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Executive Summary 

 

The South African power system is in a crisis with urgent action required to ensure system 

adequacy whilst simultaneously ensuring a cleaner and more diversified energy mix 

{ƻǳǘƘ !ŦǊƛŎŀΩǎ electricity 

demand is currently supplied 

mostly by coal-fired power 

stations.  A distinctly flat to 

declining demand has been 

experienced since at least 2010 

with coal-based electricity also 

playing a reduced role (87% in 

2010, 79% in 2019).  Following 

historical periods of supply-demand imbalance over more than 10 years, 2019 and the first half of 2020 

saw the most intensive load shedding (controlled rolling demand reduction) with ҒмΦо ¢²Ƙ ƻŦ ƭƻŀŘ ǎƘŜŘ 

in each of these periods.  This has been driven by a combination of factors including delayed 

commissioning and underperformance of new-build coal generation capacity as well as degradation of 

existing Eskom coal fleet energy availability factor (EAF) declining from Ғ94% in 2002 to 67% in 2019.   

 

 

Annual electricity production in South Africa (2010 to 2019) revealing flat to declining demand and reduced coal production 
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The IRP 2019 time horizon is expanded beyond 2030 to 2050 where it is found that a large 

portion of the existing coal fleet is re-built but a more diversified energy mix is expected 

The Integrated Resource Plan (IRP) 2019 represents current policy where first new build capacity 

(beyond short-term emergency options) occurs in 2022 and consists of 1.6 GW of wind, 1.0 GW of 

solar PV and 0.5 GW of stationary storage.  New coal capacity (0.75 GW) is planned for 2023 (and 

another 0.75 GW by 2027) as per DMRE policy adjustment process, followed by 1.0 GW of new gas 

capacity in 2024 (and further gas capacity from 2027 onwards).  Imported hydro-based electricity 

of 2.5 GW from Inga is also included in 2030.  After 2030, annual new-build limits on solar PV and 

wind combined with a non-ambitious CO2 constraint, results in 12.3 GW of new coal capacity being 

built by 2050 (driving increased CO2 emissions).  Gas-fired capacity operated as peaking capacity is 

built pre-2030 (3.9 GW of OCGTs/GEs) whilst considerable mid-merit capacity and further peaking 

capacity is built thereafter (6.0 GW CCGT/GEs and 21.7 GW OCGT/GEs).  

 

 

Installed capacity and energy mix for IRP 2019 (extended to 2050 by CSIR) revealing intentions for an increasingly diversified energy mix 
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A Reference scenario considers an updated demand forecast and EAF expectation more 

aligned with the latest information whilst also removing annual new-build constraints 

As in the IRP 2019 scenario, new build capacity 

was forced in as per current policy to 2030 

where after the least-cost new build mix 

consists of solar PV, wind, storage and natural 

gas-fired capacity, with no further coal capacity 

being built.  Similarly, no new-build nuclear or 

CSP capacity is built in this scenario.  New-build 

storage capacity is dominated by short duration 

battery storage and only late in the time 

horizon is additional pumped storage built.  

Reductions of CO2, NOx, SOx and PM emissions 

are observed as the existing coal fleets 

decommissions and is mostly replaced by 

renewable energy.  There is also a drastic 

reduction in CO2 emissions beyond 2035 as 

existing coal capacity decommissioning 

accelerates.   

 

 

EAF and demand forecast revealing difference between IRP 2019 and Updated assumptions based on more recent information 

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

85

0

60

70

100

65

80

90

95

75

Energy Availability Factor (EAF), Eskom fleet
[%]

67.0

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

300

0

50

100

150

350

250

400

200

382

Electrical energy demand 
[TWh]

246
285

264

306
284

344

320

355

IRP 2019

Actual

Updated

Updated

IRP 2019

Actual 2020 (YTD)

Actual

200

250

150

400

450

0

50

300

100

350

500

0.0

2
0

2
2

287.9

2
0

1
8

163.4

6.5

0.5

15.3

0.8

2.2

15.9

200.5

3.3

55.5

2
0

4
8

Electricity production 
[TWh/yr]

2
0

2
0

0.4

2
0

3
4

2
0

3
6

2
0

3
8

2
0

4
0

2
0

4
2

2
0

4
4

2
0

4
6

1.0

13.0

1.9

3.5

1.9

27.4

2
0

2
4

68.5

2
0

2
6

0.5

15.3

2.9

14.1

14.2

4.2

2
0

2
8

10.6
10.7 0.0
137.6

9.0

2
0

3
0

47.0

2
0

5
0

247.1

388.3

2
0

3
2

1 Projection based on optimisation of 2030-2050 energy mix utilising CSIR input assumptions from 

CSIR;

DG = Distributed Generation; PS = Pumped Storage 

Sources: IRP 2019. CSIR Energy Centre analysis

Installed capacity Energy mix

100

120

140

0

20

60

200

40

160

180

80

0.3

2
0

2
4

2
0

2
6

8.3
2

0
2

8

0.0

2
0

1
8

Total installed 
capacity (net) [GW]

18.0

0.0

0.6

2
0

2
2

6.2

4.7

2
0

2
0

2.9

3.6

170.8

2
0

3
0

2
0

3
2

2
0

3
4

2
0

3
6

2
0

3
8

2
0

4
2

2
0

4
4

1.9

2
0

4
8

1.5

1.5

0.5

2.1

15.4

2.92.2

38.4

0.1

2
0

4
0

2
0

4
6

4.7

0.0

5.1

8.0

25.2

0.0

11.7

1.5

2
0

5
0

53.6

88.7

53.6

Other Storage

Biomass/-gas

NuclearDG

Solar PV

CSP

Wind

Hydro

PS

Gas

Peaking

Nuclear (new)

