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Burning Water 
Water use by energy choices we make1 

This article sheds a light on the water footprint of the energy sector in South Africa, focusing on coal 
mining, electricity generation through coal-fired power plants, hydro-power and solar thermal power 
stations. A comparison about the water use for liquid fuel production by the Coal-To-Liquid industry, petrol 
and diesel refinery from crude oil and biofuels completes the picture. 

In the simplest of terms, every unit of energy saved in South Africa saves water, 
and every drop of water saved saves energy. 

 

Introduction – Our freshwater resources are precious: 

South Africa has an average rainfall of only 450mm2 per year (860mm is the global average), which simply 
means: South Africa is water stressed. Surface water resources were already over-allocated and 
experiencing water stress by the year 2000 in five of 19 Water Management Areas (DEA, 2011, Figure 4.2.1, 
page 77). Population growth, economic development, increased urbanisation and adverse effects of climate 
change will lead to increased stress – in some regions more than in others. Some of the key upland 
watersheds for the major river systems already show statistically significant drying trends as a result of 
changing climate. 

Coal mining, coal-fired power stations and Coal-To-Liquid industries are all located geographically close to 
each other – in the provinces of Mpumalanga and Limpopo, which makes perfect sense for the logistics 
involved, but impacts hugely on the water bodies in these regions. Actually Limpopo and Mpumalanga are 
exactly the areas in South Africa with water stress already by to date. The power stations under 
construction - Medupi and Kusile - will only exaggerate the situation. Any hydro power station with artificial 
upstream reservoirs or dams consumes enormous amounts of water through evaporation. 

Another region in South Africa where water resources are scarce and where water hungry energy 
developments like hydraulic fracturing (fracking) of shale gas and solar thermal power plants (Concentrated 
Solar Power – CSP) are proposed is The Great Karoo, which stretches over the provinces of Eastern, 
Northern and Western Cape – the annual rainfall is varying but in most parts of the Karoo it is below 
100mm. 

This article limits itself on the water consumption during the operation of the power plant and only touches 
on the severity of pollution of air and water caused through the described activities. 

 

Water Use and Water Pollution through Coal Mining: 

Coal Mining and Fresh Water Consumption - The water footprint of mining operations is determined by 
the quantity of water use and by the level of pollution. Acid Rock Drainage (ARD), Neutral mine drainage 
(NMD) or Saline Drainage (SD), Heavy metal contamination and leaching, processing chemicals pollution, 
erosion and sedimentation all impact on the water quality. 

About 46.5% of South Africa coal mining is conducted underground and about 53.5% is produced by 
opencast methods. The coal-mining industry is highly concentrated, with five companies, namely Anglo 
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Coal, BHP Billiton, Sasol Mining, Exxaro Coal, Kumba Coal and Xstrata Coal accounting for 90% of the 
saleable coal production. The eight largest mines account for 61% of the output3. Depending on mining 
method and coal quality the water consumption for coal mining can range from a 60Ltr/ton to 600Ltr/ton 
(ETIP, 2010). 

ESKOM has used 124.7 Mt of coal in 2011. If we consider an average water use of 300Ltr/ton4 of mined coal 
in South Africa we will have to add 37,410 ML water consumption to ESKOM’s input in order to reflect the 
water use in coal mining. 

Coal Mining and Water Pollution - Beside the fact that mining operations use large amounts of fresh water; 
the resulting mine effluent is typically a stew of hazardous acid-generating sulphides (also known as acid 
mine drainage – AMD), toxic heavy metals, waste rock impoundments and water and it is often deposited 
nearby in large free-draining piles where it pollutes land and water supplies for decades to come. 
Detrimental effects on rivers and ground water can be observed many miles downstream from a mine site 
(WWF-SA, 2011). 

 

Water Use and Water Pollution through Coal-fired Power Stations: 

Eskom uses about 2% of South Africa’s national freshwater resources, which is abstracted largely from 
government water schemes (dams). Eskom consumes roughly the same amount of water as the City of 
Cape Town does5. Efficient cooling technologies, like dry cooling can reduce the water consumption at 
thermal power station by 90% and more. Eskom has installed dry cooling at two of its existing coal fired 
power stations, a mixed technology at one and all new coal fired power stations (Medupi, Kusile) will use 
dry cooling technology. Coal mining adds about 10% to water consumption for electricity supply. Carbon 
Capture and Storage (CCS) more than doubles the water consumption for power generation. 

