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Introduction
South Africa has a highly diversified economy, but the sustainability of that economic growth
and prosperity is now being placed at risk by two critical natural resources – water and
energy. This think piece makes the case for the linkage between water and energy, expanding
it to the entire Southern African Development Community (SADC) region by virtue of the
highly complex linkages that exist in the strategic water and energy sectors on the supply
side. A case is made for a new debate at the regional level between national water policies,
national energy policies and national food security policies by virtue of these linkages. Given
that the principle author is a water resource specialist and a relative newcomer to the field of
energy, this paper will carry a bias that reflects this fact.
Water as a Strategic Natural Resource
One of the most significant developmental constraints on the entire African continent is the
conversion of rainfall, known technically as Mean Annual Precipitation (MAP) to water that
occurs in rivers as runoff, known technically as Mean Annual Runoff (MAR) and thus
available as an economic resource. The continental average is: 20% for Africa; 35% for
Europe, Australia and Oceania; 43% for South America; and 45% for North America and
Asia (Gleick, 1993). This means that at continental level Africa loses a whopping 80% of its
rainfall as evaporation or transpiration (known as evapotranspiration) shortly after it falls.
This biophysical factor is a key element in the argument presented in the rest of this paper.
The Southern African Development Community (SADC) region covers fourteen sovereign
states, two of which are islands. The twelve mainland African states are linked by twenty-one
river basins that cross international political borders, fifteen of which are considered to be the
most important in terms of socio-economic development (Turton et al., 2008). The SADC
region is characterized by a specific hydrological regime, made more complex by the fact that
the majority of the area lies between the Inter-Tropical Convergence Zone and the Southern
Ocean, both of which drive different patterns of weather and precipitation. This biophysical
characteristic is superimposed onto a set of countries, each with different developmental
trajectories, different political histories, differing legal systems that reflect previous colonial
legacies and diverse natural resource endowments (Turton, 2009). The ending of the Cold
War has resulted in an attenuation of localized theatres of political instability, which in turn
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has meant that the SADC region is now set to grow economically into a more integrated
regional grouping, possibly along similar lines to that of the European Union (EU) (Turton et
al., 2008).
The economic development potential of the SADC region is defined by the availability of
water. The primary source of water is precipitation, which is highly skewed across the region,
as shown in Map 1. The precipitation patterns are characterized by steep gradients from north
to south and from east to west, with the most currently economically diverse countries being
on the “wrong side” of the global average of 860 mm/yr-1. The data presented in Map 1
shows these precipitation-related facts in a dramatic way, with the red line representing the
global average isohyet of 860 mm/yr-1 and the number stated in brackets beneath each
country name representing the mean annual precipitation (MAP) for that country.
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Map 1. Mean annual precipitation (MAP) across the SADC region shows that water
resource availability to three of the most economically developed countries is a limiting
factor to future economic growth potential.
Africa has 63 transboundary river basins that cover 61% of the surface area, containing 93%
of the total water resources of the continent in which 77% of the human population lives
(Phillips et al., 2006). The SADC region has a total of 21 river basins that cross international
political borders, ranging from large perennial systems like the Congo and Zambezi, to small
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ephemeral systems like the Cuvelai. Table 1 provides a rough indication of the relative size of
the 15 major transboundary basins in the SADC region in terms of their area and volumetric
flow.

Table 1.
Physical description of the major transboundary rivers in the SADC region
(Turton et al., 2008).
Total Basin Area (km²)
River
Mean
Length
Annual
Pallett
UNEP
Wolf
Basin
(km)
Runoff
(Mm³/yr-1)
Buzi
31,000
250
2,500
Congo / Zaire
3,800,00
3,669,100
3,669,100
4,700
1,260,000
Cunene
106,500
110,000
1,050
5,500
Cuvelai
100,000
430
Ephemeral
Incomati
50,000
46,000
46,000
480
3,500
Limpopo
415,000
414,800
414,800
1,750
5,500
Maputo
32,000
30,700
30,700
380
2,500
Nile
2,800,000
3,038,100
3,038,100
6,700
86,000
Okavango /
570,000
706,900
706,900
1,100
11,000
Makgadikgadi
Orange
/
850,000
945,500
945,500
2,300
11,500
Senqu
Pungué
32,500
300
3,000
Rovuma
155,500
151,700
151,700
800
15,000
Savé - Runde
92,500
740
7,000
Umbeluzi
5,500
10,900
10,900
200
600
Zambezi
1,400,000
1,385,300
1,385,300
2,650
94,000
Data Source: Columns 2, 5 & 6 – Pallett et al., (1997); Column 3 – UNEP (2002b);
Column 4 – Wolf (2006).

