwe is
Wankie Colliery which currently produces approximately 3.2 million tonnes
of raw coal (Annex Table 9) per annum (tpa), of which about 1/3 is
produced from underground mines and the balance from open pits (See Map
IBRD 15681). The underground mines employ normal room and pillar
methods, with drilling, blasting, and hand-loading. Main haulage is by
endless cables, and access is by inclined shaft. The open pits are
worked by contractors with relatively small equipment (CAT 988 loaders
and 50 t Terex trucks). The mine employs about 5,700 people and overall
efficiency is approximately 2.0 tonnes per man-shift, which is low
considering the high proportion of open pit output. Production figures
for the last 20 years are shown in Annex Table 9.

2.30 The average seam thickness is 9 to 10 m, of which the bottom 2
to 5 m are a coking coal high in volatiles. This is presently the only
portion of the seam that is mined, the remainder being left behind and
lost. 1/ In the open pits the thermal coal above the coking coal is
stripped and dumped as waste, and is also irretrievably lost, because it
becomes intermixed with overburden, and a high pyrite content facilitates
spontaneous combustion (See Map IBRD 15681). The run of mine (raw) coal

1/ The remainder is high ash steam coal which can be used for thermal
power/steam generation.
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is either sold as is, or washed. About 14% of the coal produced is used
in the colliery's own coking plant. The by-products from the coking
plant, mainly gas, tar, benzol and 25% ammonia liquor, are recovered and
sold, with the exception of the gas, which is used internally with any
excess flared.

Domestic Demand Trends

2.31 Coal: Annex Table 10 shows the coal demand by sectors. The
largest single consumer of coal in Zimbabwe at present is the Zimbabwe
Iron and Steel Company (ZISCO), accounting for between 33% and 38% of
domestic consumption. The railways' share of the domestic market dropped
from 18% in 1970 to 10% in 1980, due mainly to the phasing out of steam
locomotives. However, sharp increases in the price of gas oil and the
long lead time for railway electrification will prolong the use of these
locomotives; in fact, the National Railways of Zimbabwe (NRZ) is now re-
furbishing them. The expansion of thermal power plant capacity to 1,280
MW by 1989 will establish the power sector as the major coal consumer in
Zimbabwe.

2.32 The growing shortage of fuelwood and the increase in the price
of gas oil have led to an increase in coal demand for tobacco drying and
curing. This coincides with a move to automate the drying process, which
requires better quality (washed) coal. The removal of economic sanctions
is expected to increase tobacco production and exports. Therefore, coal
demand by this sector should continue to grow at least 5% per annum.
Furthermore, it is expected that the expansion of cement and brickmaking
operations will increase the consumption of coal in these industries also
by about 5% per annum.

2.33 Coke and Coke By-Products. The major users of coke in Zimbabwe
are the iron and steel and the ferro-chrome industries (Annex Table
12). ZISCO produces coke for use in its own operations. Approximately
105 thousand tonnes of coke (representing 45% of Wankie's total coke
production in 1980) were used in Zimbabwe mainly by the ferrochrome
industry which accounts for nearly 80% of Wankie's domestic sales. It
appears that the domestic demand for coke will increase moderately during
the forecast period. 1/

2.34 By-products from coking operations are mainly coal tar fuel
(CTF), benzol, ammonia, and oven gas. In 1980 approximately 27 million
litres of CTF and 1,343 million cubic feet of gas were produced as by-
products to Wankie's and ZISCO's coke production. Out of a total
marketable surplus of 18.7 million litres of CTF per annum, only 10

1/ Current annual production capacity for steel is one million tonnes
and for ferrochrome 286 thousand tonnes. Whereas no increase in steel
capacity is expected, the ferrochrome capacity is expected to increase by
about 64,000 tonnes/a. The domestic demand for coke will therefore
experience only a modest increase.



- 28 -

million is sold, consumed, or used for paving roads. The remainder must
be disposed of to keep storage facilities free. A number of burners have
been converted to the use of CTF. The use of CTF can be increased
provided problems of variable viscosity, burner efficiency, and pricing
are resolved. Most of the gas produced as a result of the coking
operations is used internally. Any excess is flared. The City
Engineer's Department in Bulawayo has proposed the construction of a gas
plant based on coal for the supply of low Btu gas to major industrial
consumers. The mission considers that further analysis of the viability
of this plant is required.

Export Market

2.35 Coal. The major recent export markets for Zimbabwe coal have
been RSA and Zaire, with small markets in Botswana, Malawi, and
Mozambique (Annex Table 11). Coal exports have declined steadily, from
1.5 million tonnes (42% of total coal sales) in 1960 to 229 thousand
tonnes (10%) in 1980. Coal exports are expected to grow only in the
long-term, mainly because of higher exports to Malawi and Mozambique.
However, much depends on the performance of the Moatize colliery in
Mozambique, which is more advantageously located with respect to some of
these markets, and on limitations of the railway systems. The Gecamines
smelting works in Shaba, Zaire will continue to import coking coal from
Zimbabwe.

2.36 Coke. As Annex Table 12 shows, the major export markets are in
Zaire and Zambia. It is expected that coke will continue to be sold to
Gecamines in Zaire and to the copper mines in Zambia. The WCC has an
incentive for such exports, since the pricing agreement allows higher
prices for coal and coke exports than for domestic sales. However,
unless coking capacity is increased, the total coke available for export
may decline slightly due to a moderate increase in the demand for coke in
Zimbabwe (2.33). 1/

2.37 Transport. Except for limited supplies to small distributors,
the entire marketing of coal and coke is handled by the WCC. The
products are sold f.o.r. Thomson Junction and are transported to the
customers through the NRZ. However, WCC pays NRZ for the transport and
then recovers the charges from the customers. By this arrangement NRZ
deals only with WCC, which simplifies financial transactions and the
scheduling of wagons.

1/ The pricing agreeement requires the company to give priority to the
needs of domestic consumers over those of customers outside Zimbabwe.
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Table 2.8
Rail Rates for Coal 2/
(Zimbabwe dollars/tonne)

Distance from Wankie 1/ May 1981 August 1980
Destination km Coal Coke Coal Coke

Bulawayo 334 6.78 8.33 3.98 3.59
Que-Que 560 9.29 11.62 5.26 5.84
Salisbury 773 11.67 14.81 6.98 7.76
Umtali 913 14.34 18.40 8.93 9.92
Sinoia 889 12.86 16.40 7.85 8.72
Zambia/Zaire Border .. 32.00 33.00 n.a. n.a.

1/ Approximate distances by shortest paved road route (for comparative purpose
only).

2/ When determining the export potential, the railway freight will play an
important role in calculating the economics of new mines.

Source: WCC.

2.38 Zimbabwe's substantial coal reserves could supply more export
markets than they do at present. However, as Table 2.8 shows, the
transportation costs to the border of Zimbabwe are high and the railway
systems in neighboring countries (Botswana, Mozambique, and Zambia), as
well as both ports in Mozambique, create major bottlenecks for increased
coal exports; Beira has no coal handling facilities while those at Maputo
are antiquated. 1/ In addition, Maputo, with an installed maximum
capacity of 2 million tpa, has never shipped more than 0.5 million tpa
and cannot handle ships of over 60-80,000 tonnes capacity.

2.39 The Government recognizes these problems, but for political
reasons does not favor the use of the RSA seaports. The only other
possible seaport, Walvis Bay in Namibia, lacks coal handling facilities,
and in any event, exports through Walvis Bay would have to await the
political settlement of the Namibian issue and construction of a railway
line between Botswana and Namibia. With these transport constraints to
coal exports, the mission considers that the immediate strategy for coal
exploitation and utilization should focus on the domestic market. In the

1/ A special committee under SCADC is addressing this problem on a
regional basis. The work of this committee is being coordinated by
Mozambique.
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medium to long term, export markets for 11 million additional tonnes of
coal could be developed, but any export development policies must first
address the transport issue.

Coal Sector Development Policies

2.40 Within the domestic market, the first priority for the use of
coal resources should be thermal power generation and projects have
already been identified. Power demand projections show that the excess
thermal coal from Wankie Colliery will be used up entirely by the
development of Stage II of the Wankie Power Plant. Mining the Wankie
coal requires that thermal and coking coal be produced in fixed
proportions. So after all the excess thermal coal at Wankie has been
consumed, increases in thermal coal production will be associated with
the increased production of coking coal for which there is little
prospective demand until the transport bottlenecks for exports are
removed. The current least-cost power development program shows that new
thermal generation facilities will not be needed until 2000. However,
this program is contingent upon an agreement with Zambia to fully develop
Zambezi's hydro potential. If such an agreement is not reached in time,
the Government will need to develop coal reserves and thermal facilities
earlier than indicated by the power program.

2.41 Low Btu gas production by coal gasification and production of
fertilizer is a technical alternative to urea imports and production from
the electrolytic ammonia plant at Sables. However, the economics of the
proposal need to be examined. 1/ Coal liquefaction should only be
considered in the long term, since the economics of the existing
technology are unlikely to prove favorable even in the medium term.
Furthermore, the large amounts of by-products, which cannot be absorbed
in a country of Zimbabwe's size, and for which hardly any export markets
exist, would pose problems.

2.42 None of the existing coal studies reviewed by the mission covers
the whole country; nor do they attempt to optimize project location,
product mixes or markets. To provide the Government with an optimum27oal
development strategy, a comprehensive study should be commissioned. -
It should include:

1/ The closure of Sable Plant (a sole producer of anhydrous ammonia and
nitrogenous fertilizer) could reduce the electric power load by 89 MW.
Although the plant currently supplies oxygen (a by-product of the water
electrolysis process) to Zisco, conversion to coal will cause no problems
in the availability of oxygen. Currently, the plant releases oxygen
separated from the air into the atmosphere. After conversion, atmospheric
oxygen can be supplied to Zisco.

2/ The study is needed to determine the sequence and magnitude of coal
fields developments to achieve optimum benefit from this resource.
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(a) in-depth evaluation of all coal deposits with specific
recommendations for exploration programs, sequence and
priority for coal fields development, and coal sampling and
testing; and

(b) detailed market studies for coal, coke, ammonia production,
and other derivatives, including thermal power generation
and the possibilities of low Btu gasification, with
recommendations for product mix and the kind of coal best
suited for each product.

2.43 The Government has already had initial contacts with possible
financing sources for this study, which would probably cost between
US$0.7 and US$1.0 million. The mission recommends that the study be
conducted by an independent institution, 1/ and that once the study is
complete, the role of the private sector should be evaluated. If current
plans for the Government to participate in future coal mining ventures
are implemented, terms and conditions of such participation should be
spelled out in detail in order not to discourage future private
investors.

C. Electric Power

2.44 Except for the RSA, Zimbabwe's power sector is the largest in
the East Africa region, with peak demand for 1980 at 1,080 MW and per
capita consumption at 928 kWh. However, by end 1980 the sector had only
about 190,000 domestic consumers (16% of all households), mainly in the
cities, which accounted for only 13% of total demand. Electric power
demand increased from 1,981 GWh in 1964 to 7,272 GWh in 1980, an average
annual rate of 8.5%. The average income elasticity of demand for
electricity during 1960-75 was fairly steady, at about 1.7 (Annex Table
13); however, after 1975 the relationship became erratic and a poor
indicator of likely future demand.

2.45 Annex Table 14 shows electricity demand by broad economic
sectors during 1960-80. Whereas household consumption fell from 27% of
the total in 1960 to 13% in 1980, the manufacturing sector's consumption
increased from 29% to 51%, with about 63% of this going to four large
plants, namely Rhodall and Rhomet (ferrochrome), Sable Chemicals
(fertilizers), and Zisco (Annex Table 15). Consumption by the commercial
agriculture and forestry sectors increased from 4.5% in 1960 to 8% in
1979, but dropped to 7% in 1980 (Annex Table 14).

1/ With no interest in promoting a specific process or technology.
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Supplies

2.46 The major sources of electricity, in decreasing order of
importance are:

- Kariba hydroelectric complex;
- imports from Zambia; and
- thermal power stations. I/

A further three percent of total power generation is provided by
privately owned (captive) electric power plants (Annex Table 16). Total
installed capacity in Zimbabwe is 1,151 MW (Annex Table 17), but because
of the sharing arrangement for Kariba and the fact that some thermal
units are near retirement, the effective capacity is only 1,051 MW.
Although hydro made up 60.2% of effective installed capacity (633 MW) in
1980, it supplied 90% of the electric energy generated in Zimbabwe, with
thermal power stations (effective capacity 418 MW or 39.8%) supplying the
other 10%.

2.47 Kariba Hydroelectric Complex: The Kariba hydroelectric complex
on the Zambezi consists of two power stations, one on the south bank
(Kariba South, in Zimbabwe) and one on the north bank (Kariba North, in
Zambia). The dam was built between 1955 and 1960, Kariba South Power
Station was commissioned between 1960 and 1962, and Kariba North Power
Station between 1976 and 1977. There are six generating sets of 111 MW
each at Kariba South and four sets of 150 MW each at Kariba North, giving
a total installed capacity of 1,266 MW. The total firm energy generation
capability of the complex is taken in the agreement between the two
countries as 10,000 GWh per year. Under the current arrangement, the
total installed capacity and firm energy output from both stations is
shared equally between Zimbabwe and Zambia; thus the entitlement of each
country is 633 MW and 5,000 GWh/a. When the project was built, the firm
energy output at Kariba, based on Zambezi flow records dating from 1926,
was estimated at 8,500 GWh/a; after 1976, when CAPC completed a first
series of studies, the estimate of firm energy output was revised upwards
to 9,800 GWh/a because of a marked increase in the annual river flow,
probably reflecting changes which occurred in the catchment
characteristics. In 1980, 8,016 GWh were generated at Kariba Complex.
Thus, Kariba contributed 69% of the total electrical energy requirements
of the country.

2.48 Imports from Zambia: For several years electricity imports from
Zambia have been a major element in the energy balance of Zimbabwe. The
three large hydro-electric power stations in Zambia, namely half of the
Kariba Complex, Kafue Gorge, and Victoria Falls, have a total installed
capacity of 1,641 MW and can generate annually 10,899 GWh of firm energy.
Furthermore, since 1957 Zambia and Zaire have been interconnected by a
transmission line capable of transferring between 100 and 150 MW. Since 1976,

1/ See footnote to para 1.10 about the minor imports from RSA.
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imports from Zambia to Zimbabwe have increased, reaching 1,756 GWh
chargeable 1/ in 1980, and supplying 24% of Zimbabwe's total
requirements.

2.49 Existing Thermal Power Stations: There are four (Annex Table
17) coal fired thermal stations in operation in the interconnected grid
in Zimbabwe: Salisbury, Bulawayo, Umniati and Wankie. The small power
station in Wankie, owned by the Colliery, has generating sets which are
at least 35 years old; the reliable capacity is 17.5 MW. This power
station, which supplies part of the Colliery's demand as well as the
demand of the township at Wankie, will be closed when the new Wankie I
power station is commissioned.

2.50 The power stations at Salisbury and Bulawayo are owned by the
municipalities, whereas Umniati is owned by ESC. Although the total
installed capacity of the three plants is 375 MW (Annex Table 17), the
reliable capacity is estimated to be 354 MW. The units are from 23 to 35
years old. Until Kariba South was built, the thermal stations were
operated at a relatively high annual load factor. Then, from the mid
1960's, they were operated on the peak load but their annual load was
increased in order to provide some part of the base load until the
commissioning of Kariba North. Now they are used only occasionally for
relatively short periods to meet peak loads. There are other small power
stations which burn coal and bagasse, but are not connected to the main
transmission grid. The units at these stations are also near retirement
age (effective capacity - 52 MW).

