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Abstract 

Worldwide the energy sector has a major environmental impact. Recent decades 
have seen exponential growth in population and therefore also in energy demand 
and environmental concerns. Many countries in the world are currently facing 
energy shortages, including major developing countries such as China and India. 
This paper evaluates the link between an energy restricted environment and 
emissions in South Africa, a country plagued by energy shortages since the middle 
2000s. Lessons learned from the South African energy crisis hold important 
implications for countries facing similar challenges or those whose energy 
reserves are kept low in order to produce energy at competitive prices. It was found 
that the South African energy crisis had an undeniably negative impact on 
emissions. Emissions from large power stations increased due to lowered 
maintenance and deterioration of the stations. The removal efficiencies of 
emissions abatement technologies decreased due to the increased pressure on these 
systems and missed maintenance opportunity. The South African electricity tariff 
increased dramatically. In combination with weak economic growth (partly due to 
the energy shortages in the country) and the unreliability of electricity supply, poor 
households are expected to increasingly make use of solid fuel burning in order to 
meet their energy and heating demands. Higher income households and 
businesses, on the other hand, make use of diesel-fuelled back-up generators 
during times of electricity load shedding. 
Keywords: energy crisis, emissions, coal, domestic burning, developing country. 
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1 Introduction 

Since the middle 2000s, South Africa experienced energy shortages. The energy 
shortages led to blackouts across the country and hence the term ‘the South African 
energy crisis’ was born. The reasons for the energy crisis are three-fold. A 
dramatic increase in demand was experienced after 1994 when the economic 
sanctions of the apartheid era were lifted and rapid industrialization took place [1]. 
The free basic energy policy was implemented in 2001 where 50MWh of 
electricity was supplied to poor households free of charge. This was done as part 
of a drive to provide basic services to previously disadvantaged households [1]. In 
2004 the government delayed making a decision to fund the building a new power 
station, when it became apparent that new energy capacity was needed [1]. 
     Approximately 85% of South African energy is generated by large coal-fired 
power stations. Eskom, the public energy utility, is responsible for generating 95% 
of South African energy. The remaining 5% of energy is generated by privately 
owned and municipal energy installations [2]. 
     Since the onset of the energy crisis, energy demand was met by means of 
delaying maintenance on the generation fleet. This ‘keeping the lights on’ strategy 
led to the decline in performance of the fleet, which negatively impacted the 
effectiveness of the fleet to meet future demand [3]. Three older, less efficient, 
power stations that were decommissioned during the 1980s and early 1990s 
returned back to service to alleviate the pressure on existing stations. Diesel-fired 
Open Cycle Gas Turbines (OCGT) was increasingly used, producing energy at 
exuberant costs. It is believed that the energy demand/supply balance will remain 
vulnerable until Medupi, a new power station currently under construction, comes 
fully online expectedly in 2018 (although uncertainty exists around the precise 
date). 
     The aim of this paper is to investigate the effect the South African energy crisis 
had (and still has) on emissions. Direct impacts of the energy crisis on emissions 
includes those associated with the decline in thermal efficiency of the coal fired 
power station fleet, due to the increased pressure on the fleet, reduced maintenance 
and the return to service of older, less efficient stations. Increased emissions can 
also be expected from the increased use of diesel fuelled OCGT’s. Indirect impacts 
on emissions include the effect the energy crisis had on the use of solid fuel 
burning by poor households due to the increased price of electricity, the 
unreliability of electricity and the low economic growth and the use of back-up 
generators by higher income households and business during electricity load 
shedding.  

2 The energy crisis 

The energy crisis is characterised by a reduction in electricity reserve. Electricity 
reserve is the amount of reserve energy in an electric power system left after 
consumer supply has been met at all times. The electricity reserve is needed to 
operate reliably in the face of unplanned events, such as equipment outages, 
planned and unplanned maintenance and fluctuations in demand due to 
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occurrences such as unusually cold weather conditions [4, 5]. Electricity reserve 
can therefore be used as an indicator of how much pressure an electricity 
generation system experiences. When energy demand is greater than supply there 
will be very little spare energy in the system [4]. 
     The decline in the reserve of the South African energy system during the energy 
crisis years (2007 onwards) is illustrated in Figure 1 [2, 4, 6–12]. 
 
 

 

Figure 1: The electricity reserve (%) of the South African coal fired power 
station fleet and the real annual percentage growth rate of the South 
African GDP during the period 1999 to 2012 [4]. 