Having noted that the continental conversion of MAP to MAR is 20%, it becomes instructive
to examine the exact situation within different transboundary rivers basins in the SADC
region, because it is considerably worse than the continental average. Figure 1 shows the
MAP:MAR conversion ratio for the twenty-one transboundary river basins in the SADC
region. The horizontal axis represents MAP with the vertical axis showing MAR. The small
dots on the graph represent individual river basins in the SADC region, with the larger dots
representing specific countries by way of comparison. It is immediately evident that while the
river basins in the SADC region differ in terms of volumetric flow, they are mostly clustered
along or below the 10th Percentile (O’Keeffe et al., 1992). This shows that while the
continental average MAP:MAR conversion is 20%, the SADC conversion ratio is
considerably less, being in most cases half of that (10%), often from a low precipitation base.
If one gets more specific, the Orange and Limpopo River basins, both of which are extremely
important to South Africa, Mozambique, Zimbabwe, Botswana, Lesotho and Namibia, have
an average conversion of a paltry 5.1% (Ashton et al., 2008). It is this set of factors – a
combination of climatic and hydrological – that is a fundamental developmental constraint in
the SADC region (Turton et al., 2008), which is not yet part of the regional energy debate.
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Figure 1. The conversion ratios of MAP to MAR in the SADC region are mostly
clustered around the 10th Percentile (redrawn from O’Keeffe et al., 1992).
The Water/Energy Nexus
The water/energy nexus is complex, but can be simplified as follows. The regional energy
strategy is based mostly on coal combustion, with some localized exceptions driven by the
availability of viable alternative resources. For example, Angola has major hydrocarbon
reserves and the riparian’s of the Congo and Zambezi River basins have viable hydropower
reserves. Note that the former is somewhat of an exception in the region whereas the latter
grouping is defined by virtue of water availability. If one drills down a bit deeper, it becomes
evident that in a coal-based energy scenario there are two key factors at play. The first relates
to the location of the actual coal reserves, whereas the second relates to the availability of
water. As a ballpark figure is takes the combustion of one kilogram of coal and the
evaporation of two kilograms of water to produce one kilowatt hour of electricity with the
coal combustion technologies currently in use with Eskom, a major regional energy producer.
With this in mind it becomes instructive to assess the location of coal and water resources for
this purpose. While a regional map is not readily available, two maps from South Africa
serve to illustrate the point at hand. Map 2 shows the distribution of coal in South Africa,
whereas Map 3 shows the national water balance in South Africa as it was in 2000 expressed
in terms of percentage availability (or deficit). An examination of these two maps shows that
in general there is a localized water scarcity where the coal deposits exist, which poses a new
question - does one transport the coal to the water or the water to the coal in order to generate
electricity? The solution to that problem in the case of South Africa has been the large scale
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engineering of inter-basin transfers (IBTs) of water, all cascaded from river basins with
surplus water to river basins in deficit close to the coal sources (see Map 4).

Map 2 (left) shows the distribution of coal in South Africa (Eskom). Map 3 (right) shows
the water balance in specific regions of South Africa as it was in 2000 (NWRS, 2004).
The existence of massive IBT’s in South Africa is a characteristic of the economic foundation
of the country and needs to be understood in the context of an energy debate for a number of
reasons. Map 4 shows the full extent of IBT development in South Africa while Table 2 lists
details of the end use. Note how much of the emphasis has been placed on cascading water
into the river basins supporting the energy production in the coalfields, the most notable
being the Upper Vaal and Olifants Water Management Area (WMA).

Map 4 shows the various river basins in South Africa expressed as a function of the
respective Water Management Areas (WMA’s) (NWRS, 2004). Note the major IBTs
into the coal producing areas of the Upper Vaal and Olifants WMA.
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Name of
Transfer
Scheme

Table 2.
Inter Basin Transfer of Water in South Africa.
Source
Recipient
Average
International International
Transfer
Basin
Basin
(106m3yr-1)

Primary
Water Use

Vaal Crocodile

Orange

Limpopo

615

Industrial,
Domestic

Vaal - Olifants

Orange

Limpopo

150

Industrial
(Eskom)

Olifants - Sand

Limpopo

Limpopo

30

Pietersburg

Crocodile Limpopo

Limpopo

Limpopo

6

Gaborone

Komati Olifants

Incomati

Limpopo

111

Industrial
(Eskom)