2.51 Plant Under Construction: Zimbabwe became concerned in the
early 1970's about its future reliance on power imports from Zambia, and
began the construction of a coal-burning thermal-power station at the
Wankie coal field. As sanctions prevented the authorities from raising
the foreign finance for importing the plant and equipment, construction
was suspended in 1975 after completion of the station building.
Construction began again in 1980 and the Wankie I project (4 x 120 MW) is

1/ The power sharing agreement between Zambia and Zimbabwe stipulates
that the available capability of the Kariba Complex (10,000 GWh) be
shared equally among them. In 1980, the complex generated 8,016 GWh.
Zimbabwe believe its share to be 5,000 GWh. If this basis is used, then
Zimbabwe's 1980 imports would amount to 1,756 GWh (out of a total supply
of 6,756 GWh), giving an import of 24%. Zambia considers that Zimbabwe's
share of generation is 4,008 GWh. On this basis the imports amount to
2,748 GWh, which is 38% of total requirements of the country. The
current power sharing agreement (which expired on July 31, 1981, but
remains in force until a new agreement is signed) provides the settlement
of imports on the basis of 400 MW guaranteed (plus 100 MW when
available). The future power sharing basis between these two countries
will be negotiated in the general context of the development of the
Zambezi River and would determine the precise volume of electricity
imports by Zimbabwe.
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expected to be fully operational by end-1983. At full capacity, this
plant will use 1.6 million tonnes of high ash steam coal which is
currently produced as overburden and discarded (2.30). The cost for the
Wankie I project is estimated at Z$369 million (US$587 million) in
current prices, and is being financed from suppliers' credits and
commercial bank loans.

2.52 The power from Wankie will be transmitted to the main grid by
two 330 kV overhead lines, one to Sherwood, the other to Bulawayo. The
Sherwood-Wankie line has been constructed and supplies that part of WCC's
power needs which falls short of its own generation. The Wankie-Bulawayo
330 kV line is under construction. These transmission lines are
necessary to utilize the new thermal capacity at Wankie (see Map IBRD
15381). ESC is the executing agency for the power station and the
transmission lines.

Future Potential

2.53 Hydropower: Because of the rainfall pattern, most river flow in
Zimbabwe is intermittent. Exceptions are the Zambezi and the Sabi
rivers, which are fed by various perennial rivers. The potential
hydropower capacity (Annex Table 18) still to be developed on the Zambezi
amounts to 5,030 MW with an annual average energy production potential of
26,600 GWh (assuming a 60% plant factor). Of the power that could be
jointly generated with Zambia, Zimbabwe's share is 2,515 MW and 13,300
GWh/a (Figure 1). New plants of 300 MW capacity each could also be built
on the southern and northern banks of the Zambezi, ai/the existing Kariba
dam site, and could use the water from Kariba Lake. -

Table 2.9
Zambezi Hydropower Potential

Capacity Average Energy
MW GWh/a

Installed 1,374 10,605
Potential 5,030 26,570
Zimbabwe's Share (Potential) 2,515 13,285

Source: Annex Table 18.

1/ There could be provision for further extensions at both banks.



- 35 -

FIGURE 1
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2.54 Developments on the Zambezi, including extensions at Kariba
South and North, will require that the legal problems on the sharing of
the Zambezi water, installed capacities and energy outputs by Zambia and
Zimbabwe be clarified, and that the legal basis for CAPC's future
operations both inside and outside Zimbabwe be decided. The mission
urges that the two countries initiate negotiations as a matter of
priority. The other hydropower schemes which can be developed on the
portion of the Zambezi separating Zimbabwe from Zambia are (See Map IBRD
15381):

- Batoka Gorge; (1600 MW; 10,300 GWh/a 1/);
- Devil's Gorge; (1,240 MW; 7,070 GWh/a);
- Mupata; (1,200 MW; 6,700 GWh/a); and
- Victoria Falls; (390 MW; 2,200 GWh/a). 2/

2.55 Thermal Power: All the units of Wankie I (4 x 120 MW) and the
first two units of Wankie II (2 x 200 MW) will use low quality, high-ash
thermal coal, but for additional units, more coking coal will have to be
mixed with overburden to keep the ash content at the required 25%
level. Coal-fired power stations can also be built at the Sengwa,
Lubimbi, and Lusulu mines, but studies of the coal at these locations are
not complete, and it is not expected that any of them could be
commissioned during the next 10-15 years. However, if agreement on the
development of the Zambezi is not reached, the developments of these
fields will need to be accelerated to meet the projected power demand.

2.56 The Least Cost Power Development Program: A review of an early
load forecast (Annex Table 19) showed that even if imports from Zambia
remain available, Zimbabwe would need to commission new power plants
during the second half of the present decade. To determine the least
cost generation and transmission solution to meet the expected demands
for power in the country, the Government commissioned a Power Development
Plan (PDP) study. The load forecast (Annex Table 19) for the PDP was
based on two separate surveys conducted by the Consultants. The first
one was a market survey, together with an evaluation of past statistics
of sales of electricity, and the second was a macro-economic analysis of
sectors including economic aspects in which electricity consumption is
related to economic activity. In both analyses five sectors were
separately studied: industrial, mining, agricultural, commercial, and
domestic. Then, making allowance for losses in transmission and
distribution, load forecasts implying a rate of growth of 7.2% per year
for 1980-1990 and 6.1% per year for 1990-2000 were calculated. The least
cost development program that will meet the electric power demand growth
through the end-nineties is as follows:

1/ Average energy generating capacity.

2/ New scheme at Victoria Falls.
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Plant Size Type Commissioning Expected
Year (calendar) Cost US$/KW 2/

Wankie Stage I 480 MW Thermal 1/ 1982/83 n.a.
Wankie Stage II Phase 1 400 MW Thermal 1985 1,765
Kariba South Extension 300 MW Hydro 1987 1,161
Kariba North Extension 300 MW Hydro 1988 1,113
Wankie Stage II Phase 2 400 MW Thermal 1989 1,749
Batoka Dam and South Bank
Power Station 800 MW Hydro 1991 2,703
North Bank Power Station 800 MW Hydro 1994 n.a.
Mupata Gorge Dam and South
Bank Power Station 600 MW Hydro 1996 2,194
North Bank Power Station 600 MW Hydro 1998 2,146
Sengwa 600 MW Thermal 2000 n.a.

1/ All thermal capacity is coal based.

2/ Capitalized cost per KW of firm output in 1981 dollars.

2.57 Electricity Connections: Zimbabwe's power supply is mainly
geared to industry and commerce, and serves only a small proportion of
the poorer urban population. The mission recommends that connections
from the grid to urban low income, high density households be given a top
priority to help reduce the pressure on urban fuelwood demand. The
relative cost of connecting these households to the supply grid will be
lower than a rural electrification program. Because the rural population
is so widely scattered, rural electrification will remain a medium to
long term objective and in the short term only the rural 'growth points'
should be connected to the grid. The program for electrification of
other rural areas requires further study, and this should be done in the
near future.

2.58 Manpower: The electric power sub-sector is short of skilled and
professional manpower. To remedy this, Zimbabwe needs as a short-term
measure external assistance to help cover the foreign cost of manpower
that must be provided from outside the country to ensure the efficient
operation of power sector facilities. ESC currently estimates that in
the short-term about 120 foreign experts are needed to run the Wankie I
and Umniati power stations. CAPC currently has about 24 vacancies, 15 of
which may need to be filled from outside Zimbabwe. Salisbury and
Bulawayo Electricity Departments are also short of adequately qualified
and experienced manpower and it is understood that the Wankie I
contractors have difficulty in obtaining and retaining the qualified men
from the local labor market needed to perform the contract. For the
medium and long term, the mission recommends the establishment of an
extensive training institute and program. In the short term the manpower
needs should be met by recruiting externally.
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D. Fuelwood and Charcoal

Fuelwood Consumption

2.59 Fuelwood supplies about 26% of Zimbabwe's total energy demand.

Estimated fuelwood consumption of 6.34 million m3 (1978) in the country
is distributed as follows: 4.7 million m3 in rural households (communal
areas), 1.0 million m3 in urban households, and 0.7 million m3 in
commercial agriculture.

2.60 Fuelwood meets nearly 100% of the energy needs in most of the
communal farming areas. For many people in the rural areas, the forest
is not just a source of energy but a way of life, providing construction
material, grazing grounds, food, medicinal herbs, etc. A survey of rural
household consumption patterns summarized in Table 2.10 shows that
cooking accounts for about 60% of wood use. This usually involves the
traditional three stone open hearth, 1/ which is inefficient but provides
adequate space heating during winter months.

Table 2.10

Fuelwood Use in Two Communal Areas
(M)

Purpose Mindoro Chiwundura

Cooking 59.2 64.0
Heating 19.3 34.0
Beer Brewing 6.5 1.0
Others (Baking bread and
burning sticks) 15.0 1.0

100.0 100.0

Source: Forestry Commission Survey.

Women usually collect bundles of fuelwood weighing 24 to 36 kg. When the
amounts are larger, men sometimes collect the wood on oxen drawn 'scotch
carts'. There is a marked seasonal pattern in fuelwood collection. In
the dry winter months, women spend more time to collect and stockpile
wood. As farming picks up in the summer, there is less time for
collecting the wood.

1/ The use of improved stoves in both rural and urban areas offers a
good short-term solution to the fuelwood shortage.
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2.61 Not much information is available on the methods used on
commercial farming estates to supply the farmworkers' fuelwood needs.
The Triangle Sugar Estates, however, has a well organized scheme for
2,500 families in the Triangle's Central village. Each family receives,

free of charge, a monthly supply of about 0.6 tonnes (2.3 m3 stacked)
from Triangle grazing areas. Average estimated costs are US$7.50 per
tonne fuelwood delivered to depots in the village areas.

2.62 Wood is also the primary cooking fuel for a majority of the
urban African population, who purchase supplies from retail stalls.
Marketing centers are controlled, to some extent, by the city councils.
Fuelwood was generally short in urban areas during the pre-independence
period because of restricted movement. Fuelwood trade has now become
such a lucrative business that sometimes individuals from townships
travel by bicycle to collect fuelwood from the woodlands.

2.63 As to agriculture, wood is used for tobacco and tea drying. In
1978/79, an estimated 105,022 tonnes of flue-cured tobacco was
produced. About 16% of this production was cured in barns fired by wood,
using 300,000 m3 of fuelwood (12 kg. wood/kg cured tobacco leaf). The
remaining tobacco (88,000 tonnes) was cured in coal fired systems using
about 196,000 tonnes coal (1-4 kg. coal/kg curred tobacco). In tea
drying, about 3 kg. wood is needed per kilogram of tea leaves, so tea
producers need about 16,000 tonnes of fuelwood per year.

Supplies

2.64 Zimbabwe's natural vegetation is predominantly dry woodland and
grassland savannah. The annual rainfall is low and varies from 300 mm in
the south to 1,000 mm in the northern regions (Map IBRD 15908).
Productivity and stocking intensities are low in the indigenous
woodlands, and the average mean annual increment (MAI) in growth is only
about 1.3 m3/ha (See footnote to para. 1.13). About 74 m3/ha can be
recovered from woodlands on a once-only cut basis. This compares 1/ with
up to 600 m3 /ha from other rain forests in Africa (such as Uganda, Zaire,
Ghana, etc.). Hence, the natural woodlands represent a fragile wood
energy resource base. Table 2.11 shows that about 75% of unreserved
woodlands are within communal farming and settlement areas (Map IBRD
15907).

1/ The comparison implies that Zimbabwe's forest resources do not
regenerate at a rate to sustain the population needs relative to other
rain forests of Africa. Research is needed to determine the means to
improve the regeneration rate of these woodlands.



- 40 -

Table 2.11

Land Classification in Indigenous Woodland Areas l

Category Area (million ha)

Permanent Forest Reserve 0.929
National Park and Game Reserve 1.980
Unreserved Woodland
State Controlled 2.669
Communal 16.040

Total Area 21.928

1/ Exclusive of Commercial Farming Areas.

Source: Forestry Commission.

2.65 The fuelwood problem must be examined in terms of the different
areas. In the densely populated areas, the fuelwood shortages are
serious (2.67). The commercial farms and tea estates have sufficient
fuelwood supplies; on some commercial estates surplus and waste fuelwood
may be available (2.73). The high fuelwood use by urban low income 'high
density' population has aggravated the localized fuelwood shortages
(2.71). In general, overall fuelwood supplies exceed demand but due to
the high cost of transport and the low income levels of users, the
distribution to shortage areas is limited.

2.66 Commercial and industrial plantations, which cover about 94,000
hectares, are state and privately owned, and are mostly in the Eastern
Highland districts in Manicaland, and parts of Matabeleland. State owned
plantations make up 24% and are managed by the Forestry Commission. The
estimated annual industrial wood consumption in Zimbabwe is 486,000 m3 .
Some 750,000 m3 of wood residues (thinnings and chippings) are generated
annually from the following:

(a) The wattle industry strips about 200,000 m3 of wood for bark
and discards logs. About 19% of the 'wood waste' is
utilized for onsite steam generation. An additional 10-
20,000 m3 are converted into fencing poles for the company's
plantation. Several kilns (production capacity of 1,300 m3)
produce charcoal and the remaining 'waste wood' is
discarded.

(b) Pinewood milling in Manicaland yields some 400,000 m3 of
'wood waste' annually. Between 40-50% of milling residues
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(i.e., chipings, sawdust, etc.) are used to generate heat
and steam for lumber drying kilns.

(c) Other scattered milling operations in Matabeleland produce
about 90,000 m3 of saw board annually. An equal volume of
residue is produced.

Information on the use of milling residues as domestic fuel is scarce.
One medium sized company in Salisbury, Kleko (pvt.) Ltd., operates a 5
tonne/day plant which produces sawdust briquettes for sale as 'fuelwood'
in the local market.

Future Options

2.67 Communal Woodlots: A combination of factors, including the
dispersed settlement patterns, increasing population densities, and the
land allocation policy has made former trustlands highly susceptible to
land degradation and loss of indigenous wood (See Map IBRD 15907 and
15908). The percentage of woodlands in communal areas has dropped from
60% in 1960 to 30% in 1980. Up to 38% of available land has been
converted to subsistence farming in some midveld communal areas.
Provincial comparisons (using the concept of sustainable yield as a
yardstick) show a marked difference in the degree of shortages and
surpluses (Table 2.12). But shortages are especially noticeable in the
old, densely populated east midveld provinces.l/

2.68 Although there is an apparent overall surplus of fuelwood in the
country, distances and transport costs make it uneconomic to move wood to
deficient areas. The income levels of the African population (2.06) are
low (1978 estimate Z$105 or US$169 per capita), and hence this segment of
the population cannot afford to pay much for fuelwood and will attempt to
collect wood free of monetary cost whenever possible, despite the
increasing time and effort this might involve.

1/ The current annual consumption in the former trustlands is estimated
to equal the annual clearing of about 1.5% of the total wood land area.
Discussions at the 'Energy Symposium in Fuelwood' held during 1980
concluded that the removal of indigenous tree cover will continue because
of population pressures which result in an increasing need for
agricultural land and in a demand for fuelwood.
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Table 2.12

Estimated Production and Consumption of
Indigenous Woodland in Communal Areas

(All figures in '000)

Land Area Natural Wood 1/ Wood 2/ Surplus/!-
Province of Former Woodland Production Consumption (Deficit)

Trustlands Area
(ha) (ha) (m3/yr) (m3/yr) (m3 /yr)

Manicaland 1,930 395 501 589 ( 88)
Mashonaland - East 1,169 221 281 387 (106)
Mashonaland - Central 1,658 152 193 241 ( 48)
Mashonaland - West 1,270 545 692 210 482
Midlands - North 1,705 733 931 219 712
Midlands - South 914 100 127 326 (199)
Victoria 2,086 444 564 628 ( 64)
Matabeleland - North 2,948 1,280 1,627 1,355 272
Matabeleland - South 2,385 972 1,234 930 304

Total 16,065 4,842 6,150 4,885 1,265

1/ Based on estimated mean annual increment of 1.27 m3/ha.

2/ Based on average per family consumption of 7.5 m3/yr. The family size varies
from 7 to 10 persons.

Source: C.K. Furness - Zimbabwe Forestry Commission.