Coal (New)

Coal

Gazetted IRP 2019 Projection1Gazetted IRP 2019Projection1

200

250

150

400

450

0

50

300

100

350

500

0.0

2
0

2
2

287.9

2
0

1
8

163.4

6.5

0.5

15.3

0.8

2.2

15.9

200.5

3.3

55.5

2
0

4
8

Electricity production 
[TWh/yr]

2
0

2
0

0.4

2
0

3
4

2
0

3
6

2
0

3
8

2
0

4
0

2
0

4
2

2
0

4
4

2
0

4
6

1.0

13.0

1.9

3.5

1.9

27.4

2
0

2
4

68.5

2
0

2
6

0.5

15.3

2.9

14.1

14.2

4.2

2
0

2
8

10.6
10.7 0.0
137.6

9.0

2
0

3
0

47.0

2
0

5
0

247.1

388.3

2
0

3
2

1 Projection based on optimisation of 2030-2050 energy mix utilising CSIR input assumptions from 

CSIR;

DG = Distributed Generation; PS = Pumped Storage 

Sources: IRP 2019. CSIR Energy Centre analysis

Installed capacity Energy mix

100

120

140

0

20

60

200

40

160

180

80

0.3

2
0

2
4

2
0

2
6

8.3

2
0

2
8

0.0

2
0

1
8

Total installed 
capacity (net) [GW]

18.0

0.0

0.6

2
0

2
2

6.2

4.7

2
0

2
0

2.9

3.6

170.8

2
0

3
0

2
0

3
2

2
0

3
4

2
0

3
6

2
0

3
8

2
0

4
2

2
0

4
4

1.9

2
0

4
8

1.5

1.5

0.5

2.1

15.4

2.92.2

38.4

0.1
2

0
4

0

2
0

4
6

4.7

0.0

5.1

8.0

25.2

0.0

11.7

1.5

2
0

5
0

53.6

88.7

53.6

Other Storage

Biomass/-gas

NuclearDG

Solar PV

CSP

Wind

Hydro

PS

Gas

Peaking

Nuclear (new)

Coal (New)

Coal

Gazetted IRP 2019 Projection1Gazetted IRP 2019Projection1



 Page IV  
 

 

The South African electrical energy mix is currently 81% coal but is expected to diversify 

as a least-cost future comprises 55% coal by 2030 and 11% coal by 2050.  With lower 

utilization of remaining coal capacity expected, increased flexibility from this coal fleet is 

required in a future South African power system 

It is least-cost to shift from a coal dominated energy mix to an increasingly diversified energy mix 

made up of 55% coal by 2030 and 11% coal by 2050.  The least-cost new build mix consists of solar 

PV, wind, storage and natural gas fired capacity supported by an existing fleet of generation capacity 

including coal, nuclear and imports.  Flexibility becomes increasingly important especially in earlier 

years of the time horizon (pre-2030) as significant levels of coal capacity still exists and should be 

utilized as much as technically feasible but no more than economically optimal.  Existing technical 

capabilities of the coal fleet is explicitly considered in this study.  However, the feasibility as well as 

cost implications of an increasingly flexibilised coal fleet to operate at low capacity factors will need 

to be carefully considered as increased variable renewable energy is integrated. 

 

 

South African electricity production from coal across scenarios where the role of coal reduces (in absolute terms) but remains part of the 

energy mix in all but one scenario (where coal is forced off by 2040) whilst increased flexibility is expected as capacity factors decline 
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Regardless of CO2 ambition, renewable energy is expected to play an increasingly important 

role whilst other new-build low-carbon energy providers like nuclear, CSP and coal (with CCS) 

are not part of the least-cost energy mix 

Across all scenarios, in order to meet increasingly ambitious power sector CO2 mitigation in South Africa, 

wind and solar PV technologies play a dominant role.  By 2030, these technologies are expected to 

comprise 29-64% of the energy mix depending on CO2 ambition whilst by 2050 the energy mix would 

be 67-81% solar PV and wind.  This means solar PV and wind installed capacity of Ғ15-40 GW and Ғ20-

45 GW by 2030.  By 2050, installed capacity of wind and solar PV is expected range from Ғ30-75 GW 

and Ғ35-70 GW respectively.  Regardless of CO2 ambition level, no new-build nuclear, coal 

(with/without CCS) or CSP capacity are part of least-cost optimal energy mixes. 

 

 
Installed capacity and production across scenarios revealing how least-cost energy mixes (even with increasing CO2 ambitions) comprise new-

build solar PV, wind, storage and natural gas capacity complemented by existing coal, nuclear, hydro, pumped storage and peaking capacity 

