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24 June 2016 

 
 
Dear Mr Henning  
 
SUBMISSIONS ON THE BACKGROUND INFORMATION DOCUMENT FOR THE PROPOSED MOKOLO CROCODILE (WEST) 
WATER AUGMENTATION PROJECT PHASE 2  
  
1. We act for Earthlife Africa Johannesburg (ELA or “our client”), an organisation founded in 1988 to mobilise civil 

society around environmental issues in relation to people.  It is a membership organisation, with currently 
approximately 100 members, led by a Core Group which serves as its management committee. ELA challenges 
environmental degradation and aims to promote a culture of environmental awareness and sustainable 
development in South Africa.  
 

2. We refer to the Background Information Document (BID) for the Proposed Mokolo Crocodile (West) Water 
Augmentation Project Phase 2 (MCWAP-2) published on 16 May 2016. We confirm that our client has been duly 
registered as an interested and affected party (I&AP) in relation to this project. 

 
3. While we do not intend to make full and detailed submissions on the content of the BID, we are instructed to place 

on record that we reserve our client’s rights to make full submissions during the subsequent stages of the 
environmental impact assessment (EIA) process for MCWAP-2. The absence of extensive comments at this stage 
is not, by any means, to be construed as approval for or acceptance of the proposed MCWAP-2 project. 
 

4. We note that the purposes of the BID, as stated, is to:  
4.1 provide an overview of the proposed MCWAP-2; 
4.2 provide an outline of the EIA process that will be undertaken for the project; and 
4.3 grant the opportunity to be registered as an I&AP and allow for comments to be made on the proposed 

project. 
 

5. We note that no mention is made of the need to remedy negative impacts (through, for example, appropriate 
restoration, compensation, or offsets) – as required in terms of the National Environmental Management 
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principles encompassed in section 2 of the National Environmental Management Act, 1998 (NEMA). That must be 
addressed. 
 

6. The BID notes that MCWAP-2 consists of the following components: 
“1. Water Transfer Infrastructure (topic of this BID) - transfer of water from the Crocodile River to Lephalale; 
2. Bulk Power Supply (topic of this BID); 
3. Borrow Pits - sourcing of construction material; and 
4. River Management System - manage abstractions from, and the river flow in, the Crocodile River (West) 
between Hartbeespoort Dam and Vlieëpoort Weir as well as the Moretele River from Klipvoor Dam to the 
confluence with the Crocodile River (West), and also the required flow past Vlieëpoort.” 

 
7. It is not clear if, and how, components 3 and 4 above – which are clearly integral to the MCWAP-2 and will require 

environmental authorisation (Table 2 in the BID) – are to be addressed in a ‘combined application’ process, 
particularly given that separate applications will be submitted for different components. Our client requests clarity 
on this approach and an explanation of why there is a need for these ‘separate applications’ rather than one 
combined application.  
 

8. We state, at the outset, that our client has significant reservations about the feasibility and sustainability of the 
proposed MCWAP-2 project based on, inter alia; 
8.1 the current water shortages throughout South Africa, and the predictions that the water shortage will 

worsen; 
8.2 the impending and increasing impacts of climate change; and 
8.3 the communities and the agricultural industry which are dependent on water sources such as the 

Crocodile River, which will be impacted and affected by MCWAP-2. 
 
9. Our client is very concerned about the impacts that the proposed MCWAP-2 poses for human health and the 

environment. We note, in this regard, that the BID focuses on the engineering designs (which themselves are far 
from clearly understandable), and provides very little information on potential environmental and social impacts. 
 

10. All potential impacts of MCWAP-2 must be fully assessed, and, as part of the requisite assessments, adequate 
consideration must be given to, amongst other things:  
10.1 impacts both on the ‘giving’ (Crocodile River West) and receiving water systems; 
10.2 water scarcity, water quality, ecological flow, and the cumulative impacts that the project will have on 

existing water resources in South Africa;  
10.3 potential and predicted flood patterns and flows, and associated risks; 
10.4 socio-economic aspects, such as livelihoods and health; 
10.5 impacts of climate change on both the giving and receiving water systems over the life of the proposed 

project, with reference, inter alia, to: ‘the ecological reserve’, and flood patterns and flows; 
10.6 impacts of population growth and foreseeable demand for water from both water systems over the life 

of the proposed project, in terms of anticipated trends, taking into account ‘the reserve’;  
10.7 section 24 of the Constitution, which guarantees a right to an environment not harmful to health or 

wellbeing and the right to have the environment protected for the benefit of present and future 
generations; and  

10.8 the National Environmental Management principles set out in NEMA’s section 2; including, in particular, 
the precautionary, preventive and “polluter pays” principles. 

 
11. In relation to the proposed specialist studies set out in the BID: 

11.1 a land use impact assessment, rather than an “agricultural” assessment should be conducted;  
11.2 a freshwater ecologist could be appointed to conduct both the “aquatic and riverine impact assessment” 

and the “wetland  assessment and delineation”; and 
11.3 if biodiversity components of concern arise either from a terrestrial or freshwater aquatic system 

perspective, additional, more focussed taxa studies would need to be conducted; and 
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11.4 the socioeconomic impact assessment must assess the impacts of both ‘giving’ and receiving water 
systems on livelihoods, health and safety of affected communities. 
 

12. We point out that the MCWAP-2 has potential to have significant and far-reaching impacts on water sources 
which will affect substantial portions of the country, and not only Limpopo.  In particular, it appears from the BID 
that it will, at the very least, impact on water sources in North West and Gauteng. In this regard, we record that, 
on 2 June 2016, we wrote to you to request that additional public consultation meetings be arranged for, at the 
very least, the North West and Gauteng.  You responded on 3 June 2016, advising that, as part of the broader 
Public Involvement Programme for the River Management System - which extends beyond the scope of the EIA's 
Public Participation Process - meetings would be scheduled with key interest groups, which include: Formal 
Agricultural Groups (including the Hartebeespoort Irrigation Board, Crocodile-West Irrigation Board, Makoppa 
Water Users and the Transvaal Agricultural Union); and Hartebeespoort Dam Interested and Affected Parties. You 
advised that the abovementioned interest groups were specifically identified based on the nature and scope of 
the river management system. Kindly confirm that these invitations will be sent to all I&APs, and not only these 
interest groups. 
 

13. We trust that you will give due consideration to the above recommendations as you prepare the scoping report 
for MCWAP-2.   

 

14. Kindly respond to our queries regarding the separate EIA applications and regarding the expansion of the I&AP 
interest groups as set out above in paragraphs 7 and 12 respectively. 