2.69 The mission supports the Government's plan of stopping the
current depletion of woodlands in densely populated communal lands
through proposed rural afforestation programs based on the development of
communal woodlots. But before such a proposal is implemented, there are
a number of institutional issues that need careful review. Experiences
in other countries show that direct participation of local communities
and other regionally based rural development agencies is essential for
the success of any rural reforestation program. In this regard, the
Government needs to take early decisions on:

(a) which of the many Government agencies responsible for rural
development should administer and supervise a rural
afforestation program;

(b) what the role of the Forestry Commission (FC) should be in the
implementation of a rural forestry project, given that to date
it has only been involved with commercial schemes;

(c) which agency should provide extension services;
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(d) what financial arrangements, including pricing and subsidies,
should be adopted;

(e) how should funds for forestry development be chanelled from the
Government to local implementing agencies;

2.70 There is also a greater need for integration between
reforestation and other rural developments such as: (a) resettling
displaced rural population; (b) reviving agriculture production in
communal areas; and (c) expanding educational and other social services
to the rural settlements. The effects of past neglect of communal areas
have been severe and need to be addressed through the reassessment of
rural objectives and the appropriate allocation of resources.

2.71 Commercial Fuelwood Plantations: Fuelwood plantations should be
developed on a commercial basis near urban markets. The urban share of
fuelwood demand is projected to increase from 17% to 20% by 1986 (based
on current urban growth rate). 1/ At the current wholesale price of Z$14
per cord (Z$16 per tonne) 2/, fuelwood from plantations could be economic
and competitive within a 60 km radius of the 'Harare' market (Table
2.13). Unless effective measures are taken to reduce the exploitation of
unreserved indigenous woodlands by fuelwood merchants, no major
commercial plantations are likely to be developed. 3/ One method which
needs further scrutiny would be to license the fuelwood merchants to
secure supplies from underutilized plantations. This will control the
indiscriminate cutting of indigenous woodlands only if the city councils
are prepared to enforce the licensing (2.62). Underutilized woodlots on
commercial farming estates should be identified and used in the short
term.

1/ The average annual growth rate of the urban African population was
5.7% over the period 1969-1979.

2/ June 1981 wholesale price at Harare market, Salisbury, 1 cord weighs
0.86 tonne.

3/ The merchants prefer to procure wood from free sources, if possible.
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Table 2.13

Comparative Fuelwood Costs (Z$)

Cost at site of Competitive Distance
Source Collection 1/ to Urban Center (km) 2/

Collection 3/ 1.50 105
Plantation 5.35 66
Residues from Wattle
Plantations 3.50 4/ 86

1/ Estimates from 1980 Zimbabwe Energy Symposium.

2/ Urban breakeven wholesale price of Z$12 per tonne.

3/ Cutting from indigenous woodlands.

4/ Wattle Co. Umtali price estimate.

Sources: B.F. Fuller Woodfuel: Planning for Solutions', in Zimbabwe Science
News Vol. 15, No. 1, Jan. 1981.

Charcoal

2.72 Current charcoal demand in Zimbabwe is small, about 7 to 10
thousand tonnes annually from industrial and some urban households.
Charcoal production is also small and closely linked with commercial
forestry activity in the eastern part of the country. The Forestry
Commission operates a charcoal plant near Mtao in the Midlands
province. The other significant operation is owned by the Wattle Company
of Umtali which produces tanning extract. Production can be increased if
larger markets are developed, especially in the towns, to replace the
current use of fuelwood.

2.73 Forestry residues in the Eastern Plantations should be recovered
as charcoal to supply these urban markets. Charcoal has better handling
and (a clean and efficient fuel) should be promoted as a cooking fuel in
urban areas. The current constraints to the use of charcoal are
transportation and production costs. Transportation costs are difficult
to ascertain because freight costs are currently calculated on a weight
basis. Charcoal transportation costs therefore need investigation. 1/

1/ The relative costs of producing and supplying charcoal and fuelwood
to the urban household, on an energy equivalent basis should be
determined and compared with other fuels such as LPG and kerosene.
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Reported production costs are high because existing operations of the
Wattle Company are on a pilot scale (1500 tonnes per annum). Table 2.14
shows that production costs are high due to a large labor component, which
can be reduced under efficient operations. Expansion in charcoal
production as an off-shoot of commercial forestry operations could result
in lower production costs while enabling controlled exploitation of
plantations. Small semi-rural entrepreneurs should remain in charcoal
distribution and retail only.

Table 2.14

Charcoal Production Costs

Item Z$/Tonne Charcoal Produced

1. Raw Material (wood) a/ 14.00

2. Operating costs b/ 51.00

Total at production site 65.00

a/ Includes labor costs in collection and transportation costs
to kilning site.

b/ Mainly labor.

Source: Wattle Co. Ltd., Umtali.

E. Renewable Energy

Solar

2.74 Zimbabwe lies in one of the high sunshine regions of the world.
Most parts of the country receive over 2,800 sunshine hours per annum 1/.
The annual mean daily radiation is estimated between 470 and 510 cal/cm2 2/.
Summer radiation levels are up to 30% higher than in winter (See Map IBRD
15909). Although the potential for using solar energy is large, its
application so far has been limited. The Government has been interested
in solar energy since 1976, and has encouraged several institutions
(which include the University of Zimbabwe and Tobacco Research Board,
etc.) to test and demonstrate various solar energy applications. The
mission considers these research efforts promising. These efforts have
so far resulted in:

1/ 'Solar Energy Systems and Resources' by Charles A. Zraket and Martin
M. Scholl, The Mitre Corporation, 1980.

2/ The highest mean radiation, around 515 cal/cm2, is estimated for
Victoria Falls, Binga, and Wankie.
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(i) the commercial manufacturing and testing of solar water
heaters;

(ii) the evaluation of pilot and prototype water heaters by the
Engineering Faculty of the University of Zimbabwe (UZ);

(iii) the development and testing by the Tobacco Research Board
(TRB) of solar air preheaters for curing tobacco;

(iv) the installation of solar water heating systems by the
Ministry of Works and Housing (MWH) in about six hostels
as well as some clinics in commercial farming districts;
and

(v) the installation of about 100 housing units per year with
solar water heaters for civil servants in the rural areas.

The mission recommends that the Government promote the development of
solar energy, wherever feasible, especially solar crop driers and solar
water heaters.

2.75 Solar Crop Driers. Commercial agriculture is a leading sector
in Zimbabwe. Adequate crop drying is critical to production in both
peasant and large scale commercial farming. In commercial farming crop
drying is particularly important for early harvesting to allow for
multiple cropping and marketing. As costs of conventional fuels
increase, solar driers will become more attractive, and the Government
should continue to support research activities on this field. 1/ Two
experimental solar heating sandwich roofs have been installed at the
Hatcliffe Research Station. Although, at current prices, the solar
systems are marginally cheaper than coal fired systems (Table 2.15), the
transport bottlenecks and increasing costs of traditional fuels would
make the solar systems more economic.

2.76 Agricultural institutions such as CONEX, DEVAG, and other crop
research and marketing boards could have an active role in promoting the
use of crop dryers. Other such agencies could include Master Farmers
Groups, Young Farmers Association, and Rural Technology Centers.

1/ Tobacco is a major export crop and accounts for 25% of the value of
agricultural output in the country. The competitiveness of the crop in
export markets is threatened by rising curing fuel costs. Currently, the
curing fuel needs for tobacco drying range between 4 kg. to 12 kg. per
kilogram of tobacco cured (2.63). With solar preheaters, the fuel needs
can be reduced by one-half to one-third. A slower drying pace is
acceptable for cereals because a decrease in moisture content of between
6-15% is all that is required. Well designed solar collectors can
therefore replace the conventional fuel fired systems.
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Table 2.15

Cost Comparison of Solar and Coal Fired Crop Driers
(Z$)

Solar Energy Coal-fired
system system

Annual Capital Recovery (8%interest)
of machinery, ducts and bins 690 1060

Maintenance and Repairs 110 200
Fuel Costs - 1000
Electricity (blowers) 1720 250
Labour 170 340

TOTAL COST (163 crop days/a) $2690 $2850
TOTAL COST (300 crop days/a) $4236 $4480

Source: J. A. Connon, "Drying Lucerne by Solar Energy on Carnock Farm",
paper presented at 1979 Energy Symposium, Solar Energy Society of
Zimbabwe.

Solar Water Pumps

2.77 The MIED, in conjunction with the Ministry of Water Resources
(MWR) plans to field test a photovoltaic powered solar pump (French) in
two areas, one urban and one rural. The comparative cost data supplied
by the MWR for experimental units and diesel pumps imply that solar pumps
could be a viable alternative to diesel pumps. The mission recommends
that careful evaluation of comparative costs and benefits be made. 1/ 2/

Solar Water Heaters

2.78 The main market for solar water heaters is the urban households
that currently use electricity or fuelwood for heating water. Local
manufacturers of solar water heaters identify three major constraints to
the expansion of current capacity, the most important of which is the
generally low level of electricity tariffs. The second obstacle is the
lack of credit for solar systems. The introduction of solar water

1/ The mission estimates the current costs for solar photovoltaic water
pumps at about US$20 per peak watt.

2/ The MIED is also considering the possibility of using coal-gas in the
northern areas to fuel water pumps and is proposing to study possibility.
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heaters in low cost housing could be on a pilot basis. For this,
financial support will be needed. The building societies could be
encouraged to provide credit or financing for solar systems. The lack of
support also applies to tax incentives. The sales tax is waived for
electricity and electrical appliances, but is maintained on solar
equipment. A systematic review is required of the existing incentives.
The third constraint is import restrictions, which limit the
availabililty of raw materials for the local fabrication of components.
There are growing shortages of materials such as copper tubing and
strips, steel plates and tubes, glass wool, glass and other accesories.
Manufacturers are unable to meet orders. It appears that currently
available units measure up to expected specifications, but a system for
monitoring of standards is required. In summary, this industry has a
potential for expansion to serve both local and export markets in the
region. The MIED should assess the impact of existing rules and
regulations including tariff structures and tax provisions.

Wind Energy

2.79 South-easterly winds blowing across the lowveld onto the central
plateau (the highveld) offer wind energy potential. The meteorological
Department's records show good opportunities along the highveld (areas
surrounding Bulawayo, Que Que, Gatooma, etc.), where high mean windspeeds
occur during July through October. During this dry period the average
hourly windpower potential at stations near Bulawayo and Gwelo is
estimated between 85 to 120 watts/m2. In the past, windmills have been
used on remote commercial farms for pumping water. The most popular
models used are multiblade with a horizontal axis, of Australian design,
which can handle pumping heads of 20 meters or more. They also withstand
the high windspeeds that occur during storms and destroy smaller
windmills. A more widespread use of windpumps, especially in the
communal areas, for borehole water supply appears to be technically
feasible 1/ and should be tested.

Biogas

2.80 Although most of the population in Zimbabwe is rural and
agricultural, little attention has been given to the use of agricultural
and animal waste to produce biogas. Communal lands currently hold about
4.7 million head of livestock, and other areas 2.7 million, for a total
of about 7.4 million. Table 2.16 shows the biogas production potential
for common types of livestock in Zimbabwe. As the rehabilitation of
livestock production proceeds, the potential for using animal wastes for
biogas generation will also increase. The increased livestock population
will offer a good potential for biogas generation for both communal and

1/ In the communal areas the availability of potable water is limited.
The development of infrastructure for communal areas is a priority of the
Government. Installed costs of the Southern Cross windmills are expected
to be high.
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commercial agriculture. However, the feasibility of biogas development
also depends on a variety of socio-cultural factors. In the medium term,
the contribution to energy from biogas will remain marginal, but the
mission recommends that research continue, in order to enable long-term
development of biogas in the country.

Table 2.16

Biogas Production Potential from Zimbabwe Agricutural Sources

Total solids Biogas Production/kg dry matter
Source (kg/day) (m3/kg)

Cattle 7.5 0.2 - 0.4
Pig (baconer) 0.5 0.3 - 0.5
Poultry (100 hens) 2.3 0.2 - 0.8

Source: Department for Conservation and Extension, Institute of
Agricultural Engineering (paper presented at Crop Drying
Symposium).

Vegetable Oils

2.81 The IAE has been investigating the feasibility of using
vegetable oils as a substitute for gas oil. 1/ Field tests using
different ratios of vegetable to gas oil revealed a number of technical
problems. Moreover, following the lifting of economic sanctions,
Zimbabwe can now export its vegetable oil surplus at attractive export
prices. The mission therefore considers that further research is needed
before any investments are considered.

Geothermal

2.82 About thirty-two mineral springs were identified in a report 2/
of the Geological Survey Department (GSD). Twenty-three of these are
thermal springs where temperatures range between 31o and 970C. Siliceous
and calcereous deposits occur in several of these springs. The economic
geothermal power potential of these springs is likely to be small and

1/ See Report 'Vegetable Oils as a Diesel Fuel' for year ending
September 1980, by the Institute of Agricultural Engineering, Zimbabwe.

2/ H. B. Maufe, "A Preliminary Report on the Mineral Springs of Southern
Rhodesia (Zimbabwe)", (Report Number 23, 1933).
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requires the upgrading and updating of existing information. The mission
considers that, given the coal and hydro potential of the country,
further exploration efforts not urgent.
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III. ENERGY SECTOR ORGANIZATION

3.01 When the new Government took office in April 1980, the Ministry
of Mines was broadened to become the Ministry of Mines and Energy
Resources. Responsibility for energy, however, remained fragmented. The
Government recognized that in order to achieve a reasonable level of
economic growth, new policies and programs in the energy sector had to be
rapidly implemented. In order to achieve this the Government consolidated
a number of energy activities and established the Ministry of Industry and
Energy Development (MIED) in 1981. This was a sound move which underlines
the Government's commitment to energy planning. This Ministry is now
(Figure 2) responsible for electric power, coal policies, liquid fuels,
and energy research and development. Although this Ministry has quickly
come to grips with the energy problem, it is constrained in its operations
by its small staff and a lack of technical skills. Moreover, some parts
of the energy sector are still dispersed, making decisions in these areas
difficult. The mission recommends that MIED be strengthened so that it
can effectively coordinate between the various energy suppliers and users
in the country.

Electric Power

3.02 This sector, controlled by the MIED, includes the publicly-owned
CAPC, ESC, and the electricity departments of Salisbury, Bulawayo,
Umtali, and Gwelo. Mines and sugar plantations have captive plants but
play a minor role in the sector. The MEPD, because of its role in the
country's overall economy, and the Ministry of Mines, because of its
responsibility for the mining of coal, also have an interest in the
sector. The organizational relationships of the various utility entities
in Zimbabwe are shown in Figure 3.

3.03 The CAPC, jointly owned by Zimbabwe and Zambia, was originally
established to own and operate the Kariba Hydro complex. However, since
1978, the complex has been divided into two parts--CAPC owning the South
Bank (Zimbabwe) and the Kariba North Bank Corporation (KNBC) owning the
North Bank (Zambia). CAPC owns almost all of the major 330 kV
transmission system in Zimbabwe and Zambia, and operates the power grids in
both countries from a control station located at Sherwood in Zimbabwe. 1/

CAPC sells the electricity generated by Kariba, by the Zimbabwe thermal
plants, and that imported from Zambia, to ESC, Salisbury, and Bulawayo
for distribution. ESC in turn sells electricity to industries, to urban
and rural areas, and also to Umtali and Gwelo for distribution in these
cities. -

1/ A control station has recently been put into service in Lusaka by the
Zambia Electricity Supply Corporation (ZESCO) but this new center is
currently operating as a satellite of the Sherwood Center.
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3.04 In the past, fragmented administration of the sector has caused
problems in planning, project implementation, and tariff setting. The
power sub-sector has had no central planning authority; both CAPC and ESC
work out their own generation and transmission planning; Salisbury and
Bulawayo do not coordinate their distribution policies. Despite all
this, the individual organizations supply electricity efficiently and the
organization of the sector is a matter for the Government. However, for
overall sector planning, a central planning unit is essential. This
planning unit would evaluate, interalia, consultants' reports, project
proposals including major repairs from the various utilities, update the
Least Cost Program of System Development, and advise on the macro-
development of the sector. In the absence of a single national power
utility, the mission supports the present location of the unit in the
MIED and recommends that this unit be strengthened by a power sector
planner, with experience in economic least cost power sector planning.

