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POLICY BRIEF CONTEXT
This Brief was written in the context of analysis
undertaken by Meridian Economics together with the
Centre of Scientific and Industrial Research2 for the
project ‘A Vital Ambition – determining the cost of
additional CO2 emission mitigation in the SA electricity
system’ (the “Ambitions” project).
The modelling work required an understanding of the
level of emissions mitigation that might be required
from the South African electricity system in order to
align with South Africa’s international Paris Agreement
commitments. Assessing ‘Paris-alignment’ is a complex
exercise that extends well beyond the technical to
encompass issues of equity at the international level
and policy priorities domestically. Whilst policies are in
place to aid consideration of this for South Africa as a
whole, the allocation of effort between sectors remains
policy work-in-progress. Therefore, the analysis in this
brief utilises (sparse) existing data points to identify a
possible range for South African power sector level
‘Paris-alignment’ for the purposes of the Ambitions
modelling work. This range is not intended to be
definitive.
Because the identification of sector level effort is still
being determined, however, the Ambitions project
outputs themselves are then able to contribute
additional cost-optimal perspectives to the policy
deliberations. There is therefore an iterative nature to
the analysis in the brief when it comes to considering
the adequacy of power sector budgets (Section 3).
Given the recent revolution in renewable energy power

generation technology costs globally, the South African
power sector contains the potential to make a
significant and cost-efficient contribution to the
country’s mitigation efforts. Therefore, the cost of
mitigation in the power sector such as that contained in
the Ambitions analysis should equally inform an
assessment of the sector’s appropriate contribution.
This brief is thus written from the following two
perspectives: first, the impossible but requisite
identification of ‘Paris-aligned’ mitigation constraints
as input to the modelling work, and second, the
implications of the modelling for an adequate
mitigation contribution from the South African power
sector.

SOUTH AFRICAN CLIMATE CHANGE
MITIGATION POLICY AND
COMMITMENTS
Since 1992 and the advent of the United Nation’s
Framework Convention on Climate Change (UNFCCC),
South Africa has been developing its international and
domestic policy relating to climate change, including
climate change mitigation. During this time, knowledge
about climate mitigation has been growing in both
domestic and international domains, informing the
evolving policy environment.

SOUTH AFRICAN DOMESTIC CLIMATE
MITIGATION POLICY
The National Climate Change Response White Paper of
2011 provides the basis for South Africa’s domestic
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climate change policy, including its undergirding
principles and objectives. Relating to mitigation it
addresses South Africa’s mitigation potential, targets
and policy initiatives to achieve these.
In the White Paper, a National Benchmark Greenhouse
Gas Emissions Trajectory Range is established as ‘the
benchmark against which the efficacy of mitigation
action will be measured’ (Republic of South Africa,
2011, p. 27). This range has a ‘Peak, Plateau and

Decline’ shape, is economy-wide, and expressed in
absolute tonnes of GHG, projected to 2050. It is shown
in Figure 1 below (the relation to a ‘Business as Usual
projection’ is historical3 and no longer relevant given
that the Range itself is expressed in absolute terms). By
implication, a national carbon budget4 range for the
period 2020 - 2050 is simultaneously established as
10.8Gt CO2e for the Lower Trajectory, and 17.3Gt for
the Upper Trajectory (EScience Associates & Energy
Research Centre, 2018).

Figure 1. The defined Peak, Plateau and Decline Greenhouse Gas Benchmark Emissions Trajectory Range (Source:
DEA, 2011).

The White Paper has initiated the development of a
number of policy instruments and measures to align the
country’s greenhouse emissions with the Trajectory
Range. These include an economy-wide carbon tax
which was implemented mid-2019; Sector Emission
Targets (not yet defined); and company level Carbon
Budgets (a voluntary phase of this instrument is running
to 2020 where-after the Budgets are anticipated to
become mandatory. Enforcement however depends on
the successful promulgation of the Climate Change Bill

