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Executive summary 

SUMMARY OF FINDINGS: 
1. This report assesses the differences in total power system costs, greenhouse gas emissions, air 

pollutants and water use when the build plan is lowest cost (ie. excludes the coal capacity) and 
when the build plan includes the new coal capacity contained in the IRP 2019.   

2. The proponents of new coal plants typically use three arguments in support of new coal, namely 
that it is cheap; that it is important for jobs; and that power systems require coal plants for 
“baseload”. This report outlines the literature that refutes these claims, using examples and 
evidence globally and in South Africa. 

3. This report concludes that including new coal plants in South Africa’s electricity system comes at 
significant additional cost and also increases greenhouse gas emissions substantially.  
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Introduction 

 

 The Integrated Resource Plan 2019 included 1.5GW of new coal fired power plants in the final 

plan, despite substantial evidence that new coal power is not necessary for energy security and 

is more costly compared to alternatives, both in South Africa and globally. Furthermore, new 

coal power would greatly increase greenhouse gas emissions in a sector where there are cost-

competitive and commercially viable alternatives to coal power and hence some of the 

cheapest options for mitigating greenhouse gases.  This is despite the government’s 

commitment to the goals of the Paris Agreement, stated aim of achieving “net zero” carbon 

emissions by around 2050, and it being well-established in the literature that coal phase out 

before mid-century is needed to meet the Paris Agreement temperature goal of limiting 

warming to 1.5C above pre-industrial levels.  

  

Building on earlier analysis undertaken to assess the implications of the 2014 coal power 

procurement programme, this study will assess the impacts of the inclusion of 1.5GW of new 

coal-fired power plants in the IRP 2019. Using the SATIM model, the study follows the 

methodology in Ireland and Burton (2018), albeit using an updated model and scenarios that 

account for changes in key input assumptions (for example demand for electricity in the post-

covid recession, updated cost of technologies).  In each scenario, we assess the differences in 

total power system costs, greenhouse gas emissions, air pollutants and water use when the 

build plan is lowest cost (ie. excludes the coal capacity) and when the build plan includes the 

new coal capacity contained in the IRP 2019.  For the reference case we also assess the impact 

on GDP and on net jobs of committed coal capacity versus a build plan that excludes new coal.  

 

Because proponents of new coal plants typically use three arguments in support of new coal, 

namely that it is cheap; that it is important for jobs; and that power systems require coal plants 

for “baseload”, the study will briefly outline the literature that refutes these claims, using 

examples and evidence globally and in South Africa. In fact, an examination of the costs of coal 

compared to alternatives in South Africa and elsewhere in the world demonstrates that coal 

power is no longer competitive in many countries nor in South Africa. When we assess the 

employment creation opportunities in South Africa of different power system build plans we 

https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf


find that the highest employment creation across the economy comes from a high renewable 

system and that a high coal future actually leads to significant job losses in the country. We 

then briefly describe how the technical requirement for coal plants - long perceived as 

necessary because power systems had depended on coal and gas for so long - has changed 

fundamentally across the world as many markets with higher penetrations of renewable energy 

now demonstrate.  

 

Finally, the modeling analysis shows that coal plants will raise costs in the power sector and for 

consumers. This finding is robust to different futures and input assumptions, which we show 

using three scenarios or ‘futures’, and several sensitivities.  

 

Overall we find that including new coal plants in South Africa’s electricity system comes at 

significant additional cost and also increases greenhouse gas emissions substantially. These 

costs range from a R70 billion rand increase  

  

  

Coal is more expensive than alternatives and does 

not feature in lowest cost electricity futures 

In the last decade there has been a revolution in the energy industry that has resulted in a rapid 

and growing uptake of renewable energy. In the last 10 years in particular, new capacity 

additions globally have shifted from fossil fuels to renewables with 80% of new additions in 

2020 coming from renewables (IRENA, 2021), displacing new additions from, especially coal.  In 

2019, renewables and nuclear combined generated more electricity than coal (IEA, 2020). 

While climate considerations have played a role in the proliferation of renewable energy, the 

underlying reason for increased renewable energy deployment has been the steady decrease in 

the technology costs. Coupled with growing concerns about air pollution and climate policy 

supporting renewables uptake, new additions of renewables have surpassed fossil fuels in the 

power sector since 2016 (IEA, 2017).  

https://www.irena.org/publications/2021/March/Renewable-Capacity-Statistics-2021
https://www.iea.org/reports/world-energy-outlook-2020
https://www.iea.org/reports/renewables-2017


 Many independent studies across multiple jurisdictions and globally now show the declining 

economic and financial viability of coal-fired power plants, and the ascendency of renewable 

energy as the most cost-efficient alternative. In many countries and markets, renewables are 

now cheapest in direct capital costs, in levelised cost of electricity (LCOE) terms1, and when 

integrated power system analyses are undertaken. South Africa is no exception as illustrated by 

falling auction prices over the past ten years, the growing uptake of renewables for own use in 

e.g. the commercial sector, and in a variety of studies that assess what a ‘least cost’ future 

power system for the country looks like. 

Comparing renewable and coal electricity costs internationally 

Since 2009, wind and solar PV costs have decreased by 71% and 90% respectively (see figure 1) 

(Lazard, 2020). Analysis by the International Energy Agency shows that in markets with good 

resources and cheap financing that solar power is the cheapest form of energy in history, and 

that at a global level “solar PV is consistently cheaper than new coal” (IEA,2020: 18).  Thus, at a 

global level the LCOE of solar PV and wind energy are generally cheaper than or cost-

competitive with coal and other fossil fuels across various scenarios, including where subsidies 

for renewables are excluded.  

The decrease in renewable energy costs has resulted in increased deployment of and 

investment in renewable energy capacity. While initially much investment was taking place in 

developed countries, in recent years developing countries have matched investment in new 

renewables, to the point that in 2019, developing countries accounted for 54% of all 

investment in renewable energy capacity (Frankfurt School, 2020, 26).   

 
1 The levelized cost of energy (LCOE) refers to the total cost of energy generation over a plant’s 
lifetime in relation to the total energy produced in that lifetime 

https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf
https://www.iea.org/reports/world-energy-outlook-2020


 

Figure 1 Levelised cost of wind and solar, 2009-2020 (Lazard, 2020) 

The decreasing costs of renewables means that new wind and solar outcompete coal in almost 

100 countries covering two-thirds of the world population (Bloomberg, 2020) (Figure 2). The 

downward trend in LCOE of renewable energy is expected to continue based on enhanced 

uptake and on current auction results (IRENA, 2020).  

 

Figure 2 The cheapest source of new bulk electricity generation by country, 2020 H1 (Bloomberg, 2020) 

https://www.bloomberg.com/news/articles/2020-04-28/solar-and-wind-cheapest-sources-of-power-in-most-of-the-world
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in-2019


In several countries, the costs of renewables have fallen to the point that not only is new coal 

uncompetitive against new renewables, but new renewables are often cheaper than the  

operating costs of coal plants  (Figure 3) (Lazard, 2020; Carbon Tracker, 2020). 

 

Figure 3 Levelised cost of renewable energy versus marginal costs of coventional generation technologies (Lazard, 
2020)  

Carbon Tracker has shown that around 42% of the world’s coal fleet runs at a loss; in many 

countries the closure of coal plants would already save consumers money. In the USA, 79% of 

the coal fleet is uncompetitive, and in the European Union 81% (Bodnar et al., 2020). In the EU, 

phasing out and replacing these uncompetitive coal plants with renewables and storage would  

generate $16 billion in savings in 2022 (Bodnar et al., 2020). In countries where the cross-over 

between coal and renewables has not yet occurred (for example due to lack of experience in 

renewable roll out or lack of policy frameworks), Carbon Tracker still estimates that new RE will 

outcompete almost all existing coal on a long-run marginal cost basis in almost all countries by 

2030 (Carbon Tracker, 2020). This means that in this decade, it will become cheaper to build a 

new renewable plant than to operate an existing coal plant across almost all countries globally. 

