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1. INTRODUCTION

1« Energy is one of the most important prerequisites of life. Without energy

our entire civilization —transportation, industrial manufacturing, commercial

activity and food production —would come to a standstill. Since prehistoric times,

human society has been consuming a constantly increasing amount of energy9 A

rapid increase in energy consumption started in the middle of this century;

statistical analysis of data for the period between 1925 and 1950 shows that the

average annual percentage rate of change in total snergy consumption was 2.2 per

cento In the following ten years, from 1950 to I960, the figure was 4*9 per cent

and, in the following decade, it reached 5«6 per cent. This increase is a natural

result of growing socio-economic activities and the rising standard of living*

2. This increase in world energy consumption has been accompanied by an increase

in the production of primary energy resources, made possible through extensive

advances in prospection and production technology.. Table 1 gives the annual pro

duction and consumption of primary snergy resources since 1970 for the world and

Africa and shows that although there is an increase in world energy production by

14 per cent (from 1970 to 1973), the increase in Africa is only 4 per cent. The
average rate of annual increase of energy consumption in Africa has been calculated

as 5-27 per cent, using the period between 1952-1972 as a base period (ECE/ENV.R.31»
1974) t *-n spite of the factf.that the rate of increase between 1970 and 1972 is about
10 per cent* Assuming that the consumption will follow the historical growth

scenario, in which no deliberate effort will be made to alter the habitual patterns

of energy use but that instead, a vigorous national effort will be directed toward

enlarging energy supply to Keep up with rising demand, the amount of energy to be

consumed by the end of this century will be nearly five-times that consumed in

1972 (see table 2), In spite of this, the per capita consumption in Africa will
remain the lowest in the world (the per capita consumption in 1970 was 0.29 KW
and is projected to be 0.63 *W in 2000)«

3» At local and in some cases regional levels the environmental aspects of energy

production and use have become of paramount importance and have served as warnings

of what could be in store on a wider scale if serious consideration is not given

to the environmental implications of man's demands for energy. From recent examina

tion of the impact of energy on the environment, it has become apparent that
individual nations are not isolated in this respect and that the actions of one

country may well result in environmental damage in a neighbouring State, This

study is an attempt to assess the different environmental impacts of production

and utilization of energy on the African Continental/ and to indicate in broad

terms those aspects of energy development which deserve special attention if

the African environment is not to be degraded.

1/ For a detailed account on the impact of production and use of energy
on the environment, see UNEP GC IV/6l/Add.l, 1976.
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Table 1; Production and consumption of energy

__ Production (in million tons of coal equivalent)

World

Africa

World

Africa

1970
1971
1972

1973

1970

1971
1972

1973

1970

1971
1972

1973

1970

1971
1972

1973

Coal Oil Hydro & Nuol. Total

2 398

2 397
2 440

2 440

60

64
64
68

456

647
866

217

431
406

425

423

382

476

561

639

4

5

15

21

157

167
179

189

3

3

4
4

Consumption (in Kilograms/capita)

2 400

2 395

2 413
2 485

59

63
63
67

2 940

3 109

3 342

3 593

44
52

55
56

1 366

1 463

l 555
1 618

2

2

11

14

157

167
179

189

3

3

4
4

Source:

■ ■ —

World Energy Supplies, UN Statistical Paper, J .18, 1975,

7 393
7 687
8 046

8 485

498

478

508

516

863

134
489
885

108

120

133

141

Tab^e 2: Projected energy consumption

Region or

country

Average rate of

increase in

consumption

Africa

Asia

Central

_

America

South America
Western

Eastern

Oceania

Canada -

U.S.A.

U.S.S.R.

World _

Europe

Europe

_

5.27

9*19

7*54

6,37
4.05

4.39
5.33

6.31
3.81

consumption (x 10 tec

109

1 043
142

112

1 350

460

78

201

2 271

1 055

202

2 305

284
206

1 973
688

129

383
3 270

1 807

338

554
588

383

935

057
216

707
4 750

3 078

19 606

564
13 378

1 216

710

4 367
1 625

364

l 305

6 901

5 242

ECE/ENV./R.31, 1974.
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II. FOSSIL FUELS ...

A. Coal

4« Coal is a limited source of energy in Africa. The proven recoverable amounts
of coal have been estimated to be 15»628 x 10° tens, which represent 2*6 per

cent of the coal reserves in the world (Survey of energy resources, World Energy
Conference, 1974)• These figures represent the actual amounts and future prospec-
tion may lead to the discovery of additional reserves* The annual production of

coal in Africa is about 65-68 million tonnes, mainly from South Africa, Rhodesia,

Zambia, Nigeria, Zaire, Morocco and Algeria*

5« The extraction of coal is carried out either by underground or surface

mining. Underground coal mining has been considered in many countries to be one

of the most hazardous occupations* Besides fire aiid explosion hazards, land

subsidence is common* Workers in mines are also exposed to several respiratory
diseases (for example, bronchitis and black lung - known as coal-worker's pneu—
moconiosis). In addition to these impacts on land and human health, acid mine
drainage (which contains high amounts of sulphuric acid leached from exposed coal
seams) constitutes a. potential pollution hazard by contaminating ground waters)*
Surface coal mining (strip mining) is more common than underground mining* It
may have serious consequences on land, and hence food production in some countries*

Although reclamation of strip-mined areas has been successfully achieved in some

countries, serious difficulties are encountered in others* With the future increase

in strip mining operations, several technological and engineering problems have

to be solved to render the reclamation of strip-mined areas economically feasible*
Improved methods for eliminating acid and sediment pollution from spoil-bank
materials, forming and stabilizingsoil, and adopting plant species that will

flourish in mined areas are still needed to supplement the findings of the limited
research efforts of the past. Strip mining also has a potential environmental

impact on water resources* Acid drainage can contaminate ground waters and can
pollute streams especially during periods of surface runoff *