which has been in process since its first consultation in
2018).
In addition to the Trajectory Range, the South African
National Planning Commission (NPC) is developing a
low carbon vision for the country for 2050. The vision is
currently articulated as being either ‘zero carbon’ or
‘net zero carbon’ by 2050 (NPC, 2019). The policy work
to position this vision against the Trajectory Range has
not yet been done.
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SOUTH AFRICA’S INTERNATIONAL
CLIMATE CHANGE COMMITMENTS
In addition to the domestic policy arena, South Africa is
required to prepare a number of submissions under the
United Nations Framework Convention on Climate
Change (UNFCCC)’s 2015 Paris Agreement. The
country’s Nationally Determined Contribution (NDC)
was submitted in 2016. In this document South Africa
presents two points on the Trajectory Range (2025 and
2030), implicitly specifying a commitment to an
absolute economy-wide range of greenhouse gas
emissions between end 2020 and 2030, which is the
conventional NDC timeframe. The NDC states that the
extent to which South Africa will implement the
commitment is dependent on technical, financial and
capacity support from the international community
being forthcoming (Republic of South Africa, 2015).
The Paris Agreement reiterates the UNFCCC principle
that developed countries have an obligation to support
developing countries respond to climate change, and
South Africa’s NDC references this.
The international process established under the Paris
Agreement requires that countries increase the
ambition of their NDCs every five years from 2025
(Voigt & Ferreira, 2016); every subsequent NDC must
be more stringent that its predecessor, the so-called
‘ratchet mechanism’. President Ramaphosa, in a
statement to the 2019 United Nations Secretary
General’s Climate Summit5, committed to enhancing
the ambition of South Africa’s NDC by the end of 2020.
South Africa is also in the process of drafting a LowEmission Development Strategy (LEDS), for submission
to the UNFCCC, which provides a long- term vision for
mitigation, to 2050. This vision is expected to be
aligned with that emerging from the NPC process.

CONSIDERING THE ADEQUACY OF SOUTH
AFRICA’S INTERNATIONAL CLIMATE
MITIGATION COMMITMENTS
The adequacy of South Africa’s mitigation
commitments can be considered against the Paris
Agreement goal of containing global temperature rise
to ‘well below 2˚C above pre-industrial levels and
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pursuing efforts to limit the temperature increase to
1.5˚C’ (UNFCCC Paris Agreement, Art.2.s1a). A political
compromise, the Paris Agreement articulation is
unhelpfully broad in relation to the task of this brief,
but at the very least, the 2˚C warming limit provides an
upper bound.
There is a huge amount of interpretation and
uncertainty to consider in analyses of the adequacy of
the South African climate mitigation policy positions at an economy-wide level, let alone at a power sector
level. There is at present no definitive way of
ascertaining adequacy. Apart from complexities in the
climate science itself (including the treatment of carbon
sinks), factors that need to be considered include
equity of effort, capabilities, existing fossil fuel
intensities, domestic policy objectives, the timing of
peak emissions, greenhouse gas inventory accuracy,
the timing difference between the 2015 submission of
the NDC and the 2020 start date of the budgets
presented here, and when the Secunda coal-to-liquids
plant retires6. The analysis in this section therefore
provides a relatively high- level map of the terrain.
Climate science expresses the link between emissions
and temperature rise using the language of
probabilities; a particular level of emissions would be
considered likely to achieve a particular warming level
with a certain probability. This language interacts with
the policy language of ‘well below’. In the case of the
temperature points identified in the Paris Agreement,
it is argued that a 66% probability of achieving 2˚C
reflects a median temperature increase of 1.6 - 1.7˚C
(Peters, 2017), which is ‘well below 2˚C’. Peter’s
argument is not universally accepted, with some
arguing a more stringent goal is required (Marquard,
2020).
Whether the global ‘well below 2˚C’ target can be met
is determined, in the UNFCCC nation-focused system,
on what individual countries collectively can do in
terms of decarbonisation. Country level commitments
are demonstrated in country NDCs - the first round of
NDCs was due immediately on ratification of the Paris
Agreement, and are available on the UNFCCC website7.
Cumulatively, the current country NDCs represent in

3

BRIEFING NOTE (No. 2020/03)