DG = Distributed Generation; PS = Pumped Storage

Sources: CSIR Energy Centre analysis
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Gas-fired generation capacity is considered as a proxy for an increased need for flexible 

capacity but limited energy provision means limited natural gas offtake 

The absolute capacity of flexible natural gas-fired capacity built across scenarios is reduced relative 

to previous analyses undertaken by CSIR in this domain as increased levels of stationary storage is 

deployed.  The average annual capacity factor of the gas fleet is <30% across all scenarios whilst 

that of peaking capacity utilizing natural gas is <5%.  Thus, demand for new gas capacity is mostly 

driven by flexible capacity requirements (not energy).  Annual natural gas offtake is expected to 

remain relatively low, increasing from Ғ25 PJ to Ғ30-40 PJ by 2030 (additional annual natural gas 

demand of Ғ5-15 PJ).  Thereafter, increased natural gas offtake of Ғ40-90 PJ by 2040 (Ғ15-65 PJ 

excluding Sasol) and Ғ90-140 PJ by 2050 (Ғ65-115 PJ excluding Sasol).  An exception is when all coal 

capacity is decommissioned by 2040 forcing an increased annual natural gas offtake of up to Ғ130 PJ 

by 2040 and Ғ200 PJ by 2050.  Similarly, in the IRP 2019 scenario, projections indicate natural gas 

annual offtake is expected to rise towards 180 PJ by 2040 (Ғмср PJ excluding Sasol) and 

270 PJ by 2050 (Ғнпр PJ excluding Sasol). 

 

 
Natural gas offtake across scenarios showing relatively low initial natural gas offtake volumes but increasing significantly after 2035 

across most scenarios towards the end of the time horizon 
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Water usage and emissions in the power sector are expected to continually decline with 

all new technologies deployed exhibiting low water and emissions intensity with 

resulting localised and national benefits 

Water usage in the power sector is 

expected to drop significantly in all 

scenarios even when new-build coal 

capacity is built in the IRP 2019.  In a 

scenario where all coal capacity is 

decommissioned by 2040, water usage 

becomes negligible from 2040 onwards 

whilst other scenarios water usage is 

expected to drop from Ғ270 bl/yr in 

2018 to Ғ120-150 bl/yr by 2030, Ғ25-

65 bl/yr by 2040 and Ғ15-50 bl/yr by 

2050.  With the exception of the IRP 2019 scenario where further new-build coal is built after 2030, 

NOx and PM emissions are expected to decline significantly as the existing coal fleet 

decommissions.  SOx emissions decline across all scenarios as a result of any new-build coal being 

assumed to be fitted with flue-gas desulphurisation (FGD).  The result of these findings is reduced 

localized air pollution and improved air quality for surrounding communities in close proximity to 

coal generation capacity as NOx and PM emissions are expected to decline. 

 
Power sector NOx, SOx and PM trajectories showing notably reduced emissions in most scenarios even as power system size grows 
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With increasing CO2 ambition, system costs increase but not as much as initially expected 

ςclearing a path for power sector decarbonization with minimal tradeoffs and substantial 

power sector benefits 

The total discounted system cost for 

an Ambitious RE Industrialisation 

with 3.5 Gt of CO2 emissions (for 

2020-2050) is R 31-59-billion more 

than the Reference whilst a 2.0 Gt 

CO2 budget scenario cost R 124-

billion more.  This represents a less 

than 4% increase in total system cost 

for substantial CO2 mitigation gains 

of 0.5 Gt and 2.0 Gt of CO2 

respectively.  Hence, even when 

imposing an earlier than optimal and smoothed renewable energy build out program or when an 

ambitious power sector CO2 constraint is considered, CO2 emissions mitigation comes at a relatively 

small premium.  Furthermore, conservative technology costs assumed for renewable energy 

technologies further strengthens this finding in scenarios with increased levels of CO2 ambition and 

resulting renewable energy penetration. 

 
Total system cost (discounted) for 2020-2050 revealing relatively small cost differentials as CO2 ambition grows relative to Least-cost 
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The impact of the South African national lockdown to mitigate Covid-19 on the South 

African electricity sector has been wide-ranging but largely seen as acute reduced 

demand which quickly returned resulting in the return of load shedding 

A novel coronavirus outbreak in Wuhan Province of China occurred in December 2019 called severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) which causes coronavirus 

disease 2019 (Covid-19).  In response, South Africa enforced a national lockdown with a risk-

adjusted strategy from 27 March 2020.  One of the impacts of this is substantially reduced electricity 

demand.  During Level 5 (5 weeks), a 23-26% weekly demand reduction occurred whilst energy 

demand to 7 July 2020 dropped by 10.5 TWh (-16%).  For 2020, expectations are for demand to 

contract by 14 TWh (-6.2%).  As the economy began re-opening in Level 3, electrical demand 

returned near immediately revealing the acute and transient effect of the lockdown on demand.  

This already manifested in July 2020 as Eskom commenced rotational load shedding. 

 

 
Weekly residual demand for 2020 highlighting the effect of the South African national lockdown (deviations during Level 5 highlighted) 
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1.1 Background ς current power sector landscape  

 

{ƻǳǘƘ !ŦǊƛŎŀΩǎ electricity demand is currently supplied mostly by coal-fired power stations 

(79% in 2019) which are primarily owned and operated by Eskom, the national power utility.  Eskom 

ǎǳǇǇƭƛŜǎ ƻǾŜǊ фр҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΣ ǿƛǘƘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ demand being met by 

municipalities, imports and independent power producers (IPPs).  Figure 1 shows the annual electricity 

production in South Africa from 2010 to 2019 revealing a distinctly flat to declining annual demand 

with a similar trend on coal-based electricity production reducing from 220 TWh in 2010 to 

195 TWh in 2019 whilst coal capacity increased from 34.3 GW in 2010 to 36.5 GW in 2019.  

The South African power system has seen sporadic periods of supply-demand imbalance over more 

than 10 years now.  This is demonstrated in Figure 2 showing the events of load shedding1 experienced 

for the period of 2007-2020 (YTD), with the worst events seen in 2019 and 2020 (up to June) where 

Ғ1.3 TWh and Ғ1.2 TWh of load was shed respectively.  All of the load shed in the first half of 2020 

was actually shed within the first 12 weeks of the year whereafter an extended economic lockdown 

and risk-adjusted strategy was implemented in response to a growing Covid-19 pandemic [1], [2].  A 

brief analysis of the effect of Covid-19 is further elaborated on in section 4.   