6. The use of coal for producing electricity in coventional power stations
involves a number of environmental impacts* These arise from the handling and
storage of fuel before combustion, and the disposal of the flue gases and parti-
culates after combustion. In the combustion stage, significant quantities of
particulates and noxious gases such as sulphur oxides, nitrogen oxides, carbon
monoxide and hydrocarbons are emitted. Table 3 gives an estimate of the annual
emission rates of various pollutants resulting from the operation of a typical

modern 1000 We coal-fired steam power plant of conventional design. The amounts
of solid wastes (ash and slag) produced by burning coal in power plants vary widely
depending on the quality of the coal. Attempts are being made to use this waste
for productive purposes, for example, for producing building materials.
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Table 3s Pollutants emitted from a 1000 MWe coal-fired power plant

Annual release (10 kg)*/

Particulates - - - - - 4.49

Sulphur oxides - - - - 139.00
Nitrogen oxides ----- 20,88

Carbon monoxide - - - - — 0-21

Hydrocarbons - - - - 0.52

Source: Committee on Power Plant Siting, National Academy of Kngineerinc.
Washington, DC 1972, *"

a/ These figures assume that the plant burns 2.3 x 106 tons of coal per
year and that the sulphur content is 3.5 per cent of which 15 per cent remains
in the ash» The ash content of the coal is assumed to be 9 per cent and the
fly ash removal efficiency 97,5 per cent.

B. Oil

7. The estimated recoverable amounts of oil in Africa are 12,843 x 10 tons,
which constitute about 14 per cent of the estimated proven reserves in the world.
The 1973 production in Africa reached about 279 million tonnes , essentially from Ubya,
Nigeria, Algeria , Egypt, Gabon, Tunisia, Congo and Morocco. Most of this pro
duction is exported and Africa's petroleum refining industries are mainly based
on imported oil,

8. Exploration and production operations, whether carried out on land or offshore,
involve a number of environmental impacts. Accidents and operational and equipment
failures can result in serious harm to both personnel and the environment through
explosions, fire or oil pollution. Land-based operations have, generally, less
environmental impacts than offshore ones. The latter are increasing rapidly and
the share of offshore petroleum in worldwide production is estimated to reach 25

toJ? PeZ,°ent ln 198° ^ Probably 35 to 40 per cent in 1990 (te Leuch & Masseron,
1973;. The ofishore petroleum production, in Africa reached about 50 million tons
m 1974, which is about 20 per cent of the total production (McCaslin, 1975).

9. The direct environmental impact of offshore oil development may result from
accidental oil spills or the chronic discharges of normal operations, from disposal
of drilling muds and cuttings into the oceanP and from disturbances of the sea bed
and of wetlands by platform and pipeline construction. Daily operational
discharges of the above materials may result in sublethal or long-term ecological
damage to an area. Near-shore spills are particularly damaging to estuarine and
coastal marine life; tidal marshes, coastal wetlands, river swamps and sheltered
bays support a variety of organisms at all stages of development,, Although
accidents during offshore operations account for only a small portion of oil
dishcharges in comparison to oil spilled from tankers, locally they can be
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g Hfoet of the offshore operations are carried out in "restricted"
watera, .or example, in the Galf of Suez, Gulf of Guinea 2/ "... etc., and it is,
therefore, uapor"ant that daily operatir s in such regionl be carefully '

^^^?^ ^^ fitrlngent Gland^'ds f<^' discharge of oil, muds, and cuttings

10L. *?-?other important source of marine pollution by oil is th3 marine trans-
portion operations of crude oil and processed products. These operations
corst.-vtut* ^ thnn 55 per cent of the world international seabomo trade. The
x.,paot o± such operations en the marine environment would be markedly, noticed
a-ong tanker routes (for example, in the Red Sea - Gulf of Suez Region 3/ and around
marine terminals (harbours, channels and/or mooring facilities), '

The oil spilled during marine transportation and which may originate from
T^T™/™ * and/°r dis*JOSal of d±**Y ballast and tank washings has dif-
fsrtait exfeect en uarine organisms. They are categorized as; (a) Direct lethal
raxieitjr due to soluble aromatic hydrocarbons, (b) Sub-le-ial disruption of

Sr^wTi " be?ftTlo^»1 activities^ (c) Coating of birds, mammals and inter-
and sub-tidal species with oil; (d) Alteration of substrates by oil, which makes
habxtats uninhabitable for normally found species; and ( > T^oratSn of
hyexoa^bens into organism tissues causing the accumulation of potential carcinogens.

^ inportance of ocoah pollution and its impact on marine ecosystems has

^trTT n^^n^? b°th °n thG regionaI a^ Slobai s'cale/ The activities
C° f!^- °ther Unitsd N3tions agencies are well documented., The a~tivlties of
xn rh« area xnclude those of the Global Knvironmental Monitoring System (GB6)
a«S««l Programs, for example, the Rfediterranean Project, the aia" af^Sildh ^
W assessment of the state of ocean pollution and its impact on

13. In the oil refining process, effluent control is perhaps the

, tank washes. Besides ^ ot^^L^^
refWleo, they may be natural constituents of petroLun^r

«5o^d in the purification and separation processes. Different typ^s of eV^i
are ateo encountered in oil processing operations, the most imporL-A of^hioh
.s-Uphur oxadss, hydro-car-bons, nitrogen oxides and carbon n,onSddi.