 
Yours sincerely 
CENTRE FOR ENVIRONMENTAL RIGHTS 
 

per:  
 
Robyn Hugo 
Attorney and Programme Head: Pollution and Climate Change 
Direct email: rhugo@cer.org.za 
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Donavan Henning  
Nemai Consulting  
147 Bram Fischer Drive  
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2194  
By email: donavanh@nemai.co.za       
 

Your ref: 10580/20180301 
Our ref: NL/RH 

11 April 2018 
 
Dear Sir  
 
COMMENTS ON THE DRAFT SCOPING REPORT FOR THE PROPOSED MOKOLO AND CROCODILE RIVER (WEST) 
WATER AUGMENTATION PROJECT (PHASE 2)    

 
1 We act for Earthlife Africa NPC (“Earthlife”)1 and groundWork2 (“our clients”). The Centre for Environmental 

Rights (CER), Earthlife and groundWork, form part of the Life After Coal Campaign, a campaign which aims to 
discourage investment in new coal-fired power stations and mines; accelerate the retirement of South Africa’s 
coal infrastructure; and enable a just transition to renewable energy systems for the people.3 
 

2 We confirm that our clients have been duly registered as interested and affected parties (I&APs) in relation to 
this project. 
 

3 We submit these comments in response to the notification of 1 March 2018 titled “notice of review of draft 
scoping reports and public meetings in respect of the proposed Mokolo and Crocodile River (West) Water 
Augmentation Project (Phase 2)” (“MCWAP-2”, or the “project”).  

 
4 We note that the notification refers to three separate components of MCWAP-2, namely: “Water Transfer 

Infrastructure - transfer of water from Crocodile River (West) to the Steenbokpan and Lephalale areas; Borrow 
Pits - sourcing of construction material for the water transfer infrastructure; and River Management System - 
manage abstractions from, and the river flow in, the Crocodile River (West) between Hartbeespoort Dam and 
Vlieëpoort Weir, the Moretele River from Klipvoor Dam to the confluence with the Crocodile River (West), the 
stretch of Elands River from Vaalkop Dam to Crocodile confluence, and also the required flow past Vlieëpoort”, 
but that the Scoping Report only deals with the first component – the water transfer infrastructure.  Since 
these components are all intricately linked – especially the assessment of impacts on the giving and receiving 
water systems – we submit that they should not be separated in this manner and we reserve our clients’ rights 
to comment and make submissions on all the components of MCWAP-2. 

                                            
1  Earthlife is a registered non-profit company (NPC) with registration number 2017/449921/08. It was founded in 1988 to 

mobilise civil society around environmental issues in relation to people.  Earthlife challenges environmental degradation 
and aims to promote a culture of environmental awareness and sustainable development in South Africa. 

2  groundWork is a non-profit environmental justice service and developmental organization working primarily in Southern 
Africa in the areas of Climate & Energy Justice, Coal, Environmental Health, Global Green and Healthy Hospitals, and 
Waste. groundWork is the South African member of Health Care Without Harm and Friends of the Earth International. 

3  https://lifeaftercoal.org.za/.  
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5 On 24 June 2016, we submitted comments, on behalf of Earthlife, on the background information document 

(BID) for MCWAP-2, published on 16 May 2016 (“the BID comments”). In the BID comments we stated that 
Earthlife had significant reservations about the feasibility and sustainability of the proposed MCWAP-2 project 
based on, inter alia: 

 
5.1 the current water shortages throughout South Africa, and the scientific predictions that the water 

shortage will worsen; 
 

5.2 the impending and increasing impacts of climate change; and 
 

5.3 the communities and the agricultural industry which are dependent on water sources such as the 
Crocodile River, which will be negatively impacted and affected by MCWAP-2. 

 
6 We pointed out that Earthlife is concerned about the impacts that the proposed MCWAP-2 poses for human 

health and the environment, and stated that all potential health and environmental impacts of MCWAP-2 
must be fully assessed as part of the requisite assessments.   
 

7 We stand by the BID comments, and make the following additional submissions on behalf of our clients and in 
relation to the Scoping Report, below.  
 

I Summary of main points 
 

8 Under MCWAP-2, the Department of Water and Sanitation (DWS) proposes to spend R 13 billion4 to transfer 
75 million m3 per annum of water from the Crocodile West catchment to the Mokolo catchment - beginning in 
20235 - in order to meet purported shortfalls in the Lephalale area.  However, DWS plans to implement this 
costly and risky inter-basin transfer to supply water primarily to proposed coal mines and coal-fired power 
plants6 in the Waterberg that are no longer necessary to meet South Africa’s energy or development 
requirements, would significantly increase South Africa’s greenhouse gas (GHG) emissions, and would 
further deteriorate the poor limited water resources and air quality in the region.  We have identified 
numerous deficiencies in the Scoping Report which must be addressed in the Environmental Impact 
Assessment (EIA) for the project. 
 

9 The need and desirability of the project is based on incorrect assumptions around the need for additional coal-
based electricity capacity.  

 
10 The Scoping Report relies on outdated and faulty assumptions to estimate future water requirements in the 

MCWAP-2 receiving-system.  For example, the Scoping Report estimates that a large proportion of the future 
water requirements in the Waterberg would be for new coal-fired power generation.7  However, as discussed 
further in paragraphs 18 to 26, circumstances around electricity demand and prices have changed significantly 
and new coal-fired power is not only not necessary, but it is expensive. Clean alternative energy options are 
available, which are cheaper and can meet South Africa’s energy needs.  There is no need for additional coal-
powered energy and the EIA should not assume that these energy projects are needed or that they all (or 
even any) will be built.   

 

                                            
4  Department of Water and Sanitation, Republic of South Africa “For Written Reply Question No 3111” Date of Publication 

13 October, 2017 (Internal Question Paper No. 36), Reply (a)(i)(bb)-(a)(ii)(bb). 
5  9.9, p94, Scoping Report. 
6  Table 3, p 9, Scoping Report. 
7  See Scoping Report, Table 3. 
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11 The Scoping Report’s projected water requirements also do not include any allocations for the Reserve, a legal 
requirement that takes precedence over all water uses.  It is also vital that the climate change impacts on the 
water resources to supply MCWAP-2 be fully assessed in the EIA. The climate change impact assessment must 
study the effects of climate change on river flows throughout all the rivers in the MCWAP-2 system (see 
discussion in paragraphs 64 to 74).  The EIA must address these deficiencies. 

 
12 As discussed further below, in line with the recent judgment in Earthlife Africa Johannesburg v the Minister of 

Environmental Affairs & Others,8 the EIA process must also ensure that a thorough climate change impact 
assessment is conducted, which analyses the indirect and cumulative climate change impacts from the growth 
in coal mines, coal-fired power stations, and other industry that would be enabled by MCWAP-2.  Such an 
assessment is critical because these developments would exacerbate South Africa’s extreme vulnerability to 
the impacts of climate change,9 and because South Africa, and most of the world, has committed to capping 
and reducing GHG emissions under the Paris Agreement. However, MCWAP-2 would move South Africa in the 
wrong direction.   
 