Figure 3 and Figure 4 show the hourly load shedding distribution (by load shedding stage) for 2019 

and 2020 (year to date) respectively.  This has been driven by a combination of factors including 

delayed commissioning and underperformance of new-build coal generation capacity at Medupi and 

Kusile as well as the degradation of the existing Eskom coal fleet energy availability factor (EAF).  The 

historical EAF as seen in Figure 5 reveals the declining EAF trend over the period of 2016-2020 (YTD).  

The current year-to-date (YTD) average EAF of 65.7% against a planned 72.5% EAF (from IRP 2019) [3] 

and 70% for FY 2020/21 (from Eskom) [4] reveal the notably lower than planned performance.  On 

10 July 2020, Stage 2 load shedding was implemented [5], revealing the underlying reality of an 

inadequate power system that still requires urgent attention. 

Various draft and final iterations of the Integrated Resource Plan (IRP)2 from 2010-2020 are 

summarised in Figure 6 across important dimensions including the energy mix, demand, 

emissions (CO2), nuclear, imports, coal fleet performance, new-build coal, new technologies, security 

 
1 Load shedding is initiated by Eskom and is done countrywide as a controlled option to respond to unplanned 

events to protect the electricity power system from a total blackout. 
2 The IRP is an electricity infrastructure development plan conducted by the DMRE. 
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of supply and network requirements.  One of the clear outcomes of updated policy positioning on the 

energy mix and of relevance for this study, is the continually declining role of coal for power generation 

as part of a diversified energy mix.  Simultaneously, there has not been a particular increased focus 

on limiting long-term power sector CO2 emissions as only a shift from a peak CO2 emissions constraint 

(275 Mt/year) in the IRP 2010 became a moderate Peak-Plateau-Decline (PPD) trajectory for CO2 

emissions in the power sector (with 275 Mt/year until 2037 and consistent decline to 210 Mt/year 

thereafter by 2050). 

The most recent iteration of the IRP is a promulgated version  - the IRP 2019 as published in 

October 2019 by the Department of Mineral Resources and Energy (DMRE) [3].  This is the newly 

established policy position on the national power sector energy mix to 2030.  The key decisions 

included in the IRP 2019 are listed in Figure 7 where particular decisions are highlighted in blue when 

supported by the evidence-base whilst grey text highlights either a notable lack of evidence-base or 

are contradictory to the available evidence-base. 

1.2 Objective 

To explore additional cumulatively more ambitious CO2 emissions abatement scenarios in the South 

African power system over the long-term (for the period 2020-2050).   

Thus, the speed of reducing power sector CO2 emissions in the power sector is explored from a 

systems perspective to assess the effects on the energy mix and associated technologies, resulting CO2 

emissions, other emissions (PM, SOx, NOx) and total system costs for a range of increasingly ambitious 

CO2 scenarios. 

This systems analysis is intended to inform a detailed techno-financial modelling exercise to assess 

the viability of clean climate funding to assist ongoing and systemic financial challenges at Eskom. 

1.3 Document overview  

This report is structured as follows: 

¶ Section 1: is this section; 

¶ Section 2: Power system analysis; 

¶ Section 3: Scenario results; 

¶ Section 4: Brief assessment of Covid-19 impact; 

¶ Section 5: Summary and conclusions  
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Figure 1. Annual electricity production in South Africa (2010 to 2019) supplied by a combination of Eskom-
owned generators, electricity imports and energy produced by IPPs 

 

 

Figure 2. Annual load shedding in GWh in South Africa from 2007 to 2020 (YTD ς 13 July 2020). 
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Figure 3. Hourly load shedding (2019 focus), depicting how constrained the power system is across all hours of 
the day (signaling an energy shortage, not just a capacity shortage) 
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Figure 4. Hourly load shedding 2020 YTD focus), showing a very constrained power system prior to and after 

the national Lockdown (March-May) 
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Figure 5. Eskom thermal fleet historical weekly energy availability factor (EAF) 2016-2020 (YTD), a seasonal 
pattern is evident where planned maintenance is reduced during winter months, increasing the EAF. 
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Figure 7. Summary of decisions highlighted in IRP 2019 [6] 
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2 Power system analysis 
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2.1 Approach 

2.1.1 Electricity modelling framework 

A typical energy planning framework was applied in this study (Figure 8).  A range of input assumptions 

informed by various data sources (as will be highlighted in section 2.3) are provided to a modelling 

framework (PLEXOS®) [7] applying a long-term generation expansion planning optimisation resulting 

in scenario specific outputs across important dimensions. 

 

Figure 8. Methodology applied when undertaking long-term energy planning 

 

The temporal resolution of the optimisation is hourly with the study horizon being 2018-2050.  The 

model co-optimises existing supply-side options (such as the Eskom generation fleet) and new-build 

investments over the planning horizon with the objective function of least-cost (subject to pre-defined 

boundary conditions).  The definition of input assumptions and boundary conditions define a range of 

scenarios and sensitivities which can then be compared against each other (as discussed in 

section 2.2). 