Coal

3.05 The Government agencies responsible are the Ministry of Mines
and the MIED. The Ministry of Mines administers the Mines Act, issues
Exclusive Prospecting Orders (EPOs) and Special Prospecting Grants (SGs),
and controls mining operations and the exploitation of each coal field.
This Ministry is also responsible for the auditing of the costs of WCC to
ensure that they are charged in accordance with the Agreement. The
Geological Survey Department (GSD) is under the Ministry of Mines and has
the mandate to collect geologic data and to draft the geological map of
the country. Its prospecting activities are limited to the communal
areas. Because it is understaffed, the department only provides a small
amount of technical assistance to small miners. Generally, after
independence, the coal industry has been losing skilled and professional
manpower. So far there are no known training schemes or other measures
to either reduce this outflow of manpower or replace the lost manpower.
This problem might be resolved, to some extent, by new assistance being
considered by the Bureau de Recherches Geologiques et Minieres (BRGM) of
France and the Bundesanstalt fur Geowissenschaften and Rohstoffe (BGR) of
the Federal Republic of Germany.
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3.06 The MIED is responsible for formulating and implementing
policies on coal development and use, and for integrating them with
overall industry and energy policies. The Government recognizes the
continuing role of the private sector. The major private companies
actively engaged in coal exploration in Zimbabwe are Shell, Rio Tinto,
and Goldfield, though the Anglo-American Corporation, through WCC, is the
only company which is currently mining coal. The IDC is the only
parastatal 1/ involved in the coal sector. The Government, however,
wishes to increase its participation not only in the coal sector, but
also in the rest of the mining industry, and would prefer to operate
through an intermediary company, such as IDC. The mission recommends
that the Government continue to monitor the activities of the private
sector in the coal exploration and development and if necessary, take an
active part in promoting such activities.

Petroleum

3.07 MIED controls and formulates the policy for the petroleum sub-
sector. The MTC is responsible for the pricing policy. Distribution is
handled by five petroleum companies--Shell, BP, Mobil, Total, and
Caltex. These companies own 587 retail outlets, 66% of which are urban
and the rest rural. Industry storage capacity is estimated at 732 MB

(approximately 116.3 thousand m3), which provides coverage for about 58
days (at the 1980 import level). The MIED and MTC regulate importation,
supply, and pricing through administrative agreements with the private
sector. The refinery at Umtali is owned by CAPREF, but was operated and
managed by Shell. Ownership of the pipeline from Beira to Umtali rests
with Lonrho, with a Portuguese company as the minor partner. The
marketing and refining companies are responsible to the two ministries
while Lonrho comes under the control of the Ministry of Transport. A new
oil importing consortium (ZOPC), completely under private control, but
responsible to the MTC, has been set-up to replace Genta (5.01).
Although operating without difficulties, the distribution system seems to
be costly and there appears to be a need for rationalizing the
distribution and marketing. This problem should be investigated.

Wood Fuels

3.08 In general, there has been no supervision of fuelwood and
charcoal supply and demand. Currently no single authority is responsible
for the production, distribution, and sale of either. Currently, there
are no institutional arrangements. The MIED, the Ministry of Natural
Resources and Tourism (MNRT), the Natural Resources Board (NRB), and the

1/ The IDC shareholders are: The Government of Zimbabwe (80%), Barclays
Bank International Ltd., Grindlays Bank Ltd., Rhobank Ltd., Standard
Merchant Bank Ltd., South African Mutual Life Assurance Society, Anglo
American Corporation Zimbabwe Ltd., Delta Corporation Ltd., and Security
Nominees Ltd. The IDC has conducted an intensive drilling program in the
Lubimbi area for possible liquefaction of coal.
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FC are all responsible for various aspects of forestry operations as
specified by the Natural Resources Act, the Forest Act, the Tribal Trust
Land Forest Produce Act, and the Regional Town and Country Planning
Act. The mission recommends that there be a clearer delineation of the
respective roles of the agencies concerned; in particular, there should
be recognition of the leading role of the MIED in the planning and use of
fuelwood supplies.

Energy Planning

3.09 The organization of the energy sector has recently become more
coordinated with the establishment and strengthening of the MIED, whose
responsibilities are to implement, coordinate and monitor appropriate
energy policies. In view of the importance of this sector and the large
development outlays required during the next 20 years, a strong and
properly organized planning effort is clearly needed. The establishment
of such a capability within the MIED would improve communications between
the various ministries and departments, reduce the duplication of effort,
and help resolve some problems in project implementation. Besides the
recommendations stated under each energy supply source (Paras. 3.01,
3.04, 3.06, 3.07, and 3.08) the mission recommends that the planning and
coordination capabilities within the MIED be strengthened, where
necessary through external assistance. The collection of energy data
should be organized under MIED and a consistent data base developed in
order to provide the groundwork for developing a national energy plan.
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IV. ENERGY PRICING

Petroleum

4.01 Generally the Government supports the principle of passing all
costs to the consumer. Prices are administered by the MTC, while ZOPC
handles product imports. Current import and transport costs through RSA
are high. 1/ Transport cost vary between US$114 per tonne for gas oil
and US$167 per tonne for kerosene (depending on the product type, volume, and
supply source). To maintain stability in petroleum prices 2/, the Government
has set up a Price Equalization Fund which is administered by ZOPC. After
Genta 3/ was dissolved in 1980, the Government used Z$10 million from Genta's
operating surplus to create this Fund. At the time of the mission's visit,
the Fund was being depleted at Z$1.5 million per quarter to cushion cost
increases. Table 4.1 shows that in June 1981, ZOPC's landed cost was
significantly higher than the wholesale price to the marketing companies, with
the difference being met by the Reserve.

1/ A comparison of RSA's f.o.b. costs with Bahrain postings and Persian
Gulf Cargo prices is as follows (Platt's Oilgram Price Report, June 24,
1981):

US$/US Gallon

Premium Gasoline 93 RON Gas Oil Kerosene

Bahrain Postings 1.067 1.080 1.148
Persian Gulf Cargo (spot) 0.790 0.860 0.910
RSA's f.o.b. (Table 4.1) 1.618 1.644 1.702

The comparison clearly shows that the f.o.b. costs from RSA are higher
than those in the international markets. Zimbabwe should explore other
sources to reduce her cost of imports.

2/ RSA has been affected by unrealiable supplies from normal sources and
from time to time had to import at high cost spot purchases of petroleum
products.

3/ A company acting as a private entity, but created by the Government
immediately after the applications of sanctions against the supply of
petroleum supplies to Southern Rhodesia.



- 58 -

Table 4.1

ZOPC's Cost Build-up (June 1981)
(z¢/litre)

Premium Petrol Turbo LP6/
Petrol Ethanol Blend 3/ Gas oil Kerosene Fuel Gas

1. f.o.b. RSA 26.892 23.5621/ 30.4634/ 27.312 28.281 28.226 42.235
2. Handling and

other costs - 3.4782/ 5.012o5/
:3. Railage:

Sasol-Border 5.403 - - 3.793 5.777 5.828 6.067
,4. Railage:

Border-Salisbury 3.612 - - 2.573 2.934 2.847 5.330
5. Railage:

Triangle-Salisbury - 3.928 - - -

6. ZOPC's overhead 0.358 0.358 - 0.358 0.358 0.358 1.464

7. c.i.f. Salisbury 36.265 31.326 35.475 34.036 37.350 37.259 55.096

8. Ex-Depot Price 24.584 27.719 27.033 - 25.131 30.232 40.174

1/This is 99% of the Government agreed transfer price for ethanol. To it is added 1%
benzol. The actual production cost of ethanol is stated at Z¢34.7/litre by Triangle
(including under-recovery of Z(4.1/litre). Triangle has petitioned to the Government
for this cost adjustment.

2/The cost of 1% benzol which is used as a denaturant in the ethanol.

3/A blend of premium petrol 84% and ethanol 16%.

4/84% of premium petrol's cif cost at Salisbury.

5/16% of ethanol's landed cost at Salisbury.

6/L.P. Gas cost is in Z¢-/Kilogram.

Source: ZOPC's data files.
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4.02 For delivery purposes, the country is divided into 16 road
transport recovery zones - TRZ. The TRZs are based on circles radiating
from post offices in main centers where rail-fed depots exist (See Map
IBRD 15680). The delivery prices are equalized at all main centers.
Each TRZ is divided into 14 grids, and transport cost is added to the
delivery price at Z; 0.10/litre per grid. The product cost build-up to
the bulk delivery depot at Salisbury is shown in Table 4.1.

4.03 The most recent available consumer price structure for
selected products is given in Table 4.2:

Table 4.2

Consumer Price Structure
(ZQ/litre)

Illuminating Jet A
Blend Petrol Gas Oil Kerosene Turbo Fuel

(February 1981) (July 1980) (Feb. 1980) (April 1980)

1. Ex-Depot Price 27.720 27.033 25.131 30.232
2. Duty and Taxes 16.464 0.800 0.548
3. Zone 'O' Transport

Recovery 0.427 0.427 0.427 0.427

4. Delivered Cost Zone 'O' 44.611 28.260 26.106 30.659
5. Marketer's Margin 2.949 1.500 2.844 3.601

6. Price to Retailer 47.560 29.760 28.950 34.260
7. Retailer's Margin 4.440 4.440

8. Consumer Price Zone 'O' 52.000 34.200

Source: Ministry of Trade and Commerce.

Since 1974, a number of rationing measures have been introduced to
control the demand for petrol and gas oil. These measures were abolished
in mid-1980.

4.04 Although the Government is committed to the concept of passing
all cost increases to final consumers, the analysis shows that currently
this is not happening. The disparity between the prices of petrol and of
gas oil has increased from zC5.5/litre (US$0.33/USG) in 1973 to
ZC17.8/litre (US$1.07/USG) in 1980 (Annex Table 20). The demand for gas
oil has grown from being 13% higher than the demand for petrol in 1973 to
being 43% higher now. The mission recommends that no further subsidies
be given to transport fuels and that the whole question of petroleum
prices be considered in the recommended energy pricing study (4.13). The
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opening of the Beira pipeline will, in any event, help to reduce the cost
of transport and bring stability to product prices. The government
should also endeavor to reduce the gap between the prices of petrol and
gas oil in an effort to avoid distortions in petroleum product demand
mix. 1/

Electricity

4.05 The large increase in Zimbabwe's electricity demand during 1960-
79 was encouraged by low electricity tariffs, which have remained at
about the 1960 level and were based on the 1950s investment costs of the
Kariba Complex. An increase of 20% has been introduced since January 1,
1981, to help fund the Wankie I project. In 1980, CAPC paid Zambian
Kwacha 2 million (US$2.5 million) per month on average for electricity
imported from Zambia. This payment relates only to a minimum import of
400 MW. Under the current agreement, imports over 400 MW and up to 500
MW are not charged.

4.06 Annex Table 21 shows that the average electricity tariff rose

from Zql.075/kWh (US;1.71/kWh) in 1962 to Zq1.247/kWh (usCl.98/kWh) in
1980, an increase of 0.8% per annum. In the case of industrial
consumers, the average tariff has moved from ZCO.821/kWh (USql.31/kWh) in
1962 to Z;0.839/kWh (US;1.33/kWh) in 1980 which represents an increase of
0.1 % per annum. In real terms, average tariffs in 1980 were therefore
much lower than in 1962. The average price of electricity to utility
companies is shown in Table 4.3.

Table 4.3

Average Cost of Bulk Electricity
Supplies to Utility Companies

Year Ending Average Price
June Z-/kWh US¢/kWh

1961 0.658 1.046
1970 0.459 0.730
1974 0.384 0.611
1980 0.661 1.051

Source: Ministry of Industry and Energy Development.

4.07 The primary objective of the tariffs is to cover the operating
costs, pay for the debt service, and generate funds for the financing of

1/ The gas oil price increase will mainly affect the railways,
commercial agriculture, and road transport.
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some of the local currency expenditures for the future development
program. At current tariffs, the country and the power sector are
expected to have difficulty in meeting the finances necessary for the
least cost power development plan as the required capital expenditures
are large (See para. 2.56).

4.08 The mission's conclusion is that the tariff levels should be
raised to approach the economic cost of power supply and generate funds
to finance the large sector development program that will be required.
Moreover, since the low level of the tariffs encourages inefficient
allocation of power use, the mission further recommends that a study on
the tariff structure be commissioned as soon as the Government has made
its decision on the implementation of the first stage of the least cost
power development sequence.

Coal

4.09 Coal prices ex-Wankie Colliery are fixed by the September 1,
1975, Coal Price Agreement (CPA) between the Government and the WCC,
which was signed on August 31, 1976. The CPA, which expires on August
31, 1995, stipulates that prices are to be agreed upon with the
Government before December 31 each year, on the basis of a rate of return
of 12.5% after tax on the capital employed on domestic sales. The
Company is permitted to earn from export sales up to an additional 5% on
capital employed. Export earnings in excess of such a return are used to
offset current or future shortfalls in the profits permitted on domestic
sales. The shortfalls are recoverable in the following year through the
adjustment of domestic coal and coke prices.

4.10 The CPA protects the WCC from all domestic market risks. Up to
1978, this pricing arrangement seems to have operated reasonably, and to
the satisfaction of both parties. However, due to the political and
economic disturbances in the country in 1978 and 1979, the agreement was
suspended. The new Government considered that the basic arrangements
under the CPA were inflexible and did not take into account the changes
in economic and political conditions. The Government therefore wanted a
review of the CPA. At the end of November 1981, the CPA was amended to
include reference to changing economic conditions. From 1976 to 1980,
domestic coal prices have increased on average by about 8% per year and
domestic coke prices by about 13% per year. The selling prices and
profits 1/ per tonne as of May 1981 are given in Table 4.4.

1/ The Table reinforces the mission's conclusion that a rational coal
pricing policy is needed to encourage new investments in the coal sector.
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Table 4.4

Selling Prices and Profits, May 1981
(Z$/tonne)

Product Prices Profit/(Loss)
Local Export Local Export

Dry Coal 8.68 11.45 (1.93) 0.84
Washed Coal 12.13 15.39 (0.88) 2.38
Coking Coal 13.32 19.84 (2.28) 3.49
Coke 46.40 62.37 9.49 25.46

Source: Wankie Colliery Company.

4.11 The Government also needs to tackle the question of the
appropriate opportunity cost of the 2 million tonnes of coal which are
currently discarded, and will be burned in the generation of thermal
power. The mission recommends that for the purpose of a comparative
economic analysis of thermal and hydropower units, the discarded coal's
opportunity cost should simply be the costs associated with moving the
coal from the mining pits to the power plant. 1/

Fuelwood

4.12 No reliable data are available on fuelwood prices in urban
areas. A limited survey of Salisbury markets indicates that recently
wholesale fuelwood prices have increased from Z$4 to Z$14 per cord since
1979. Retail prices are higher and are fixed on the basis of small
bundles or billets of half a meter in length. A study is needed to
determine to what extent the price increase reflects factors such as the
depletion of nearby woodlands and increasing transport costs and how
these factors can be controlled.