13 The EIA must also thoroughly assess other indirect and cumulative impacts from the growth in coal mining, 
power plants, and industry enabled by MCWAP-2; including water, air quality, and socio-economic threats, as 
these developments would likely harm the environment and human health (see discussion in paragraphs 83 to 
94) and also further impact on the area’s resilience to climate change. By way of an example, the projected 
industrial growth that would occur in the Waterberg-Bojanala Priority Area (WBPA) should be assessed: this 
air pollution priority area was designated by the Minister of Environmental Affairs in 2012 because of 
concerns regarding non-compliance with National Ambient Air Quality Standards (NAAQS).  The EIA must 
assess the effect of this growth on the WBPA and its prospects of meeting its aim of ensuring compliance with 
NAAQS – where NAAQS, in certain areas, are already not being complied with.10 It is worth pointing out that, 
more than 11 and 10 years since the declarations of the Vaal Triangle and Highveld Priority Areas, 
respectively, there is regular non-compliance with the NAAQS - with attendant health impacts and violations 
of constitutional rights - largely as a result of industrial emissions. There is no reason to assume that the WBPA 
will not face the same fate if the extensive planned developments proceed. 
 

14 In summary, without addressing these and other concerns identified below in the EIA, the Department of 
Environmental Affairs (DEA) cannot make an informed and rational decision about the potential need for, risks 
and benefits from MCWAP-2. A failure to do so will make the process susceptible to legal challenge. 

 
II The Scoping Report fails to adequately and accurately motivate the need and desirability of the project 

 
15 The EIA Regulations 2014 state that the objective of the scoping process is to, inter alia, motivate the need 

and desirability of the proposed activity, including the need and desirability of the activity in the context of the 
preferred location.11  
 

16 Under the heading of need and desirability in the Scoping Report, it is stated that “[t]he IDP for the Lephalale 
LM (2016) acknowledges the need for MCWAP and specifically states the following: “It is imperative to note 
that the outcome of the MCWAP project need (sic) to be implemented to address expected water shortages 
before any development in node area 1 will be viable, as currently the area does not have sufficient water 
resources to sustain any new development””(emphasis added).12 However, it is not made clear to what extent 
such new development is needed. 

                                            
8  Earthlife Africa Johannesburg v Minister of Environmental Affairs and others  

[2017] 2 All SA 519 (GP) 
9          Page 8, National Climate Change Response White Paper.  
10        See 2017 State of the Air Report. http://www.airqualitylekgotla.co.za/assets/2017_1.3-state-of-air-report-and-naqi.pdf.  
11        Appendix 2, 1(b), EIA Regulations, 2014. 
12        Table 7, p 36, Scoping Report. 

http://www.airqualitylekgotla.co.za/assets/2017_1.3-state-of-air-report-and-naqi.pdf
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In response to the following question in the Scoping Report: “Does the community/area need the activity and 
the associated land use concerned (is it a societal priority)? This refers to the strategic as well as local level 
(e.g. development is a national priority, but within a specific local context it could be inappropriate)” the 
Scoping Report stated “MCWAP-2A features prominently on SIP 1, which aims to unlock SA’s northern 
mineral belt in one of the poorest provinces (Limpopo). The assurance of water supply to the current power 
stations near Lephalale is not acceptable and places the country’s power supply at risk. The concerns raised 
by IAPs with regards to the proposed project primarily fall into the following categories: concerns related to the 
footprint of the physical infrastructure and associated impacts to land use as well as existing structures and 
infrastructure; concerns related to water availability in the Crocodile River (West); and concerns related to 
the cumulative impacts associated with the various developments that are linked to the Waterberg 
Coalfields.”13 The alleged needs of the communities therefore only relate to an apparent need to “unlock the 
northern mineral belt”, but no mention is made of the communities requiring the additional water to come 
from MCWAP2. In fact, as shown above, water availability in the Crocodile River (which will be used by 
MCWAP-2) is highlighted as a concern from I&APs. 
 

17 The Scoping Report’s inaccurate assessment that coal-fired power, and demands for electricity and more coal 
mining, will increase is based on, among other things, the outdated Integrated Resource Plan for Electricity 
2010 – 2030 (promulgated in 2011) (“IRP 2010”).14 However, it is unreasonable to rely on the IRP 2010 to 
justify any projects because it is based on outdated and inaccurate assumptions about electricity demand, 
energy pricing, and feasibility of alternative electricity sources.   
 

18 The IRP is supposed to be a “living plan”, which is updated every 2 years,15 but it has yet to be revised since it 
was published in early 2011. Draft IRP updates were published for comment in 2013 and then again in 2016 – 
but a revised IRP has not yet been published. The latest in the media is that the IRP update has been sent back 
to Cabinet for reprocessing, and that it will be finalised “very soon”16 and that it is a “high priority” for the 
Department of Energy.17  

 
19 The IRP 2010 assumptions on projected energy demand are too high.  For example, the IRP 2010 estimated 

electricity demand in 2016 to be approximately 310 terawatt-hour (TWh) per year, whereas actual demand 
was significantly lower, at just above 250 TWh per year.18  The IRP 2010 estimated demand in 2020 to be 
about 350 TWh per year, whereas the Council for Scientific and Industrial Research (CSIR) has forecast it to be 
288 TWh per year.19 
 

20 Moreover, although Eskom was facing an energy crisis at the time of the IRP 2010, it now has excess supply of 
electricity capacity. In January 2017, Eskom confirmed that it had a surplus of 5 600MW at peak and could 
meet any increase in demand until 2021.20  In a statement of August 2017, Eskom Chief Executive Officer said: 
“[w]hereas security of power supply was the key concern two years ago, the focus has now shifted to 
managing surplus capacity”.21  Eskom's Medium Term System Adequacy Outlook for October 2017, concludes 

                                            
13        Table 7, p 37, Scoping Report. 
14  Scoping Report, sections 3.4, 5.3. 
15  P7, IRP 2010.  
16  Para 13, http://www.energy.gov.za/files/media/speeches/2018/Speech-by-Minister-at-the-REIPPPP-Bid-Windows3.5-

and4Contractual-Close-signing-ceremony-04042018.pdf.  
17         See http://m.miningweekly.com/article/high-priority-irp-update-to-be-published-soon-2018-04-10/rep_id:3861.  
18  Council for Scientific and Industrial Research (CSIR), Least-cost electricity mix for South Africa by 2040 Scenarios for South 

Africa’s future electricity mix (3 November 2016), http://www.ee.co.za/wp-content/uploads/2016/11/RE-Futures-
Windaba-CSIR-3Nov2016_FINAL.pdf at 10.   