Version 1.1

the region of 3.2˚C of warming (UNEP, 2019), i.e. they
are inadequate for meeting the Paris target. The
importance of the ratchet mechanism is therefore
thrown into sharp relief.
What constitutes a ‘fair share’ of mitigation for any one
country is a highly value-laden, politicised and difficult
issue, and one which has not yet been able to be
defined in the UNFCCC process. Over time, numerous
methodologies have been proposed towards this end,
making use of generally accepted parameters such as
historical responsibility, developmental needs, natural
energy resource endowments, and existing economic
and governance capabilities. Using a combination of
these, and considering adequacy against the Paris
target, the independent scientific analysis of Climate
Action Tracker (CAT) finds that the Upper Trajectory of
the South African NDC range is ‘highly insufficient’, as is
its corresponding target for 20508. The Lower
Trajectory in both 2030 and 2050 is considered
compatible with containing warming to 2˚C, but not
below this. In a separate analysis, Marquard (2020)
argues that the Lower Trajectory is deemed a fair
contribution (based on the argument that a 66%
probability of containing the global temperature to a
2˚C rise and a 50% probability of containing warming to
a 1.5˚C increase represent the Paris agreements’ ‘well
below 2˚C above pre-industrial levels, and pursuing
efforts to limit the temperature increase to 1.5˚C’).
It is worth recalling at this point that South Africa’s
commitment to NDC implementation will be enabled
by international support.
In addition to a consideration of adequacy in the
context of the NDCs, analysis has also been undertaken
to assess emissions that can be emitted specifically
from coal burnt for power generation to 20509, relative
to achieving Paris targets. Coal is the single largest
source of emitters today10. The United Nations
Environment Programme’s Emissions Gap reports
(2017, 2019) indicate that all unabated11 burning of coal
in the power sector has to be significantly reduced by

2030 (roughly halved from 2019 levels, according to
Carbon Brief), and entirely discontinued by 2050 in
order to limit warming to 2˚C. Climate Analytics (2020)
argue based on the scenarios considered in the
Intergovernmental Panel on Climate Change (IPCC)’s
Special Report on 1.5 ˚C that 97% of coal for power
generation globally needs to be off by 2040 to contain
warming to ‘well below 2˚C’, with coal in the African
region being exited by 2034. Of course, the principles
of equity and national context are less well articulated
in these coal analyses compared to those of the carbon
budgets. A coal-off date for the South African power
sector is considered in more detail in the subsequent
section.
Finally, adequacy can be considered against the target
of ‘net-zero carbon’. Analysis of this metric at the
global level suggests that achieving net zero global
CO212 emissions around 2050 will be necessary to keep
warming levels to 1.5˚C (IPCCC, 2018), and net zero
global CO2 emissions by 2070 to keep temperature rise
below 2˚C (Marquard, 2020). South Africa would likely
need to achieve net zero CO2 emissions between 2050
and 2060, considering equitable sharing of mitigation
efforts between countries.
To summarise at this point, then, given the substantial
uncertainties involved, it is not possible to be definitive
in terms of metrics to assess South Africa’s Parisalignment. However, the below provide some markers
for the likely effort required:
•

The effective commitment in the Upper Trajectory
Range of South Africa’s NDC has been deemed
highly insufficient as a contribution to the Paris
goal of keeping temperature rise well below 2˚C.
The Lower Trajectory could be deemed Parisaligned.

•

The implementation of the South African NDC
commitment is articulated as being enabled by
international support.
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•

The ratchet mechanism of the Paris Agreement
implies that South Africa will be required to submit
increasingly ambitious future NDCs.

•

Analysis on the potential to use coal in the power
sector in the context of the Paris goal suggests
2040 as a coal exit date for the South African power
sector.

•

South Africa is likely to be required to achieve net
zero CO2 emissions between 2050 and 2060 in
order to be Paris-aligned.

CONTEXTUALISING THE SOUTH AFRICAN
POWER SECTOR’S CONTRIBUTION TO ITS
ECONOMY-WIDE TARGETS
There has not yet been any official guidance given by
the custodian of climate mitigation policymaking, the
Department of Environment, Forestry and Fisheries
(DEFF) on sectoral allocations under the National
Benchmark GHG Emission Trajectory Range. The
mechanism for this, the Sector Emission Reduction
Targets (SETS) remains under development at the time
of writing.
In addition to emissions trajectories, carbon budgets
represent a rigorous yet flexible metric for considering
mitigation effort over time, one that is easily
incorporated into an electricity system modelling
exercise such as that of the Ambitions project. A carbon
budget is a number representing cumulative emissions
over a timeframe (typically for mitigation policy, from a
recent / present date until 2050). A carbon budget
corresponds to the area below an emissions trajectory.
By defining the trajectory, the budget is implied.
A company level Carbon Budget for Eskom would give
a clear indication of an anticipated electricity sector
allocation given that Eskom generates around 95% of
South Africa’s electricity currently. The utility has taken
on a Budget in the voluntary period to 2020 (Eskom
Integrated Report, 2019), although the quantum of this
budget has not been made public. The electricity sector