Looking beyond plant level economics, power system analysis also consistently shows that 

renewables offer the cheapest option for new capacity. Power system analyses are useful 

https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf
https://carbontracker.org/reports/how-to-waste-over-half-a-trillion-dollars/
https://rmi.org/how-to-retire-early-making-accelerated-coal-phaseout-feasible-and-just/
https://rmi.org/how-to-retire-early-making-accelerated-coal-phaseout-feasible-and-just/
https://carbontracker.org/reports/how-to-waste-over-half-a-trillion-dollars/


because coal proponents regularly argue that even if cheap, renewables still need “back up” for 

‘when the wind is not blowing and the sun is not shining’. Power system analysis accounts for 

the features of available energy technologies/resources, including wind and solar, and assesses 

and costs the complementary system requirements to maintain security of supply. Such 

analyses also consistently show the important role played by new renewables in secure and 

reliable systems that deliver power at lowest system cost, even when accounting for those 

complementary costs – which are, in any case, a feature of all power systems, where a portfolio 

of resources with different characteristics is typically required to meet demand (the “system 

cost” is the overall cost of such a system over time, translated into today’s money). 

There are a multitude of power system analyses that demonstrate that new coal plants are not 

cost optimal in large coal-using countries, that coal closures would be beneficial for consumers, 

or that high coal and high renewable power plans are comparable in cost. Such examples 

include: 

-  Australia (AEMO, 2020);  

- the United States of America, where Clack et al. (2019) found that in 2018, 74 percent of 

the national fleet, was at risk from local wind or solar that could provide the same 

amount of electricity more cheaply and that by 2025, “at-risk coal increases to 246 GW – 

nearly the entire U.S. fleet.” (Clack et al., 2019). Furthermore, a detailed assessment of 

Colorado coal phase out by Clack (2018) found that if coal-fired generation is replaced 

by a mix of wind, solar, storage and natural gas. The state would save $2.5 bn by 2040 

by retiring its coal fleet by 2025, net of the cost of repaying all remaining capital for the 

coal plants; 

• Germany, Poland, and Czech Republic, where earlier phase out of coal and replacement 

with renewable resources will decrease wholesale power prices (Agora, 2020); 

especially given that in Poland, approximately 45% of all coal-fired plants are projected 

to be unprofitable by the end of 2020 (Czyżak and Wrona, 2021). 

 

https://aemo.com.au/en/energy-systems/major-publications/integrated-system-plan-isp/2020-integrated-system-plan-isp
https://vibrantcleanenergy.com/wp-content/uploads/2019/03/LCOE-Mapping/Coal-Cost-Crossover_Energy-Innovation_VCE_FINAL2.pdf
https://vibrantcleanenergy.com/wp-content/uploads/2019/03/LCOE-Mapping/Coal-Cost-Crossover_Energy-Innovation_VCE_FINAL2.pdf
https://figshare.com/articles/presentation/Colorado_Coal_Retirement_Study_CRS_/13087679
https://www.agora-energiewende.de/fileadmin/Partnerpublikationen/2020/Lignite_Triangle/EN-Modernising_the_European_lignite_triangle.pdf
http://instrat.pl/wp-content/uploads/2021/03/Instrat-Achieving-the-goal-v1.3.pdf


There are also studies that show that higher renewable scenarios are comparative in 

costs to scenarios with higher levels of new coal included within them, even in major 

coal reliant developing countries,  for example in: 

- Vietnam (EREA and DEA, 2019); and 

- India, where  Pachouri et al. (2021) demonstrated that the system cost of a high 

renewable energy scenario is cost-competitive with scenarios where new coal 

capacity is added, even when accounting for the additional costs necessary to 

integrate Variable Renewable Energy (VRE)  

There is also evidence that new coal is not viable or optimal for other reasons in developing 

countries, including import costs (Pakistan); net zero or climate commitments (e.g. China); local 

environmental impacts (Mexico); excess supply (Indonesia); and growing research into coal 

closures and just transition in emerging and developing countries, including in South Africa and 

in India (iFOREST).  

Comparing renewable and coal electricity costs in South Africa 

The falling costs of renewables at the international level has been echoed in South Africa, 

although delays in procurement means the latest figures are somewhat out of date. 

Nonetheless, already in 2015, when the last auction was held, renewables were approximately 

60% cheaper than new coal plants on an LCOE basis. Given the international fall in prices since 

then, renewables are almost certainly even cheaper now when compared to new coal plants, 

and the difference will only grow.  For example, Meridian Economics through the application of 

its renewable energy levelised cost tool found that the cost of solar PV and wind technology are 

both expected to decrease by 30% or more by 2040 in South Africa, given local resources and 

financing costs (Roff et al., 2020). On the other hand, cost and time overruns at Medupi and 

Kusile will only lead to higher costs overall – with Kusile now delayed even further to 2025.  

Figure 4 shows the realised prices in the Renewable energy Independent Power Producers 

Procurement Programme (REIPPPP) for wind and solar, and the auction prices bid by coal IPPs 

in the baseload IPP programme (in 2016 Rands).  

https://www.ea-energianalyse.dk/wp-content/uploads/2020/02/1931_Vietnam-EOR_2019.pdf
https://www.teriin.org/sites/default/files/2019-02/Exploring%20Electricity%20Supply-Mix%20Scenarios%20to%202030.pdf
https://meridianeconomics.co.za/wp-content/uploads/2020/07/Ambition.pdf


 

Figure 4 Levelised cost of electricity from different generation sources (Bischof-Niemz and Fourie, 2016) 

 

The decline in renewable energy stands in sharp contrast to coal generation costs which are set 

to increase due to a variety of factors (Burton et al., 2018: 16-17), notably more difficult 

geology, Eskom coal contracting issues, and high transport costs (raising fuel costs) as well as 

the need for increased maintenance in an aging fleet and legal requirements to retrofit stations 

to meet air pollution legislation.  

Finally, there are many local power system studies showing that new coal is not part of a least 

cost power plan for South Africa, including several studies from the University of Cape Town, 

the Centre for Scientific and Industrial Research (CSIR), and CSIR working with Meridian 

Economics.  

Using the South African TIMES model the University of Cape Town’s (UCT) Energy Systems 

Research Group (ESRG) have shown in more than five different studies that a least-cost build 

plan would not include any new coal-fired plants.  

In a similar methodology to this study, Ireland and Burton (2018) which looked at the impact of 

the inclusion of the Thabametsi and Khanyisa coal IPPs and found that the two plants result in a 

https://www.ee.co.za/wp-content/uploads/2016/10/New_Power_Generators_RSA-CSIR-14Oct2016.pdf
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Rapport/20180609_ReportCoal_SouthAfrica.pdf
https://cer.org.za/programmes/pollution-climate-change/publications/an-assessment-of-new-coal-plants-in-south-africas-electricity-future


significant and costly deviation from a least-cost scenario. The coal IPPs (863MW) if built, would 

have lead to additional electricity costs of R3 billion per year between 2022 and 2025, and an 

additional R1.5 and R2bn per year from 2025 to 2050 (Ireland and Burton, 2018: 28). Overall, 

the coal IPPs would have led to R19.8bn rand in additional system costs compared to a least 

cost build plan, adding over 200 Mt of greenhouse gases in their lifetimes. In a scenario where 

South Africa also achieved its National Climate Change Response White Paper target of the low-

PPD, the additional costs of the plants would have reached R28bn in discounted system costs.  

Further studies by the ESRG have also found that coal does not feature in a least-cost new build 

mix, for example Burton et al. (2018); McCall et al. (2019); Merven et al. (2019);  Merven et al. 