19  Ibid. 
20  See http://www.eskom.co.za/news/Pages/Jann24.aspx.  
21  See http://www.eskom.co.za/news/Pages/Augg10.aspx.  

http://www.energy.gov.za/files/media/speeches/2018/Speech-by-Minister-at-the-REIPPPP-Bid-Windows3.5-and4Contractual-Close-signing-ceremony-04042018.pdf
http://www.energy.gov.za/files/media/speeches/2018/Speech-by-Minister-at-the-REIPPPP-Bid-Windows3.5-and4Contractual-Close-signing-ceremony-04042018.pdf
http://m.miningweekly.com/article/high-priority-irp-update-to-be-published-soon-2018-04-10/rep_id:3861
http://www.ee.co.za/wp-content/uploads/2016/11/RE-Futures-Windaba-CSIR-3Nov2016_FINAL.pdf
http://www.ee.co.za/wp-content/uploads/2016/11/RE-Futures-Windaba-CSIR-3Nov2016_FINAL.pdf
http://www.eskom.co.za/news/Pages/Jann24.aspx
http://www.eskom.co.za/news/Pages/Augg10.aspx
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that “the system is adequate in the short- to medium-term to meet demand from 2017 to 2022 in all the 
scenarios studied”.22   
 

21 In addition, renewable energy sources from solar photovoltaic (“PV”) and wind are now much cheaper than 
they were when the IRP 2010 was promulgated.  The IRP 2010 estimates that the cost of solar PV and wind 
energy would be between approximately 1-2 rand per kWh in 2015 and 1 rand per kWh respectively, while the 
actual cost – in the latest rounds of the renewable energy independent power producer (IPP) procurement 
programme - was 0.62 rand per kWh for both.23  The price for new renewable capacity is also much cheaper 
than new coal.  For example, the price of Thabametsi’s electricity, should the power plant be built, will be 
R1.03 per kilowatt hour (KWh).24    
 

22 Recent studies have concluded that there is no need for additional coal-fired power to meet South Africa’s 
energy needs, and that Eskom can also retire many of its old plants.  For example, a November 2017 report by 
Meridian Economics (“the Meridian report”),25 relying on modelling by the CSIR, found that in a 34 year, least-
cost optimised, power system operation and expansion plan, no new coal-fired power capacity is built after 
Eskom’s Kusile power station.  It stated, “new coal and nuclear plants are simply no longer competitive.  
When new capacity is required, demand is met at lowest cost primarily from new solar PV and wind” 
(emphasis added).26   
 

23 The Meridian report also concluded that Eskom should accelerate the decommissioning of three of its older 
coal-fired power stations (Hendrina, Grootvlei, and Komati) and curtail the completion of Kusile units 5 and 6 
in order to save costs.  The report found that these interventions can be achieved without affecting security of 
supply and could save Eskom up to R17 billion.  Notably, CSIR’s system analysis for the study found that all of 
South Africa’s projected energy demands in both moderate and high demand scenarios can be met by new 
solar PV and wind, and without any new coal or nuclear energy, including, Thabametsi power station.  The 
Meridian Report concluded: 
 
“[i]n both demand scenarios, coal-fired power stations provide most electrical energy until about 2025, after 
which coal's contribution starts to decline (as older coal-fired plants are decommissioned). No new coal-fired 
power is built after Kusile (which is taken as committed in the reference scenarios), as new coal is simply no 
longer competitive. Demand is met primarily from new solar PV and wind generation. Renewable energy is 
supplemented by flexible technologies; storage (pumped storage and batteries) and open-cycle gas turbines for 
peaking. In the high demand scenario, combined cycle gas turbines are deployed after 2040. No new nuclear 
plants are built in any scenario either. Coal and nuclear are no longer a part of South Africa's least cost 
electricity mix” (emphasis added)”.27 
 

24 The Energy Systems, Economics, and Policy Group based at the Energy Research Centre (ERC), University of 
Cape Town, conducted a similar study that focused on the proposed Thabametsi and Khanyisa IPP power 
stations.  ERC presented the findings of its study at the 27 March 2018 generation licence hearing for the 
proposed Thabametsi and Khanyisa coal IPP power stations.  The presentation is attached as Annexure A.  The 
study found that Thabametsi and Khanyisa would: 

 

                                            
22  See section 6, page 12 at 

 http://www.eskom.co.za/Whatweredoing/SupplyStatus/Documents/MTSAO_Oct2017Report.pdf  
23  Ibid., at p. 6. 
24  See http://www.ee.co.za/wp-content/uploads/2016/10/New_Power_Generators_RSA-CSIR-14Oct2016.pdf at page 7. 
25  Available at http://meridianeconomics.co.za/wp-content/uploads/2017/11/Eskoms-financial-crisis-and-the-viability-of-

coalfired-power-in-SA_ME_20171115.pdf.  
26  P3, Executive Summary, Meridian Report. 
27  Meridian Study, p. 28. 

http://www.eskom.co.za/Whatweredoing/SupplyStatus/Documents/MTSAO_Oct2017Report.pdf
http://www.ee.co.za/wp-content/uploads/2016/10/New_Power_Generators_RSA-CSIR-14Oct2016.pdf
http://meridianeconomics.co.za/wp-content/uploads/2017/11/Eskoms-financial-crisis-and-the-viability-of-coalfired-power-in-SA_ME_20171115.pdf
http://meridianeconomics.co.za/wp-content/uploads/2017/11/Eskoms-financial-crisis-and-the-viability-of-coalfired-power-in-SA_ME_20171115.pdf
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24.1 increase South Africa’s GHG emissions by approximately 155-177 million tonnes of CO2 equivalent up 
to 2050; 
 

24.2 result in additional costs in the electricity sector every year of up to R4bn to 2025-2027 - to be borne 
by consumers; and 
 

24.3 increase the overall system costs by between R19,3 billion (reference case) and R24,5 billion (low 
demand scenario) in present value terms.28 

 
25 The ERC study concluded that, because South Africa has a major surplus of baseload generation, further new 

capacity (from Medupi, Kusile, and renewables) is coming online, and electricity costs have risen and are 
putting the economy and citizens under increasing pressure, Thabametsi and Khanyisa should not be built as 
they would not provide least-cost, or even necessary, electricity to South Africa, and would prevent cheaper 
investments later.  Importantly, the power stations would exacerbate the situation of oversupply in the short- 
and medium-term.  This would lower the load factors at Eskom plants and put those plants and jobs at risk, 
exacerbating the “utility death spiral”.  The study further noted that future energy demand could be met 
mostly by renewable energy options.  
 

26 The findings in these studies should, our clients submit, make DWS reconsider its plans for a costly water 
infrastructure project which assumes that coal-fired power and coal mining in the Waterberg will increase 
significantly up to 2030.29  DWS must comprehensively assess whether the remaining unbuilt units for Medupi 
and any new coal-fired power plants in the receiving area, such as the Thabametsi power station, are 
necessary and likely to be completed.   