Usuthu Olifants

Maputo

Limpopo

81

Industrial
(Eskom)

Assegaai - Vaal

Maputo

Orange

81

Industrial,
Domestic

Buffalo - Vaal

Non
International
Basin

Orange

50

Industrial,
Domestic

Thukela - Vaal

Non
International
Basin

Orange

630

Industrial,
Domestic

Orange Buffels

Orange

Non
International
Basin

10

Industrial,
Domestic

Orange - Lower
Vaal

Orange

Orange

52

Irrigation,
Domestic

Orange - Riet

Orange

Orange

189

Irrigation

Orange - Fish

Orange

Non
International

643

Irrigation,
Domestic,
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Basin

Industrial

Fish - Sundays

Orange via Fish

Non
International
Basin

200

Irrigation,
Domestic

Caledon Modder

Orange

Orange

40

Industrial,
Domestic

LHWP (1A)

Orange

Orange

574

Industrial,
Domestic

LHWP (1B)

Orange

Orange

297 (by year Industrial,
2003)
Domestic

Source: Turton (2003:187)
Unintended Consequences
Having noted the close connection between water and energy, at least in South Africa, but
used as a proxy indicator to provide an understanding of the problem in the rest of the SADC
region, it becomes instructive to dwell for a moment on some of the unintended consequences
of the current energy and water policies.
•

•

•

•

The first major negative impact has been the loss of aquatic ecosystem integrity, most
notably arising from the construction of dams and the resultant loss of the natural
flood pulse (Davies et al., 1993; Davies & Day, 1998; Junk et al., 1989; Puckridge et
al., 1993; Snaddon et al., 1999).
A potentially far more serious impact is the dependence that arises from such
infrastructure. In South Africa’s nine provinces supported by IBTs, eight are reliant
on IBT for more than 50% of their GGP. The Gauteng Province of South Africa
supports around 25% of the total population of South Africa, generates around 10% of
the economic output of the entire African continent and is 100% reliant on the IBT of
water (Basson et al., 1997). If that transfer were to stop for any reason, then that
economic output would no longer be sustainable; so, while the hydraulic
infrastructure underpins economic growth, it also creates vulnerabilities that need to
be fully understood before such schemes are embarked on.
An emerging consequence is what is known as acid mine drainage (AMD), which
occurs after coal and gold mining operations cease and the pyrite in the rock is
exposed to water, bacteria and oxygen, resulting in the production of sulphates. This
has a devastating impact on all receiving bodies of water, specifically where the
sulphate sterilizes the water and the heavy metals and radionuclides contaminate the
sediment, rendering it potentially unfit for human use thereafter (Coetzee, 1995,
Coetzee et al., 2002a; 2002b; 2005; 2006; CSIR, 2008; Hobbs & Cobbing, 2007;
Hobbs et al., 2008; Oelofse, 2008a; 2008b; Paton, 1998; Wade et al., 2002).
An as yet unquantified consequence is that arising from the liberation of aluminium in
certain soil types when the pH of rain falls over time. This is associated with acid rain,
driven by coal combustion when sulphur dioxide combines with atmospheric moisture
and falls to the ground. Research has shown that in certain soil types this releases
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aluminium, which enters the maize plant via the roots and prevents the pollen tube at
the end of the cob from forming properly (Ashton, personal communication: 2008;
Bennet et al., 1987; Bennet & Breen, 1991a; 1991b; Giaveno et al., 2002; Kochian &
Shaff, 1991; Ma et al., 2000; Rout et al., 2001). Without a proper functioning pollen
tube pollination cannot occur and as a result the crop yield is greatly reduced. The
exact geographic extent of this phenomenon is unknown, but it suggests that an
element of the regional energy debate should be focussed on regional food security as
well, because ultimately it will be a trade-off between coal combustion and food
security if this information is correct.
The latter issue – agricultural production and consequently national food security – is an
emerging issue that has to date received little attention in the energy debate. Map 5 shows the
somewhat limited extent of high potential agricultural land in South Africa. If this map is
compared with the data presented in Map 1, then it becomes evident that areas of coal
production coincide with areas of high potential agricultural yield, so in essence the trade-off
between energy and national food security is likely to be driven by the gradual collapse of the
agricultural capacity of South Africa. In this regard it is illuminating to note that the Financial
Mail reported in 2008 that the Olifants River basin draining an area of high energy
production has become so polluted that exports to the European Union valued at R28 billion
per annum are now at risk (Paton, 2008). This is a taste of things to come as our appetite for
energy drives coal mining in the most productive agricultural land in South Africa.