Some key figures from ESKOM AR 20116: 

Total coal input:    Mt 124.7 (up 1.63%) 

Total water used:    ML 327 252 (up 3.49%) 

Total electricity produced   GWh 237 430 (up 1.98%) 

Total Ash produced    Mt 36.2 (29% from coal) 

Total CO2 produced    Mt 230.3 (up 2.5%) 

kWh produced per kg of coal:    1.90 (same as 2010) 

kg of coal per kWh produced    0.53 (same as 2010) 

Liters of Water per kWh of electricity produced: 1.38 (up from 1.36) 

Liters of Water used per kg of coal:   2.62 (up from 2.58) 

Carbon dioxide per kWh produced:   0.97 (same as 2010) 

                                                           
3
 http://www.southafrica.co.za/about-south-africa/environment/energy-and-water/, last visited 29

th
 Feb 2012 

4
 http://www.riotintocoalaustralia.com.au/sustainabledevelopment/903_water_use.asp confirms the 300Ltr/ton as a valid figure. 

5
 The Western Cape Water Supply System (WCWSS) provides water to more than 3 Million people. In 2008 the actual water usage 

from the WCWSS amounted to approximately 493 Mm3/a. 32% of the water supplied by WCWSS is used by irrigators and 63% or 

311 Mm3/a is being used for domestic and industrial purposes within the City of Cape Town. Source: Western Cape Water 

Reconciliation Strategy, Newsletter 5, March 2009: 

http://www.dwaf.gov.za/Documents/Other/WMA/19/WCWRSNewsletterMarch09.pdf 

6
 Source: ESKOM – Annual Report 2011: Liquid Fuels to Coal ratio was in 2011: Coal 124.7 Mt and Liquid 63.6 ML (or 0.054 Mt, 

considering the density); i.e. 0.04%, which means that liquid fuel use is insignificant compared with coal use. ESKOM also gives 

other figures in the chapter Tables on page 327: 1.40 Ltr/kWh generated and 0.99 CO2/kWh. 

http://www.southafrica.co.za/about-south-africa/environment/energy-and-water/
http://www.riotintocoalaustralia.com.au/sustainabledevelopment/903_water_use.asp
http://www.dwaf.gov.za/Documents/Other/WMA/19/WCWRSNewsletterMarch09.pdf
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Despite ESKOM having adopted a “Long-term water strategy” (ESKOM AR 2011), where ESKOM declares 
that the scarce water resource in South Africa is at the forefront of ESKOM’s strategic thinking and where 
ESKOM acknowledges itself as a strategic water user, not much has changed in the water consumption of 
ESKOM. 2006 shows a specific water consumption of 1.32 Ltrs/kWh sent out up from 1.27 in 2005 and in 
2011 ESKOM’s water use is at 1.38 Ltrs/kWh (or 1.40 Ltrs/kWh – mentioned in another table of ESKOM’s AR 
2011), in 1994 Eskom used 1.29 Ltrs/kWh7. It looks like that ESKOM’s “Long-term water strategy”, which 
includes a demand management strategy to reduce fresh water intake at power stations and to re-use 
effluent water does not work. What actually works is dry cooling. It reduces water consumption of a 
thermal power station by up to 95%. All ESKOM new coal fired power stations will be dry cooled8, which 
will have a significant impact on the average specific water consumption of the fleet: 

 

Figure 2: Eskom’s specific water consumption per power station9  

According the ESKOM AR 2011 the total water use was 327,252 ML for the generation part, adding the coal 
mining related consumption results in a total water use for electricity generation of 364,662 ML in 2011. 
The specific water consumption per kWh sent out increases therefore from 1.38 Ltr/kWh to 1.54 Ltr/kWh. 

Liters of Water per kWh of electricity produced: 1.54 Ltr/kWh produced 

 

Carbon Capture and Storage (CCS): 

CCS would substantially increase water consumption if applied to power generation. Water withdrawal and 
consumption levels increase by two-thirds or almost double. These estimates are for greenfield plants, 
retrofit CCS would be higher still on a net energy output basis (ETIP, 2010). 