 
27 DEA’s 2017 Guideline on Need and Desirability sets out a list of questions which should be addressed when 

considering need and desirability of a proposed development. These questions include: 

 
27.1 How will this development (and its separate elements/aspects) impact on the ecological integrity of 

the area, including how will this development impact on non-renewable resources? What measures 
were explored to firstly avoid these impacts?30 
 

27.2 How were the Global and international responsibilities relating to the environment (e.g. RAMSAR sites, 
Climate Change, etc.) taken into account?31 
 

27.3 What is the socio-economic context of the area, and considering the socio-economic context, what will 
the socio-economic impacts be of the development (and its separate elements/aspects), and 
specifically also on the socio-economic objectives of the area?32 

 
28 The Guideline states that “[d]uring screening and “scoping” the abovementioned questions must be used to 

identify the key issues to be addressed as well as to identify alternatives that will better respond to the 
considerations (i.e. that will firstly avoid the negative impact or better mitigate the negative impact, or that 
will better enhance the positive impact). The “scoping” process might find that many of the questions have 
clear answers and that no further information has to be gathered related to the specific question. In this regard 
would be required is for the relevant report (first part of the Basic Assessment Report or the Scoping Report) to 

                                            
28         P32, ERC Presentation (Annexure A to these comments).  
29  See Scoping Report, Table 3. 
30         1.6 p 12, 2017 Guideline on Need and Desirability.  
31         1.1.8,p 11, Guideline on Need and Desirability.  
32       2.2., p 15, Guideline on Need and Desirability.  
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clearly answer all the questions including a clear indication which questions do not require further information 
to be generated during the assessment.”33 
 

29 We submit that the Scoping Report has not given adequate and full regard to these considerations, and has 
failed to adequately identify key issues and questions to be addressed in the EIA. 
 

30 For the reasons set out above, we submit that the questions around need and desirability for MCWAP-2 must 
be seriously reconsidered in light of: the fact that there is no need for additional coal electricity capacity or 
coal mines in the country; the high climate, health and environmental impacts of MCWAP-2; and the high 
costs of implementing MCWAP-2. 

 
31 As mentioned above, to the extent that the envisaged development entails new coal plants and coal mines, 

this cannot serve as an adequate justification for the project being necessary nor desirable given the current 
circumstances of excess supply and the ability of alternative electricity sources to provide electricity which is 
cheaper than coal, with less environmental impacts.  

 
III The EIA must reassess future water demand for MCWAP-2 because the Scoping Report’s projections are 

based on outdated and flawed assumptions concerning the growth of coal-fired power plants and mines 
and do not allocate water for meeting the Reserve or propose an adequate assessment of climate change 
impacts on water availability 
 

32 As discussed above and below, the Scoping Report predicts a major expansion of coal-fired power stations and 
mining in the Waterberg, which would require a significant increase in water supply.  However, these 
projections are not accurate because they are not reflective of current realities around: South Africa’s 
electricity demand (which is much lower than initially projected); Eskom’s excess capacity; and alternative and 
technically feasible energy sources which are much cheaper than coal-fired electricity and also less water-
intensive.  As such, coal-fired power is no longer necessary to meet South Africa’s energy demands.  As a 
result, the Scoping Report substantially overestimates future water requirements for coal-fired power stations 
and coal mines (which primarily supply power plants) in the Waterberg.   
 

33 In addition, the Scoping Report does not allocate water for the Reserve, a significant and unlawful omission, 
and it is unlikely to adequately assess the impacts of climate change on the water systems to supply MCWAP-2 
– both of these factors will significantly impact on the availability of water for MCWAP-2. 

 
The Scoping Report’s stated motivation for MCWAP-2 and projected water requirements 

 
34 The Scoping Report claims that MCWAP-2 is needed to meet primarily the growing water demands of coal 

mines and coal-fired power plants in the Lephalale area.  According to the Scoping Report: 
 
“[D]emand will increase in the Lephalale area due to the following planned and anticipated consequential 
developments due to the Waterberg coalfields: Construction of Eskom’s Medupi Power Station; Possible 
development of further Eskom power stations; Possible development of power stations by Independent Power 
Producers (IPPs); Extension of the Grootegeluk mining operations and further mines; Possible exploitation of 
gas; and accelerated growth in the population in the area.”34   
 

                                            
33       P 18, Guideline on Need and Desirability. 
34  Scoping Report, section 3.2.  See, also, p. 136 (“The need for MCWAP-2A stems from satisfying the water requirements of 

the following (including strategic water users):  Power generation in Waterberg; Coal for power generation in the 
Waterberg; Coal to support power stations in Mpumalanga; Industrial/mining for other purposes; and Urban use by 
Lephalale Municipality”.). 
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35 Based on meeting the above and other “needs”, Table 3 of the Scoping Report sets out the combined water 
requirement projections for the MCWAP-2 project until 2050.35  For example, the Scoping Report projects that 
water requirements for Eskom coal-fired power plants and Exxaro coal mines36 will increase from 
approximately 24 m3 per annum in 2019 to 43 million m3 per annum in 2030.37  The Scoping Report projects 
that “Department of Energy future users”, which include “CF3 Mines”, “IPP Other”, and “CF3 Power 
Generation” (it is not clear what these projects are), will increase their water requirements from 
approximately 6 million m3 per annum to 40 million m3 per annum during this same time period.38  It predicts 
that Lephalale Municipality’s water use, which the Scoping Report refers to as “Social Users”, will increase 
from approximately 12 million m3 per annum to 14.4 million m3 per annum over the same time period.39  
There is no mention of supplying water for agriculture.  
 

36 The Scoping Report also indicates (in discussing the implications of the “no go” alternative) that, if the project 
is not built, it would have the following implications:  

 
36.1 under-utilisation of the Waterberg coal reserves; 

 
36.2 the development of new power stations is of high strategic importance with tight timeframes. Without 

a suitable source of water, the new power stations will not be possible, with potential future energy 
shortages; 
 

36.3 the absence of water will suppress development, with associated socio-economic implications on a 
national scale; and 
 

36.4 without MCWAP-2A, Eskom will not be able to implement the Flue-Gas Desulphurisation (FGD) 
technology at the Medupi Power Station to reduce sulphur emissions, which will violate the related 
condition in Eskom’s World Bank loan.40 

 
37 As mentioned above, the Scoping Report’s assessment that coal-fired power will increase is based on, among 

other things, the outdated IRP 2010.41  The result is that the Scoping Report overestimates both the need for 
coal-fired power and the need for coal mines. 
 

38 It is our clients’ assertion that FGD for the Medupi power station (for those units that are completed) can be 
the only justifiable proposed use of water listed above as this will have a positive public health benefit (in 
addition to domestic water use, insofar as MCWAP-2 is intended for this) and given Eskom’s legal obligations 
to meet the minimum emission standards prescribed under the National Environmental Management: Air 
Quality Act, 2004. It must be assessed, however, whether MCWAP-2 is needed for Medupi’s FGD alone, given 
that the need for new coal-fired power and for the expansion of coal mining in the Waterberg has been 
significantly overestimated in the Scoping Report (as explained further below). Furthermore, it is worth 
pointing out that although the FGD proposed by Eskom does require additional water, the amount of 
additional water depends on the technology used. The amount of FGD water can be reduced by about 30% 
with technology widely used in Europe, and potentially up to 100% with emerging new technology. 
 