1/ The price of Wankie coal to ESC has been fixed by the Government at
Z$7.50/tonne (US$11.93/tonne). This price takes into account a 12.5%
return on total Wankie production (4.09). The actual cost of discarded
coal is estimated at Z$1.00/tonne (US$1.59/tonne). It implies that the
electricity consumers will subsidize the coal and coke consumers
(particularly Zisco which is a major consumer of coal). The indirect
subsidizing of coal consumers is of conern to the mission. The mission
feels that the surplus generated through the sale of discarded coal
should not be used for subsidizing the coal consumers and should be used
for the development of the energy sector.
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Recommendations

4.13 The mission concludes that the energy prices in the country do
not reflect their true cost. In order to finance large future
investments in the energy sector, these prices need to be increased and
rationalized. The mission recommends that a general energy pricing study
be commissioned to determine a rational energy products (coal, power, and
petroleum products) pricing policy. The study could be financed as part
of the Bank's power project loan or through other external assistance.
In the meantime, the level of power tariffs should be increased
immediately. The realistic prices of energy resources are expected to
also encourage an efficient use of various energy resources in the
country.
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V. ENERGY EFFICIENCY

5.01 In Zimbabwe, more than 45% of commercial energy is consumed by a
few big manufacturers of steel, ferrochrome, and fertilizer, plus
railways and airlines. Commercial agriculture consumes about 12% and
mines about 11% (1980). In the domestic sector, cooking and lighting are
the main energy needs. Energy intensity in the manufacturing of
fertilizers, metals, and minerals is generally high. Comparative data
from the 1978/79 census of production summarized in Annex Table 22 show
that the sector output per toe is lowest for metal manufacturers
(Z$230/toe) and highest in textiles (Z$7,250/toe). With the increasing
cost of energy, improving energy efficiency of the large users should be
emphasized.

5.02 The mission conducted an energy audit of 7 large energy
consumers in the country.l/ It concluded that reductions in the
industrial electrical load in some of these plants is possible but the
investment cost for most of these reductions is high. The reduction in
industry's demand for electricity, in order to delay new investments, may
be achieved by:

(a) a shift from electric energy to coal or coal tar fuel for
process heat;

(b) construction of in-plant cogeneration systems using coal,
waste heat, and/or waste fuel to produce electricity;

(c) replacing the electrolysis process 2/ for producing
hydrogen gas with a coal based hydrogen process; and

(d) increasing the efficiency of processes in order to reduce
plant power loads.

Fuel Substitution

5.03 The energy audit shows that at current power costs the potential
for fuel substitution in these plants is limited. All thermal processes
use electricity, coal, or coal by-products such as CTF, blast furnace
gas, or coke oven gas. Although electric energy is approximately

1/ These 7 plants account for more than 85% of the energy used by the
manufacturing sector.

2/ This should be seriously considered. With the increased cost of
electricity, the electrolysis process will become uneconomic. The
Zimbabwe plant is one of the very few in the world which were mainly
built under war or emergency conditions and not on an economic basis.
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4 1/2 times as expensive as coall/, the efficiency of use and ease of
control mitigate the gross price differential. Furthermore, the cost of
replacing heating devices with direct coal-fired equipment is high. In
some cases however, by-product fuels which have no external market value
are more economic, and are generally used onsite to replace coal. The
only biomass fuel available in any quantity is bagasse from the sugar
plants in the southern lowveld, which is used by the sugar factories for
power and steam generation. But even if surplus bagasse were available,
the transport costs would make it uneconomic for heavy industry farther
north. Much of the waste heat from industrial plants, although of
substantial quantity, is of low quality (low temperatures) and is not
economically recoverable. However, part of the low quality waste heat
can be upgraded by changes in process or equipment.

Energy Savings

5.04 The audit shows that the possible waste heat and energy from the
seven plants amounts to (Annex Table 23) 1.3 billion Btu per hour
(Btuh). If all of it were economically recoverable for power generation,
it could support a generation capacity of 65.8 MW, or approximately 6.5%
of the national electric system. However, much of it is in a form that
makes it unavailable for power generation with present technology. A
large quantity of the high quality heat is that wasted in the slag from
the copper, nickel, ferrochrome, and steel plants, for example, could be
recovered with the proper equipment. Waste heat at intermediate
temperatures can be used to preheat feedwater for a steam plant. Low
temperature waste heat could also be used for an exotic vapor cycle power
plant using a halogenated hydrocarbon as a working substance, but the
theoretical (Rankine) cycle efficiency is only 15.8 percent. Although
SABLE could generate almost 30 MW (30% of their peak demand) from low
temperature, the high cost of the power plant makes it an uneconomic
option.

Results and Recommendations

5.05 Although, the audit shows gross potential savings of about 159
MW or 51% of the aggregate demand (Table 5.1) for the seven plants (313
MW), but most of these savings are not economically recoverable.

1/ Comparative unit costs of delivered energy for large private
consumers in the Midlands are:

Wankie Coal: Z$20.00/tonnes = Z$0.67/106 Btu.
Coal Tar Fuel (CTF): Z$.0825/liter = Z$2.99/106 Btu.
Electricity: Z$.007715 - .015/kWh = Z$2.26 - 3.37/106 Btu.*
Gas Oil: Z$1.50/U.S. gal. = Z$10.56/106 Btu.

* Based on 3,412 Btu/kWh usable energy.



- 66 -

Table 5.1

Potential Energy Savings and Costs

Plant Current Electric Potential Annual Plant
Demand (MW) Demand Cost Savings Modification

Reduction (MW) (Z$ 000) Cost (Z$ million)

RHODALL 82.0 6.2 376 6.5
RHOMET 68.0 6.3 402 5.3
RODIA 2.9 2.4 21 1.3
SABLE 1/ 101.1 89.0 42,662 274.2

101.1 4.0 254 3.6
Trojan-BSR 36.8 MVA 6.8 464 1.6
United Portland 4.24 MVA (on peak) 5.7 613 2.0
Cement 6.04 MVA (off peak)

ZISCO 26.3 43.0 2/ 2,840 24.8

TOTALS 313.1 MW 159.4 47,378 319.3

1/ Two options are shown. The first is a new coal-derived ammonia plant and the second
is an exotic waste heat power plant. The second is not included in the totals.

2/ The generation potential is more than the current electric demand.

Annually, they add up to about Z$47.4 million (US$75.4 million).
Investment to realize these savings is roughly estimated at Z$319 million
(US$507 million). Table 5.1 shows that whereas the payouts for Trojan
and Cement plants are short, the investment payouts for Sable range from
6.5 years to 8.9 years. Of the total potential demand reduction, some
21% (or 67 MW) is available from the in-plant generation of electricity,
55% (89 MW) from substituting coal for the electrolysis of hydrogen 1/,
and the remaining 24% from substituting coal for electric energy, and
electric machines for pneumatically driven ones. The mission makes the
following recommendations:

(i) a cost-benefit analysis for the long-term prospects for
the SABLE electrolytic hydrogen plant and for replacing
it by a new coal-derived ammonia plant should be done.
This is because an increase in power tariffs will raise

1/ The continuation of ammonia production through electrolysis of water
needs an immediate review by the Government.
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ammonia production costs 1/ far above world prices, the
coal technology has been well proven in South Africa, and
the coal plant's operating costs are expected to be lower
than those at the electrolysis plant;

(ii) ZISCO should evaluate the economics of replacing its
small and inefficient power plant with a 43 MW, modern,
and efficient unit. This will permit it to use waste
fuel and heat. Not only will the new plant supply all of
the electric energy requirements for ZISCO, but it will
also produce surplus power which could be sold to the
grid. Hence the economic evaluation should also take
account of the potential benefit to the grid;

(iii) research should be started to investigate means for
efficiently recovering waste heat from slag granulation
at RHODAL, RHOMET, Trojan-BSR, and ZISCO. These plants
produce about 2.70 x 1012 Btu/a of waste heat, which

could generate 20 MW of electricity;

(iv) the four metal refining companies should start research
on the use of pyro-metallurgical processes for smelting;
and

(v) the energy prices should be appropriately adjusted to
encourage the energy conservation.

5.06 The mission recommends that in order to coordinate, monitor and
keep up-to-date with the latest energy saving techniques, a unit be
established in the MIED specifically for this purpose.

1/ If the tariffs for Zambia imports are renegotiated at higher levels,
most of the power cost increases would be in foreign exchange.



- 68 -

VI. FUTURE ENERGY DEMAND AND INVESTMENT REQUIREMENTS

A. Demand Projections

6.01 Zimbabwe's future energy requirements are to a large extent
determined by the future growth of the economy. In order to estimate
energy requirements up to the year 2000, related investments in the
energy sector, and the proportion of those investments in total
investments, the mission has developed three scenarios, a low-growth
scenario with a 3% a year average long-term GDP growth, a medium-growth
scenario with a 5% annual growth, and high-growth scenario with a 7%
annual growth.

Table 6.1

GDP Projections
(1979 Z$ million)

1980 1990 2000 Growth %/a

High Growth 2,705 5,271 10,369 6.9
Medium Growth 2,705 4,448 7,273 5.1
Low Growth 2,705 3,826 5,162 3.3

Source: Annex Table 24.

Given the country's development potential, an annual growth of 3% would
be somewhat disappointing. A 5% should be attainable with moderately
successful policies, while a 7% growth rate would require a combination
of strong, growth-oriented domestic policies and favorable external
circumstances. The three scenarios, broken down by main economic
sectors, and GDP projections are presented in Annex Table 24. In all the
scenarios, agriculture and mining are projected to grow somewhat slower
than the total GDP, manufacturing and construction somewhat faster.

6.02 During the projection period the income elasticity of demand for

energy is expected to decline from the current level of 1.5 because of
rational energy pricing policies and conservation efforts. The growth in

total energy will be closer to the growth rate in the GDP, giving a mean
income elasticity of 1 (2.07). Under the medium growth scenario, the
total per capita energy consumption will increase at 2.3% p.a. and reach
8.4 boe in 2000.1/

1/ See Annex Table 25, page 97.
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6.03 Petroleum. Rationing measures have restricted petroleum demand
in the past. Future increases in the demand will largely depend, among
other things, on the Government's import policy, on trade and the balance
of payments, on the petroleum pricing policy, the rate of urbanization,
and on the growth in national income. The country's current car fleet is
estimated at about 212 thousand, which is mostly owned by the European
population. Most of this fleet is old and needs to be replaced. The
rate at which the import of new vehicles will be allowed will depend on
the amount of foreign exchange available, and it is expected that during
the next five years the rate of imports will not be sufficient to permit
a growth in the fleet. Petroleum demand will mainly increase for petrol
and gas oil. It is assumed that the ethanol mix in the petrol will
continue at the current level.

Table 6.2

Petroleum Demand Projections (Medium Growth)
(000 Barrels)

Products 1980 1990 2000 %/a Growth

Avgas 44 50 50
Petrol 1,597 2,830 5,000 5.9
Gas oil 2,289 3,760 6,180 5.1
Kero/Turbo Fuel 610 880 1,030 2.6
Power Paraffin 6 10 10 -
LPG 62 250 450 10.4

TOTAL 4,608 7,780 12,720 5.2

Mtoe 656 1,040 1,690 4.8 1/

1/ Volumetric and weight growths differ due to changes in product demand
mix.

The future petroleum demand growth rate is expected to approximate the
real GDP growth. Under the high growth scenario, the total petroleum
demand will increase (Annex Table 25) from the 1980 level of 656 Mtoe to
930 Mtoe in 1985, 1.39 million toe in 1990, and 3.1 million toe in 2000
(a growth rate of 8.1% p.a.). Assuming that the real increase in the
petroleum prices averages at 3% p.a., the cost of importing these volumes
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(1980 dollars) would be US$435 million in 1985, US$755 million in 1990,
and US$2.3 billion in 2000.1/

6.04 Under the medium GDP growth scenario (5% p.a.), the petroleum
demand is projected to increase at 4.8% p.a (Table 6.2). The gas oil's
share in the product mix is expected to remain around 48%-50%. The cost
of importing these volumes is estimated at US$400 million in 1985, and
US$1.24 billion in 2000. Under this scenario, petroleum is expected to
supply 10% of Zimbabwe's energy needs by 2000 (Annex Table 25), which is
not considered excessive.

6.05 Electricity: The forecast is based on the result of a power
market survey which was conducted at the request of the Government by
Merz and McLellan, a consulting firm (2.56). The load forecast assumes
that Zimbabwe will need to develop all its hydro resources by the end of
the century, and that the capacity in Zambia will expand to meet
Zimbabwe's import needs. Under all scenarios, imports will make up a
high percentage of the demand for power in 1985, ranging from 23.2% for
low growth to 23.8% for high growth. In 1990, they will drop to around
14%. Under the high growth scenario, Zimbabwe would import 34.5% of its
power needs by 2000. Under the medium growth, the imports would be held
at 14%. Under the low growth scenario, the imports are expected to
decline. The production of indigenous hydropower is projected to
increase at 7.9% p.a. under high growth, 6% under medium growth, and 4.6%
under low growth (Annex Table 25). Hydroelectricity is projected to meet
25.2% of the country's total energy needs by 2000 (medium growth). Of
this, 23.7% will be imported, and 76.3% generated from indigenous hydro
resources.

6.06 Coal. Growth in the consumption of coal by the non-power sector
is projected to approximate the GDP growth rate. The increase in the
power sector's demand will depend on the expansion of Wankie's generation
facilities and on the agreement with Zambia on the development of the
Zambezi river. Under the high growth scenario, additional thermal
facilities will be required during the 1990s (2.56). Under the medium
growth, coal demand for power generation will increase by 15.2% p.a.,
which compares with 16.6% under the high and 12.6% under the low growth
scenarios. The export of coal may increase dramatically after 1990

1/ Assuming a 3% real growth in the petroleum prices and taking current
cost through RSA as a base, the import cost in 1980 prices are projected
as follows:

(in 1980 million US dollars)

Growth Scenario 1985 1990 2000

High 435 755 2,270
Medium 400 555 1,240
Low 320 470 880
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(2.35) if the government adopts policies which encourage the export of
coal.

6.07 Fuelwood. The low growth scenario would involve the highest
growth in fuelwood demand. Under this scenario, demand should increase
from 1,453 Mtoe in 1980 to 2,840 Mtoe in 2000, a 3.4% p.a. growth. This
high growth is assumed because income levels will not rise sufficiently
to encourage fuel substitution by the African population. If these
supplies are not made available, the country will face a serious energy
crisis. Under the medium growth scenario, demand may increase at 3.2%
p.a. This means that an extensive reforestation program is urgently
needed. Fuelwood's share of the total energy consumption will drop from
its current 25% to 16% in 2000 under the medium growth scenario. Under
the high growth scenario, demand for fuelwood is projected to increase at
a lower rate due to substitution by non-traditional fuels.

B. Investment Implications

6.08 Total investment to meet the energy demand increments projected
in this report will be high. Even the medium GDP growth scenario implies
an accumulated investment for energy of US$7.1 billion (in 1980 US$) for
the 1980-2000 period (see Table 6.3). This amount would be a significant
portion of likely domestic saving and investment during the period.
Careful analysis of the economic returns for each separate investment
project should be carried out before specific investment decisions are
made.
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Table 6.3

Investments In Energy Sector 6/
(1980 US$ million)

1990 2000 Average Annual 5/
Investment

High Medium Low High Medium Low High Medium Low
Growth Growth Growth Growth Growth Growth Growth Growth Growth

Power Sector 1/ 2,960 2,330 820 7,600 5,220 2,820 380 260 140
Coal 2/ 400 400 300 2,100 1,800 1,500 105 90 75
Ethanol 3/ 10 10 - 20 10 - 1 1
Fuelwood 4/ 30 30 30 40 40 40 2 2 2

TOTAL 3,400 2,770 1,150 9,760 7,070 4,360 488 353 218

1/ Investments (base cost) calculated based on power development
sequence indicated by the Consultants, excluding the costs of Wankie I
and including the effect of Zambia's buy back of Kariba North extension
in 1994 and Batoka in 1997. The costs include generation and
distribution facilities.

2! Investments based on a rough estimate of US$100 million per one
million tonnes annual output. The major investments would be in the
development of export mines which may occur after 1990 if this policy is
adopted.

3/ Investments in the expansion of the Triangle plant. No new ethanol
facilities are assumed.

4/ A US$2 million/a investment in maintaining a fuelwood afforestation
program and training of necessary manpower for afforestation/extension
projects. The precise investments figures for establishing nurseries,
woodlots and related infrastructure will be identified by the Eastern
ALrica Project Consultant (identification mission for reforestation
project).

5/ The 20 year annual average investment in the energy sector.

6/ No investment in the local refinery or the extension of the pipeline
is assumed at this stage.