(2020). Even when accounting for climate policy objectives as outlined in the National Climate 

Change Response White Paper and the current Nationally Determined Contribution (NDC) 

under the Paris Agreement, renewable energy remains the most cost-effective option for 

achieving mitigation goals (Merven et al. 2021), even outcompeting new nuclear. Furthermore, 

in Burton et al. (2016) and McCall et al. (2019) the analysis has shown that the earlier 

retirement of coal plants is a key mitigation action for South Africa.  

The cost implications of adding new coal capacity are further evidenced in the 2020 Systems 

Analysis report of the Centre for Scientific and Industrial Research (CSIR) and Meridian 

Economics which found that a least-cost new build mix till 2050 would not consist of any new 

coal capacity (Wright and Calitz, 2020). A least-cost new build consists of solar PV, wind, storage 

and natural gas. The absence of coal in a future least-cost new build mix is also confirmed in 

previous studies by the CSIR (Wright et al., 2017a; Wright et al., 2017b; Wright et al., 2018), as 

well as additional studies by Meridian Economics, including analysis showing that early 

retirement of coal plants would result in considerable savings (Steyn et al., 2017) and that a 

2040 coal phase out in South Africa would come with only a very small increase in costs (Roff et 

al., 2020). 

The findings of local studies are further reinforced by international studies focused on South 

Africa. Using its own model, the National Renewable Energy Laboratory (NREL) in the United 

States determined that the most effective least-cost mix to 2050 would include no new 

https://cer.org.za/programmes/pollution-climate-change/publications/an-assessment-of-new-coal-plants-in-south-africas-electricity-future
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Rapport/20180609_ReportCoal_SouthAfrica.pdf
https://lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdfhttps:/lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdf
https://sa-tied.wider.unu.edu/sites/default/files/pdf/SATIED_WP84_Merven_Hartley_McCall_Burton_Schers_October_2019.pdf
https://sa-tied.wider.unu.edu/sites/default/files/images/SA-TIED_WP102.pdf
http://www.epse.uct.ac.za/sites/default/files/image_tool/images/363/ESRG/Publications/2021_ESRG_Comments%20for%20NERSA%20on%20the%20procurement%20of%202500%20MW%20new%20generation%20capacity%20from%20nuclear_AcknFixed.pdf
https://media.africaportal.org/documents/2016-Burtonetal-Impact_stranding_power_sector_assets.pdf
https://lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdfhttps:/lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdf
https://researchspace.csir.co.za/dspace/bitstream/handle/10204/11483/Wright_2020_edited.pdf?sequence=7&isAllowed=y
https://www.researchgate.net/publication/324409134_The_long-term_viability_of_coal_for_power_generation_in_South_Africa/link/5accbab0aca272abdc656d6a/download
https://www.researchgate.net/publication/315770295_Formal_comments_on_the_Integrated_Resource_Plan_IRP_Update_Assumptions_Base_Case_and_Observations_2016
file:///C:/Users/Patrick/Downloads/Wright_Formal%20comments_report.pdf
https://meridianeconomics.co.za/wp-content/uploads/2017/11/CoalGen-Report_FinalDoc_ForUpload-1.pdf
https://meridianeconomics.co.za/wp-content/uploads/2020/07/Ambition.pdf
https://meridianeconomics.co.za/wp-content/uploads/2020/07/Ambition.pdf


additional coal (Chartan et al., 2017). Oyewo et al. (2019) also found that in a cost-optimal 

pathway no coal or nuclear power is installed.   

In a cost optimal climate change mitigation scenario where GHG emissions are capped to 

comply with South Africa’s Paris Agreement commitments McCall et al. (2019: 9) found that 

“phasing out coal in the power sector by 2040 is cost optimal for South Africa to fulfil its 

commitment to the Paris Agreement goal of limiting warming to well below 2oC”.  In this 

scenario no additional coal capacity is added. The total phase-out of coal by 2040 is also 

reaffirmed in a 2oC compatible scenario by Burton et al. (2018). As in McCall et al. (2019) no 

new coal capacity is added in this scenario. 

Similarly, Wright and Calitz (2020) found that in multiple scenarios which align with the goals of 

the Paris Agreement and cover the period 2020-2050, no new nuclear or coal capacity is added. 

Roff et al. (2020) (based on the CSIR modelling) have come to similar conclusions in three 

different cost-optimal climate change mitigation scenarios for the period 2020-2050. The three 

scenarios look at new capacity built for 2Gt, 3Gt and 3.5Gt carbon budgets, and in all three 

scenarios no new coal or nuclear capacity is built (and indeed, existing coal capacity is closed 

earlier). Further studies include a net zero energy emissions analysis by Hanto et al (2021) that 

includes an earlier phase out of all coal by 2035 in a climate policy scenario, and the National 

Business Initiative’s Just Transition Pathways process has explored multiple scenarios for 

ambitious climate action in South Africa, including net zero power system analyses where coal 

power is phased out entirely in South Africa by 2042. The NBI process and findings are clear 

that a policy position that commits to “no new coal capacity” is a “no regret” decision for the 

country.  

Coal creates fewer jobs than alternatives 

 

Various studies have assessed the employment effects of energy policy choices in South Africa, 

The findings on jobs, which show that overall RE creates more jobs than coal, are robust to 

different assumptions and methodologies (for review of how jobs are counted, what are direct, 

https://www.nrel.gov/docs/fy18osti/70319.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0038092X19309144?via%3Dihub
https://lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdfhttps:/lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdf
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Rapport/20180609_ReportCoal_SouthAfrica.pdf
https://lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdfhttps:/lifeaftercoal.org.za/wp-content/uploads/2019/02/Alt-IRP-final-07022019.pdf
https://researchspace.csir.co.za/dspace/bitstream/handle/10204/11483/Wright_2020_edited.pdf?sequence=7&isAllowed=y
https://meridianeconomics.co.za/wp-content/uploads/2020/07/Ambition.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1462901121001532?dgcid=author


indirect and induced jobs, see Tyler and Steyn (2018). This does not mean that the transition is 

frictionless or that supportive policies are not needed to ensure that coal workers and 

communities are supported during the transition away from coal – just transition planning, 

including worker transitions, economic diversification, social protection, and social dialogue are 

necessary and important. However, the evidence suggests that expanding coal for just 

transition reasons actually has worse employment outcomes overall. Hence targetted policies 

for workers and communities should be put in place, at far lower cost than subsidising new 

coal.  

Comparing renewable power jobs to coal power jobs 

  

A comparison of the reported jobs numbers in the REIPPPP, the DMRE’s Integrated Energy Plan 

figures, and Eskom generation figures, shows that considerably more jobs are created per unit 

of electricity produced by wind and solar than by coal.  

  

  

  

  

  

  

  

Figure 5 Estimates of labour Intensities for energy technologies (Merven et al., 2019) 

  

Given differences in capacity factors, it is typical to normalize the comparison to energy 

produced (ie jobs/TWh).  Although there may be more jobs/GW installed in coal than in wind, 

the lower capacity factor of wind increases the total jobs needed to meet a given level of 

demand. 

  

 

 

https://sawea.org.za/wp-content/uploads/2018/08/SAWEA-Employment-in-SA-Power-Sector-July-2018-EMAIL-VERSION.pdf
https://sawea.org.za/wp-content/uploads/2018/08/SAWEA-Employment-in-SA-Power-Sector-July-2018-EMAIL-VERSION.pdf
https://sa-tied.wider.unu.edu/sites/default/files/pdf/SATIED_WP84_Merven_Hartley_McCall_Burton_Schers_October_2019.pdf


Base year (2012) derived employment intensities by sub-activity 

  

 

Several studies have shown that in total at an aggregate level, the jobs lost in coal mining and in 

coal power are offset through increased employment in the renewable power sector and 

elsewhere in the economy.  Comparing the net job creation of different government energy 

planning scenarios (IRP 2016, IRP 2018, and CSIR least cost) found that the CSIR’s least cost 

scenario created the highest numbers of jobs in the power sector and across the economy 

compared to alternative scenarios (Hartley et al, 2018). The study, by the CSIR and UCT, states 

that “a least cost electricity pathway with high penetration of renewable energy not only 

creates more jobs in the electricity sector (enough to offset decreases in the coal mining sector) 

but also creates the highest number of jobs in the whole economy.” 