                                            
35  The water requirements of users in the MCWAP System used in Table 3 were obtained from the Post Feasibility Bridging 

Study Report, which has not been made available to the public. 
36  Defined as committed commercial users (Eskom & Exxaro), and this includes the Matimba Power Station, Medupi Power 

Station, the IPP Exxaro Initiative, Exxaro Mine for Matimba and Medupi, Mpumalanga, Export and other Industrial use. 
See, Scoping Report, at p. 9 Table 3.  

37  Id.  
38  Id. (emphasis added).  
39  Id.  
40  Scoping Report, section 10.3.2. 
41  Scoping Report, sections 3.4, 5.3. 
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The Scoping Report overestimates the need for new coal-fired power 
 

39 As explained in detail above, and based on: the research of, inter alia, the CSIR, Meridian Economics and ERC; 
Eskom’s statements around excess capacity and the current prices of coal-based electricity versus other 
sources of electricity, there is simply no need for new coal-fired power stations to be built in the Waterberg. 
 

40 The Scoping Report and EIA must reconsider the likelihood of these proposed power stations being built on 
this basis. 
 

41 As discussed in paragraph 81 below, the Scoping Report and EIA must also thoroughly consider whether South 
Africa’s international and domestic obligations to curtail its GHG emissions could force the country to abandon 
or move away from coal-fired power in the near future. It is submitted that this is clearly the case.  This would 
also reduce the future demand for costly MCWAP-2 water. 

 
The Scoping Report overestimates the expansion of coal mining in the Waterberg  
 

42 The recoverable coalfield reserves in the Waterberg are estimated to be 15,847 million tonnes, with 13,111 
million tonnes of that amount being low-grade bituminous coal that cannot be exported.42   
 

43 A study in the Journal of the South African Institute of Mining and Metallurgy concluded that: “the low-grade 
Waterberg coals with their high ash content and low yields are a significant stumbling block to further 
development of the coalfield.  Any new exploitation will only be financially feasible if a market can be found for 
the vast quantities of low-grade coal that will be produced.”43   

 
44 According to the study, the market for this low-grade coal is domestic coal-fired power plants, as well as gas, 

steel, and chemical production.  The study concluded that: 
 
“Sufficient water is the primary key to enabling exploitation, together with an adequate market for the large 
volumes of lowgrade coal. As the most likely consumer of this coal will be either a power station or a 
petrochemical complex, the need for additional energy will be a driving force in the development of this 
coalfield” (emphasis added).44 
 

45 As discussed above, the Scoping Report assumes an increase in the water requirements for mines from 2019 
to 2050.45  As there is no need for new coal power generation, the development of Waterberg coalfields 
would also be significantly curtailed. Thus, the Scoping Report’s projected water requirements also potentially 
significantly overestimate the need for expanded and new coal mining in the area.  
 

The Scoping Report’s projected water requirements do not include the Reserve  
 

46 The National Water Act, 1998 (NWA), section 16 states that “[a]s soon as reasonably practicable after the class 
of all or part of a water resource has been determined, the Minister must, by notice in the Gazette, determine 
the Reserve for all or part of that water resource … A determination of the Reserve must – … ensure that 
adequate allowance is made for each component of the Reserve.” Furthermore section 18 states that “[t]he 
Minister, the Director-General, an organ of state and a water management institution, must give effect to the 

                                            
42  Jeffrey, L. (July 2005). "Challenges associated with further development of the Waterberg Coalfield" (PDF). The Journal of 

The South African Institute of Mining and Metallurgy 105, p. 453 
43  Ibid, p. 454. 
44  Ibid, p. 453 (Emphasis added). 
45  Table 3, p9 Scoping Report, and p4.  

http://www.saimm.co.za/Journal/v105n06p453.pdf
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Reserve as determined in terms of this Part when exercising any power or preforming any duty in terms of this 
Act.” 
 

47 The Minister of Water and Sanitation has – as of yet – only determined the reserve for one water resource in 
South Africa - the Olifants-Doorn46 catchment. 
 

48 Although the Scoping Report recognises that the “Reserve is central to water resource management and 
enjoys priority of use according to the National Water Act (No. 36 of 1998)”,47 the Report’s projected water 
requirements fail to allocate any water to the Reserve or anticipate any determination of the reserve in the 
future, even though this is legally required by the NWA. Nor is any indication given on what the reserve for the 
relevant catchments actually is and/or how it will be accounted for in the MCWAP-2 EIA. 

 
49 Moreover, the Scoping Report indicates that the EIA will not discuss meeting Reserve requirements, but 

vaguely asserts that this discussion will be part of the licensing process of DWS.  It notes: “The Reserve will 
assist DWS to make informed decisions regarding the authorisation of future water use as well as the 
operation and management of the water resource. The Reserve requirements (EWR) will ultimately feed into 
the licensing process of DWS and the operation of the system.”48 
 

50 This is an unacceptable omission, as the determination of the Reserve is a legal requirement and will 
undoubtedly impact on the water available for MCWAP-2 – it must be given priority.  
 

51 The DWS has noted that: 
 
“[c]urrently, water availability and water use are in balance [in the Mokolo catchment]. However, within the 
provisions of the National Water Act as stipulated in the National Water Resources Strategy, there is a need to 
meet the water requirements of the Reserve (Basic Human Needs and Ecological) in terms of water quantity 
and quality. Taking these requirements into account there is insufficient water to maintain the current 
balance. Added to this, it is anticipated that water demand will increase with new developments in the Mokolo 
Catchment, such as new or expanded mining activities and new power stations” (emphasis added).49 
 

52 Similarly, the Draft Limpopo Water Management Area North Reconciliation Strategy noted that meeting the 
ecological reserve in the Mokolo River catchment would reduce yield in the Mokolo Dam by 57%.50  The Draft 
Reconciliation Strategy provides:  
 
“[I]t is evident that the impact of implementing [the ecological reserve] has an adverse effect on the 
available yield. Almost all of the major dams within the study area will not be able to meet their current 
allocations if the desktop [ecological reserves] are implemented.  More detailed studies have to be conducted 
to better quantify the [ecological reserve] and subsequent impact on the yield of large dams for the following 
phases of the Draft Reconciliation Strategy. It might be that a compromise can be made between the 
[ecological reserve] and the impact on the available yield” (emphasis added).51 
 

                                            
46         See https://cer.org.za/wp-content/uploads/2018/02/Olifants-Doorn.pdf.  
47  Scoping Report, p. 137 
48  Scoping Report, p. 141. 
49  Department of Water Affairs, CLASSIFICATION OF SIGNIFICANT WATER RESOURCES IN THE MOKOLO AND MATLABAS 

CATCHMENT: LIMPOPO WATER MANAGEMENT AREA (WMA) AND CROCODILE (WEST) AND MARICO WMA: WP 10506 
INFORMATION ANALYSIS REPORT: MOKOLO AND MATLABAS CATCHMENTS: LIMPOPO (March 2012), p 1, 
http://www.dwa.gov.za/rdm/WRCS/doc/Gap%20Analysis%20Report_Mokolo_WRC_Final_29%20Mar%202012.pdf 
(emphasis added). 