The outputs from the generation capacity expansion planning include the capacity and timing of new 

power generators as well as how these generators are expected to operate (energy production). 

Figure 9 illustrates the least-cost capacity expansion planning optimisation problem. The least-cost 

plan occurs at the level of investment which minimises investment cost and production cost of both 
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existing and new investments. Investment costs include new capital costs whilst production costs 

include all costs associated with operating existing and new generation investments.   

 

 

Figure 9. Illustration of the capacity expansion planning optimization [8] where the least cost solution is sought 
 

2.1.2 Total system costs and average tariff trajectory 

Power generation cost characteristics can be grouped into two broad categories, namely capacity 

driven costs (fixed costs) and energy-driven costs (variable costs) as shown in Figure 10.  These costs 

are modelled explicitly within the modelling framework used in this study (PLEXOS®). The modelling 

framework considers these costs combined with existing and new capacity characteristics relative to 

system demand to determine a least-cost expansion plan. It is important to note that the utilisation 

of a generator (if it is chosen as part of the least-cost energy mix) is an output of the modelling 

framework and is not provided to the model as an input.  

The fixed and variable costs of any generator form part of the calculation of the well-known Levelised 

Cost of Electricity (LCOE) and is used as a valuable metric (typically to compare the relative costs of 

different power generation technologies). Capacity-driven costs consist of the capital investment cost 

("capex") associated with building a power generator and Fixed Operations and Maintenance (FOM) 

costs for operating a power generator. The energy driven costs consist of Variable Operations and 

Maintenance (VOM) and fuel costs (these are a function of utilisation).  Start costs have also been 

explicitly included in this analysis (not shown in Figure 10). 
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Figure 10. Conceptual breakdown of generator cost drivers which inform the LCOE of a particular technology. 
 

As shown stylistically in Figure 11, total system cost is made up of several components. The cost for 

each scenario is inclusive of fixed costs (power generator capital investment and O&M), variable costs 

(fuel and O&M) and start/stop costs for all existing and new build power generators. 

The capital and fixed operating costs for emission abatements at existing coal-fired stations are also 

included in the total system cost (see section 2.3).  These costs are forced to be incurred in the 

IRP 2019 scenario as a result of the 50-year decommissioning life included whilst all other scenarios in 

this study assume endogenous coal fleet decommissioning.  Thus, in all other scenarios considered, 

these costs could be avoided if optimal to do so.  The sum of all existing and new generator costs 

outlined above makes up the total cost of power generation.  

Transmission network costs (Tx), distribution network costs (Dx), system services (excluding reserves) 

and other minor costs are not explicitly included in the modelling framework. As a result, a high-level 

assumption of 0.20 R/kWh for all of these cost components is made consistently across all scenarios 

in order to enable a consistent relative comparison.  The immediate network costs to integrate new 

generation capacity (shallow network costs) are implicitly included for new-build generation capacity. 

The average tariff trajectory is the total system cost described above divided into customer demand 

in each year for all scenarios.  It is appreciated that the absolute costs that result from scenarios run 

in this analysis may differ to that of those run by the DMRE as part of the IRP 2019.  However, CSIR 
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have utilised all information available in the IRP 2019 [3] but otherwise made generally accepted 

assumptions from public domain information as described in section 2.3.  It is important to note that 

the comparisons made between scenarios are all relative comparisons to each other and thus 

consistency in the relative comparisons is made possible. 

 
Figure 11. Modelling framework inclusions/exclusions and total system cost reporting approach 

 

2.1.3 Model exclusions 

The modelling framework considers all primary cost-drivers directly relevant within the electricity 

sector (as shown in Figure 11). It is important to note the following exclusions from the modelling 

framework optimisation (also excluded from IRP 2019): 

- Power generation technologies externality costs (CO2 emissions); 

- End of life decommissioning costs for any technology;  

- Waste management and/or site rehabilitation; 

- Mid-life generator major maintenance and overhauls for any technology; 

- Network infrastructure requirements (deep transmission costs and all distribution costs);  

- System services (stability, reactive power and voltage control, black-start requirements); and 

- Other costs (including metering, billing and customer services) 
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2.2 Scenarios 

 

Scenarios considered are shown graphically in Figure 12 with total system costs relative to total CO2 

emissions over the study period (2020-2050).  The focus on system cost relative to CO2 emissions is in 

order to demonstrate the relative differences in total system costs as a range of different CO2 

emissions pathways are explored.  The range of power sector CO2 emissions that would align with the 

United Nations Framework Convention on Climate Change (UNFCCC) Paris Agreement (which South 

Africa is a signatory) is also shown in Figure 12 for information [9], [10].  

Further detail to describe the scenarios explored across key parameters is provided in section 2.3.  Key 

parameters are varied intentionally to explore sensitivities and their relative impacts on total system 

costs and CO2 emissions.  These are further explored in the sub-sections that follow. 

 
Figure 12. System cost relative to CO2 emissions for pertinent study scenarios considered  

 

Scenario: IRP 2019 (DMRE) 

The IRP 2019 (DMRE) scenario refers to the Promulgated IRP 2019 [3] which was published by the 

Department of Mineral Resources and Energy (DMRE) in October 2019.  

The promulgated IRP 2019 includes the annual capacities of new generation options required between 

2022 and 2030 to meet forecasted demand. This scenario considers all input assumptions defined in 

the IRP 2019 including pertinent input assumptions like new technology costs, Eskom generation fleet 
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EAF, generation fleet decommissioning dates (including coal fleet decommissioning - 50-year life), 

carbon emissions constraints and annual new-build constraints on technologies (wind and solar PV).   