Water pollution through coal-fired power-stations (example of coal ash): 

Solid waste ash from coal-fired power stations must be removed. Ash is generated in huge amounts: 
36.2Mt in 2011, which is almost a third from the input amount of coal! Some ash is recycled or used for 
production of building materials – like cement and bricks. The bulk amount of coal ash is deposited next to 

                                                           
7
 http://www.eskom.co.za/c/article/240/water-management/ 

8
 A dry cooling process has adverse impacts on the performance of thermal power plants. The disadvantages of dry cooling 

methods are higher capital costs, higher auxiliary operating power requirements, fan noise and an overall lower plant performance 

(US-DoE, 2009 and Dersch, 2007). 

9
 http://mydocs.epri.com/docs/SummerSeminar11/Presentations/04-04_Lennon_Eskom_Dry_Cooling_v3.pdf 

http://www.eskom.co.za/c/article/240/water-management/
http://mydocs.epri.com/docs/SummerSeminar11/Presentations/04-04_Lennon_Eskom_Dry_Cooling_v3.pdf
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the power stations in so called ash dumps and dams (ESKOM sold 2Mt, recycled 5.5% and disposed 
34.16Mt in 2011)10. 

Power-plant produced coal ash contributes to air pollution through fugitive dust and water pollution at the 
disposal sites through contaminating the ground water with toxic elements. The contaminants include the 
poisons arsenic and lead11. Arsenic has been shown to cause skin cancer, bladder cancer and lung cancer, 
and lead damages the nervous system12. Furthermore mercury contaminates downstream rivers and fish 
living in these rivers. Coal-fired power stations are a large source of mercury. Some studies also point out 
that ash from coal fired power stations can be highly radioactive. 

 

Water Use for Hydro Power Generation 

The man-made upstream reservoirs and dams needed for hydro electric power generation (and for 
irrigation schemes) contribute to water consumption largely through evaporation. A US study13 presents 
that depending on the climate at the actual site the evaporation losses – or water consumption – through 
hydro power range from 47 to 208.5 Ltrs/kWh! The US average for about 2,300 hydroelectric dams is 68 
Ltrs/kWh. The evaporation from “the river” would only be 3.2% of that of a reseroir. 

Beside the water loss through evaporation hydro power schemes may also have significant effects on 
groundwater through sealing off the streams with leak-proof linings of the dam. Other effects on the river’s 
ecosystem occur through increased upstream siltation caused by reduced water flow velocity and reduced 
downstream siltation, which may lead to accelerating deepening of the river bed, which again effects the 
groundwater and erosion of river banks. Another significant environmental impact of man-made reservoirs 
or dams is the release of substantial amounts of the potent greenhouse gas methane. This is due to plant 
material in flooded areas decaying in an anaerobic environment. 

Large scale hydro power schemes have additionally a huge range of socio-economic effects on 
communities, which are forced to relocate. 

 

Water Use for Solar Thermal Power Generation 

Concentrated Solar Power (CSP) – a large scale solar thermal power technology – uses similar amounts of 
water during operation as coal-fired power stations. 

The most attractive sites for solar thermal power generation (concentrated solar power: CSP) are those 
with a high annual number of sunshine hours and high level of direct irradiation. Unfortunately such areas 
are deserts – arid or semi-arid regions, which means that the accessibility and availability of water for the 
steam and cooling process is limited. 

Because of such water limitation, dry cooling systems are the only feasible cooling technology to be 
considered for CSP generating plants in South Africa. The technical and performance limitations facing CSP 
through a dry cooling process are comparable to coal fired power plants. An average wet cooling process 
requires 1500 to 2000 Ltrs/MWh. Dry cooling reduces this amounts by up to 95% to 75 to 100 Ltrs/MWh. 
For a proposed CSP power stations in Northern Cape (The Great Karoo) with a nominal power output of 
100MW and an operating time of 18 hours a day, hence generating conservatively 1500MWh per day the 
water use through dry cooling would be between 112,500 and 150,000Ltrs/day or about 50ML/year. These 
figures are quite rough estimates and will depend on the actual design of the CSP power plant. Design 
dependent is also the water consumption for cleaning the parabolic troughs or the mirrors. 