also currently receives an exemption from the carbon
tax promulgated mid 2019 due to there being an
environmental levy in place on all power generated
from fossil fuels. This situation is set to be revised in
2023.
In 2010, a year prior to the White Paper’s publication,
an emissions constraint of 275Mt CO2e between 2025
and 2030 was adopted in South Africa’s first Integrated
Resource Plan (IRP) for the electricity sector (DoE,
2011). The constraint was included to reflect South
Africa’s Pledge under the UNFCCC’s Copenhagen
Accord (2009), which referenced the PPD trajectory
from the Long Term Mitigation Scenario planning
process. The IRP, similar to the NDC, is a plan to 2030.
The level of the IRP 2010 carbon constraint was
determined by applying the electricity sector’s
contribution to South Africa’s emissions at the time
(45%)13 to the Upper Trajectory of the Range. The IRP
2010 carbon constraint has been retained in the 2019
IRP update, although it is no longer a binding constraint
on a least cost plan due to the dramatic decline in
renewable energy power generation costs (i.e. the least
cost plan at all times emits less than the Upper
Trajectory). The IRP 2019 also provides a graph
indicating that the constraint declines to 200Mt in 2050
(IRP 2019 Figure 8). The IRP 2019 further refers to an
indicative carbon budget of 5.4 Gt from 2020-205014
which was introduced together with the constraint in
an earlier IRP draft, (2018 IRP), in order to align with the
White Paper’s carbon budget policy architecture. There
is no indication in either document how this budget was
determined.
The IRP 2010/19’s carbon constraint is depicted in
Figure 2 below, as a portion of the National Benchmark
GHG Emissions Trajectory Range. The constraint
follows the same trend as the Lower Trajectory, but
only to 2030, the timeframe of the IRP.
Modelled emissions from a Current Policy Reference
Scenario used in the Ambitions project15 show that
anticipated emissions from the implementation of the

13

This percentage is not disclosed in policy documents, but can be deduced by working back from the 275Mt figure
identified in the 2010 IRP as the constraint between 2025 and 2030, as a percentage of the national Upper Trajectory.
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This timeframe is not 100% clear from the draft IRP 2018, which describes it as such: ‘The scenario was based on
carbon targets divided into 10-year intervals which meant a total emissions reduction budget for the entire electricity
sector up to 2050 must be 5470Mt CO2 cumulatively’ (IRP 2018 draft, p 35).
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IRP 2019 (depicted in Figure 3 below) are well below
the 2010/19 constraint throughout the period. In
addition, the associated cumulative carbon emissions
for the period from 2020-2050 is 4Gt, well below the
IRP 2019’s indicative budget of 5.4Gt (RSA, 2019).

Energy planning in South Africa has not yet caught up
with the techno-economic shift in the power sector.
This is not unusual across the developing world (see
for example E3G, 2020a; E3G, 2020b).

Figure 2. The power sector’s 2010/19 carbon constraint against the National Benchmark GHG Emissions Trajectory
Range (Source: DEA, 2011; DMRE, 2019)

Figure 3. GHG Emissions associated with an IRP-based Current Policy Trajectory against the National Benchmark
GHG Emissions Trajectory Range16 (Source: DEA, 2011; DMRE, 2019; ME, 2020; CSIR, 2020)