6.09 Over the next twenty years major energy projects to be
considered (other than the rehabilitation and extension of the pipeline
and storage facility for petroleum imports) include:
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(a) the development of power projects and transmission
facilities; including Wankie Stage II, Kariba extensions,
Batoka, Mutapa, and Sengwa;

(b) the development of coal resources for domestic and export
markets; and

(c) rural afforestation programs to meet the fuelwood needs of
the country.

6.10 In order to develop and implement these projects during the next
20 years, the country would need skilled human resources, a long-range
energy sector development plan, a strong energy data base, and
appropriate energy pricing and development policies. The mission
recommends that the MIED embark on a comprehensive energy development
program based on a medium growth scenario. The following studies should
be commissioned to assist the Government in establishing this program:

(i) least cost alternatives for the supply of petroleum
products;

(ii) the evaluation of and a development strategy for the
optimum utilization of coal resources;

(iii) continuous updating of the power development least cost
solution, together with optimization of each project
within this solution (including the possibility of using
irrigation dams for hydropower development);

(iv) a comprehensive audit of major energy consumers and
development of energy conservation program;

(v) end-use energy surveys to establish an energy data base
for a National Energy Accounting System (NEAS);

(vi) an energy pricing and tariff study; and

(vii) evaluation of the alternatives for small-scale rural
electricity plants, including mini and micro hydro.

6.11 Among the research activities to be carried out by the MIED are
the following:

(a) Research on problems of phase separation and low cetane
number in ethanol/diesel oil blends, as well as problems
associated with the substitution of liquid fuels by
vegetable oils, methanol, etc;

(b) Further research into the long-term development of biogas;

(c) Research and demonstration projects for solar water pumps
and solar crop driers;
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(d) Research into the use of coal-gas for water-pumps;

(e) Research into the feasibility of increased use of more
efficient woodstoves;

(f) Research into techniques for increasing vehicle fuel
efficiency; and

(g) Establishment of a National Energy Research Institute and
the associated technical assistance, training and
equipment.
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TABLE 1

ZIMBABWE: ENERGY CONSUMPTION ESTIMATES BY ECONOMIC SECTORS

(1970-1979)

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 % YR GROWTH
MTTTOE X ME % MTOE % MTOE RMOE % MTOE % MTOE % MTOE % MTOE % MTOE % 1970-79 1973-79

Agriculture 399 9.7 419 9.3 455 9.6 509 10.1 525 10.0 629 11.9 626 11.2 644 11.7 622 11.6 647 11.8 5.5 4.1

Mining 300 7.3 339 7.5 345 7.3 341 6.8 403 7.7 418 7.9 459 8.2 478 8.7 458 8.5 455 8.3 4.7 4.9

Commercial & Industrial 772 18.8 903 20.0 1,004 21.2 1,158 23.1 1,214 23.1 1,325 25.0 1,296 23.1 1,259 23.0 1,202 22.4 1,278 23.4 5.8 1.7

Railways 360 8.8 365 8.1 379 8.0 354 7.1 290 5.5 297 5.6 276 4.9 232 4.2 217 4.0 239 4.4 -4.5 -6.3

Aviation 25 0.6 31 0.7 32 0.7 50 1.0 58 1.1 69 1.3 78 1.4 70 1.3 77 1.4 65 1.2 11.2 4.5

Cement & Bricks 98 2.4 127 2.8 126 2.7 139 2.8 148 2.8 141 2.7 107 1.9 100 1.8 67 1.2 58 1.1 -5.7 -13.6

Power 475 11.6 497 11.0 344 7.3 570 11.4 521 9.9 282 5.3 341 6.1 236 4.3 287 5.3 243 4.4 -7.2 -13.3

Coking 572 13.9 647 14.3 642 13.6 616 12.3 626 11.9 593 11.2 782 14.0 722 13.2 710 13.2 742 13.6 2.9 3.2

Public Transport 36 0.9 39 0.9 47 1.0 52 1.0 46 0.9 58 1.1 51 0.9 50 0.9 53 1.0 48 0.9 3.3 -1.3

Private Transport 77 1.9 86 1.9 102 2.2 109 2.2 88 1.7 111 2.1 90 1.6 93 1.7 88 1.6 76 1.4 -0.2 -5.8

Others 997 24.3 1,073 23.7 1,251 26.5 1,124 22.4 1,333 25.4 1,378 26.0 1,493 26.7 1,600 29.2 1,594 29.7 1,616 29.5 5.5 6.2

Total 4,111 4,526 4,726 5,022 5,252 5,301 5,599 5,484 5,375 5,467 3.2 1.4

MTOE - thousand metric tons of oil equivalent containing 39.68 million BTU/tonne heating value.

*Includes commercial and non-commercial energy (fuelwood and bagasse).

Sources: Government Ministries, Wankie Colliery Company, Industrial Development Corporation,
Forestry Commission, Oil Marketing Companies and Electricity Supply Commission.



TABLE 2

ZIMBABWE - PRIMARY ENERGY SUPPLY ESTIMATES

(1970-1980)

SOURCES 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 % YR GROWTH

MTOE* % MTOE % MTOE % MTOE % MTOT O MTOK % MTOE % MTOE S MlOE % MTOE % MTOE % 1970-80 1973-79

Petroleum-/ -/ 488 11.9 541 12.0 637 13.5 710 14.1 621 11.8 765 14.4 676 12.1 668 12.2 696 12.9 606 11.1 656 11.2 3.0 -2.6

Coal-/ 1,750 42.6 2,004 44.3 1,780 37.7 2,024 40.3 1,946 37.1 1,706 32.2 1,984 35.4 1,772 32.3 1,724 32.1 1,770 32.4 1,903 32.4 0.8 -2.2

Hydropower- 571 13.9 646 14.3 946 20.0 897 17.9 1,252 23.8 1,365 25.7 1,453 26.0 1.521 27.7 1,400 26.0 1,514 27.7 1,703 29.0 11.5 9.1

Bagasse- 110 2.6 119 2.6 123 2.6 127 2.5 142 2.7 149 2.8 144 2.5 154 2.8 158 2.9 152 2.7 150 2.6 3.1 3.0

Fuelwood-/ 1,192 29.0 1,216 26.8 1,240 26.2 1,264 25.2 1,291 24.6 1,316 24.9 1,342 24.0 1,369 25.0 1,397 26.0 1.425 26.1 1,453 24.6 2.9 2.0

Ethanol -- -- -- -- -- -- -- -- -- -- -- -- -- - -- -- 9 0.2 _ --

Total 4.111 4,526 4,726 5,022 5,252 5,301 5,599 5,484 5,375 5,467 5,874 4.0 1.4

Population--
(million) 5.31 5.50 5.69 5.89 6.08 6.28 6.49 6.70 6.92 7.13 7.36 3.3 3.2

Bbi/Per Capita -

Oil Equivalent 5.12 5.44 5.49 5.64 5.71 5.58 5.71 5.41 5.14 5.07 5.28 0.6 -1.8

CDP (1965
Z$ rillion)-9/ 9.80 1,098 1,203 1,241 1,357 1,342 1,320 1,223 1,186 1,187 1,2978/ 2.8 -0.7

1/ In absence of consumption data, the consumption is assumed to equal imports. The non-energy products such as bitumen

and lubricants are not included in the consumption. Kerosene imports for 1978 to 1980 are corrected based on industry sales data.

2/ Domestic use of coal. The heating value of coal at Wankie Coal historic average value of 29.76 million BTU/tonne.
3/ Estimated hydro supplies (not adjusted for transmission losses). The conversion factor used is at 10,000 BTU per kWh.

4/ Estimated based on sugar production in the country. The energy conversion is based on 6.98 million BTU per metric tonne

of bagasse (Mission estimates).
5/ The wood and lumber produced for industrial use and wood waste are excluded from these estimates. Indigenous wood

assumed at 819 kg.m
3

. The energy conversion based on 13.98 million BTU/tonne of air dry fuelwood. ,art of the fuelwood

is commercially traded for use in agriculture sector. The estimate of wood use for "Former Trustland" are based on per

capita wood use.
6/ Mid-year population estimates, Central Statistical Office.
7/ Barrel of oil equivalent of 6 million BTU (boe).
8/ Mission estimates.
9/ Data source CEM (Report No.: 3234b-ZIM) Table 2.05.

Energy conversion factors for liquid fuels are:
Aviation Gasoline = 5.13 million BTU per barrel
Kerosene/Turbo Puel = 5.77 million BTU per barrel
Gasoline/Petrol = 5.31 million BTU per barrel
Diesel Oil = 5.91 million BTU per barrel
L.P.G. (40% Butane

and 60% Propane) = 4.00 million BTU per barrel
Ethanol = 3.70 million BTU per barrel

* MTOE = thousand tonnes oil equivalent of 39.68 million BTU/tonne heating value.
US Barrel = 42 US gallons
US Gallon = 0.8327 Imperial Gallon

= 3.7853 liters
Cubic Meter = 999.973 liters, 264.173 US gallons and 6.29 barrels

Sources: Various Government Ministries, Wankie Colliery Company, Industrial Development Corporation,
Forestry Commission, Oil Marketing Companies and Electricity Supply Commission.
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TABLE 3

HISTORICAL PETROLEUM INPORTS
(1960-1980)

Aviation Turbo Jet Petrol Gas Power A/ Illuminating Cost of Imports
Gasoline Fuel Oil Paraffin Kerosene L.P.G. TOTAL Million Z$ Z$/Bbl.

MB MB MB MB MB MB MB MB

1960 110 140 2,089 1,240 127 185 .. 3,891 12.1 3.10

1961 1/ 96 204 2,143 1,308 111 212 .. 4,074 12.1 2.98

1962 105 257 2,189 1,438 117 223 .. 4,329 13.1 3.03

1963 70 280 2,082 1,508 130 226 *- 4,296 12.9 2.99

1964 40 254 1,318 1,121 110 132 24 2,999 9.0 2.99

1965 2/ 44 80 477 351 122 138 17 1,229 3.9 3.17

1966 3/ 19 75 862 981 101 113 32 2,183 15.5 7.11

1967 31 157 1,233 1,377 132 145 26 3,101 12.8 4.12

1968 25 132 1,283 1,447 113 138 29 3,167 11.6 3.68

1969 38 132 1,327 1,603 120 138 36 3,394 11.4 3.35

1970 38 138 1,409 1,535 126 157 43 3,446 11.5 3.34

1971 38 176 1,566 1,679 145 176 49 3,829 13.7 3.58

1972 50 176 1,855 2,019 151 195 56 4,502 15.7 3.49

1973 63 289 1,988 2,251 157 201 64 5,013 18.9 3.76

1974 63 340 1,598 1,981 138 189 65 4,374 38.1 8.72

1975 50 428 2,025 2,522 82 214 68 5,389 59.2 10.98

1976 57 484 1,642 2,226 63 201 81 4,754 66.1 13.91

1977 69 421 1,698 2,189 75 182 73 4,698 71.8 15.29

1978 75 541 1,610 2,334 44 189 71 4,864* 76.2* 15.67

1979 50 402 1,384 2,139 25 138 67 4,204* 144.3* 34.32

1980 44 459 1,597 2,289 6 151* 62 4,608* 166.8* 36.20

1/ Includes supplies to Malawi and Zambia (Federation supplies).
2/ Crude oil imports by Feruka Refinery are not included in these data. For 1965, the crude oil imports are estimated at

3,176 MB and foreign exchange cost at Z$4.8 million.
3/ From 1966 onward, data reflects sanction against UDI.
4/ Used for forklifts etc.
5/ The ethanol blend into petrol was introduced in September 1980 and 1980 ethanol consumption is estimated at 90 MB.

These estimates are not included in petrol imports data.
* Kerosene imports for these years have been corrected based on market sales data. The unit cost calculations and

total cost calculations are based on corrected data.
Data not available.

MB = Thousand American barrels.

Source: Ministry of Trade and Commerce - data files.
Corrections based on data from marketing companies.
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TABLE 4

Disparities Between Imports and Sales Data

(In 000 m3)

Gasoline Diesel Oil Kerosene
Year Gov't Industry Gov't Industry Gov't Industry

Imports Sales Imports Sales Imports Sales

1973 316 311 358 311 32 35

1974 254 273 315 287 30 36

1975 322 .. 401 .. 34

1976 261 269 354 306 32 34

1977 270 265 348 288 29 32

1978 256 256 371 269 1 30

1979 220 228 340 254 8 22

1980 254 262 363 309 2 24

Sources: Ministry of Trade and Commerce.

Oil Industry sales data provided by the marketing companies.

Data not available.
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TABLE 5

Sectoral Consumption - Transport Fuels

(%)

Year Product Retail! Commercial/ Railways Agriculture Government OthersReseller Industrial

1976 Petrol 79.6 5.9 0.3 4.6 9.5 0.2
Diesel Oil 11.8 24.5 23.5 25.5 13.1 1.6

Total 43.5 15.8 12.7 15.7 11.5 0.9

1977 Petrol 78.6 5.5 0.3 4.4 11.1 0.2
Diesel Oil 12.1 19.4 25.3 26.5 15.0 1.6

Total 43.9 12.7 13.4 15.9 13.0 1.1

1978 Petrol 77.9 5.1 0.3 4.4 12.2 0.2
Diesel Oil 11.4 16.4 26.8 28.0 15.5 1.8

Total 43.0 10.9 13.9 16.4 13.9 1.1

1979 Petrol 75.4 5.2 0.3 4.7 14.2 0.2
Diesel Oil 11.5 12.2 28.7 27.8 17.7 2.3

Total 41.7 8.9 15.4 16.8 16.0 1.5

1980 Petrol 78.8 5.3 0.3 4.1 11.2 0.3
Diesel Oil 13.5 14.9 24.9 24.6 18.8 2.1

Total 43.4 10.5 13.7 15.2 15.2 1.2

Sources: Sales data files of Oil Marketing Companies.
National Railways of Zimbabwe.
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TABLE 6

HISTORICAL PETROLEUM CONSUMPTION IN AGRICULTURE SECTOR

(All figures in 000 barrels)

Year Petrol Gas Oil Illuminating Power Total
Kerosene Paraffin

1976 76 568 11 14 670

1977 75 580 10 14 679

1978 71 654 9 9 743

1979 65 595 6 4 670

1980 1/ 65 563 6 1 635

1/ From September 1980, the sales are for blend petrol.

Source: Oil Marketers Data Files.
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TABLE 7

PETROLEUM CONSUMPTION BY NATIONAL ZIMBABWE RAILWAYS

(000 barrels)

Gas Oil -/ 3/
Year Railways Road Total Petrol - Total Fuels

1976 455 23 478 6 484

1977 457 18 475 6 481

1978 455 18 473 6 479

1979 456 17 473 6 479

1980 484 18 502 6 508

1/ Data from NZR.

2/ Pertains to road motor services provided by the NZR.

3/ Data based on oil companies and the Government estimates.