 

At an economy-wide level, higher renewable penetration actually has increased benefits on 

employment (Merven et al., 2020), primarily because cheaper electricity has broader positive 

economic effects, allowing firms to grow and households to spend. So while wind and solar 

provide more jobs/TWh than alternatives in the power sector, there are also wider benefits.  

  

Economy-wide analysis shows that the renewable limits in the IRP 2019 – if kept in place 

indefinitely - would in the long run not save jobs and would result in higher electricity prices 

post-2030, compared to a build plan that focused on renewables and flexible capacity.  

Constraining the roll out of new wind and solar (as in the IRP 2019 which caps annual 

renewable energy capacity) in the long-term has negative effects on the electricity price and on 

the economy, with new nuclear and coal plants being built instead.  The study highlights that a 

shift to increased renewable energy generation will have a positive impact on real GDP, 

employment, and real household income in South Africa. These gains are substantial, in the 

range of 5-6% by 2050 (versus limiting wind and solar roll out to 2050).  The net positive gains 

from unconstrained investment in renewable energy capacity are experienced broadly across 

https://www.cobenefits.info/resources/cobenefits-south-africa-jobs-skills/
https://www.cobenefits.info/resources/cobenefits-south-africa-jobs-skills/
https://sa-tied.wider.unu.edu/article/modelling-costs-constraining-transition-renewable-energy-in-south-africa
https://sa-tied.wider.unu.edu/sites/default/files/images/SA-TIED_WP102.pdf


sectors in the economy, with the electricity and services sectors gaining the most (Merven et 

al., 2020).  

  

A similar analysis, focused on an expanded, high coal future for South Africa (Merven et al., 

2019) found that a coal-dominated power sector to 2050 (including 25 GW of new coal power) 

would result in overall lower employment in the economy compared to a least cost reference 

case of mostly wind and solar.  By 2050, the level of real GDP is 2.8% lower with ~1 million 

fewer jobs created.  The negative impact on GDP manifest across sectors, especially services. 

GDP in the mining sector is lower than in the reference case despite higher GDP in the coal 

mining sub-sector. Three drivers contribute to the lower employment: higher employment in 

RE versus coal power, higher electricity prices due to more expensive power, and higher 

investment in power sector slowing growth elsewhere. 

   

 

Figure 6 Change in real GDP and employment levels in a high coal scenario relative to the reference case (Merven et 

al, 2019) 

The authors note that in the high coal scenario, GDP in the coal mining sector is 30% higher 

with ~14 000 more jobs created. This increase is, however, small and only contributes 0.16 

percentage points to total GDP and is unable to offset the decline in activity and employment in 

other sectors of the economy. They state: “a large proportion of employment in the coal-mining 

sector is made of secondary and tertiary skills (Grades 12 and higher) as opposed to unskilled 

https://sa-tied.wider.unu.edu/sites/default/files/images/SA-TIED_WP102.pdf
https://sa-tied.wider.unu.edu/sites/default/files/images/SA-TIED_WP102.pdf
https://sa-tied.wider.unu.edu/sites/default/files/pdf/SATIED_WP84_Merven_Hartley_McCall_Burton_Schers_October_2019.pdf


labour, as is often assumed. Limiting the inclusion of renewable energy does not, therefore, 

protect a large share of unskilled jobs. Instead, the cap on renewable energy power capacity 

limits the potential to create employment for lower-skilled workers in other sectors of the 

economy”.  

 

Figure 7 Change in sectoral growth and employment in a high coal scenario 2050 relative to the reference case in 

2050 (Merven et al, 2019).  

 

There is a thus a contradiction between protecting the coal-mining sector (and hence coal 

employment) through sub-economically increasing new coal in the power sector, and the 

creation and maintenance of jobs across various sectors in the economy. 

Understanding why “baseload” is not needed in 

power systems 

 

Baseload is an outdated approach to understanding electricity systems. Essentially “baseload” 

is the notion that only large continuously running power plants can consistently meet demand 

and maintain reliable supply. The term is a reference to the alignment of minimum (“base”) 

electricity demand (“load”), and the profile and economics of generators such as large coal and 

nuclear plants. Historically it was the cheapest option to build and most cost-efficient to run 



these plants at close to maximum capacity with only slight variations in output due to their high 

capital costs and low variable costs (IRENA, 2015). Given the lack of viable technology 

alternatives in general (depending on the system and available resources) this resulted in 

“baseload” plants being the standard in electricity systems with high levels of coal, nuclear, and 

hydro built in the 20th century. However, given the nature of demand for electricity and the 

economics of such generators, they were typically always supplemented by mid-merit and 

peaking capacity to complement such resources – i.e other resources were used to back them 

up and meet fluctuations in demand at lower costs, for example short increases in demand in 

the day, or during peak demand such as evenings (in South Africa).  

However, with the emergence of cost-effective renewable energy and gas generated electricity, 

baseload plants are no longer the least-cost option for most markets, and indeed are raising 

costs for consumers in some markets due to their lack of flexibility. The changing nature and 

operations of power systems is clear, with major grid and system operators moving away from 

the outdated concept of managing systems based on baseload, mid-merit, and peaking towards 

understanding how to integrate high levels of variable renewable energy and build flexible 

systems. This includes various energy system operators, including the California Independent 

System Operator (California ISO, 2016), the Irish Transmission System Operator (EirGRid, 2021) 

and the Australian Electricity Market Operator (AEMO, 2019), entities which manage systems 

that are highly reliant on renewables, and also been recognized by industry leading bodies such 

as the International Energy Agency (IEA) (IEA, 2019) and IRENA (2019).  

What differentiates a systems from baseload approach is that instead of relying on 

continuously running nuclear or coal plants, electricity is generated by a complementary mix of 

resources. With the decline in renewable energy costs, renewables alongside other flexible 

resources is now often the most cost-competitive approach (Merven et al. 2021). Consequently, 

making energy systems that rely on largely fixed base load plants obsolete and inefficient, in 

comparison to electricity systems with variable renewables and flexible generators that can 

quickly and easily readjust output. 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA_Baseload_to_Peak_2015.pdf
https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
http://www.eirgridgroup.com/site-files/library/EirGrid/Shaping-Our-Electricity-Future-Technical-Report-Executive-Summary.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Future-Energy-Systems/2019/AEMO-RIS-International-Review-Oct-19.pdf
https://www.iea.org/reports/status-of-power-system-transformation-2019
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Landscape_2019_summary_EN.pdf?la=en&hash=A0E3FDF6B67DD91D103BB3B4D8ED25FE23A02D1E
http://www.epse.uct.ac.za/sites/default/files/image_tool/images/363/ESRG/Publications/2021_ESRG_Comments%20for%20NERSA%20on%20the%20procurement%20of%202500%20MW%20new%20generation%20capacity%20from%20nuclear_AcknFixed.pdf


 Therefore, the notion that baseload is a technical necessity for a stable and cost-effective 

electricity supply is no longer true. There are a growing number of real-world examples of large, 

industrialised countries maintaining a stable energy supply at least-cost with renewables 

constituting a substantive and growing share of the energy mix 

Figure: ...   

 

Source: Jones, 2021 

Amongst the G20 countries eight have wind and solar energy constituting more than 10% of 

their average electricity mix, with Germany and the United Kingdom leading the way with 33% 

and 28% respectively (Jones, 2021). Outside of the G20 other European countries have energy 

systems highly dependent on renewables with Denmark and Ireland generating 62% and 35% of 

their electricity from renewables in 2020 respectively (Agora Energiewende and Ember, 2021). 