P°Wer plants* SilEi:!ar *o coal, the com-

.2/ In a GESAMP study, it is estimated that 8500 tons of oil have entered the
ocean from the operations in Nigeria in 1973* enrerea rne

4-* 1^ ~Se:Jrhe dmpact °f Productio« and transportation of energy resources on
th* Red Sea Environ***, DNEP paper presented at the Second JfelSng^? ^
SSTS? ^T1 ^^£2r Environn.ental studies on the Red Sea^nHhe

pp pe at the Second JfelSng
T^Tk1 ^^o£2r Environn.ental studies on the Red
Jedcah, January 1976
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Table &;. Emissions from A 1000 MWe oil-fired power plant

Annual release (10 ) kg a/

Partieulates - - - - °»73
Sulphur oxides - _ . - - 52.0b

Nitrogen oxxdea - - - - o

Carbon monoxide - 0«C0o
Hydrocarbons r - - - 0.67

Source; Committee on Power Plant Siting, National Academy of Engineering

Washington, DC. 1972.

a/ Assuming that the power plant burns 1.57 x 10 tons of oil per year,

which~has 1.6 per cent sulphur and 0*05 per cent asho

15. The most important product that has a potential impact on the environment

is gasoline in the motor car. Car exhaust emissions are a subject of major
public concern. The incomplete combustion of gasoline gives rise to appreciable
amounts of unburned hydrocarbons and carbon monoxide which are discharged from
the exhaust. The amount of emissions varies considerably from one car to another
(according to type of engine, car model, speed ... etc.,) but generally the
amount of emissions from mobile sources exceeds those from stationary sources,

specially in urban areas. In addition to these gases, partieulates are also common

in auto exhaust* Lead, an anti-knock additive, has been most widely discussed,

but it is not the only gasoline additive. There are also manganese and nickel

anti-knock additives* Scavengers such as ethylene dichloride are added to remove

lead oxide deposits from valves and spark plugs; phosphorus and boron compounds
alter the chara ter of combustion chamber deposits; etc. Many of these additives
contribute to the particles in automobile emissions, with the metallic ones, such

as lead, boron and nickel, being especially suspect in terms of impairing visibi

lity and contributing to effects on health and weather. Regulations are now in

force, and technical efforts being made, in many countries to reduce the impact

of automotive emissions.

C* Natural gas

16. Natural gas is becoming more and more attractive as an energy source, especially
from the environmental point of view. The production of natural gas has greatly^

increased during the last 10 years; the actual proven recoverable amounts in Africa

are 5,709 x 109m3, which constitute about 11 per cent of the world supply, (survey
of energy resources, WEC, 1974). Most of these resources are located in Algeria,

Nigeria, Libya, Egypt, Gabon and Cabinda.

17. The operations involved in the production of gas (whether from land-based
or offshore wells) are identical with those for oil; hence most of the environmental
impacts are similar. After being produced from the well, natural gas is generally
linuified, transported and then subjected to re-gasification at the consumption
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terminal* The liquefaction plant uses power from either a^steam turbine

or a gas turbine, which represents, the major source of pollution

by the plant. The liquefied natural gas (IWG) is then transported by LNG tankers

which have little effect on the environment. No noxious oily ballast is discharged*

and I2JG tankers discharge no sewage while in port. It should be noted, however,

that strict safety precautions should be exercised in handling lNGm Besides fire

hazards and possible explosions ING produces frostbite oil short exposures*

18. In its use for power generation, natural gas produces much less emissions than

other fossil fuels* Table 5> gives an estimate of the emissions produced by a

1000 Mffe gas-fired power plant. Moreover, VUG as an engine fueld has the advantage

over other fuels of being smokeless and contributing far less to air pollution*

UfG therefore has great potential as a fuel for automotive vehicles* Its use in

aircraft, though prblematic, also holds significant advantages in terms of

environmental impacts*

Table 5i Emission from a 1000 Mfe gas-fired power plant

Annual release (10 ) kg a/

Particulates - - - 0*46

Sulphur oxides - - - 0,012

Nitrogen oxides - - - 12*08

Carbon monoxide - - - negligible

Hydrocarbons - - - negligible

Source: After Committee on Power Plant Siting, National Academy
of Engineering, Washington, DC 1972.

a/ Assuming that the plant burns 1*9 x lCr m /year*

D» Environmental impacts of pollutants from fossil-fueled power plants

19« In Africa, the most significant factor in the production of electricity,

is thermal power; but in Developing Africa, hydroelectric production is much more

important (see later)» Table 6 gives the installed capacity cf industrial and
public electric generating plants, which shows that in 1973 the capacity of

thermal power plants constituted about 70 per cent of the total installed electrical
capacity* Table 7 gives the production of electricity in Africa together with

that of the world* Although in 1973, the thermal electric production in Africa was
about 72 per cent of the total produced electricity, the share of African production
represents only about 1.8 per cent of the world production. in other words the
impact of African thermal power plants on the global environment is at present
negligible- However, local and regional impacts may be appreciable, especially in

tSeJ^hCOming decades- ^ the following, a brief summary is given of the impact
different pollutants emitted from fossil-fueled power plants. £/

U For a detailed account on the impact of different pollutants, see UNEP
GC IV/6l/Add.l (1976).
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Tal?le 6s Installed capacity cf industrial and pnhi-tn. .1.^. eeneratine ol
in Africa (in thousand kilowatt) ^ v

Year Thermal Hydro Nuclear Total

588 6 830 - 23 4l8

1971 17 928 7 300 - 25 228

1972 18 927 8 140 - 27

1973 20 178 8 726 - 28

Source: World Energy Supplies, UN Statistical Paper J.18 (1975).

if-?5 Production of electricity in Africa an*-"the world (in ±h™^n* ~
kilowatt hours ) ^

TotalThermal Hydro Nuclear

Africa 1970 62 605 24 773 - 87 578
1971 67 730 26 382 - 9/ T12

|97? 7?°£ 29 834 - 101886
31 372 - 1U 831

World 1970 3 652 942 1176 584 77 993 4 907 519
1971 3 889 994 1 ^0 13C 106 067 5 226 19I
1972 4 205 923 1287 763 143 072 5636 758
1973 4 532 058 1322 264 189 735 6 044

Source: World .Energy Supplies, UK Statistical Paper J.18 (1975).