50  DWS, Limpopo Water Management Area North Reconciliation Strategy (Draft), (September 2016), Figure 4.2.  
51  Limpopo Water Management Area North Reconciliation Strategy (Draft), section 4.1.1. 

https://cer.org.za/wp-content/uploads/2018/02/Olifants-Doorn.pdf
http://www.dwa.gov.za/rdm/WRCS/doc/Gap%20Analysis%20Report_Mokolo_WRC_Final_29%20Mar%202012.pdf
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53 MCWAP-2 is unlikely to be able to meet requirements for both the Reserve and other water users listed in 
Table 3 of the Scoping Report.  It is thus critical that the EIA must include the Reserve in its projected water 
requirements. 
 

54 In summary, there are major flaws in the Scoping Report’s projected water requirements that the EIA must 
address.  The EIA must also re-assess the Scoping Report’s no-go alternative to include scenarios where water 
requirements for coal-fired power plants and coal mines are significantly reduced (on the presumption that 
these projects cannot and do not proceed), as this is a likely outcome regardless of MCWAP-2 proceeding. 
 

55 Failing to adequately assess the full impacts of climate change on water resources will also affect the water 
available for MCWAP-2. This is, however, addressed in further detail below. 

 
IV The EIA process must require that a comprehensive climate change impact assessment is conducted 

 
56 The 8 March 2017 judgment in the case of Earthlife Africa Johannesburg v the Minister of Environmental 

Affairs & Others52 (“the Thabametsi judgment”) confirmed that project proponents must conduct a 
comprehensive climate change impact assessment (CCIA) as part of the EIA process in accordance with EIA 
Regulations and the requirements of the National Environmental Management Act, 1998 (NEMA).53  In that 
case, Earthlife had challenged the Minister’s decision to grant the Thabametsi coal-fired power plant its 
environmental authorisation without first considering the climate impacts of the project.  The Court held that 
climate impacts were not adequately considered by the DEA or the Minister prior to granting the 
environmental authorisation.  
 

57 Importantly, the Court held that a CCIA requires more than just a quantification of projected GHG emissions.  
Project proponents must consider broader impacts such as, in the case of Thabametsi, that the power station 
would be based in a water-stressed region, thereby “aggravat[ing] the impact of climate change in the region 
by contributing to water scarcity, raising in turn questions about the viability of the power station over its 
lifetime.”54  It also stated that such an assessment would be best done by means of a professionally-
researched report.55  
 

58 The Scoping Report’s discussion of climate change does not meet the requirements of NEMA and the EIA 
Regulations as confirmed and set out by the Court in the Thabametsi judgment.  Its discussion of climate 
change impacts is limited only to general comments on the potential threat from climate change to the water 
yield in the system.  Section 11.3.2 notes:  
 
“As is common accepted practice, the potential impact of climate change to river flows has been considered in 
the hydrological modelling, where a margin for error in the future predictions has been considered.  This is 

                                            
52  Earthlife Africa Johannesburg v Minister of Environmental Affairs and Others [2017] 2 All SA 519 (GP), available at: 

https://cer.org.za/wp-content/uploads/2017/03/Judgment-Earthlife-Thabametsi-Final-06-03-2017.pdf.  
53  The court papers are available on the CER website at https://cer.org.za/programmes/pollution-climate-

change/litigation/the-proposed-thabametsi-ipp-earthlife-africa-johannesburg-v-department-of-environmental-affairs-
thabametsi-power-project-pty-ltd-and-others.  

54  Para 44, Thabametsi judgment.  
55  The Court also held that the mere existence of policy calling for new coal-based electricity (such as the IRP or a Ministerial 

Determination in terms of section 34 ERA) does not exempt the decision-maker from exercising its independent 
discretion on the assessment of the impacts, stating that the “assertion that the instruments constitute binding 
administrative decisions not to be circumvented to frustrate the establishment of authorised coal-fired power stations is 
unsustainable, as is the notion that their mere existence precludes the need for a climate change impact assessment in 
the environmental authorisation process. Policy instruments developed by the Department of Energy cannot alter the 
requirements of environmental legislation for relevant climate change factors to be considered.” See paras 95 – 96, 
Thabametsi judgment. 

https://cer.org.za/wp-content/uploads/2017/03/Judgment-Earthlife-Thabametsi-Final-06-03-2017.pdf
https://cer.org.za/programmes/pollution-climate-change/litigation/the-proposed-thabametsi-ipp-earthlife-africa-johannesburg-v-department-of-environmental-affairs-thabametsi-power-project-pty-ltd-and-others
https://cer.org.za/programmes/pollution-climate-change/litigation/the-proposed-thabametsi-ipp-earthlife-africa-johannesburg-v-department-of-environmental-affairs-thabametsi-power-project-pty-ltd-and-others
https://cer.org.za/programmes/pollution-climate-change/litigation/the-proposed-thabametsi-ipp-earthlife-africa-johannesburg-v-department-of-environmental-affairs-thabametsi-power-project-pty-ltd-and-others
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based on historical data of wet and dry periods for the area, as well as all known water use that affects river 
runoff.”  
 

59 It further states: 
 
“Studies conducted where various global climate models were used to estimate the likely implication on water 
availability (yield) of system showed widely varying results and found that either increases or decreases will 
occur in water availability as a result of Climate Change.  Due to these observations it has been acknowledged 
that Climate Change adds another layer of uncertainty to water resource assessment and planning. 
Considering the recent advances made in developing methods of assessing uncertainty in water resource 
analysis there are proposals under consideration by DWS and other funding organisations to expand the 
uncertainty assessment methodology by also incorporating the effects of Climate Change. The key in achieving 
this is by integrating available research products of Climate Change and uncertainty. This will require 
developing procedures (including software systems) and establishing analytical techniques that can be used in 
studies such as this.  The water resource analysis that was carried out for this study should be reviewed once 
the proposed analytical techniques and procedures have been developed to account for Climate Change as an 
uncertainty.”56  
 

60 This discussion is insufficient and flawed because, among other things: 
 
60.1 the hydrological model referred to above was not provided to the public, making it impossible to 

evaluate how the model assessed the potential impacts of climate change to river flows.  The vague 
methodological description provided in the Scoping Report provides no further clarity (i.e., “where a 
margin for error in the future predictions has been considered … based on historical data of wet and 
dry periods for the area, as well as all known water use that affects river runoff”); 
 

60.2 although the Scoping Report recognises that climate change “adds another layer of uncertainty to 
water resource assessment and planning”, it suggests that no “procedures” or “analytical techniques” 
are available to “account for Climate Change as an uncertainty.”  The Scoping Report notes that the 
water resource analysis should only be reviewed for climate change impacts once “analytical 
techniques and procedures have been developed to account for Climate Change as an uncertainty.”  
This is incorrect, and suggests that the EIA may not complete a comprehensive CCIA.  As the report of 
Bradley Udall, attached to these comments as Annexure B, and the Thabametsi Power Plant climate 
resilience report, attached to these comments as Annexure C, demonstrate, it is possible to predict, 
with a high level of certainty, the potential threats from climate change to water yield of the Crocodile 
West River and Mokolo River catchments; and    
 

60.3 in addition, the Scoping Report avoids any discussion of the manner in which MCWAP-2 might 
aggravate the Waterberg’s resilience to climate change, or of indirect or downstream GHG emissions 
that would be enabled by MCWAP-2. 