Map 5. The agricultural land in South Africa is mostly of low potential, but the high
potential land coincides with coal deposits (see Map 1), linking coal combustion to
future food security issues across the SADC region.
So where does this leave us in the context of this paper? Clearly the issue is highly complex involving
more than just a simple trade-off between water and energy. A relatively new methodology emerging
from the water sector is called the Transboundary Water Opportunity Analysis (TWO), which sets out
to determine areas in which optima can be generated in the water and energy sectors, largely by
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redefining the context in which those optima are reached (Phillips et al., 2008). The general principle
is that optima are scale-specific, so a rational optimum at a localised level might not be a rational
optimum at a regional level of scale. An input into this process is what is known as the Inter-SEDE
(International Security, Economic Development and Environment) methodology (Phillips et al.,
2006).
Given that space precludes a more detailed explanation in this paper, Table 3 summarises the
economics-related indicators for the SADC member states as generated for a recent United Nations
Economic Commission for Africa (UNECA) report by the principle author and a team of specialists at
the CSIR using the Inter-SEDE Methodology (Turton et al., 2008).

Table 3.
Economics-related indicators data for the 14 SADC countries.
Country

Poverty-related Indicators
GDP
per
capit
a
(PPP,
US$)
2007
est.

%
Pop
below
pov
line
(US$
2/
day)

Life
Exp
(M/F
years)
2008
est.

Infant
mortali
ty rate
deaths /
1,000
live
births

Development Potential
Literac
y rate
(M/F
%)
2001
est.

2008
est.

Ener
gy
use
per
capit
a

Agric
as % of
GDP

Indust
as % of
GDP

2007
est.

2007
est.

Water
Avail/use
(m3 per
capita /
year)
Total
Actual
per capita

(kWh
/per
capit
a/yea
r)

Angola

7,800

70
(2003
)

36.99/3
8.9

182.31

82.9/
54.2

175.6

9.5

65.8

23311

Botswana

14,30
0

30
(2003
)

51.28/4
9.02

44.01

80.4/
81.8

1412.
3

1.6

51.5

1610

DRC

300

50

52.22/5
5.8

83.11

80.9/
54.1

79.3

55

11

25183

Lesotho

1,400

49
(1999
)

40.97/3
9.34

78.59

74.5/
94.5

159.1

15.2

45

2910

Madagascar

900

50
(2004
)

60.58/6
4.51

55.59

75.5/
62.5

48.6

26.8

15.8

46139

Malawi

800

53
(2004
)

43.74/4
3.15

90.55

76.1/
49.8

93.2

37.8

18.1

3613

Mauritius

11,30

8
(2006

70.28/7

12.56

88.4/
88.4

1623.

4.8

25

3229
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0

)

7.4

(2000)

0

Mozambique

800

70
(2001
)

41.62/4
0.44

107.84

63.5/
32.7
(2003)

450.5

23

30.1

5145

Namibia

5,200

56
(2005
)

50.39/4
9.38

45.64

86.8/
83.5

1370.
8

10.6

35.4

3032

South
Africa

9,700

50
(2000
)

49.63/4
8.15

45.11

87/ 85.7

4948.
5

3.2

31.3

989

Swaziland

4,700

69
(2006
)

31.69/3
2.3

69.59

82.6/
80.8

1063.
1

11.8

45.7

2429

Tanzania

1,300

36

50.06/5
2.88

70.46

77.5/
62.2
(2002)

29.8

42.5

18.9

2591

Zambia

1,400

86
(1993
)

38.49/3
8.7

100.96

86.8/
74.8
(2003)

741.7

17.4

26.1

22751

Zimbabwe

200

68
(2004
)

45.08/4
3.46

33.86

94.2/
87.2
(2003)

1081.
0

18.1

22.6

1088

Data Sources: Columns 1-5, 7-8: CIA World Factbook

From this analysis it is evident that two of the most water constrained countries (South Africa
and Botswana) are also amongst the biggest energy users in the SADC region. Space prevents
a more detailed analysis here. The TWO Analytical Framework consists of a matrix with four
key factors of development opportunities and two key categories of sources of water to
realize those opportunities. In addition, the framework allows for context specific analysis,
which brings the possibility to add other factors and categories for creative analysis and to
realize change. It would be useful to commission a regional study using the TWO
Methodology in order to gain a more nuanced assessment of the water/energy nexus. It would
also be very useful to commission a regional study that seeks to map out and quantify the
linkages between coal combustion and regional food security in order to inform a future
decision about trade-off’s between these two critical elements.
Potential Market Drivers of a New Energy Policy
The regional energy policy based largely on coal combustion is likely to become
unsustainable in the near future, manifesting as a number of specific drivers that will
probably trigger the need for a new regional energy policy. Briefly these are as follows:
•