     During the period leading up to the energy crisis and during the energy crisis 
itself, the electricity reserve fell well below the South African aspiration of 15%. 
Internationally, electricity reserve requirements usually fall in the range of 15% to 
25% [4, 5]. During the end of 2007 and beginning 2008, the energy system could 
not keep up with demand and load shedding had to be implemented across the 
country for the first time. A number of load shedding cycles have followed since. 
It is important to note that the reserve margin for 2011 and 2012 are skewed by 
the application of a power buy-back program by which certain energy intensive 
consumers were paid not to use energy during this period. This was done in order 
to increase the electricity reserve and avoid power cuts. The energy crisis had a 
profound negative impact on the South African economy as illustrated by the 
negative real annual percentage growth of the South African GDP in 2007 and 
2008 (Figure 1) [4, 13–16]. However, since 2008, the global economic crisis also 
contributed to reduced growth. 
    As a result of a very thin electricity reserve, scheduled maintenance of power 
stations was deferred in 2008. This was done amidst the increasing pressure the 
South African government placed on Eskom to ‘keep the lights on’ at all costs. 
This was later dubbed the ‘keeping the lights on’ strategy. The maintenance 
backlog led to increased breakdowns of plants and therefore increased plant 
unavailability. This is illustrated by the increase of the unplanned capability loss 
factor (UCLF) (a measure of the power lost due to the unplanned shutdown of 
power stations) after the deferral of maintenance in 2008 (Figure 2) [18]. Early 
2015, Eskom and Government acknowledged that the ‘keeping the lights on’ 
strategy was unsustainable and the strategy was revoked. Eskom developed a 
maintenance regime in order to catch up the maintenance backlog [18]. 
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Figure 2: The Unplanned Capacity Load Factor (UCLF) (%) for South African 
coal-fired power stations during the period 2004 to 2014 (Dec) [18]. 

3 The impact on coal-fired power station emissions 

The deterioration in the condition of the South African coal-power station fleet 
and the return to service of older, less efficient power stations, led to the decrease 
in overall thermal efficiency of the fleet (Figure 3) [2, 6–12]. A sharp decrease in 
the thermal efficiency of the fleet is evident from 2009 onwards. 
 

 

Figure 3: Overall thermal efficiency of the south African coal-fired power 
station fleet during the period 1999 to 2012 [2, 6–12]. 

     The decrease in thermal efficiency of the fleet essentially means that more fuel 
needs to be burned in order to produce the same amount of energy output. This is 
illustrated in Figure 3 where total coal consumption and annual TWh energy sent 
out (TWhSO) by the South African coal-fired power station fleet is indicated from 
the period 1999 to 2012. Coal consumption and energy sent out curves follow the 
same trend until around 2006 where coal consumption starts to increase relative to 
energy sent out. During the period 2009 to 2012 coal consumption relative to 
energy sent out is around 10% higher than before the energy crisis. 
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Figure 4: Coal consumption (Mt) and energy output (TWhSO) by the South 
African coal-fired power station fleet for the period 1999–2012 [4]. 

     As a result of the increase in relative coal consumption per energy output by 
the South African coal-fired power station fleet from the onset of the energy crisis 
period, it is expected that (if operating conditions remain constant) emissions will 
at least increase by roughly the same percentage. This was true for NOx and CO2 
emissions, as relative emissions of these pollutants (emissions per energy output) 
increased proportionally to coal consumption (Figure 5). However, this was not 
true for emissions of SO2 emissions (Figure 5) as average sulphur contents of fuel 
burned during the energy crisis period decreased. 
     PM emissions were the most affected by the energy crisis. The reason for this 
is that PM is the only pollutant currently controlled by means of abatement at coal 
fired-power stations in South Africa. Approximately half of South African thermal 
power plants make use of Electrostatic Precipitators for PM control and the other 
half make use of Fabric Filters. A sharp increase in relative PM emissions was 
experienced between 2007 and 2010 (Figure 5). Absolute PM emissions increased 
approximately 100% between 2007 and 2010 when energy output only  
increased by around 7% during the same period. This can be explained by the 
increase in relative PM emissions due to the increased pressure on PM abatement 
equipment and missed maintenance opportunity during this period. From 2010 
onwards, relative PM emissions started to decline, albeit not to pre-energy crisis 
levels. This reduction is a result of the major modifications that were completed 
on particulate emission abatement equipment in 2010 [7]. 

4 The impact on OCGT emissions 

During 2004 it became apparent that South Africa was heading for an energy crisis 
and that there was a very short lead time in order to invest in technology in order 
to have enough electricity to get through the winter peaks of 2007 [18]. After 
intensive investigations it was decided that the most viable technology was to  
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Figure 5: Absolute and relative emissions of PM, NOx, SO2 and CO2 from 
South African coal-fired power stations during the period 1999 to 
2012 [4]. 

 
invest in the building of OCGT’s. Reasons for choosing this technology included 
the availability of the technology, the short lead times needed for installation and 
the proven track record of the technology [18]. Construction on two OCGT’s 
started in 2006 and ended in 2009. These stations form part of peaking generation 
units and are indented to be used only at peak demand periods (mornings and 
evenings), however, the stations can be run up to eight hours a day should it be 
necessary. The cost of running OCGT’s is extremely high compared to coal-fired 
power stations (approximately ten times higher than the cost of generating energy 
from coal) [19]. Diesel usage by the OCGT plants increased dramatically from 
2009 to 2013, and expectedly, so did emissions (Figure 6) [18, 20, 21]. 
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Figure 6: Fuel usage (ML) and emissions from OCGT’s in South Africa for the 
period 2009 to 2013 [12]. 