20. .The sulphur oxides emitted as a result of combustion are easily convered into
sulphates and sulphuric acid in the air. Much of the damage caused by su^nur
°1 Lnf. Xr conversion to highly reactive sulphuric acid. It has been
noticed that in many parts of the world, there is a trend towards increasing acidity
of rain. Acid rains may increase the acidity of soils and may have appreSfble
unpact on plants. Atmosphere containing sulphur oxides can corrode several
materials (for example overhead powerline hardware/building materials ... etc.)
and can produce several types of plant-leaf injury. Althoufh laborato^ studies
have cjemonstrated that the levels of sulphur dioxide found In the Imbielt air are
innocuous the health effects of sulphur dioxide become appreciable when^it L
cabined with other substances. Over the years, a numbe/of a"te a^pollution
episodes have beer, reported. Both oxides of sulphur and the total suspended

«£i°i? ^ lC^rubUted.!ignlfiCantly to the health effects associated with
these episodes. Sulphur oxides emitted in combustion gases from domestic chimneys
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and small factories are serious pollutants on the local scale and merit

stringent control. Although there are different types of reduce the emissions
of sulphur oxides, some techno-economic difficulties are still facing the
different approaches. It is anticipated that these difficulties will be over
come by continued research and development and that successful methods be used
by 1980.

21. Nitrogen oxides (NOx) arise from a different source than other'pollutants.
The nitrogen in the combustion air combines with the oxygen in the air during
the combustion process to produce NO, which is further oxidized to NO2 • Most

of the latter is formed outside the plant stack. NOx is also emitted from

transportation devices (motor vehicles, etc.). Although the major source of
world-wide atmospheric NOx is biologically produced NO, man's contribution is a
cause for concern because the emissions are concentrated in urban areas. Nitrogen
oxide emissions are "starting" materials for atmospheric reactions which lead to
the production of photochemical oxidahts (photochemical smog). Several studies
have also shown that the emission of NOx from supersonic transport may reduce
the amount of stratospheric ozone. The ozone is important in protecting the
biosphere from exposure to ultra-violet radiation, an increase in which can
cause skin cancer and other damage. At high concentrationss nitrogen oxides
and photochemical smog compounds have a severe impact on plants* However, at
low concentrations not enough information is available to give quantitative
dose-response relationships> Although nitrogen dioxide is well known as a
toxic gas in industrial environments, more work is needed to study the effects
of low concentrations of N02 and NO (either alone or combined) on health.

22. Carbon monoxide is formed by the incomplete combustion of fuels, and is a
sign of inefficiency, Petrol-engined motor vehicles are the principal source.
Transportation devices account for at least 70 per cent of the carbon monoxide
emitted. In many countries district seasonal patterns of variation in carbon
monoxide emissions are known; these are primarily the result of both traffic
and meteorological variables. The adverse effects of carbon monoxide occur in
urban areas, where levels can rise sufficiently to block a small proportion of the
oxygen carrying capacity of the blood. When inhaled, carbon monoxide combines
with haemoglobin, and level of carboxyhaemoglobin higher than 4 per cent appear to
increase rhe risk for patients with cardiovascular disease.

?*i.i!4.arS 2litted raain1^ fpoffl ^al-fired power plants and are attributed
to the ash content of the fuel burned, Although different technologies are now
available for the removal of particulars from flue gases (wet collection devices,
electrostatic separators ... etc.), the present removal devices remove particles
down to one micron in diameter only. Finer particles remain suspended and are
apt to be carried far from the source and even into the upper layers of the
atmosphere. These particles are much more effective in reducing visibility than
the larger particles. There is growing evidence that these fine particles, vhich
can lodge inthe deep recesses of the lung, are the ones most responsible for
adverse health effects. Small particles can interact with sulphur dioxide in the
air to create a much worse health hazard than can S02 or particulate pollution
independently. There is also growing evidence that small particles tend to worsen
the impact of other pollutants on the environment.
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24. Hydrocarbons are formed during the combustion process as a result of
incomplete combustion or the occurrence of other chemical reactions. The bulk
of l^drocarbons emitted (about 60 per cent) is produced by motor vehicles.
Concentrations of different hydrocarbons vary greatly among urban areas, and
accurate monitoring of the different hydrocarbons (especially of polycyclic
hydro-carbons, which are considered carcinogenic) is needed to assess their
impact on human health. Hydrocarbons are also reported to have an adverse
impact on plants.