The price of electricity is set to increase dramatically. This will send market signals
that change in policy is needed.
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•

•

Given that a major element of the use of electricity in the region involves the pumping
of water, specifically in areas of great economic diversification such as that found in
South Africa, the initial market signals are likely to emerge from that location, simply
because the cost of water will escalate, partly due to its increasing scarcity; but also
partly due to the rising cost of energy needed to sustain IBT’s on the scale currently
seen in that country. Attention is drawn to the fact that the SADC region is unique in
the sense that major cities (and thus areas of concentrated economic activity) are not
located on rivers, lakes or the seashore, but rather on watershed divides instead. This
means that water has to be pumped uphill in increasing volumes as the population and
economic demand grows.
This is likely to see the emergence of what can be called a dual stream reticulation
system in which water of different quality is piped to different consumers at different
costs. Essentially a high quality high cost water stream will be sent to domestic
consumers, but over time a lower cost lower quality industrial water stream will be
brought online. The latter will consist of treated effluent, such as that coming out of
sewage treatment plants or AMD from closed mines, which will be treated to a safe
standard, but not to a potable standard, for onward reticulation as industrial process
water. This will alleviate pressure on potable water sources and will enable the
transition from an extractive (mining-based) economy to a new value-added
beneficiation-based economy that is likely to emerge in the post-mine closure phase.

Geothermal Energy in the Context of SADC
Assuming the above logic is valid then a new energy policy will be negotiated within the
context of SADC, but driven by individual member states. It is probable that the most waterconstrained countries will drive this debate, once their respective governments start to
understand the water/energy nexus. This will open space in which alternative energies can be
considered. In order to inform that process the authors wish to introduce the concept of
geothermal energy into the debate.
There are two types of geothermal energy. The first form is known as active geothermal
energy and it uses the heat from rocks to produce electricity. This is associated with tectonic
activities and in the context of the SADC region is likely to be associated with the Great Rift
Valley that extends from Kenya into Mozambique and Botswana, terminating in the
Okavango River Delta (Ellery & McCarthy, 1994; McCarthy & Ellery, 1993; McCarthy et
al., 2000; Turton et al., 2003). There are other localized sources of hot rock, but mostly of a
low energy yield. The second is a more exciting form of energy in the form of passive
geothermal, which uses the earth as a sink rather than a source. When electricity is used to
heat and cool space, the conventional approach is to use air conditioners that remove the heat
from inside a space and vents that heat outside into the air. With passive geothermal
technology, that process is streamlined and the heat removed from inside space is stored in
the rocks beneath the building, available for use when space heating is called for. This
technology is proven overseas and is said to improve the efficiency of current electricity use
for heating and cooling by 50%. This needs to be verified and TouchStone Resources (Pty)
Ltd is in the process of doing this. Assuming this to be reasonably accurate, then two market
drivers are likely to emerge:
•

The recent escalation in electricity cost by 31% that just been approved by NERSA is
likely to set the trend for future energy costs. This starts to make passive geothermal
technology feasible in the SADC region.
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•

The price of commodities, specifically foodstuffs and water, are likely to increase as
resources become scarcer. This is specifically linked to coal mining and combustion,
which has a direct correlation with the high potential areas of agricultural land in
South Africa. This is likely to mobilize public opinion that will drive the energy
policy debate in a way that becomes linked to the food security debate.

In the field of passive geothermal energy, the trend is likely to be led by the demonstration of
the technology within the next year. The cost of that installation is probably going to be high,
given the fact that supply lines of hardware are as yet non-existent, and that technical staff are
as yet unqualified. However, TouchStone Resources (Pty) Ltd is investing heavily in this area
with a view to building regional capacity designed to drive the cost down dramatically. Once
the technology has been demonstrated then there is likely to be a spate of new installations,
specifically in places like shopping malls that cool large volumes of space. The business
models of these construction sites is of such a nature that initial costs are amortized over a
lifetime, which will help to make the technology more affordable through long-term energy
cost savings. Once the technology has been established and the cost of installation driven
down to more reasonable levels, then retrofitting is likely to take place as old air-conditioning
hardware is replaced by passive geothermal units.
Global Climate Change as a Driver
Global climate change is likely to be most acutely manifest in the availability of water. Map 6
is a representation of the SRES A2 scenario that suggests the SADC region is likely to
become warmer and drier over time (Scholes & Biggs, 2004). Map 7 translates this into
changes in the availability of water. It must be noted that localised water scarcities are likely
to be exacerbated in areas adjacent to the coal-producing portions of South Africa, again
introducing the link between energy, water and economic development.