Source: Ministry of Transport.
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TABLE 8

In-Situ Coal Resources and Reserves

(Million Tonnes)

Area Total Coal Resources Reserves a/

A) Zambezi Basin

Wankie

Wankie Concession 1,000 386 614

Wastern Area 415 N/A 415

Entuba 159 N/A 159

Sinamatila 175 175 -

Lubimbi:

Lubimbi

Hankano 21,083 20,920 163

Dahlia

Kennedy 1,200 1,200 -

Lusulu: 3,000 2,750 250

Lubu - Sebunga 83 83 -

Sengwa: 400 N/A 400

Marowa: 15 15 -

Sessami - Kaonga: 1,000 1,000 -

TOTAL ZAMBEZI: 28,530 26,529 2,001

B) Sabi - Limpopo Basin

Tuli:

Massabi 30 30 -

Bubye: 60 30 30

Sabi:

Bendizi 14 N/A 14

Malilongwe 260 260 -

Mkushwe 308 159 149

TOTAL SABI - LIMPOPO 672 477 193

GRAND TOTAL - MILLION TONNES 29,202 27,008 2,194

a/ All figures, with the exception of the Wankie Concession are estimates.
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TABLE 9

COAL PRODUCTION AND SUPPLIES

(000 metric tonnes)

Steam Coal Coking Coal Total Raw
Supplies Rejects Coal

Local Exports Total Local Exports Total Produced

1960 1,719 1,316 3,035 314 143 457 3,492 217 3,709

1961 1,383 1,041 2,424 492 186 678 3,102 188 3,290

1962 1,046 1,020 2,066 475 91 566 2,362 446 2,808

1963 907 1,043 1,950 501 162 663 2,613 187 2,800

1964 928 1,029 1,957 500 168 668 2,625 272 2,897

1965 942 1,202 2,144 659 235 894 3,038 294 3,332

1966 1,063 1,179 2,242 654 161 815 3,057 328 3,385

1967 1,071 904 1,975 662 96 758 2,733 351 3,084

1968 1,255 676 1,931 724 55 779 2,710 420 3,130

1969 1,358 708 2,066 684 129 813 2,879 497 3,376

1970 1,571 536 2,107 762 100 862 2,969 558 3,527

1971 1,809 110 1,919 863 76 939 2,858 601 3,459

1972 1,518 76 1,594 855 35 890 2,484 558 3,042

1973 1,875 63 1,938 822 46 868 2,806 515 3,321

1974 1,761 109 1,870 834 90 924 2,794 506 3,300

1975 1,484 180 1,664 790 39 829 2,493 655 3,148

1976 1,603 50 1,653 1,042 231 1,273 2,926 644 3,570

1977 1,399 14 1,413 962 223 1,185 2,598 704 3,302

1978 1,353 - 1,353 946 214 1,160 2,513 512 3,025

1979 1,370 2 1,372 989 191 1,180 2,552 618 3,170

1980 1,547 12 1,559 991 217 1,208 2,767 492 3,259

Growth % p.a.

1960-1970 - 0.9 - 8.6 - 3.6 + 9.3 - 3.5 + 6.6 - 1.6 + 9.9 - 0.5

1970-1980 - 0.2 .. - 3.0 + 2.7 + 8.1 + 3.4 - 0.7 - 1.3 - 0.8

1974-1980 - 2.1 .. - 3.0 + 2.9 +15.8 + 4.6 - 0.2 - 0.5 - 0.5

Source: Wankie Colliery Company Ltd.
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TABLE 10

ZIMBABWE -_ANALYSIS OF COAL DEMAND BY SECTORS

1970 1974 1980 Growth %/Year
S Oo °°000 ° 000 1970 1974

SECTOR Tonnes Z. Tonnes % 1974 1980

Railways 416 17.8 295 11.4 248 9.8 (8.2) (2.8)
Power 544 23.3 611 23.5 292 11.5 2.9 (11.6)
'bline 90 3.9 124 4.8 121 4.8 3.3 (0.4)
Cemenit 52 2.2 88 3.4 41 1.6 14.1 (12.0)
Br±cks 1 80 3.4 110 4.2 63 2.5 8.3 (8.9)
Lowvel&-/ 87 3.7 88 3.-4 93 3.7 0.3 0.9
Agriculture 44 1.9 138 5.3 195 7.7 33.1 5.9
iCoking 762 32.7 834 32.1 991 39.0 2.3 2.9
Distribution 97 4.2 129 5.0 162 6.4 7.4 3.9
Owner at 2 ,
Cnllierr2 n.a. - n.a. - 112 4.4 - -
others 161 6.9 178 6.9 221 8.6 2.5 3.7

TOTAL 2,333 2,595 2,539 2.7 (0.4)

( ) Negative growth.

1/ Agricultural Sector in Lowveld Area.

2/ Prior to 1976, details regarding the coal use for own power generation and
free suDDlies to labour is not available.

Source: Wankie Colliery Company Limited
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TABLE 11

Zimbabwe - Exports of Coal
(000 tonnes)

1960 1970 1974 1980
Steam Coking Total Steam Coking Total Steam Coking Total Steam Coking Total

COUNTRY Coal Coal Coal Coal Coal Coal Coal Coal Coal Coal Coal Coal

Botswana 1 - 1 2 - 2 58 - 58 2 _ 2
Malawi 45 - 45 24 - 24 33 - 33 - - -

Mozambique 47 - 47 13 - 13 18 - 18 9 - 9

South Africa 5 - 5 2 - 2 - - - - 175 175

Zaire - 143 143 - 100 100 90 90 1 1 42 43
Zambia 1,219 - 1,219 495 - 495 - - - - -

TOTAL 1,317 143 1,460 536 100 636 109 90 199 12 217 221

Source: Wankie Colliery Company Limited
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TABLE 12

COKE: DOMESTIC SALES AND EXPORTS

(000 Tonnes)

1978 1979 1980

Domestic Sales

Railways 2 2 2

Mines 10 7 4

Ferro Alloy 48 63 85

Coal Distributors 4 5 6

General Industry 4 6 8

TOTAL 68 83 105

Exports

Zaire 95 81 83

Zambia 16 36 45

TOTAL 111 117 128

Source: Wankie Colliery Company Ltd.
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TABLE 13

Electricity Demand Elasticity

1/ GDP Growth Electricity Electricity to GDP
Periods Rate Z Growth Rate % Elasticitv Coefficient

1960-1965 6.0
1961-,1966 5.9
1962-196 7 7.2
1963-1908 8.6
1964-1969 8.8
1965-1970 5.9 10.4 1.8
1966-1971 7.9 11.2 1.4
1967-1972 8.2 13.4 1.6
1968-1973 8.5 13.7 1.6
1969-197!- 7.r 13.3 1.8
1970-197, 6.6 12.2 1.8
'971-1976 3.B 11.9 3.1
1972-1977 0.3 7.6 25.3
1973-197, -Q.9 4.0 -4.4
1974-1979 3.3
1975-1980

1! July to June.



TABLE 14

Electrical Energy Consumed by Broad Industrial Sectors
(Millions of Kilowatt Hours)

Agriculture Annual % Mining & Annual % Manufacturing Annual % Domestic Annual % Annual % Annual 5 Year
Year & Forestry Increase Quarrying Increase Industries Increase Consumers Increase Others Increase Total Increase Increase

1960 69 12.1 (4.5) 390.6 3.6 (25.8) 435.6 0.8 (28.8) 406.9 4.7 (26.9) 211.5 5.6 (14.0) 1513.6 4.1 _

1961 69.4 0.6 398.7 2.1 442.7 1.6 427.9 5.2 223.3 5.6 1562.0 3.2 -

1962 76.8 10.7 383.9 3.7 455.8 2.9 430.1 0.5 254.3 13.7 1600.9 2.5 -

1963 94.5 23.0 389.2 1.4 528.2 15.9 436.7 1.5 273.4 9.2 1722.0 7.6 -

1964 129.1 36.6 (6.8) 412.8 6.1 (21.7) 610.9 15.6 (32.2) 435.3 -0.3 (22.9) 309.1 13.1 (16.2) 1897.2 10.2 5.5

1965 145.0 12.3 437.7 6.0 685.5 12.2 435.7 - 325.0 5.1 2028.9 6.9 6.0

1966 160.5 10.7 455.8 4.1 714.4 4.2 470.9 8.1 274.8 7.4 2076.4 2.3 5.9 t

1967 168.4 4.9 459.4 0.8 823.4 15.2 498.2 5.8 313.1 13.9 2262.5 9.0 7.2 X

1968 183.2 8.8 503.1 9.5 1059.6 28.7 531.0 6.6 318.8 1.8 2595.7 14.7 8.6

1969 182.1 -0.6 (6.3) 602.0 19.6 (20.8) 1219.0 15.0 (42.1) 550.7 3.7 (19.0) 341.4 7.1 (11.8) 2895.2 11.5 8.8

1970 232.7 27.8 722.0 19.9 1387.8 13.8 607.4 10.3 382.8 12.1 3332.7 15.1 10.4

1971 267.2 14.8 773.3 7.1 1432.7 3.2 651.3 7.2 408.8 6.8 3533.3 6.0 11.2

1972 281.8 5.5 855.4 10.6 1936.6 35.2 695.8 6.8 470.2 15.0 4239.8 20.0 13.4

1973 323.2 14.7 943,9 10.3 2463.1 27.2 732.3 5.2 462.1 1.7 4924.6 16.2 13.7

1974 390.4 20.8 (7.2) 1000.0 5.9 (18.5) 2731.1 10.9 (50.6) 777.0 6.1 (14.4) 497.0 7.6 (9.2) 5395.5 9.6 13.3

1975 421.0 7.8 1043.1 4.3 3110 13.9 820.4 5.6 527.2 6.1 5921.7 9.8 12.2

1976 435.9 3.5 1221.9 17.1 3110.8 - 851.3 3.8 575.8 9.2 6195.7 4.6 11.9

1977 471.2 8.1 1287.3 5.3 2942.2 -5.4 849.3 -0.2 579.0 0.5 6129.0 -1.1 7.6

1978 529.3 12.1 1230.1 -4.4 2753.3 -6.4 873.2 2.8 612.6 5.8 5997.5 -2.1 4.0

1979 536.7 1.6 1221.1 -0.7 3067.9 11.4 889.7 1.9 640.6 4.6 6356.0 6.0 3.3

1980 500.9 -6.7 (7.2) 1302.2 6.6 (18.7) 3517.7 14.7 (50.7) 928.3 4.3 (13.4) 693.4 8.2 (10.0) 6942.5 9.2 3.2

Figures in parenthesis are percentages of annual totals.

Source: Monthly Digest of Statistics.
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TABLE 15

ELECTRICAL ENERGY CONSUMPTION BY SELECTED INDUSTRIAL CONSUMERS

(GWh)

Sabel Total
Year Rhodall Ltd Chemicals Rhomet Zisco 1! Total Manufacturing %

(July-June) (Ferochrome) (Fertilizer) (Steel) Industry

1970-71 422.8 56.2 161.0 57.7 697.7 911.5 76.5 1
1971-72 424.3 103.2 219.9 65.6 813.0 1,050.2 77.4 X

1972-73 352.9 600.9 419.7 68.9 1,442.4 1,719.5 84.4

1973-74 450.0 765.6 386.2 75.6 1,677.3 1,945.0 86.2
1974-75 609.0 781.4 494.4 95.0 1,979.8 2,273.1 87.1
1975-76 624.2 817.5 502.7 161.5 2,105.9 2,475.5 85.1
1976-77 600.0 755.2 508.3 164.6 2,028.1 2,427.8 83.6
1977-78 316.0 890.5 390.7 165.9 1,763.1 2,103.5 83.8

1978-79 312.9 872.7 373.3 154.3 1,713.2 2,085.1 82.2
1979-80 652.2 862.3 461.8 176.7 2,153.0 2,575.4 83.6

1/ Does not include consumption at Buchua Mines. -

Source: Electricity Supply Commission.



TABLE 16

ELECTRICAL ENERGKY SUPPLIES

CAPC-/ GRID SIUPPLIES (GWh) OTHER SUPPLIES (GWh) TOTAL SUPPLIES

YEaR-/ HYDRO -/ THERMaL -/ TOTAL - PUBLIC - PRIVATE- NET IMPORTS HYDRO THERMAL TOTAL
GWh 0 GWh x GWh

1964 1,648 106 1,754 32 92 103 1,751 83.4 230 11.6 1,981

1965 1,747 105 1,852 40 112 134 1,881 88.0 257 12.0 2,138

1966 1,701 158 1,859 62 123 100 1,801 85.2 343 14.8 2,144

1967 1,746 276 2,022 72 132 99 1,845 79.4 480 20.6 2,325

1968 1,905 436 2,341 160 148 33 1,938 72.2 744 27.8 2,681

1969 2,109 491 2,600 55 203 132 2,241 74.9 749 25.1 2,990

1970 2,130 830 2.960 103 230 135 2,265 69.9 1,163 31.1 3,428

1971 2,425 809 3,234 177 191 139 2,564 69.5 1,177 31.5 3,741

1972 3,582 450 4,032 148 151 170 3,752 83.4 749 16.6 4,501

1973 3,487 1,402 4,889 131 153 73 3,560 67.9 1,686 32.1 5,246

1974 4,793 516 5,309 7 127 176 4,969 88.4 650 11.6 5,619

1975 5,273 658 5,931 1 151 146 5,419 87.0 810 13.0 6,229

1976 5,712 586 6,298 1 193 52 5,764 88.1 780 11.9 6,544

1977 6,027 261 6,288 1 202 10 6,037 92.9 464 7.1 6,501

1978 5,544 513 6,057 2 194 11 5,555 88.7 709 11.3 6,264

1979 5,998 490 6,488 2 204 10 6,008 89.6 696 10.4 6,704

1980 5,757 332 7,089 1 199 -17 6,740 92.7 532 7.3 7,272

Growth%/Year

1970-75 19.9 -4.5 +14.9 -- -8.1 +1.5 +19.1 -- 7.0 -- +12.7

1975-80 5.1 -12.8 ±3.6 -- +5.7 -- +4.4 -- -8.1 -- +3.1

1/ Calendar year basis.
i/ Central African Power Corporation.
3/ Supplies from South Kariba plus Zambia.
4/ Public thermal generation by city power stations and

supplied into the CAPC Grid System.
5/ Total from CAPC consists of imported electricity, Kariba

South generation and Zimbabwe domestic thermal generation
sold to CAPC.

6/ Public thermal generation not connected to the CAPC Grid
System.

7/ Thermal generation (coal and bagasse) by industries for
their own consumption.

8/ Direct imports from RSA and Mozambique and not through
the CAPC Grid System, These imports are assumed to be
hydro power imports.

9/ CAPC hydro (assumed that all imports are hydro) and other
net imports which are also assumed to be hydro.

Source: Central Statistical Office.
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TABLE 17

INSTALLED CAPACITY - CLASSIFICATION WITH RESPECT TO CONNECTION TO THE SYSTEM

Effective
Type Unit Size Total Capacity Commissioning
Interconnected Plant Name Owner (MW) Number (MW) (MW) Date

Hydro
Sub-total: Hydro Kariba South CAPC 111 6 666- 633 1/ 1960-62

666 633

Thermal (Coal-Fired Steam)

Salisbury City 7.5-30 8 135 127.6 1946-55
Umniati ESC 10-20 7 120 112.8 1947-57
Bulawayo City 15-30 5 120 113.7 1948-57
Wankie WCC 27 12.5

Sub-total: Thermal 402 366.6

Sub-total: Interconnected Capacity 1,068 999.6

Captive Plant

Thermal (Coal-Fired Steam)
Triangle Ltd. 45 20
Hippo Valley Estates Ltd. 23 23
Zimbabwe Iron and Steel Co. Ltd. (ZISCO) 5.5 5.5
Empress Missel Mining Co. Ltd. 8.0 1.8
Lomagundi Smelting Planning (Pte) Ltd. 1.5 1.5

Sub-total: Coal-Fired Steam 83.0 51.8

Diesel n.a. n.a.n

Sub-Total: Captive Plant 83.0-i 51.8d/

TOTAL 1,151.0 1,051.4

1/ Following arrangements with the Government of Zambia.
2/ Zimbabwe's share is 633 MW (based on Kariba sharing agreement).
3/ Figures do unt reflect diesel capacity which is not available.
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TABLE 18

Zambezi Generation Potential

Installed Capacity Firm Energy Average Energy
MW GWh/a GWh/a

Kariba (Actual) 1,266 9,700 9,800
Kariba Extensions 600 0 300
Mupata Gorge 1/ 1,200 6,100 6,700
Batoka Gorge 2/ 1,600 9,200 10,300
Devil's Gorge 1,240 6,570 7,070
Victoria Falls (Actual) 108 805 805
Victoria Falls (New) 390 2,100 2,200

TOTAL 6,404 34,475 37,175

Sub-Total: Schemes to be developed 5,030 23,970 26,570

Zimbabwean Share: Schemes to be
Developed 2,515 11,985 13,285

1/ High dam alternative at Mupata Gorge.

2/ Without Katambora dam.

Sources: (a) Interim Report on Power Development Plan,
June 1981 for Kariba, Mupata Gorge and
Batoka Gorge Projects.