25. In thermal power stations, the heat rejected from steam turbine condensers
is discharged to the environment in one of two ways. Where there is plentiful
cooling water available it is used only once in a "straight through" system, and
the wanned water is then returned to its source. Alternatively, where the
cooking water supply is limited the warmed water is recirculated through cooling
towers and the heat is rejected to the atmosphere in the form of warm air and
evaporated water. The recooled circulating water is returned to the steam
condensers, thus limiting the demand for fresh water tc a small fraction of that
required for direct cooling. Although much has been written about the effects
of thermal discharges on the chemical and biological processes that take place
in natural waters, there is still a great deal to be done to understand the
real impact of thermal discharges on the ecosystem. Thermal discharges may have
useful applications and the exploitation of such uses varies from one country
to another. '

26, Several theories have been introduced concerning the impact of emissions
from fossil-fuel power plants (and transportation devices) on climate. On the
local scale, significant climate changes have been found. Urban areas, for
example, are noticeably warmer than their rural surroundings. Cooling towers
may produce fog and drizzle, initiate clouds and increase rainfall. On the

^ S T ^ T*^ i
g , nitiate clouds and increase rainfall. On the

o^the S, T ^ T0**^7 concernine the Possible effects of pollutants
on the climate. Several monitoring studies are carried out to assess the

SSET r^U"iOn an? ±tS lmpaCt ° lbl lit <f
the

SShET* r^ ? S lmpaCt °n flobal Climate <for examP1« *** WorldWeather Watch Programme initiated by WMO).
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III. RENEWABLE SOURCES OF ENERGY

27. With the ever-rising demand for fossil fuels there has been an accompanying

realization that these energy resources are finite in extent and should therefore be

regarded as wasting assets. The general realization of the finite nature of fossil

fuel resources has caused a re-examination of the possibility of using those energy

resources which are of a non-depleting nature and, therefore, considered renewable.

Such resources include hydro-power, geothermal resources, solar energy, tidal and

wave power, sea thermal power and renewable synthetic fuels.

A. Hydro-power

•28.' ^gydro-rpower is one of the most important renewable sources of energy in Africa.

In Developing Africa, it is estimated that nearly 65 per cent of the electricity

supply came from hydro-electric stations. Hydro-electric production increased from

24,773 million KWh in 1970 to 31,372 million KWh in 1973 or by about 27 per cent.

In most countries, consumption is equal to production less transmission losses, but

in a small number of cases, exports are made to neighbouring countries, for example,

about one half of Southern Rhodesia's production from the Kariba Dam South Bank power

station is transmitted to Zambia.

29. There are about 15 major dams in Africa with an installed generating capacity

more than 100 MWe. Thes'e include mainly the Aswan High Dam (Egypt), Roseires

CSudan), Volta (Ghana), Kainji (Nigeria), Jebba (Nigeria), Shiroro (Nigeria), Kosson

(Ivory Coast), Edea (Cameroon), Inga (Zaire), Fincha (Ethiopia), Kafue (Zambia),

Kariba North Bank (S. Rhodesia, Zambia) and KIdatu (Tanzania). Although hydro

electric resources are generally considered to involve few constraints and little

inconvenience to the socio-ecological environment, there are a number of environ

mental side-effects associated with dam construction that has been reported (see for

example, Mihshull, 1973; El^Zein and Lane, 1973; Philines et al., 1973; MeIntosh et al.f
1973; and Eskilsson et al., 1974) and that deserves serious consideration. No dam

can be built and no lake can be created without environmental costs of some kind. A

dam becomes a dominant factor in the hydrological regime, and sets in motion a

series of impacts on physical, biological and socio-cultural systems. The flooding

of the region through the filling of a reservoir could have immediate significant

impact on the means of communication, historic sites, communities which are inundated*

and the local flora and fauna. The many consequences on the environment of the dam

and the lake behind it appear to be factors in common regardless of the dam's geo

graphical location. However, the environmental effects of reservoirs located in

tropical areas occur more quickly than those located in temperate zones.

30. The environmental side-effects of dam construction are generally divided into

three categories:

(a) The local effects and the reactions within the area of the reservoir;

(b) The downstream effects resulting from a change in the hydraulic regime;

(c) The regional effects in terms of the overall aspects of changes, with

particular emphasis on sociological effects.



Page 12

31. The environmental impacts of man-made lakes and the reactions within the area of

the lake are summarized in the cyclic flow-sheet given in Figure 1. The physical

impacts of man-made lakes include minor changes in local climeite5 especially in

humidity,leading to a minor increase in fog in some cases. The hydrological cycle in

the lake area is markedly affected. The variation of the level of groun^water up and

downstream, water seepage and possible erosion downstream are tbe.nost important

effects encountered. The load of water in the lake may also enhance s&ismlc activity

around the dam; micro-seismic activities have been recorded in the Kariba Daiaarea

(El-Zein and Lane, 1973) and near Volta lake in Ghana (Kumi, 1973).

32. From the geochemical and bio-geochemical points of view, the filling of a

reservoir produces marked modifications in the aquatic S3'stem which existed before

its installation. Changes in water quality resulting from the new environment

especially through the action of bacteria and eutrophication, are generally encountered.

Strong varations in the nutrient contents (nitrogen and phosphorus compcvnds) and in

the amount of some trace elements have been recorded. The increase in nutrients causes

a more or less extensive development of bacteria and algae, which gives the water a

disagreeable odour and taste and affects its oxygen concentration, which may be

catastrophic for some species of fish; it may lead also to anaerobic conditions.

33. In some regions, the enhanced development of aquatic vegetation (for example,

water lettuce and water hyacinth) may give rise to serious problems in particular, it

may hamper navigation and fishing, shelter disease-carrying insects, reduce the

dissolved oxygen level in water or produce marked changes in the chemical composition

of the water.

34. Vector-borne diseases are widespread and may pose serious health problems in

some regions. Among the most important of these are malaria, schistosoraiasis and

onchocerciasi3, whose vectors pass all or part of their life-cycles in water.

Schistosomia3is continues to be a major public health problem in large parts of Africa.

Although it has declined in importance in a few places, it is uncontrolled in most

endemic areas, and it has increased in importance in soma areas due to migration of

people or the development of water resource schemes. Ths creation of new reservoirs

and irrigation systems can be expected to cause further increases in its distribution

and importance, unless preventive and control measures are taken. There exist well

defined and effective methods for the control of schistosomiasis which have been tried

in the field under specific circumstances. It should be borne in mind, however, that

these methods are not universal in their applicability, find that they require careful

adaptation to varying ecological conditions on the basis of detailed epidemiological

investigations. Research on new drugs for Che tre^tmen*: of schistosomiasis has also

made progress, and their use under medical supervision should be encouraged, together

with the application of control methods for the reduction of the vector snail population.