The IRP 2019 horizon extends to 2030 only.  In order to enable a further long-term understanding of 

the IRP 2019, the CSIR extended the time horizon from 2030 to 2050 and optimised new-build 

investment needs utilising the same input assumptions in the IRP 2019. 

Scenario: Current Policy (Reference) 

The Reference scenario is based on current policy to 2030 (IRP 2019) and as a result assumes the same 

new build capacity as the IRP 2019 (up to 2030).  This scenario was modified with the following 

changes: 

¶ Lower demand forecast; 

¶ Lower Eskom plant performance projection (EAF); 

¶ Updated new technology costs and learning assumptions; and 

¶ Removal of annual new-build limits on wind and solar PV from 2031 onwards 

The demand forecast, Eskom fleet EAF and new technology cost assumptions were adjusted to align 

with the most recent information and projections available at the time of the study and are outlined 

further in section 2.3.  However, coal fleet decommissioning is still aligned with the IRP 2019 (50-year 

life). 

Scenario: Least-cost 

The Least-cost scenario assumes the same input assumptions as the Reference Scenario but with the 

following changes:  

¶ Removal of the IRP 2019 policy adjusted capacity that is built prior to 2030, i.e. all new build 

capacity is optimized based on least-cost for the entire time horizon. 

¶ Endogenous decommissioning of the Eskom coal fleet based on least-cost  

Scenario: Modest RE Industrialisation program 

The Modest RE Industrialisation program scenario builds on the outcomes of the Least-cost scenario 

where a more practical and implementable renewable build program is tested. This RE deployment 

scenario aims to smooth the wind and solar PV annual new build over the planning horizon in order 

to represent a more sustainable and achievable build-out programme considering the already known 

outcomes from the Least-cost scenario.  Thus, this scenario assumes the same input assumptions as 
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the Least-cost scenario but with the following change:  

¶ Dynamic minimum annual build limits on wind and solar PV from 2022 onwards (described 

further in section 2.3.8). 

Scenario: Ambitious RE Industrialisation 

The Ambitious Renewable Energy (RE) Industrialisation scenario also forces a minimum annual wind 

and solar PV build out but with the following change: 

¶ More Ambitious wind and solar PV build-out than the Modest RE Industrialisation (to achieve 

a lower carbon emissions trajectory). 

Scenario: Ambitious RE Industrialisation with all coal retired by 2040 

The Ambitious RE Industrialisation (coal off by 2040) scenario also forces a minimum annual wind 

and solar PV build out as per the Ambitious RE Industrialisation scenario but also enforces that all coal-

fired capacity is retired by 2040.  TƘƛǎ ƛǎ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǎŎŜƴŀǊƛƻ ǘƻ ǘŜǎǘ ŀ άǿƘŀǘ ƛŦέ ƘȅǇƻǘƘŜǎƛǎ ōǳǘ 

could be repeated for any year where the choice for all coal to be decommissioned is opted for. 

Scenario: 2Gt CO2 budget 

The 2Gt CO2 budget scenario assumes the same input assumptions as Least-cost but with the following 

change: 

¶ A total CO2 budget constraint of 2 Gt applied for the period 2020 ς 2050. 
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Table 1. Summary of main study scenarios 

 

 

2.3 Input assumptions 

This section outlines the main sources of data to inform input assumptions considered for the study. 

Publicly available information was used as far as possible and referenced accordingly. The main 

sources of information used were obtained from the following: 

1. Information authored by Eskom and available in the public domain.  This information took two 

main forms: 

i. Information and data available on the Eskom website (technical reports or media 

briefings); and  

ii. Direct interactions and interviews with Eskom employees with intimate knowledge of 

Eskom operations, related air quality compliance matters and the coal supply sector. 

2. Technical articles and reports available in the public domain from other sources. 

3. Domain experts with deep knowledge of the South African power system 

Most of the input assumptions in the Reference scenario are aligned with the IRP 2019 [3].  Other 

scenarios deviate from inputs assumptions in the IRP 2019 and these are documented in this section. 

Parameter
IRP 2019
(DMRE)

Least-cost
(CSIR)

RE Industrialisation
(Modest/Ambitious)

(CSIR)

Demand [TWh]

EAF, [%]
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CO2 mitigation

VRE build limits

Technology costs

Coal fleet 
decommissioning

Short-term mitigation

NOTES: EAF ïEnergy Availability Factor; PPD ïPeak Plateau Decline; 1 As per IRP 2019 (Table 5); 2 Economically optimal decommissioning of coal f leet (based on least-cost); 
3 Included immediate customer response at scale (mostly embedded/distributed solar PV, storage) and other short-term risk mitigation capacity to ensure adequacy gap is met (portfolio 

of technologies/options)

Sources: IRP 2019; CSIR; Meridian Economics
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None Minimum limits 
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hydro (import)1

As per IRP 2019 See section 2.4 See section 2.4

As per IRP 2019 
(50 year life)

Endogenous 
decommissioning2

Endogenous 
decommissioning2

Included3 Included3 Included3

None None

Reference
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285 (2030)
355 (2050)

66% (2020) 
65% (2030)
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PPD (Moderate)
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hydro (import)1

See section 2.4
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(CSIR)
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See section 2.4
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None
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82% (2050)

66% (2020) 
65% (2030)
82% (2050)

66% (2020) 
65% (2030)
82% (2050)

285 (2030)
355 (2050)

285 (2030)
355 (2050)

285 (2030)
355 (2050)

None

Ambitious RE Ind.  
coal retired by 2040

(CSIR)

No constraint

See section 2.4

All coal 
retired by 2040 

Included3

None

66% (2020) 
65% (2030)
82% (2050)

285 (2030)
355 (2050)

Minimum limits 
(See section 2.4)
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2.3.1 Demand forecasts 

 

Figure 13 and Figure 14 show the annual energy and peak demand for the two demand forecasts 

considered in this analysis.  Similarly, the previously promulgated IRP 2010 demand forecast is shown 

for reference and relative comparison. 