Downstream pollution of water bodies through CSP is insignificant. 
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 The EIA documentation for Kusile’s ash disposal facility explains that an area of over 30km2 will be filled up to 60m high with the 
ashes generated through Kusile’s operation over its lifetime of 60 years. 
11

 http://www.mcclatchydc.com/2010/08/26/99728/study-of-coal-ash-sites-finds.html, last visited 2
nd

 March 2012 
12

 http://earthjustice.org/blog/2010-september/new-report-coal-ash-linked-cancer-and-other-maladies 
13

 http://www.netl.doe.gov/energy-analyses/pubs/WaterRequirements.pdf 

http://www.mcclatchydc.com/2010/08/26/99728/study-of-coal-ash-sites-finds.html
http://earthjustice.org/blog/2010-september/new-report-coal-ash-linked-cancer-and-other-maladies
http://www.netl.doe.gov/energy-analyses/pubs/WaterRequirements.pdf
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Water Use for Solar PV and Wind Power 

Water use for Solar PV and Wind Power during its operational life time can be neglected when compared to 
all other renewable energy, fossil fuel and nuclear technologies. A minimal amount of water is needed for 
regular cleaning of Concentrated Solar PV systems, Solar PV and Wind does not need water at all14. 

 

Water Use in the Fuel Production Process 

The production of liquid fuels with the Fischer-Tropsch technology (also called Coal-To-Liquid or CTL) as 
operated by Sasol consumes roughly 7 litres of water per litre of liquid fuel produced – water use in coal 
mining not included. Refining of crude oil into petrol or diesel fuels need a similar amount of water per 
litre, but is usually somewhat lower than CTL. Ethanol production can even be a higher water consumer 
than CTL – up to 10 litres per litre of ethanol - water use for irrigation not included, which can be a 
significant additional contributor to water use and water pollution in biofuel production. 

Water use in the Coal-To-Liquid facilities by Sasol 

Coal-to-liquids (CTL) is a suite of technologies that convert coal to a liquid fuel such as synthetic diesel. Coal 
is a widely available, abundant, and relatively inexpensive form of energy. CTL technologies were 
developed in the 1900’s spurred by the necessity of domestic fuel production for Germany during WWII 
and for South Africa during its international isolation in the Apartheid era. Currently, only South Africa, with 
plenty of coal but little oil and gas, uses CTL to meet a significant share (30%) of its transportation fuel 
needs. 

The major drawbacks of CTL technology, besides high cost, are the high carbon dioxide emissions15 and 
extensive water requirements. Lifecycle CTL greenhouse gas emissions are nearly double those of 
conventional oil. One litre of CTL needs between 1 to 1.5 Litres of water in a modern highly efficient CTL 
facility, implementing zero-discharge and air-cooling technology (Nowakowski, 2007). Sasol’s current 
production facilities are water cooled and less efficient and hence use up to 7 litres of water per litre of CTL. 

Sasol has used 152 million m3 water in 2009 (Sasol, 2009) – down from 154 (1.3%), this “improvement” 
Sasol tries to “sell” as an achievement through its stated water saving activities, however the total 
production dropped in the same period from 24 218 to 22 039 kilotons (9.9%). I.e. the 2009 specific water 
use was 6.9 Ltrs/kg (up from 6.4 Ltrs/kg). These figures do not include water use from coal mining. 

Water use in petrol / diesel from fossil fuels – roughly 0.5 liters / liter of crude oil, i.e. 1-2.5 litres of water 
for every litre of product16, depending on technology used and other factors the water use per litre of 
product can go up to 7 liters (Argonne, 2009). 

Water use in Biofuels (Ethanol): 

The agriculture sector is a significant water user - South Africa uses almost two thirds of its water resources 
for agriculture. 

The bio-refineries can use a wide range of water for ethanol production, it all depends on the source 
materials used (maize, celluloses, other) and the processing / refining technologies, including cooling 
methods and water recovery measures applied. A variation from 1.9 to 9.8 litres per litre final product has 
been established (Argonne, 2009). 

In conclusion, when considering the water consumption for irrigation and the consumption for refining, 
biofuel (ethanol) need to be very critically looked at – beside the many other critical factors known 
associated with the production of energy crops. 