Onchocerciasis constitutes also one of the foremost public health problems in parts

of Africa. Although ths pathogenesis of its mcst important complication, ocular

onchocerciasis, has remained obscure, considerable advances have been made in our

knowledge of epidemiological and entomological aspects of the disease. As a result,

new ways have emerged for a systematic attack of the problem through vector control

methods, so that large-scale control projects in the original endemic areas of Africa

can now be envisaged with reasonable optimism. Chemotherapy has also ,an important

role to play in the fight against onchocerciasis. Interest In further research in this

field should be stimulated. For the solution of this problem, as for many others,

multinational co-operation is essential.
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35. From the socio-economic point of view, the construction of dams and creation of
lakes leads to a re-adjustmenlTof the human settlements i* the area ^""f"""1""'
which may be favourable or unfavourable according to the regional conditions »"*. the
tarn site! In general, dams have a number of beneficial effects: they control floods
and lead to a better development of irrigation systems, thereby increasing agricultural
output. The production of power accelerates socio-economic development andthe
creation of a man-made lake promotes several activities in agriculture, fisheries,

tourism and industry.

36. With respect to downstream effects, the consequences of a change in the hydraulic
regime result in the reduction in frequency and amplitude of floods. On the other

ol soils! Se oecrlse in the silt content of the water leads to strong «°<*°° °f. .
tL river panL downstream, and may enhance the erosive effect of the seaon the delta
sho**W»ee near the outpourings of the river. Furthermore, the changes in water
quality and nutrients may have substantial impacts on fishing industries.

37. Dam failures, both small-scale and large-scale, are well documented. Their ^
consonances vary according to the size of the dam and include flooding of "*•£».
destScSon of property, death, spreading of several diseases, etc. Large-scale dam
failures rank as major disasters.

38. The environmental side-effects associated with dam ^^'l™ *™ ^Extensive
tion of hydroelectric power therefore deserve more serious consideration. Extensive
studies should be carried out to find remedies for the effects created by existing
dams. Future projects must be planned to ensure a broadly ^i**-*1"1*^^"?™;
including environmental impact studies. The construction of dams *^« f™'"lng °f
hydroelectric power would then offer man improved quality of life, with the least
possible impact on the environment-

39. With a view to supplying electric power to small communities located close to
low-head hydro-electric power sites, considerable work has been carried out onthe
development of small bulb-type hydro tower plants. These ^^YTfcvthe a level
differential of only a few feet, and a sufficient head can be obtained by the
construction of a simple weir. A further lowrhead generating plant has been developed

with a rim generator. In this design the generator rotor is an tote^_£rt *{\™
Srbine rotor, being attached to its periphery. The compact nature of this machine
makes it particularly relevant to provide power to some rural areas.

B. Geothermal energy

40. In some favourable zones of the earth's crust (called seismic-active *>nes,_

which are usually zones of young volcanism and mountain-building l°catf?/lon81 *»•
margins of major crustal plates), volcanic activity may be frequent. This deludes
the outpouring of magna (molten mass of the earth's mantle) iiy the form of lava flows
from volcanoes and/or the creation of intrusive bodies of higtf thermal value, hot
springs, geysers and fumaroles along favourable fissure planes. Water convention
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systems can also contribute effectively to the transfer of heat.. The early histcry of
geotherinal development and exploitation saw the utilization of thermal springs as

baths and health r sorts, and the occasional use of thermal waters to heat buildings.

Today geothermal energy is used for electricity production,cheating purposes, green

houses, etc.

41. Today the electrical generating capacity in the main geothermal fields in the
world amounts to more than 1,000 MW and is projected to reach about 2,500 MW by 1980.

Conservative estimates are that 100,000 MW of generating capacity could be developed
by the end of this century. Several exploration programmes for geothermal fields are

taking place in many countries (especially in the developing countries) with the

assistance of the united Nations. In Africa several programmes for, tapping and
harnessing geothermal resources are proposed or are in progress. These include those

of Rwanda (Nkubana, 1970)» tfganda (Dixori and Morton, 1970), Tanzania (Nzaro, 1970)
and Kenya (Noble and Ojiambo, 1975). As a matter of fact, the geological setting of
the Red Sea region, East African and West African Rift Valleys is quite favourable for

geothermal sites. ' ......

42. From the techno-economic point of view, it has been found feasible to utilize

the ho* fluids directly at the location of geothermal wells. Accordingly, the .power

plants and/or greenhouses should be located near the steam-extraction area. Cost/
benefit analysis has shown that geothermal power is at least competitive with the

power produced by conventional thermal, hydraulic or nuclear sources. In suitable

locations, the cost of producing a geothermal kWh is lower than that for conventional

thermal generating plant.

43. The exploitation of geothermal energy has several impacts on the environment.

Besides hazards that can take place in the drilling operations, land subsidence may

ba a potential effect. Subsidence is more likely to occur in hot-water fields than in

dry steam field's. This probability can, however, be minimized by injecting waste fluids
into the reservoir. Geothermal activity liberates noxious gases. Such gases include
mainly carbon dioxide, hydrogen sulphide, hydrogen, methane, nitrogen and ammonia.

Basic acid, hydrofluoric acid, hydro-chloric acid and minor amounts of mercury, selenium

and arsenic compounds may also be released. Although many gases can be separated from

the steam in geothermal plants, hydrogen sulphide can escape into the atmosphere.