This global transition to renewables has come at the expense of baseload energy sources such 

as coal and nuclear. In all but three G20 countries coal’s share of the energy mix has fallen 

between 2015 and 2020. In this time period there was a 93% decline in UK coal generation, a 

http://www.ember-climate.org/global-electricity-review-2021
http://www.ember-climate.org/global-electricity-review-2021
https://www.agora-energiewende.de/en/publications/the-european-power-sector-in-2020/


60% decline in Mexico, a 43% decline in the United States, and an 11% decline in Australia 

(Jones, 2021: 13). In terms of nuclear energy in 2020 alone European nuclear power generation 

fell by 10%. This downward trend is set to continue in Europe as multiple countries phase out 

nuclear energy (Agora Energiewende and Ember, 2021). These changes to the energy systems 

of some the largest and most energy intensive economies in the world demonstrates the 

changing operations of power systems globally and the viability of power systems with variable 

renewable energy complemented  with flexible generation playing a key role.  

 

Nevertheless, with increased renewables penetration there are necessary changes an energy 

system must undergo in order to operate optimally. These changes include the ability to ensure 

continuous output of electricity despite the fluctuating nature of renewable energy supply. This 

can be achieved with energy systems consisting of complementary dispatchable energy 

resources that can be turned on and off quickly (Merven et al. 2021). Examples of dispatchable 

energy sources which best complement wind and solar PV are demand response, battery 

storage, pumped storage, hydro, concentrating solar power, geothermal, biomass, and gas (De 

Vivero et al., 2019; Merven et al. 2021). By integrating other flexible sources, energy systems 

reliant on renewables are able to operate with comparable levels of reliability. De Vivero et al. 

(2019) and AEMO (2019) have also outlined solutions to technical challenges associated with 

energy systems with high levels of renewable penetration, such as how to manage and operate 

distributed energy resources. 

According to the evidence provided it is clear that power systems do not require “baseload” 

and that such plants are no longer a financial or technical necessity. Electricity systems where 

renewables constitute a large share of the energy sources are able to meet demand reliably 

while remaining cost-competitive - or even, as described above, lowering costs.  

 

http://www.ember-climate.org/global-electricity-review-2021
https://www.agora-energiewende.de/en/publications/the-european-power-sector-in-2020/
http://www.epse.uct.ac.za/sites/default/files/image_tool/images/363/ESRG/Publications/2021_ESRG_Comments%20for%20NERSA%20on%20the%20procurement%20of%202500%20MW%20new%20generation%20capacity%20from%20nuclear_AcknFixed.pdf
https://newclimate.org/2019/10/02/transition-towards-a-decarbonised-electricity-sector/
https://newclimate.org/2019/10/02/transition-towards-a-decarbonised-electricity-sector/
http://www.epse.uct.ac.za/sites/default/files/image_tool/images/363/ESRG/Publications/2021_ESRG_Comments%20for%20NERSA%20on%20the%20procurement%20of%202500%20MW%20new%20generation%20capacity%20from%20nuclear_AcknFixed.pdf
https://newclimate.org/2019/10/02/transition-towards-a-decarbonised-electricity-sector/
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Future-Energy-Systems/2019/AEMO-RIS-International-Review-Oct-19.pdf


New coal plants are not compatible with global 

climate goals 

 

Strong action to cut emissions from coal is essential for limiting global warming to below 1.5oC 

above pre-industrial levels. Coal is the most emissions-intensive fossil fuel, and is the single 

largest source of global temperature increase, responsible for more than one-third of already 

experienced warming (IEA, 2019). It currently accounts for 39% of global fossil fuel and 

industrial emissions, and 75% in South Africa (Global Carbon Project, 2020).  Two-thirds of coal-

related emissions are in the power sector, where technically feasible and cheaper alternatives 

to coal are already widely available. South Africa’s dependence on coal in the energy system is 

amongst the highest in the world, with ~86% of electricity generated from coal.  

 

Although the economic and technological trends highlighted in the previous sections are 

leading to a slowing demand for coal and a structural decline in some markets, these trends are 

currently insufficient for achieving 1.5 or 2oC pathways in two key ways: i) while the global 

pipeline of new coal plants is shrinking, there are still net additions of new coal capacity 

globally; and ii) the retirement of the existing fleet is happening far too slowly to achieve the 

emissions reductions consistent with the Paris Agreement. 

In the years since the Paris Agreement was signed and ratified there has been an overall decline 

in the projected expansion of coal power globally, i.e. new coal capacity additions have slowed 

down considerably. Until 2020, however, net additions of coal power have remained positive, 

despite high retirements in OECD countries, mostly offset by even greater new additions in 

China. Excluding Chinese coal expansion however, net retirements of coal globally for all other 

countries was reached in 2018.  However, this downward trend in new capacity additions 

comes nowhere near to achieving 1.5oC or 2oC pathways, unless significant installed coal 

capacity is going to be “stranded”, ie closed before the end of its technical, economic or 

financial lifetime.  

https://www.iea.org/reports/global-energy-co2-status-report-2019/emissions


Since 2015, significant analysis has highlighted the rapid pace and scale of coal phase out 

needed to hold warming to well below 2oC and 1.5oC . Although slight differences exist across 

models and analyses, scenarios are broadly consistent about the need for rapid closure of coal 

power plants and phase out of coal for primary energy.2  The remaining carbon budget for 1.5oC  

is so small that, unlike other fossil fuels, there is limited room for coal emissions in almost all 

scenarios, hence the high commonalities despite differences in assumptions.  

Prior to the inclusion of the 1.5oC  goal in the Paris Agreement, substantial analysis showed the 

scale of the challenge for achieving even 2oC  in a context of rapidly growing coal use over the 

last decades.  

In scenarios consistent with limiting warming to below 2°C, unabated coal power both declines 

rapidly and is almost completely phased out by 2050 (Audoly, Vogt-Schilb, and Guivarch 2014; 

Kriegler et al. 2014; Luderer et al. 2017; Rogelj et al. 2015; Williams et al. 2012). And holding 

warming below 2oC requires early retirement of coal power plants globally (Guivarch and Hood 

2011; Pfeiffer et al. 2016; Rogelj et al. 2013). Higher levels of early retirement or stranding of 

assets will be needed if there are delays in ambitious climate policy and in stopping new coal 

power (Johnson et al. 2015; Luderer et al. 2017; Iyer et al. 2015; see UNEP, 2017 for full 

review). This is what has happened globally over the past 10 years, where retirements have not 

offset new coal capacity additions.  

Pfeiffer et al (2016) showed that when plants are run to the end of their lives, that to limit 

warming below 2oC3 would mean the world needed to halt the construction of all new fossil 

fuel power generation in 2017. The temperature goal can now only be achieved through the 

early retirement of existing coal plants, ie stranding plants before the end of their economic 

lives, or through retrofitting/repurposing them.  Achieving “well below”  2oC  or 1.5oC  requires 

even faster coal phase out  (Rogelj et al. 2015). Based on the IPCC SR1.5, the current emissions 

of ~14Gt/year from coal  would need to fall to a range of 4.4 Gt to 8.5 Gt by 2030 to reach the 

 
2 Differing assumptions on temperature goals, peak warming targets/overshoot of the temperature goal, 
the remaining carbon budget, and the extent of use of carbon capture technologies typically account for 
small differences in the pace or scale of phase out targets.  
3 With a 50% probability 

https://wedocs.unep.org/bitstream/handle/20.500.11822/22070/EGR_2017.pdf


goal of “well below 2C”, and to a range of 3.3Gt to 4.8Gt to ensure that the goal of 1.5oC is not 

breached. 

To realise the Paris  temperature goals thus requires the early retirement of existing power 

plants, as well as halting currently planned or under construction coal plants (Pfieffer et al., 

2016; Rogelj et al., 2013). Staffan et al., (2020) estimate in a scenario where there is a 66% 

chance of remaining below 2oC the remaining emissions budget for the power sector will only 

last 10 years, and a scenario where there is a 66% chance of remaining below 1.5oC the 

emissions budget would only last for 3 years (Staffan et al., 2020). 