(b) Report on Power Developments on the Zambezi,
January 1972 for Devil's Gorge and Victoria
Falls Projects.
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TABLE 19

LOAD FORECAST FOR ZIMBABWE 1/
(GWh)

Year Ending June 30th 82 83 84 85 86 87 88 89 90

Total Sales to Sectors

- Mining 1,363 1,487 1,644 1,743 1,833 1,928 2,027 2,132 2,242

- Industrial 3,849 4,163 4,487 4,886 5,222 5,583 5,967 6,378 6,817

- Agriculture 451 484 521 563 607 655 707 764 825

- Commercial 582 623 668 716 768 824 884 947 1,018

- Domestic 1,179 1,262 1,360 1,463 1,573 1,691 1,814 1,934 2,062 1

- Total Sales 7,424 8,019 8,680 9,371 10,003 10,681 11,399 12,155 12,964 L

Losses in Distribution 460 497 538 581 620 662 707 754 804

Losses in Transmission 300 324 350 378 404 431 460 491 523

Energy Sent Out 8,184 8,840 9,568 10,330 11,027 11,774 12,566 13,400 14,291

1/ Assumes medium growth scenario of 5% p.a.
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TABLE 20

HISTORICAL CONSUMER PRICES / OF PETROLEUM PRODUCTS
(ZI/litre)

Illumin- Turbo3/
Premium2/ Regular2l Gas2/ Power3J ating3/ Fuel

Period Petro r Petrol Oil Paraffin Kerosene Jet-A Avgas 3/

March 1973 12.8 12.0 7.4 6.0 6.6 7.45 n.a.
Nov. 1973 14.8 14.0 8.4 8.0 7.6 9.45 n.a.
March 1974 17.0 16.2 10.4 8.5 9.1 9.95 n.a.
Jan. 1975 18.0 17.2 11.4 8.9 10.1 10.81 n.a.
April 1975 - - - 10.3 - - n.a.
May 1975 20.0 19.2 12.4 11.3 11.1 11.21 n.a.
Nov. 1975 22.0 21.2 14.4 13.3 13.1 13.96 n.a.
May 1976 23.0 22.5 15.4 14.3 14.3 15.79 n.a.
Jan. 1978 25.0 24.5 18.1 17.0 17.25 18.29 n.a.
May 1978 27.8 27.3 19.2 18.1 19.75 19.69 24.84
Feb. 1979 33.2 32.7 24.4 23.4 24.95 24.96 30.11
April 1979 35.2 34.7 26.4 25.4 26.95 26.96 32.11
May 1979 42.2 41.7 34.3 32.4 33.95 33.96 39.11
July 1979 50.0 49.6 38.2 40.2 33.95 41.76 46.91
Nov. 1979 46.0 45.6 34.2 35.2 28.95 36.76 46.91
April 1980 - - - - - 38.26 -
Nov. 1980 52.0 51.6 - - - - -
Growth % Year
1973-1980 +22.2 +23.2 +24.4 +28.8 +23.5 +26.3 -

1/ Prices at zone centers.

2/ Retail prices ex-retail station in 'zero' zone.

3/ Wholesale (bulk) price ex-railway depot.

Source: Ministry of Trade and Commerce.
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TABLE 21

Average Price of Electric Energy by Consumer Category
(Zo/kWh)

Year COMMERCIAL
Ending AND
June MINING INDUSTRIAL FARMING MUNICIPAL LIGHTING DOMESTIC AVERAGE

1962 1.017 0.821 1.793 0.990 1.724 1.807 1.075
1969 1.026 0.578 1.704 0.889 1.731 1.728 0.908
1970 0.989 0.564 1.603 0.857 1.669 1.648 0.883
1971 0.958 0.541 1.656 0.837 1.579 1.559 0.855
1972 0.947 0.533 1.641 0.840 1.581 1.538 0.853
1973 0.927 0.461 1.441 0.857 1.607 1.534 0.748
1974 0.914 0.442 1.651 0.846 1.637 1.528 0.722
1975 0.997 0.451 1.605 0.927 1.750 1.614 0.752
1976 1.045 0.506 1.733 0.945 1.925 1.753 0.819
1977 1.102 0.595 1.981 1.089 2.170 2.005 0.941
1978 1.220 0.702 2.252 1.227 2.383 2.236 1.102
1979 1.385 0.815 2.414 1.366 2.638 2.456 1.265
1980 1.409 0.839 2.471 1.363 2.692 2.560 1.247

Growth %/Year

1962-1980 1.8 0.1 1.8 1.8 2.5 1.9 0.8

Source: Ministry of Industry and Energy Development
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ENERGY INTENSITY OF MINING AND MANUFACTURING INDUSTRIES 1978

Total Energy Net Output Energy Intensity
A B B/A

'000 Toe Z$m Z$/toe

MINING 248 169 680

Cu & Ni 128 38 295

Asbestos 47 47 1010

Gold 42 41 980

MANUFACTURING 1053 584 555

Food 99 82 820

Textiles 41 52 1250

Clothing 6 39 7250

Wood 9 17 1850

Fertilizer 62 22 350

Minerals 62 22 350

Metals Manuf. 666 154 230

Source: Census of Production 1978/79.
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TABLE 23

Waste Heat and Waste Fuel Inventory

Waste Heat Rate
Plant Source Nedium Flowrate-(scfh) Temperature( 0 F) (above 70°F-Btuh)

RHODALL FeSiCr Furnaces Air 4,232,200 446 29,025,500
Hi Carbon FeCr Furnace Air 5,949,300 482 43,342,400
Lo Carbon FeCr Furnace Air 3,454,600 500 27,095,100
Slag Granulation Slag 19.7 Tonne/hr 3000 68,826,800

RHOMET FeCr Furnaces Air 22,869,000 312 101,366,000
Slag Granulation Slag 21.4 Tonne/hr 3000 74,766,200

RODIA Pyrite Roasters Air 720,000 1022 12,528,000
H2SO4 Plant No. 2 Air 960,000 1832 30,982,000

SABLE Turbine Exhaust N 2,682,000 530 22,502,200
(HNO3 Plant) 2

Cooling Water Water 116,600 gals/hr 199 101,400,000 -

Hydrogen Plant

Trojan-BSR Electric Furnace Air 1,236,200 391 7,268,000
Converters Air 1,200,900 1430 30,130,000
Slag/Metal Granulation Slag/Metal 19.4 Tonne/hr 2550 67,708,800-

United Portland Pre-calciner Air 8,241,400 662 88,315,000
Cement

ZISCO Medium Roll Mill Air 140,500 2174 5,414,400
Light Roll Mill Air 85,200 2156 3,235,300
Soaking Ovens Air 837,100 1112 15,976,300
Hot Metal Mixers Air 134,200 1220 2,826,700
BoF Stack Coolers Steam 70 Tonne/hr 347 178,119,900
By-product fuels (1) 3,096,400 - 325,327,400
Blast Furnace Slag Slag 67.1 Tonne/hr 2700 97,281,000

Granulation

TOTALS 1,265,748,200 Btuh

3
(1) Blast Furnace Gas - 2,950,800 ft /hr

Coke Oven Gas - 145,600 It
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Zimbabwe: GDP Projections

(1979 Z$ Million)

Actual Estimates Projections Annual Growth Rates (%)

1979 1980 1981 1985 1990 2000 1980-85 1985-90 1990-2000

3% Long - term Growth Scenario

Agriculture & Forestry 305 351 386 436 493 631 4.4 2.5 2.5

Mining & Quarrying 199 194 184 199 220 268 0.5 2.0 2.0

Manufacturing & Construc-
tion 698 802 866 1,008 1,197 1,688 4.7 3.5 3.5

Transport & Communications 210 210 210 250 290 390 3.5 3.0 3.0

Other Sectors 1,063 1,148 1,205 1,403 1,626 2,185 4.1 3.0 3.0

Total 2,475 2,705 2,851 3,295 3,826 5,162 4.0 3.0 3.0
00

5% Long - term Growth Scenario

Agriculture & Forestry 305 351 386 460 560 829 5.6 4.0 4.0

Mining & Quarrying 199 194 184 211' 251 354 1.7 3.5 3.5

Manufacturing & Construc-
tion 698 802 866 1,082 1,429 2,493 6.2 5.7 5.7

Transport & Communications 210 210 210 265 338 551 4.8 5.0 5.0

Other Sectors 1.063 1,148 1,205 1,465 1,870 3,046 5.0 5.0 5.0

Total 2,475 2,705 2,851 3,483 4,448 7,273 5.2 5.0 5.0

7% Long - term Growth Scenario

Agricultur & Forestry 305 351 386 485 634 1,083 6.7 5.5 5.5

Mining & Quarrying 199 194 184 224 286 466 2.9 5.0 5.0

Manufacturing & Construction 698 802 866 1,180 1,734 3,672 8.0 8.0 748

Transport & Communications 210 210 210 286 401 789 6.4 7.0 7.0

Other Sectors 1,063 1,148 1,205 1,580 2,216 4,359 6.6 7.0 7.0
Total 2,475 2,705 2,851 3,755 5,271 10,369 6.8 7.0 7.0
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ENERGY DEMAND PROJECTIONS AND GROWTH SCENARIOS
(Figures in 000 tonnes of oil equivalent)

1985 1990 2000 Annual Growth Rate1985 1990 C~~~~~~~~~~~~~~% 1980-2000)
HIGH MEDIUM LOW HIGH MEDIUM LOW HIGH MEDIUM LOW HIGH MEDIUM LOW
GROWTH GROWTH GROWTH GROWTH GROWTH GROWTH GROWTH GROWTH GROWTH GROWTH GROWTH GROWTH

PFrimary Energy Prod.

Coa1,/ 3,130 3,000 2,520 6,050 6,040 5,000 19,010 16,450 13,950 11.7 10.9 10.0
Hydropower 1,230 1,230 1,230 2,470 1,320 1,320 4,660 3,250 2,480 7.9 6.0 4.6
Ethanol 50 40 30 80 60 30 190 100 40 11.111 7.6_/ 2.8_/
Fuelwood- 1,680 1,700 1,720 1,930 1,990 2,030 2,570 2,730 2,840 2.9 3.2 3.4
Bagasse3/ 180 180 180 350 200 200 400 350 250 5.0 4.3 2.6

Total 6,270 6,150 5,680 10,880 9,610 8,580 26,830 22,880 19,560 9.1 8.2 7.4

Energy Imports

4/Petroleum- 930 850 690 1,390 1,040 860 3,100 1,690 1,170 841 4.8 2.9
Electricity-/ 800 610 520 650 500 290 4,310 1,010 460 9.6 1.9 -2.0

Total Imports: 1,730 1,460 1,210 2,040 1,540 1,150 7,410 2,700 1,630 8.9 3.5 1.0

Exports

Coa6 / 210 210 210 1,020 1,020 1,020 8,670 8,670 8,670 21.6 21.6 21.6

Net Energy Demand 7,790 7,400 6,680 11,900 10,130 8,710 25,570 16,910 12,520 7.6 5.4 3.9
Population (Million) 8.5 8.5 8.5 9.9 9.9 9.9 13.3 13.3 13.3 3.0 3.0 3.0
Energy/Capita 6.1 5.8 5.2 7.9 6.8 5.8 12.7 8.4 6.2 4.5 2.3 0.8
(Bbl. of oil equ.)

1/ For forecast purposes the quality of coal is assumed equal to average Wankie Coal quality.
2/ Wood used for commerical purposes is not included in this forecast.
3/ Assumes expansion of Triangle before 1985 and possibly of Chisumbanje Project by 1990 (under high growth scenario).
4/ Does not include non-energy products such as lubricants and bitumen.
5/ It is assumed that Zambia will expand her power system to meet Zimbabwe's power demand. The investment in the

expansion of this system will be to the cost of Zimbabwe.
6/ Exports to captured markets by Shell and Goldfield.
7/ Growth is based on 40 million liters (23 MTOE) production in 1981.
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ZIMBABWE: FIXED INVESTMENT REQUIREMENTS

Actual Estimated Projections Annual Growth Rates t%)
1979 1980 1985 1990 2000 1980-85 1985-90 1990-2000

3X. Long - term Growth Scenario

GDPr at market prices
( GDP at f.c. + 7%) 2,645 2,894 3,526 4,094 5,523 4.0 3.0 3.0

(Z$ bdllion)
Assumed ICOR - 4.0 4.5 5.0 5.5
Fixed Investment Rate (%) 12.7 12.0 13.5 15.0 16.5
Fixed Investment 337 347 476 614 911 6.5 5.2 4.0

(Z$ million)
5% Long - term Growth Scenario

(DP at market prices 2,645 2,894 3,727 4,759 7,782 5.2 5.0 5.0
(Z$ million)

Assumed ICOR - 3.5 4.0 4.5 5.0
Fixed Investment Rate 12.7 17.5 20.0 22.5 25.0

Fixed Investment 337 506 745 1,071 1,945 8.0 7.5 6.1
(ZC million)

7% Long-term Growth Scenario

GDP at market prices 2,645 2,894 4,019 5,640 11,095 6.8 7.0 7.0
(Z$ million)

Assumed ICOR - 3.0 3.5 4.0 4.5
Fixed Investment Rate 12.7 21.0 24.5 28.0 31.5
Fixed Investment 337 608 985 1,579 3,495 10.1 9.9 8.3

(Z$ million)

Source: Mission estimates.
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MAPS

NAMES OF TOWNS AND CITIES

It should be noted that the new names of town and cities
recently announced by the Government, are as follows:

Salisbury... . ......... ... .o..*..*..Harare

Fort Victoria ..... ..... oooNyanda

Gweloooo* o*** *** .* * s .. . .. *,Gweru

Que Que.......... .......... e.. o. oo.ooKwe Kwe

Gatooma ..... - ..... .oo .oooo o . oKadoma

Marandellas ......... .o. oo.o.o .o.o .*Marondera

Hartley.... ... o.... ... . .... ,Chegutu

Sinoia.o.. ... o.ooo - -o..... ,Chinhoyi

Umtali * *** *** ** *... ** *....*.. .Mutare

Shabanio* .oooooooo.o.o.o. oo.o.o. o o. .o oZvishavane

Selukweo .... o*. . ..... ............... ... Shurugwi

Umvumaooo* .. . *.....o*. .... o.oo.oo..ooMvuma

Enkeldoorn ..o.oooo o....... ,, .o .o .. *Chivhu

Essexvale . . .o. . . . . . .oooo.oo.o.o.Esigodini

Melsetter.o oo .o.o. . .. .. ... ,,, *.. Mandidzudzure

Belingwe . .** *oo. oo . o. . oo.o. .ooo..Mberengwa

W.ankieoo.o.,,,o,.... o o*.,,,oooooHwange

Somabula .o.o.o.o.....o. . o ...o .ooo. .. Somabhula

Mashaba,, . . . .. . .. . .. . ..... . .,, . ... Mashava

Mangula ...... , ....................... Mhangura

Sipoliloo 0 ... 0... 0 0- 0.0.oo .... .....Chipuriro

Mtorashangao .o. ... o.. oo..oo........ ..Mutorashanga

Inyazuraoo..o ...... . ., . .. Nyazura

Dett . ,,,,,,,,,,,,, ............ ,.,, ,.,*.Dete

Balla Ballao. . ............... o.,,, ... o. .. Mbalabala

Nuanetsi. .o. ooo. oo.. oo. oo.o.. oo ooo.. ooMwenezi

Chipingao o ...... , . ., , ... .o.oo o TsChipinge

Mtokoo ooo,oo ooo.oooooooMutoko

Mrewa ....o.,,o o,,.o ,.o,,oo.ooMurewa

Tjolotjoooo.... Tsholotsho

Nkai~~~~~~~~.. . ,,,. Nkayi
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SEPTEMBER 1981

94 ~~~~~~ZIMBABWE
COL ,WANKIE COLLIERY COMPANY LIMITED

General Plan of Property - August, 1980

Boundairy of Concession

A lREAiy Areas Mined Out to August, 1980

~XNo.1 North, No.3,cand No.4 Collieries

EWAU: TOpencost Mining Area

1i5 - //Burnt Cool and Barren Areas

-270- Depth Contours, in meters
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