Concerning the environmental impacts on water, it should be noted that dry steam

geothermal fields offer the most economic and environmentally acceptable conditions,

since the steam produced does not involve the handling of large quantities of hot brine

requiring subsequent disposal. Wet steam fields, on the other hand, produce hot water

which may be equal to three times the weight of the steam produced. All plants should,
therefore, have centrifugal separators to separate the steam and water. The steam is
then handled in the same way as that produced in dry steam fields and the water is

taken by pipe or by channel to a disposal point. In some fields, the disposal of the

waste waters could pose a substantial problem. For example, near the Salton Sea in

California, the salt content of geothermal waters reaches 20 per cent compared to about
3.3 per cent in sea water. Deep well injection of these waste waters seems to be a
promising solution, since in addition to disposing of the waste, the injection could

help prevent land subsidence that may occur in some geothermal fields.
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C Solar energy

44. The most favourable sites for collecting and exploiting solar energy are confined

to desert areas between latitudes 30° north and south of the equator. These areas

receive some 3,000 to 4,000 hours of sunshine per year; the amount of solar energy

incident on a horizontal surface ranges from 300 to 650 calories per square centimetre

per ,day. It is of particular importance to note that about 80 per cent of Africa's

population lives between these two latitudes, which include many of the poorest and

most underdeveloped human settlements. The energy needs of such settlements are

quite modest compared to the needs of more developed urban areas. Power for these

small local settlements cannot be provided economically by large-scale conventional

generation at central sites, largely because of the high cost of transmission where the

population density is low. The cost of fuels for local power plants is also greatly

inflated by distance, doubling in a few hundred kilometres over land. It seems,

therefore, that solar-powered devices (together with other alternative sources of

energy) are the most promising solution to raise productivity and the standards of

living in such local human settlements.

45. Solar energy could be exploited in four different ways: (a) use of direct solar

energy without conversion; (b) use of power derived from small-scale conversion of

solar energy; (c) use of power derived from large-scale conversion (either thermal or

photovoltaic conversion): (d) use cf solar energy for photosynthesis, bio-gas produc

tion and either chemical processes. The direct use of solar energy without any

conversion has been known for centuries. Crop drying, food cooking, water heating,

water distillation, greenhouses, space heating and high-temperature solar furnaces

for research or for industrial purposes (e.g. production of some chemicals, baking

of bricks, etc.) are among the most important uses of direct solar energy. New

technologies in this field have given rise to a great number of designs of equipment

that are used in many countries. Large-scale schemes for converting solar energy

into power are under detailed investigation, particularly from the techno-economic

point of view. These include either thermal or photovoltaic techniques.

46. Solar generation of electricity for use on earth holds the promise of an

abundant clean source of power. The question of utilizing solar radiation for central

power generation thus becomes primarily a question of establishing its economy in

comparison with contemporary power systems considering future trends in energy

conversion, fuel cost, and the cost of environmental protection. However, the

construction of solar power plants will have an impact on the local ecosytem (through

the construction of roads and sites for solar collectors, shading of parts of the

land, the threat to some species of mammals, reptiles, birds, etc.). On the other

hand, the use of solar energy for space heating, air conditioning, and water heating

is one of the most environmentally benign systems and an attractive possibility for

conservation of non-renewable energy resources. It would, therefore, be appropriate

to mount efforts to utilize solar energy in local applications for building services.
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D. Sea thermal power

47. Between the tropics of Cancer and Capricorn the ocean's surface temperature stays

alitcst constantly at 25C° because of the equilibrium between the heat collected from

sunlight and the heat lost through evaporation. Far from the equator, the cold water

melted from enow and ice sinks to the depths of the oceans and slowly moves towards

the equator. In the tropics this cold water provides a nearly infinite heat sink at

about 5°C at a depth as shallow as 1,000 feet. The temperature difference between the

surface and the depths could be used to drive a Rankin-cycle heat engine. Although

the theoretical efficiency is 9 per cent for a 10°C temperature difference, the

efficiency of a real power plant would be 2-4 per cent. Two experimental units of

3,500 kW net output were installed off the Ivory Coast in 1956 by the French. However

these units were abandoned due to constructional failures. Although some experiments

are now being carried out in the United States of America and some other countries, to

harness sea thermal power, none is being carried out at present in Africa which has a

great potential for such source of energy.

48. Large-scale use of sea thermal power is actually limited by a combination of

technical and economic problems. Several concepts have to be investigated in detail:

floating units near or offshore, the type of working fluid (the most promising at

present seem to be water vapour, ammonia and propane), and the energy transmission

systems to be used. In a sea thermal power plant operating without a secondary working

fluid, the warm sea water found st the surface of tropical seas is boiled under vaccum.

This produces large quantities of purified water as a by-product of the production of

electricity. The availability of considerable quantities of purified water from a sea

thermal power plant could be of particular importance to the environment of water-

short area if the plant were located close enough to the shore. It is not difficult

to envisage circumstances where the output of purified water from the power plant would

be more significant to the local environment than the production of electricity.

49. The possible environmental effects associated with large-scale use of sea

thermal power, involving possible regional changes in sea temperature and the

associated effects on marine life would need to be studied. The pumping of deep cold

water to the ocean surface for cooling purposes in a sea thermal power plant would

result in a substantial enrichment of the nutrient level of the surface water. This

could be expected to have an effect upon marine growth in the vicinity, but whether

the result would be environmentally beneficial in the form of a more plentiful supply

of fish, or environmentally objectionable because of the creation of vast beds of

algae growth would need careful investigation.