Indeed, for a 66% chance of limiting warming to 1.5oC  without early retirement, the world 

needed to stop building new fossil fuel generating infrastructure in 2006 (Pfeiffer et al, 2016). 

This is calculated by examining the ‘committed emissions’ ie the associated emissions arising 

from fossil fuel infrastructure once built. The IEA projects that existing infrastructure globally 

already commits the world to 1.65oC of warming, even if no more emitting infrastructure were 

built from today.  

The currently available emissions budget to realise both 2oC and 1.5oC temperature targets is 

rapidly shrinking. Evidently, rapid retirement of coal assets is now required in light of new 

capacity additions made globally over the past 10 years and delays in global mitigation action.  

This required reduction in coal generated power is confirmed in a Climate Analytics (2019) 

analysis of the IPCC Special Report on 1.5C, which found that a 62-90% reduction in coal is 

needed below 2010 levels by 2030, and 91-99% reduction by 2040. Overall, the difference 

between 1.5oC and 2oC scenarios in terms of coal closure is only around 5 years (Climate 

Analytics, 2019), and slower declines in coal use in 2oC modelling runs are partly a result of 

modelling inputs that assume new coal development were lower between 2010 and 2020 than 

was seen in reality (Climate Analytics, 2019).  

 

https://www.inet.ox.ac.uk/publications/the-2-c-capital-stock-for-electricity-generation-committed-cumulative-carbon-emissions-from-the-electricity-generation-sector-and-the-transition-to-a-green-economy/
https://www.nature.com/articles/nature11787
https://www.mdpi.com/1996-1073/14/1/120
https://www.mdpi.com/1996-1073/14/1/120
https://climateanalytics.org/publications/2019/coal-phase-out-insights-from-the-ipcc-special-report-on-15c-and-global-trends-since-2015/


 
Figure 8 Global electricity generation by source in a 2050 net-zero emissions scenario (IEA, 2021) 

 

These findings are further reflected in the IEA’s recent Net Zero by 2050 analysis (IEA, 2021). In 

line with the IPCC analyses, the IEA shows that to achieve net-zero 2050 requires a 70% cut in 

unabated coal generation by 2030 in the power sector, and a complete global phase-out by 

2040 (see figure…). 

Given the extent to which coal needs to be phased-out to meet Paris Agreement temperature 

targets, the addition of new coal capacity would either result in stranded assets or even earlier 

retirement for already operational coal plants (Cui et al., 2019; Staffan et al., 2020). Cui et al 

show the difference between operating and planned coal plants globally and emissions budgets 

for 2C and 1.5C: 

 

 
Figure 9  Existing coal capacity and lifetime of global fleet compared to Paris scenarios (Cui et al, (2019) 

https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050
https://www.nature.com/articles/s41467-019-12618-3.pdf
https://www.mdpi.com/1996-1073/14/1/120


 

Scenarios 

 

This analysis is based on three scenarios, with sensitivities on key parameters included in the 

reference scenario for further analysis: 

Reference case:  

An updated least-cost model run based on best available and most up to date information, 

including updated GDP and electricity demand projections to reflect covid-19 impacts and 

economic decline, recent renewable energy costs, up to date estimate of Eskom’s coal fleet 

performance,  and locally estimated emissions for new coal power plants. The scenario includes 

an economic analysis that shows the job and GDP impacts of committed coal capacity. The 

scenario also includes sensitivities on more optimistic renewable energy costs and higher 

externality costs of coal (based on independent analysis of coal power impacts).  

Current renewable policy case:   

The IRP 2019 included various assumptions that have changed dramatically since the 

publication of the policy-adjusted scenario. For example, neither the GDP growth assumptions 

nor the electricity demand projections in the IRP 2019 have materialised. IRP 2019 used three 

demand forecasts: 

- Upper: average 3.18% annual GDP growth, but assumed the current economic 

sectoral structure remained. This forecast resulted in an average annual 

electricity demand growth of 2.0% by 2030 and 1.66% by 2050.  

- Median: based on an average 4.26% annual GDP growth by 2030, but with 

significant change in the structure of the economy. This forecast resulted in an 

average annual electricity demand growth of 1.8% by 2030 and 1.4% by 2050.  

- Lower: based on 1.33% GDP growth to 2030, which resulted in a 1.21% average 

annual electricity demand growth by 2030 and 1.24% by 2050.  

 

 

 

 



 

 
Figure 10 - Historical and projected GVA growth rates, along with Treasury's short-term forecast. 

 

The final, policy-adjusted IRP 2019 used the XX demand forecast for the policy-adjusted 

scenario. As can be seen in figure X above, the impacts of declining economic growth, as well as 

the covid-19 impacts, could not have been considered.  
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The implications of higher GDP growth assumptions and electricity demand is that the IRP plans 

to build more capacity than is now required over the period to 2030. The scenario therefore 

takes consideration of these changed circumstances and does not over build the capacity in the 

IRP 2019, but instead includes only the proposed variable renewable energy build plan in IRP 

2019 up to 2030, with least-cost optimisation thereafter. The 2.5 GW of Grand Inga/Nuclear in 

2030 is not included, and Flexible Generators are brought in as needed per the optimization 

throughout the period (rather than forced in). This scenario is used to show that the DMRE’s 

own policy direction of a new capacity mix that is largely VRE-based, laid out in the IRP, is also 

more costly when the new coal capacity is included; however, since demand has changed 

significantly since the IRP process began, building all of the IRP 2019 capacity is not needed 

(hence the optimisation of flexible generation).  

 

 

 

200

210

220

230

240

250

260

270

280

290

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

final 2019 Actual demand mtsao 2020 low mtsao 20 med



Climate policy fair share:  

a scenario with baseline assumptions per the reference case but also including a more 

ambitious climate change mitigation target of national greenhouse gas emissions of 350Mt 

CO2-eq in 2030. This is in line with an assessment of South Africa’s ‘fair share’ allocation of 

emissions space for meeting the temperature goal of the Paris Agreement, namely 1.5oC. 

Emissions are targeted to reach around 350Mt in 2030, modelled using a cumulative CO2eq 

constraint on Energy and IPPU emissions between 2020-2050 of 7 Gt. This scenario also 

includes mitigation policies and measures (which would be necessary to reach this level of 

mitigation ambition), including the implementation of energy efficiency policy and the green 

transport strategy on the demand side. 

 

In each scenario, the model is run with and without the new coal capacity forced in, allowing us 

to report on the differences in the following indicators when new coal plants are included in the 

system, relative to runs where coal plants are not included. The indicators include: 

 

● Total discounted system costs, cumulative investment in the power sector, and annual 

power system costs 

● Electricity price  

● Annual and cumulative greenhouse gas emissions nationally and in the power sector 

● Water use 

● Air pollutant emissions 

● For the reference case we also report the GDP impacts and net job impacts.  

 

In each scenario, one model run does not include new coal power in the build plan because 

new coal power does not feature as part of an optimal build plan. Instead, new build capacity is 

comprised of variable renewable energy (VRE) – wind and solar – complemented by flexible 

generation (batteries, gas), as well as the existing resources available to the system (existing 

coal, pumped storage etc). In all scenarios, the build plan must achieve the same levels of 

supply security and reliability, with the same requirements imposed on the model. 

 



Results 

Scenario 1: Reference Case 

In the Reference Case, the 1.5 GW of new coal capacity displaces 2.5-3.2GW of VRE (solar PV 

and wind) and 1.5-1.8 GW of flexible generators (flexible gas plants and batteries) over the 

horizon (2027-2050) in the corresponding Least Cost Scenario, where the 1.5 GW of new coal 

does not enter the solution. The capacity expansion and corresponding production mix with 

and without the forced coal are shown in Error! Reference source not found..  