Map 6 (left) shows that the SADC region is set to become warmer and drier by 2050 if
the SRES A2 Scenario developed during the HADCM3 Climate Model Projections is to
be believed (Scholes & Biggs, 2004:4). Map 7 (right) translates this into risk associated
with the availability of water during the driest months of a normal year, which will
increasingly become a development constraint in areas already under stress (Peter
Ashton).
If one evaluates this against the existing position with respect to precipitation and evaporative
potential in South Africa as shown in Map 8, it becomes evident that the existing high levels
of evaporative losses shows as isopleths are likely to be increased. One of the outcomes of
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this natural process will be the increased loss of water from major storage dams, which will
have a number of unintended consequences:
•

•
•

Increased salinity levels of rivers. When combined with the increased salts loads
arising from AMD, specifically in the coal and gold producing areas of South Africa,
this will translate into the loss of the national water resource integrity, which in turn
will drive up production costs.
The need for remediation treatment processes to reduce salinity at point source will
increase the cost of production, marginalizing South African products in the global
market through non-competitive prices.
Existing water resources will come under increased pressure from eutrophication as
toxic cyanobacteria proliferate along the lines of that which is already being seen in
South Africa (Harding & Paxton, 2001; Oberholster, 2008; Oberholster et al., 2004;
2005; 2008; Oberholster & Botha, 2007; Oberholster & Ashton, 2008).

Map 8 shows the distribution of rainfall in South Africa, juxtaposed against evaporative
demand from the atmosphere (NWRS, 2004). Climate change is likely to increase the
already high evaporative losses and might even hasten the production of toxic
microcystin in eutrophic impoundments.
Recommendations
In order to stimulate the much-needed regional energy policy reform, the following
recommendations can be considered by foreign donors:
•

Commission a regional study using the TWO Methodology with a view to
determining what interventions might be appropriate in terms of optimizing water and
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•

•

•
•

energy use and allocation across the SADC region (i.e assessing New Water and New
Energy potential).
Commission a regional study using GIS and other techniques to map out the areas of
coal production, coal combustion, movement of airborne pollution plumes and their
subsequent deposition as acid rain, and maize production areas, with a view to
determining if there is any linkage between coal dependence and national or regional
food security.
Commission a regional study using GIS and other techniques to map out the areas of
mining with a view to determining the geographic extent of AMD, specifically as it
might impact on the loss of agricultural capacity and future economic development if
left unmanaged. A regional salts model would be most useful as a policy tool.
Commission a regional study using GIS and other techniques to map out the areas of
active geothermal energy potential with a view to determining the viability of this
resource as a future component of a regional energy mix.
Commission a regional study using GIS and other techniques to map out the areas of
eutrophication arising from river impoundment, with a view to determining what risk
microcystin producing cyanobacteria poses for human health and agricultural
production. This has a distinct climate change component to it, because tentative
evidence from South Africa suggests that there is a change in cyanobacterial
population dynamics, which might have a correlation with small changes in ambient
temperature.

Photographs of salinization along watercourses draining the Witbank area of South
Africa (courtesy of Dr. Jan Myburgh of Pretoria University). The entire Olifants WMA
is highly stressed as a result of this process.
Conclusion
The fact that the most economically diversified country in the SADC region is now
confronted by severe water and energy constraints is likely to trigger the emergence of a new
debate in which three major policy streams start to converge – water, energy and food
security – that will probably create the window of opportunity in which reform is possible.
The authors are of the opinion that geothermal energy, until now not thought to be important
enough to consider as viable options, will start to enter the energy mix of the SADC region.
Market drivers are likely to come from the energy sector, but increasingly also from the high
cost of water and food staples as agricultural land is lost to the unintended consequences of
our regional dependence on coal – salinization arising from AMD downstream of coalproducing areas – which is already occurring in the rivers downstream of Witbank as shown
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in the photographs above. A similar process is likely to occur as a result of acid deposition
via rain onto soils that produce maize necessitating higher input costs in the form of
limestone (calcium carbonate) to counter the release of aluminium as a trace element.
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