The IRP 2019 demand forecast is based on the IRP 2019 άmŜŘƛŀƴέ demand [3] and was developed 

using statistical methods [11].  This forecast is based on an average 4.4% annual GDP growth to 2030 

and 3.7% thereafter to 2050 but with notable change in the electricity intensity of the manufacturing 

and commercial sector of the economy.  This result being an average annual electricity demand growth 

of 1.8% to 2030 and 1.1% thereafter to 2050. The demand forecast is inclusive of the entire RSA 

electrical demand, of which approximately 98% is currently met by Eskom-owned generators and 

LttΩǎΦ 

¢ƘŜ ά¦ǇŘŀǘŜŘέ ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘ ƛǎ a scenario developed by the CSIR which essentially assumes a 

slower uptake in demand in the short term. This demand forecast is based on the Eskom MTSAO [12] 

demand forecast (until 2024) and assumes the same IRP 2019 annual growth rates thereafter. As can 

be seen, the IRP 2019 annual energy demand is expected to grow from 246 TWh today to roughly 

306 TWh by 2030 and 382 TWh by 2050, while the lower demand forecast is expected to reach 285 

TWh and 355 TWh in 2030 and 2050 respectively. The Updated demand forecast was assumed for all 

scenarios excluding the IRP 2019 (DMRE) scenario. 

The annual demand forecasts are converted into hourly electricity demand profiles based on the 

historical actual hourly demand in South Africa in 2017.  This profile was assumed to remain 

unchanged throughout the planning horizon (monthly average diurnal profile shown in Figure 15).  The 

winter peaking nature of the South African power system is clearly demonstrated in Figure 15.  

Similarly, the morning and evening peak become more accentuated in winter months as residential 

space heating shifts the diurnal profile. 
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Figure 13. Historical and forecasted annual electrical energy demand for RSA 

 

 

Figure 14. Historical and forecasted annual electrical peak demand for RSA 

 

NOTE: ñUpdatedò scenario is a scenario developed by CSIR based on the MTSAO 2019 (up to 2024) and IRP 2019 thereafter.

Sources: IRP 2019; MTSAO; CSIR
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Figure 15. Historical monthly average diurnal hourly demand profile (2017), showing larger variances in peak 
demand during winter months than summer months 
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2.3.2 Existing generation fleet  

The following sections outline the existing generation fleet assumptions used in this analysis. 

2.3.2.1 Installed capacities and technology types 

Table 2 summarizes the existing capacity assumptions in the year 2019 based on the IRP 2019 [6], the 

Eskom MTSAO [12] and Eskom [13].  The decommissioning dates for all non-coal technologies are as 

per the IRP 2019, whilst the assumptions on decommissioning of coal-fired power stations depends 

on the study scenario as described in section 2.2.  

 

Table 2. Existing generation capacity in 2019 in South Africa (including import hydro) assumed in this study 

 

  

Conventional 

Technologies

Nominal 

Capacity [MW]

Renewable 

Technologies

Nominal 

Capacity [MW]

Storage 

Technologies

Nominal 

Capacity [MW]

Coal 37 902              Hydro 2 177                 Pumped Storage 2 912                 

Arnot 2 232                 CahoraBassa 1 500                 Drakensberg 1 000                 

Camden 1 480                 ColleyWobbles 65                      Ingula 1 332                 

Duvha 2 875                 Gariep 360                    Palmiet 400                    

Grootvlei 187                    Small Hydro (REIPPP) 12                      Steenbras 180                    

Hendrina 1 092                 Vanderkloof 240                    

Kendal 3 840                 

Komati 200                    Biomass-gas 282                    

Kriel 2 850                 Mondi 120                    

Lethabo 3 558                 Sappi 144                    

MajubaDry 1 842                 Landfill Gas REIPPPP 18                      

MajubaWet 2 001                 

Matimba 3 690                 CSP 500                    

Matla 3 450                 CSP REIPPPP 500                    

Tutuka 3 510                 

Kusile 720                    Solar 1 479                 

Medupi 3 615                 Solar PV REIPPPP 1 479                 

Sasol Coal 600                    

Kelvin (Municipal) 160                    Wind 2 086                 

Sere 100                    

Nuclear 1 860                 Wind REIPPPP 1 986                 

Koeberg 1 860                 

Gas 425                    

Sasol Infragas 175                    

Sasol Synfuel Gas 250                    

Peaking 3 405                 

Acacia 171                    

Ankerlig 1 323                 

Avon (REIPPPP) 670                    

Dedisa (REIPPPP) 335                    

Gourikwa 735                    

PortRex 171                    
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Figure 16 summarises the total existing, under construction and committed capacity in South Africa. 