 

 

 

 

 



Since the coal plants are more expensive to build and run than the least-cost alternative, this 

pushes up the total discounted power system cost by around R70.7 billion and the average unit 

cost of electricity by 2.8 c/kWh or 1.5%. The additional system cost increases to R73.3 billion if 

more optimistic renewable energy costs are assumed and to R71.2 billion in the damage costs 

sensitivity as shown in Table 1.  

 
Table 1 Summary Cost indicators for Reference Case and Sensitivities compared to Forced Coal 

Summary Costs 
 

Base Costs Optimistic 
RE 

High Externality 
Costs 

Increase in Total Discounted Electricity 
System Costs  

Billion Rand 70.7 73.3 71.2 

Increase in average unit cost c/kWh 2.77 2.87 2.79 

Increase in average unit cost % 1.50% 1.57% 1.45% 

Increase in cumulative investment Billion Rand 17.2 22.3 17.2 

 

 
  

Reference Reference OptRE OptRE Externality Externality 

Indicator (group) Subsubsector (Power) LeastCost ForcedCoal LeastCost ForcedCoal LeastCost ForcedCoal 

Grand Total Total 4,728 4,799 4,669 4,742 4,902 4,973 

Annual Invest.Cost Total 2,545 2,562 2,490 2,509 2,545 2,562 

 New Coal 0 69.2 0 69.2 0 69.2 

 VRE 490.4 457.1 422.5 392.3 490.4 457.1 

 Flex.Gen 249.6 234.8 257.3 242.2 249.4 234.5 

 Network 974.4 970.9 979.4 975.1 974.3 970.8 

 Existing Coal 734.8 734.8 734.8 734.8 734.8 734.8 

 OtherGen 95.7 95.7 95.7 95.7 95.7 95.7 

Maintenance Total 1,083 1,137 1,079 1,134 1,083 1,137 

 New Coal 0 70.8 0 70.8 0 70.8 

 VRE 179.4 165.6 174.5 161.7 179.4 165.6 

 Flex.Gen 46.3 43.2 46.3 43.2 46.2 43.1 

 Network 572.8 572.8 573.5 573.4 572.8 572.8 

 Existing Coal 220.5 220.4 220.5 220.3 220.4 220.3 

 OtherGen 64.4 64.4 64.4 64.4 64.4 64.4 

Fuel Costs Total 783.3 778.1 783.8 778.2 786.3 780.9 

 New Coal 0 9.2 0 9.2 0 9.2 

 VRE 0 0 0 0 0 0 

 Flex.Gen 158.2 145.2 159 145.6 159.2 146.1 

 Existing Coal 559.9 558.6 559.7 558.3 561.6 560.3 

 OtherGen 65.2 65.2 65.1 65.1 65.4 65.4 

Externality Costs Total 188.2 189 188.1 188.9 359.7 361.3 

 New Coal 0 1.2 0 1.2 0 2.3 

 Existing Coal 188.2 187.8 188.1 187.7 359.7 358.9 

Levies Total 60.3 61.7 60.3 61.7 60.2 61.6 

 New Coal 0 1.7 0 1.7 0 1.7 



 Flex.Gen 1.4 1.2 1.4 1.2 1.4 1.2 

 Existing Coal 53.7 53.6 53.7 53.5 53.6 53.5 

 OtherGen 5.2 5.2 5.2 5.2 5.2 5.2 

CO2Tax Total 69.1 71.3 69.0 71.3 69.0 71.3 

 New Coal 0 2.5 0 2.5 0 2.5 

 Existing Coal 68.2 68 68.1 68 68.1 68 

 Flex.Gen 0.9 0.8 0.9 0.8 0.9 0.8 

 (in Appendix) shows the detailed breakdown of the discounted system costs for the reference 

RE costs and impact costs, showing that most of the cost difference is explained by the higher 

investment and maintenance costs, with the balance coming from the Externality Costs, 

Environmental Levy Costs and Carbon Tax Costs. The fuel costs are lower with new coal capacity 

forced in, as the new coal is assumed to be FBC technology, using very cheap low grade coal, 

with the least-cost system using a certain amount of more expensive gas to balance the VRE 

production.  

 

The additional investment required in the electricity sector and the higher unit cost for 

electricity results in an overall negative impact on GDP and employment as shown in Table 2.  

The 1.5GW of new coal capacity results in a small GDP impact, reducing growth by 0.14% in 

2030 and 0.07% in 2040, relative to a least cost reference; with around 25 000 fewer jobs in 

2030 and 20 000 in 2040 when the new coal capacity is built.  

 
Table 2 GDP and Employment impact of forced coal in 2030 and 2040 versus least cost 

 
2030 2040 

GDP Loss relative to Least Cost 0.14% 0.07% 

Employment Lost relative to Least Cost ('000) 25.1 19.8 
 

 

Forcing in new coal capacity is worse for climate outcomes and more polluting, with higher 

cumulative greenhouse gas, SOx and NOx emissions, as shown in Error! Not a valid bookmark 

self-reference.. The difference in SOx emissions is not very high as it is assumed that new coal 

capacity will be installed with FGD, in line with air pollution requirements.  

 



The new coal capacity results in cumulative national greenhouse gas emissions of 292Mt higher 

than the reference without coal, over the period 2027-2050. In 2030, national emissions are 

12Mt higher (all from the power sector) than in a scenario without the new coal capacity.  

 
 
Table 3 Emissions in 2030 and Cumulative emissions over period 2027-2050   

Least Cost Forced Coal Difference 

National greenhouse gas emissions in 2030 Million tons 
(Mt) CO2eq 

441 453 12 

Cumulative national greenhouse gas 
emissions (2027-2050) 

Mt CO2eq 8,870 9,161 292 

Power sector greenhouse gas emissions in 
2030 

Mt CO2eq 183 195 12 

Cumulative power sector greenhouse gas 
(2027-2050) 

Mt CO2eq 3,164 3,456 292 

Power Sector NOx in 2030 kton 644 665 20.4 

Power Sector SOx in 2030 kton 1389 1396 6.8 

Cumulative Power Sector NOx (2027-2050) kton 9.7 10.2 0.49 

Cumulative Power Sector SOx (2027-2050) kton 21.1 21.3 0.15 

 

 

 

Scenario 2: IRP 

 

 

The higher costs here stem from the fact that in the Reference Case the coal IPP displaces 

some of the new VRE plants, whereas in the IRP case, there is the same amount of VRE plants 

in both the Least Costs and Forced Coal up to 2030. The new coal plant does not displace new 

VRE plants, and instead pushes out some of the existing coal plants earlier. This can be seen in  

Table 6 and in figure xx. SOx and Nox are lower because of the pushing out of existing coal. 

 

 

   
Reference IRP 

Increase in Total Discounted Electricity System 
Costs 

bR 70.7 85.6 

Increase in unit cost c/kWh 2.8 3.32 

Increase in unit cost % 1.50% 1.75% 

Increase in cumulative investment bR 17.2 38.1 

   
LeastCost(IRP) ForcedCoal(IRP) Difference 



National greenhouse gas emissions in 2030 mton 418.3 421.4 3.2 

Cumulative National CO2eq (2027-2050) mton 8,724 8,958 234 

Power Sector CO2eq in 2030 mton 161 164 2.8 

Cumulative Power Sector CO2eq (2027-
2050) 

mton 3,034 3,263 229 

Power Sector NOx in 2030 kton 556 551 -4.7 

Power Sector SOx in 2030 kton 1207 1189 -18.8 

Cumulative Power Sector NOx (2027-2050) kton 9,198 9,468 270 

Cumulative Power Sector SOx (2027-2050) kton 20,060 19,873 -187 

 

 

 

 
Figure 11 Capacity and Production for IRP Scenario 



 

Scenario 3: Climate Policy scenario 

 

In the Climate Fair Share scenario, the costs of additional coal capacity in the context of 

greenhouse gas emission reductions results in higher system costs. To achieve a Paris 

Agreement-compatible fair share range requires that emissions are around 350Mt CO2eq in 

2030 with an overall budget of 7Gt over the period. This correlates with the upper end of the 

CERC 1.5C range for South Africa, incl LULUCF, in 2030. Such a scenario requires that existing 

coal plants are closed earlier than in the IRP 2019 and are also run at lower load factors, 

lowering emissions.  