16

The renewable energy build constraint contained in the IRP 2019 modelling to 2030 is assumed to be lifted post
2030 in ascertaining the IRP 2019 emissions trajectory.
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CONSIDERING AN ADEQUATE POWER
SECTOR CONTRIBUTION
The IRP 2010 adopted a carbon constraint based on the
electricity sector’s historical emissions as a proportion
of economy-wide emissions. Whilst this may have been
appropriate at the time, there has been a dramatic
change in relative prices of energy technologies in the
subsequent decade. Now, the bulk of least cost
mitigation options across the economy are found in the
electricity sector due to the rapid decline in cost of
renewable energy power generation technologies
(EScience Associates & Energy Research Centre, 2018;
Mccall et al., 2019).
Recalling the summary in section 3, together with South
Africa’s own domestic vision of zero / net-zero carbon
by 2050, there is likely to be increasing pressure on the
country to move at least to the Lower Trajectory into
the future. A low carbon electricity sector represents
the country’s least cost route to achieve this. Therefore
whilst a strict policy-compliance based view of the NDC
and IRP 2019 suggest that South Africa may be on track
to achieving its international commitments, a longer
term view suggests that the country will need to look
towards structural economic and electricity sector
change if it is to achieve a least cost, fair contribution
to an adequate global mitigation effort by 2050
(EScience Associates & Energy Research Centre, 2018).
The Ambitions modelling emphasises this: it is the
action of the coming decade that is critical for enabling
cost effective power sector mitigation going forward.
What level of mitigation contribution from the
electricity sector would put South Africa in a position
where it is able to follow a cost effective and adequate
mitigation path to 2050? Two metrics from which to
consider this are employed here, carbon budgets and a
coal-off-by date.

From the discussion in section 3, a carbon budget equal
to or smaller than that represented by the Lower
Trajectory (10.8 Gt) could be considered Paris- aligned
at the national level. The modelling work done by the
University of Cape Town’s Energy Systems group
apportions a national level budget17 and allocates
mitigation effort in terms of feasible technology
pathways at lowest cost. The ‘Alt IRP’ study (Mccall et
al., 2019) interprets ‘well below 2˚C’ as a carbon budget
20% below that of the Lower Trajectory, and is
modelled as 7.8 Gt. A carbon budget for the electricity
sector of 2.3Gt is thus derived. Another UCT study,
using the same modelling approach but aiming only for
2˚C (Burton et al, 2018) allocates a budget of 9,5Gt18
and derives electricity sector budgets of between 2.9
and 3.4 Gt, depending on assumptions relating to the
retirement date of the Secunda coal-to-liquids facility19.
To compound the inherent uncertainty in ascertaining
carbon budgets per se, there are very few data points
at the sectoral level, and these are all derived from cost
optimisation modelling, i.e. they don’t include
consideration for other policy objectives that South
Africa might wish to achieve in a sectoral carbon space
allocation exercise. Nevertheless, these data points are
what we have, and from them we have assumed that a
Paris-aligned, cost effective South African power sector
budget might lie between 2.020 to 3.4Gt, with an
emphasis on 2.3Gt.
Using a coal-off-by date is a simpler but less flexible
approach. The exit date of coal is considered in the
South African context in the UCT team’s modelling.
Here, a carbon constraint is introduced at the economylevel, and the extent to which coal remains in electricity
generation is derived by the model, determined by cost
and economic considerations. These studies confirm
that coal for power generation is likely to need to exit
by 204021. McCall et al (2019) find that if some coal is
left on the electricity system post 2040, this will impact

17

Technically, this is an energy system model (and as such excludes the Agriculture, Forestry and Other Land Use
(AFOLU) sectors. The budget used is adjusted accordingly.
18

The energy system portion of the Lower Trajectory budget.

19

Secunda is the largest point source of carbon emissions in the world, and has such the date of its termination is
highly relevant when considering South African carbon budgets.
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on the level of natural gas that can be included, i.e.
there is a trade-off in carbon constrained scenarios
between different fossil fuels. If the coal to liquids plant
at Secunda is allowed to run post 2040, this may require
coal for power generation to exit even earlier (Burton
et al, 2018).
The outcomes of the Ambitions study support the lower
end of the budget range we assumed (see Figure 4
below). Even when taking real-world constraints into

account, the cost increase of the most ambitious
mitigation scenario considered (combining an
ambitious RE pathway and coal off by 2040) is
associated with an electricity system cost increase of
less than 2.5% compared to the Current Policy
Reference Scenario. This ambitious mitigation scenario
has cumulative carbon emissions of around 2.5Gt, close
to that found by McCall et al (2019) to be associated
with a mitigation scenario aligned with 20% lower than
2˚C (2.3Gt).

Figure 4. System cost vs CO2 Emissions for the Ambitions Project Mitigation Scenarios (ME, 2020).
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