With respect to coal capacity availability (and related EAF calculation), this study did not adjust any 

existing coal capacity which Eskom may already have or are planning to place in cold reserve 

temporarily as this information was not available at the time of conducting this study.  As a cost saving 

measure, Eskom occasionally places coal units into cold reserve or extended cold reserve. Generators 

in cold reserve are taken offline but are available to be called back into service at short notice (12 to 

16 hours), whilst plant in extended cold reserve are considered unavailable, as it takes five or more 

days to return it to service [14].  Thus, the Eskom fleet published EAF is improved when poor 

performing coal units are placed in cold reserve as these units are then assumed to have 100% 

availability.  

It is clear that existing nuclear generation capacity at Koeberg (1.8 GW) is extended beyond 2024 as 

steam generators are replaced and life-extend Koeberg to 2044 (as expected) [3].  Other capacity that 

is decommissioned over the time horizon (as planned) include existing OCGTs, solar PV, wind and CSP 

capacity. 

 

Figure 16. Total existing, under construction and committed capacity in South Africa for the period 2018-2050 
(as per IRP 2019) 

With the exception of the DMRE IRP 2019 scenario, endogenised decommissioning of the existing coal 

fleet was included in all of the scenarios.  To date none of the published IRP plans nor other literature 

have allowed or considered earlier decommissioning of the South African coal fleet.  It should be noted 

that no decommissioning costs or refurbishment costs for life extension beyond the expected 50-year 
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life for the coal fleet were included.  Similarly, this applies for all other generation technologies.  The 

optimisation model was configured to allow coal stations to either run to their full 50-year technical 

life or decommission prior to this date if it is economical to do so.  Thus, there is a natural balance 

between carrying the costs of existing coal generation capacity until the planned decommissioning 

date relative to the costs of decommissioning earlier and using other existing generation or building 

new generation capacity instead.   

Each of the coal stations were modelled on a unit level and as such, partial decommissioning of each 

station is possible if it is economic to do so. An additional constraint was imposed to ensure that coal 

stations decommission at a pace of one (1) unit per year (two (2) units per year for smaller unit sizes) 

in line with the decommissioning schedules in the IRP 2019. 

For technical operational reasons, a minimum annual average capacity factor constraint of 35% was 

considered on all existing coal generation capacity.  Thus, with a minimum annual average capacity 

factor constraint of 35%, the continued operation of coal capacity (until 50-year life) is optimized 

relative to other existing and new-build options.  Earlier than planned decommissioning of coal 

generation capacity would then occur if other alternatives were more economically optimal (it is 

uneconomical for existing coal capacity to remain in the power system before 50-year life is reached).  

There is currently no available literature on the minimum capacity factors at which the existing South 

African coal fleet can technically operate.  However, a brief analysis of minimum capacity factor 

calculated as a function of EAF and minimum stable level (MSL) for any generic power generator is 

shown in Table 3.  It is important to remember that this is for an individual generator or a fleet of 

generators with the same MSL and EAF (which is not the case in reality).  In reality, there would be a 

distribution of minimum capacity factors across the generators in the fleet as a function of their 

individual EAF and MSL.  The range of minimum capacity factors for EAF range of 70-80% and MSL of 

55-65% is highlighted in red.  This is a likely range for the South African coal fleet which results in 

average fleet minimum capacity factor of Ғ39-52%.   

From an international perspective, the Indian coal fleet is seeing declining capacity factors in recent 

years from the highs of 2007/08 (78%) down to 60% in 2017/18 [15].  For two scenarios explored 

in [16], half of the Indian coal fleet is expected to be less than 63% and 51% with and without 

additional wind and solar PV (100 GW and 60GW) respectively.  The distribution of capacity factors as 

part of the study undertaken in [16] is what is most insightful ς one quarter of the Indian coal fleet 

exhibits a capacity factor of less than 44% without the additional renewable energy but a capacity 



 CSIR-EC_ES_REP-20200714-AMBITIONS-[FINAL]-1.1_A 

 

                    

 Page 25  
 

factor as low as 12% with the additional renewable energy.  Similar findings are made in [17] where 

150 GW of the Indian coal fleet would exhibit a capacity factor of 20% or less by 2027.  In [18], coal 

fleet capacity factors across 16 countries/regions with Brazil, non-OECD Europe, Other Americas, 

Russia exhibit capacity factors of less than 50% (lowest is 21% in the Middle East).  In the USA, more 

recent trends are showing coal capacity being retired as a result of notably low capacity factors of less 

than 55% relative to previously where capacity factors were almost always above 60% [19].  In 

Southeast Asia - LƴŘƻƴŜǎƛŀΩǎ Ŏƻŀƭ ŦƭŜŜǘ ŜȄƘƛōƛǘŜŘ ŎŀǇŀŎƛǘȅ ŦŀŎǘƻǊǎ ŀǎ ƭƻǿ ŀǎ рм҈Σ со҈ ƛn Indonesia, 58% 

in Malaysia, 53% in the Philippines and 53% in Vietnam [20].  Particularly, in Vietnam capacity factors 

of as low as 46% have been noted in [21].  The need for increased flexibility from coal-fired generation 

capacity is clearly evident in international jurisdictions with large existing and/or planned coal 

generation fleets already and will become increasingly important as higher penetration levels of 

variable renewable energy are deployed [22], [23]. 

 

Table 3. Minimum capacity factor relative to energy availability factor (EAF) and minimum stable level (MSL) 
for a generic generator. 

 

 

 


















































































































































































