 

New coal capacity – which as we have seen in the previous scenarios is accompanied by large 

increases in greenhouse gas emissions – are assumed to not retire early, in line with a likely 

power purchase agreement. This means that the new coal capacity pushes out the relatively 

cheaper existing coal more quickly, raising the costs of transition. The limited emission space 

also results in increased mitigation on the demand side (ie in demand sectors such as transport 

and industry), accelerating some electrification to ‘offset’ the emissions from the new coal 

capacity, which pushes costs up further. This can be seen in  Table 6 and in figure xx 

 



 

 

Overall, pursuing a Paris Agreement-aligned emissions trajectory while also pursuing new coal 

fired power plants raises costs significantly. New coal capacity in a climate-compatible future 

will result in increased costs of R182.5 billion in the power sector.  

 

   
Reference IRP Climate 

Policy 

Increase in Total Discounted Electricity 
System Costs 

Billion 
Rand 

70.7 85.6 182.5 

Increase in unit cost c/kWh 2.8 3.32 5.06 

Increase in unit cost % 1.50% 1.75% 2.53% 

Increase in cumulative investment Billion 
Rand 

17.2 38.1 133.6 

 



Summary 

 

 
Figure 12 Increase in total discounted power system costs with forced coal, all scenarios 

 

 
Figure 13 Additional cumulative national greenhouse gas emissions with forced coal 
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Table 4 - New capacity in the electricity sector by technology for the Planned policies scenario, and the medium RE 

and low RE sensitivity analyses, in MW. 

 
2022 2023 2024 2025 2026 2027 2028 2029 2030 

Coal Planned policies 0 0 0 0 750 750 0 0 0 

Coal medium RE 0 0 0 0 0 0 0 0 0 

Coal low RE 0 0 0 0 0 0 0 0 0 

Wind Planned policies 0 800 1600 1600 1600 1600 1600 1600 1600 

Wind medium RE 0 800 900 1000 1200 1400 1600 1600 1600 

Wind low RE 0 400 450 550 600 700 800 900 1000 

Solar PV Planned 
policies 

1000 1000 0 1000 0 0 1000 1000 1000 

Solar PV medium RE 0 500 600 700 800 900 1000 1000 1000 

Solar PV low RE 0 450 500 550 600 650 700 750 800 

Hydro Planned policies 0 0 0 0 0 0 0 0 2500 

Hydro medium RE 0 0 0 0 0 0 0 0 0 

Hydro low RE 0 0 0 0 0 0 0 0 0 

On Site PV Planned 
policies 

450 500 500 500 500 500 500 500 500 

On Site PV medium RE 450 500 500 500 500 500 500 500 500 

On Site PV low RE 226 250 250 250 250 251 250 250 250 

 

 

 

 

All other general assumptions are per version X of SATIM, as used in CITE 

 

 



 
 

The higher demand comes from increased electrification of transport and production of Green 

Hydrogen for transport and steel. 

 

• Lower Energy Availability Factor. The EAFs for Eskom’s coal plants were assumed to be 
those contained in IRP 2019, in Table 6. These have proved to be overoptimistic compared 
to actual EAFs for Eskom coal plants in 2019 and 2020, which has also contributed to 
current load-shedding. A sensitivity analysis was therefore run using lower EAFs based on 
(Wright and Calitz 2020). The default and lower average EAFs for Eskom’s coal fleet are 
contained in Table 5 below. 

Table 5 - Average EAFs for Eskom's coal plants (weighted by capacity) 

 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Default EAF 68% 69% 71% 71% 72% 73% 72% 72% 72% 73% 72% 



Lower EAF 61% 61% 62% 61% 60% 61% 60% 60% 60% 60% 59% 

 

 

 

 

 

Scenario 1: reference case 

 

Scenario 2: irp-case 

Demand 

 



Table 6 Breakdown of total discounted Power System Costs with and without Coal IPP in bR (2021) 

  
Reference Reference OptRE OptRE Externality Externality IRP-RE IRP-RE Climate 

Policy 

Indicator (group) Subsubsector (Power) LeastCost ForcedCoal LeastCost ForcedCoal LeastCost ForcedCoal LeastCost ForcedCoal LeastCost 

Grand Total Total 4,728 4,799 4,669 4,742 4,902 4,973 4,794 4,879 5,244 

Annual Invest.Cost Total 2,545 2,562 2,490 2,509 2,545 2,562 2,636 2,674 3,028 

 New Coal 0 69.2 0 69.2 0 69.2 0 69.2 0 

 VRE 490.4 457.1 422.5 392.3 490.4 457.1 576.3 558.7 849.8 

 Flex.Gen 249.6 234.8 257.3 242.2 249.4 234.5 250.6 239 324 

 Network 974.4 970.9 979.4 975.1 974.3 970.8 978.4 976.6 1,021 

 Existing Coal 734.8 734.8 734.8 734.8 734.8 734.8 734.8 734.8 734.8 

 OtherGen 95.7 95.7 95.7 95.7 95.7 95.7 95.7 95.7 98 

Maintenance Total 1,083 1,137 1,079 1,134 1,083 1,137 1,115 1,174 1,207 

 New Coal 0 70.8 0 70.8 0 70.8 0 70.8 0 

 VRE 179.4 165.6 174.5 161.7 179.4 165.6 213.7 206.6 335 

 Flex.Gen 46.3 43.2 46.3 43.2 46.2 43.1 48 46 62 

 Network 572.8 572.8 573.5 573.4 572.8 572.8 573.2 573.2 576.7 

 Existing Coal 220.5 220.4 220.5 220.3 220.4 220.3 215.8 213.3 167.9 

 OtherGen 64.4 64.4 64.4 64.4 64.4 64.4 64.4 64.4 64.9 

Fuel Costs Total 783.3 778.1 783.8 778.2 786.3 780.9 747.2 734.8 788.9 

 New Coal 0 9.2 0 9.2 0 9.2 0 9.2 0 

 VRE 0 0 0 0 0 0 0 0 0 

 Flex.Gen 158.2 145.2 159 145.6 159.2 146.1 163.1 155.7 341 

 Existing Coal 559.9 558.6 559.7 558.3 561.6 560.3 519 504.7 370.9 

 OtherGen 65.2 65.2 65.1 65.1 65.4 65.4 65 65.1 77 

Externality Costs Total 188.2 189 188.1 188.9 359.7 361.3 175.5 174.3 127.2 

 New Coal 0 1.2 0 1.2 0 2.3 0 1.2 0 

 Existing Coal 188.2 187.8 188.1 187.7 359.7 358.9 175.5 173.1 127.2 

Levies Total 60.3 61.7 60.3 61.7 60.2 61.6 56.7 57.4 47.2 

 New Coal 0 1.7 0 1.7 0 1.7 0 1.7 0 

 Flex.Gen 1.4 1.2 1.4 1.2 1.4 1.2 1.5 1.4 2.3 

 Existing Coal 53.7 53.6 53.7 53.5 53.6 53.5 50 49 39.6 

 OtherGen 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 

CO2Tax Total 69.1 71.3 69.0 71.3 69.0 71.3 64.5 65.6 46.7 

 New Coal 0 2.5 0 2.5 0 2.5 0 2.5 0 



 Existing Coal 68.2 68 68.1 68 68.1 68 63.5 62.2 45.4 

 Flex.Gen 0.9 0.8 0.9 0.8 0.9 0.8 1.0 0.9 1.3 

 

 

 

 

 

 

 

 

 

 

 