E. Wind energy

50. Man has been using wind for sailing ships, for pumping water and for supplying

mills with power for centuries. Wind generators of about 0.1 MW have been built

and operated in the Soviet Union, Denmark, the Netherlands and other countries. Sev

eral hundred thousand wind pumps have made an essential contribution to the utilization

of semi-arid deserts and for many decades have been the very precondition for farming

in these regions. The potential amount of wind energy available is very large.

However, a number of techno-economic problems need to be solved if wind power is to

be used for electricity production on a large scale. Nevertheless, wind constitutes

a useful source of energy, either primary or supplemental, in villages of many of the

developing countries and rural areas.
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F. Renewable fuel sources

51. The natural conversion of solar energy into plant materials by photosynthesis
and the further conversion of this stored energy into more concentrated forms such
as natural gas, petroleum and coal is the basis of the world's fossil-fuel supply.
The managed production of plant tissue (e.§, trees, grasses, water plants, fresh water
and marine algae) on suitable land and water areas, with more effecient^use of solar
energy and required nutrients could provide materials that could serve directly as
fuels for production of part of man's energy needs, or could be subsequently converted
into other forms of higher-quality fuels. Furthermore, large amounts of solid wastes -
agricultural, animal, industrial, and urban - which are presently creating grave
environmental problems represent a rich energy resource, that could be utilized.
However, the amount of organic wastes available varies from one country to another,

according to the degree of development.

52. Plant tissue and organic wastes can be converted directly into thermal energy by
combustion, or into more concentrated fuels by a number of biological or chemical
processes. The choice of conversion method is frequently dictated by the physical
nature of the material. Although bio-conversion is theoretically a simple process, a
large number of problems remain to be solved. A major environmental problem is tne
disposal pf the organic sludge that remains after digestion, which may amount to
40 per cent weight of the starting material. However, this sludge generally has a
high protein content and could be used as a raw material for the manufacture of
animal feed and/or fertilizers. The first successful "gobar gas" (gobar means dung)
plant, devised in India in 1959, can take in all forms of animal excreta. Between
1961 and 1973, about 7,500 such plants were installed and plans are that 20,000 more
will be installed by the end of 1975. Apart from the gas, organic manure obtained
from the residual slurry is used as a fertilizer. Chemical conversion of organic
wastes into £uel is carried out either by a deoxygenation (or chemical reduction)
process by carbon monoxide and steam, or by pyrolysis.

53. The production of fuels from organic material is not without environmental
impacts. Apart from the extensive land areas and/or ponds necessary for the photo-
synthetic production of plants and/or algae, several environmental problems have to
be solved during the processing of the organic material. The main issues include the
handling of organic wastes and the disposal of sludge and residues from the digesters.
Once the fuel is produced, the environmental impacts of its use are more or less
similar to those encountered in using conventional fuels.

The extensive use in rural areas of many countries of firewood and charcoal has
serious impacts on the ecosystems. Deforestation with associated effects of soil
erosion and reduction of soil fertility are among the Important environmental impacts.
From the economic point of view, it is much more profitable to use trees for the
production of paper-pulp than for the production of charcoal.

IV. NUCLEAR ENERGY

54. Electricity production from nuclear energy is undertaken in many developed and
some developing countries. The capacity of nuclear power plants has been increasing
at a rapid rate; by the end of 1974, 169 nuclear power plants were in operation
producing about 60,000 MWe. According to a recently published forecast by the
International Atomic Energy Agency (IAEA, 1975) the world's nuclear electrical power
will reach about 280 GWe by 1980 and about 680 GWe by 1985. At present no nuclear
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power plants arc in operation in Africa, and it is unlikely that aone will be in
operation before 1985. In any case, nuclear power will contribute only a very small

fraction of Africa's energy demands.

55. From the environmental point of view, although*nuclear power stations do not

exit fly-ash or noxious gases into the atmosphere as fossil-fueled plants do, there

are two main environmental problems of concern, namely, thermal pollution and the

radioactivity released through the different stages of the nuclear fuel cycle. The
latter problems havt> been the focus of public concern and opposition against the

expansion in nuclear power utilization.

56. The main environmental problems of concern to Africa are those associated with

the mining of radioactive ores. Uranium and/or thorium ores are mined in some

African countries and exported to several developed countries for further processing

and production of nuclear fuel. In the mining process, which is carried out either
by open-pit or underground methods different types of wastes are produced. These

include water arising from mine drainage or that used in drilling, spoil material
and low-grade ore. The waste water may dissolve a number of heavy metals and would

contaminate surface and ground waters if not properly disposed. Solid wastes should
not be used as aggregate material in construction operations because of their radon

content. Furthermore, several safety measures should be taken into consideration in

underground mines to reduce the effect of air-borne dust (which carries some radon)

on the health of workers.

V. ENERGY AND ENVIRONMENTAL LEGISLATIONS

57. Several countries have recently reviewed and issued environmental legislations,

with the aim of enforcing certain regulations and standards in order to reduce the
increasing pollution of the environment. Laws of air and water pollution include

some articles that are directly related to emissions from energy-producing plants.
Such laws are mainly on the national level; but some are in the form of conventions

on the regional or global scale.

58. In the African continent, different types of appropriate legislations are
necessary to protect the environment - with particular reference to energy production

and utilization. Such legislations could be classified as follows:

(e) National legislations; which every country would issue regulations and
standards to control the emissions from stationary and mobile sources (power plants,

industrial plants and motor-vehicles);

(b) Bilateral or regional conventions: in which two or more countries
regulate the use of common sources of energy (for example, dams and other water
falls) and control and protect shared resources from degradation (for example,

common lakes, rivers ... etc.).

(c) Implementation of international laws and conventions with particular
reference to those dealing with marine pollution with oil (this is of primary

importance to the oil-producing countries).
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