Water use in hydraulic fracturing (fracking): 
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 http://cleantechnica.com/2011/08/05/when-picking-solar-power-options-its-the-water-stupid/ 
15

 Sasol is the 2
nd

 biggest carbon emitter in South Africa, after Eskom 
16

 http://www.epa.gov/region9/waterinfrastructure/oilrefineries.html, last visited 5
th

 March 2012. 
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Hydraulic fracturing, or “fracking”, involves the injection of millions of litres of water (into a single well!), 
sand and an array of chemicals at high pressure down and across into wells as far as 5,000 metres below 
the surface. The pressurized mixture causes the rock layer to crack so that natural gas from the shale can 
flow up the well. Hundreds of wells need to be drilled in a region to create economic feasibility for such a 
venture. In South Africa the arid Karoo has been proposed for exploration through fracking. 

The pollution of ground water through the process, including that the recovered water needs to be stored 
in open pits and taken to treatment plants, adds another significant dimension of environmental impact on 
fracking. 

 

Summary: 

Coal mining, coal-fired, hydro and concentrated solar power stations, coal-to-liquid (CTL)-technology, crude 
oil refineries, ethanol refineries and energy crop agriculture all have significant water footprints. Activities 
which involve coal and crude oil not only use up scarce water resources but also contaminate the 
downstream water bodies now and for many decades to come: 

 1 kWh produced in South Africa by a coal-fired power station uses 1.54 Ltrs of fresh water – taking 
both water use in coal mining and energy generation into consideration. Dry cooling technology 
reduces the water consumption for electricity generation by up to 95%. Carbon Capture and 
Storage (CCS) will at least double Eskom’s water use. 

 1 kWh produced by a hydroelectric power station consumes roughly 70 Ltrs of fresh water through 
evaporation off the reservoir surface area. 

 1 kWh produced in The Great Karoo by a Concentrated Solar Power Plant will use about 0.1 Ltrs of 
fresh water, when dry cooling technology is used. 

 1 kWh produced by a Solar PV or a Wind Power plant  will use 0 (zero) Ltrs of fresh water. 

 1 Litre of petrol or diesel refined from crude oil uses 2.5 Litres of fresh water in the refining 
process. 

 1 Litre petrol or diesel produced by Sasol applying the Coal-To-Liquid-technology uses 7 Ltrs of 
fresh water (excluding water consumption from coal mining). Carbon Capture and Storage (CCS) 
will at least double Sasol’ s water use. 

 1 Litre of biofuel (ethanol) produced from maize or celluloses consumes between 2 and 10 Ltrs in 
the refinery only (not included is the significant water use for irrigation). 

 Hydraulic fracturing (fracking) will use up to 20 million litres of fresh water in a single well. 
Hundreds of wells are proposed for The Great Karoo. Fracking pollutes ground water. 

A South African household, which consumes 6,000 kWh electricity per year also “burns” about 9,000 Ltrs of 
water. One car driven 15,000km a year and consuming 8Ltrs/km petrol or diesel would consume roughly 
6,000 Ltrs of water annually in connection with its fuel consumption (assumed 30% CTL and 70% petrol). 

The high water use in the energy sector puts a strain on the scarce water resources in the regions where 
coal mining and coal-fired power generation takes place, in addition to that water pollution caused by coal 
mining and the coal-ash deposits (as just one example) impact significantly on the quality of ground and 
river water. 

Eskom’s water consumption is similar to the water use of the City of Cape Town! And so is Sasol’s. Dry 
cooling technology and improved CTL-technology can significantly reduce water consumption for energy 
generation. 

We conclude that any effort spent on energy use reductions and a sharpened awareness in the choices we 
make will impact directly on our water footprint. 

Every unit of energy saved in South Africa saves water, 
and every drop of water saved saves energy! 
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Further research questions on water use and pollution in energy sector: 

- How is the population living downstream of coal mines and coal-fired power stations effected by 
water pollution and limited access to safe drinking water? 

- What environmental and socio-economic effects are caused through water abstraction in already 
water stressed regions? 

- How stressed are the water bodies in the coal mining and power station’s region through these 
(and other) activities and what will be the expected impacts through climate change in these 
regions? 

- Water pollution through acidic rain, caused by the flue gases’ content of sulphur oxide. 
- Ground and surface water pollution through dust reduction measures (watering the coal piles, etc.) 
- How are PCBs and Asbestos (“by-products” of coal-fired power stations) managed? 
- Others? 
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