5 The impact on domestic burning emissions 

Domestic burning of wood, coal and paraffin is practiced by the very poor, living 
in informal settlements, in South Africa. In 2011, the number of households  
living in informal settlements was in the order of 1.25 million, of which 57% of 
these households did not have access to electricity. Of the 43% of households that 
did have access to electricity, many opted to still make use of domestic burning of 
wood, paraffin and coal for their cooking and heating needs [22]. 
     During the period 2008 to 2011, real electricity tariffs increased by 78% as a 
result of the on-going energy crisis [23]. The type of energy source used by 
households is strongly linked to per capita income (Figure 7) [24]. Electricity  
and gas usage increases with per capita income whereas candles, fuel wood and 
paraffin are used mostly by the poorest quintile in South Africa [24]. It can 
therefore be expected that when energy prices increase and economic growth is 
low, electricity will no longer be affordable to poor households (even if they are 
connected to the electricity grid) and more and more households will be forced to 
make use of domestic burning in order to fulfil their energy needs. 
 

 

Figure 7: The use of energy sources (%), by quintiles of per capita monthly 
income [24]. 
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     Research have found that even though a significant number of households were 
connected to the electricity grid from the middle 1990s to middle 2000s, the 
increase in the price of electricity as well as the deterioration of the electricity 
redistributor is slowing down progress. New connection rates cannot keep up with 
current household formation let alone make up for backlogs. It now seems as if 
the number of household without electricity is on the increase [25]. 
     Past studies have found that of all sources of air borne emissions in South 
Africa, domestic burning have by far the largest impact on human health [26, 27]. 
The reason for this is the close proximity of emissions to humans (at ground level), 
the concomitance of peak emissions with periods of poor atmospheric dispersion 
(early morning, night time and winter time) and the release of these emissions 
within areas of dense population exposure to both indoor and outdoor pollution 
concentrations [27]. 
     There are manifold health risks associated with domestic burning activities, 
which act on the respiratory system when high concentrations of PM and other 
pollutants are inhaled [28]. In poorly ventilated dwellings, indoor smoke can be 
100 times higher than acceptable levels for PM [29]. Main health risks include 
pneumonia, stroke, ischaemic heart disease, chronic obstructive pulmonary 
disease and lung cancer. The most affected population groups are women and 
young children as they spend the most time near the domestic hearth [29]. When 
people fall ill as a result of exposure to domestic burning emissions, it impacts 
their ability to work as well as the country’s health budget, thereby ultimately 
impacting negatively on the economy. 

6 The impact on small back-up generator emissions 

Numerous businesses and private households (middle and upper class) make use 
of small (<440 kW) diesel-fuelled back-up generators in the event of electricity 
blackouts and scheduled load shedding. It is estimated that back-up generators 
with a total capacity in the order of 3500 MW is currently installed in South Africa 
[30]. During late 2014 and beginning 2015, load shedding has taken place, on 
average, approximately 12.5 days a month for two and a half hours a day 
throughout the country. When it is assumed that 3000 MW of back-up generators 
run for two hours every time load shedding occurs over the period of a year, an 
estimated 1505 t PM, 21204 t NOx, 1402 t SOx and 786.6 Mt CO2 is emitted [20]. 
As in the case of domestic burning emissions, emissions from small back-up 
generators occur at ground level and often in relatively dense population areas. It 
is estimated that load shedding will continue in South Africa, at least for another 
two years, until the first units of new power stations that are currently under 
construction come online. 

7 Conclusions 

Lessons learned from South Africa show that there is an undeniable link between 
energy reserve and atmospheric emissions. These lessons are applicable also to 
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other countries currently facing energy shortages or to those whose energy reserve 
is kept low in order to produce energy at competitive prices. 
     Emissions from large scale coal-fired power stations increased due to decreased 
maintenance and the return to service of older, less efficient stations that were 
decommissioned. OCGT emissions increased as a result of increased usage, past 
their intended peak generating function. Small back-up generator emissions 
increased as businesses as well as middle- and upper class households utilise them 
to generate energy during periods of load-shedding. 
     The most worrying impact of the energy crisis is that of increased domestic 
burning.  The reason for this being increased electricity tariffs, decreased 
economic growth and reliability of electricity provision and a decrease in the grid 
connection rates. Emissions resulting from the domestic burning of solid fuels and 
paraffin have high negative impacts on human health. 
     Proper planning could have prevented the energy crisis, as signs of the energy 
crisis approaching were apparent before the crisis struck. The famous 5 P’s 
acronym, namely ‘Proper Planning Prevents Poor Performance’ can therefore 
perhaps be rephrased in order to create a 4P acronym for countries with low energy 
reserves: ‘Proper Planning Prevents Pollution’. 
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