 
61 Moreover, the list of specialist studies in the Scoping Report to be conducted as part of the environmental 

review does not include a CCIA.57 
 

62 The EIA must complete a comprehensive CCIA that is consistent with the Thabametsi decision and which 
includes the following elements: 

 
62.1 an assessment of the potential threats to the system water yield from climate change;  

 

                                            
56  See also, Scoping Report, Table 53. 
57  Scoping Report, section 14.4.4. 
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62.2 a discussion of how the project might aggravate potential climate change impacts in the area; and  
 
62.3 an assessment of GHGs that would result from the project, including indirect and full life-cycle 

emissions, cumulative emissions, climate health impacts and the environmental and social cost of the 
GHG emissions. 

 
63 These elements are discussed in turn. 

 

The EIA must assess the potential threats to the MCWAP-2 system’s water yield from climate change 
 

64 Recent reports have found that climate change would reduce the water yield throughout the MCWAP-2 
system. 
 

65 According to the 2016 Limpopo Department of Economic Development, Environment and Tourism (LDEDET) 
Provincial Climate Change Response Strategy (2016-2020): 
 
“…the region is likely to experience greater variability in rainfall, and will almost certainly witness an increase 
in evaporation rates, implying a drier future even in the presence of greater rainfall and heavy rainfall 
events. Limpopo Province would therefore experience regular droughts and heat intensity, water shortages, 
spread of diseases with adverse effects on the economy, natural resources, infrastructure, human health and 
community livelihoods. Water shortages are already a key feature in the drier Limpopo Province and the 
situation is going to become even more severe as a result of climate change. Important water use sectors 
such as agriculture and electricity generation (i.e. the energy sector) will face severe effects from climate 
change”(emphasis added).58 
 

66 Furthermore, the LDEDET report found:  
 
“ [a] detailed climate change vulnerability assessment for Limpopo revealed that sectors such as human health, 
agriculture, plant and animal biodiversity, water resources, and water and road infrastructure, livelihoods as 
areas showing the highest vulnerability to climate change mainly because the Province comprises 
predominantly rural areas that are dependent on rain-fed agriculture with a low economic development, low 
levels of human and physical capital, poor infrastructure standing, and therefore very low adaptive capacity.”59 
 

67 The report concluded: “in most climate change scenarios projected for the Limpopo river basin in South Africa, 
future water supply availability will ‘worsen considerably’ by 2050.”60  
 

68 A May 2017 report by the Academy of Science of South Africa entitled ‘First Biennial Report to Cabinet on the 
State of Climate Change Science and Technology in South Africa’ highlights the key climate change challenges 
and impacts in South Africa over the next 30 years.61  The report states that “[t]he strongest impacts of climate 
change in South Africa in the first half of the 21st century will be on the security of freshwater supplies to 
industry, towns and agriculture; on crop and livestock agriculture, due to less favourable growing conditions; 

                                            
58  Limpopo Department of Economic Development, Environment and Tourism Climate Change Response Strategy (2016 to 

2020), available at http://www.ledet.gov.za/wp-content/uploads/2016/11/Limpopo_Climate_Change-
Response_Strategy_-2016_2020_Final.pdf, p. 19.  

59  LDEDET, p. 4  
60  LDEDET, p. 27 
61  The Academy of Science of South Africa (ASSAf) The State of Climate Change Science and Technology in South Africa (May 

2017), available at, http://www.dst.gov.za/index.php/media-room/latest-news/2236-report-investigates-climate-change-
science-and-technology.  

http://www.ledet.gov.za/wp-content/uploads/2016/11/Limpopo_Climate_Change-Response_Strategy_-2016_2020_Final.pdf
http://www.ledet.gov.za/wp-content/uploads/2016/11/Limpopo_Climate_Change-Response_Strategy_-2016_2020_Final.pdf
http://www.dst.gov.za/index.php/media-room/latest-news/2236-report-investigates-climate-change-science-and-technology
http://www.dst.gov.za/index.php/media-room/latest-news/2236-report-investigates-climate-change-science-and-technology
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on human health, due to heat stress and disease spread, particularly in urban areas; and on biodiversity, due to 
shifting habitat suitability.”62   
 

69 Thabametsi’s Climate Resilience Assessment Report (CRAR) found that climate change is a high risk to the 
availability of water resources in the Mokolo Catchment.63  It noted that climate change projections for the 
region indicate a likely increase in drought conditions and higher temperatures, which would reduce water 
availability.  The CRAR explained “that climate-related variables will have an impact on water resources; 
notably, higher temperatures are likely to bring about increased evaporation losses from dams and rivers, and 
increased irrigation water requirements.”64 
 

70 Importantly, the CRAR noted that climate change “risks and impacts do not appear to be considered in the 
context of basin-level programs, including the Crocodile West River Reconciliation Strategy 2012 and the draft 
Limpopo WMA North Reconciliations Strategy 2016, both relevant to this project, adding uncertainty in the 
extent to which proposed allocations will be met in the context of a changing climate” (emphasis added).65   
 

71 The report of Bradley Udall, Senior Water and Climate Research Scientist/Scholar at the Colorado Water 
Institute in Colorado State University, attached as annexure B, is consistent with the findings of the CRAR.  It 
concludes that the strong preponderance of scientific evidence indicates that flows in the Mokolo and 
Crocodile (West) Rivers will likely significantly decline as the 21st century warms due to higher evaporation 
and evapo-transpiration and increased incidents of flash droughts.66  Udall cautioned: “South African water 
and infrastructure planners and government should prepare for significant Mokolo and Crocodile (West) 
River flow reductions and refrain from actions that will increase the risks of undesired outcomes. Maladaptive 
actions would include increasing the demands on these already over-allocated water systems, and 
contributing to additional warming by increasing emissions of greenhouse gasses through the construction 
of long-lasting, new coal-fired power plants” (emphasis added).67  
 

72 In summary, there is resounding agreement that climate change threatens water flow throughout the 
MCWAP-2 system.  The EIA must assess the potential threats to the MCWAP-2 system’s water yield from 
climate change, including on the Vaal, Crocodile (West), and Mokolo catchment areas.  The potential for 
climate change to reduce flow in these catchments is a major risk to the long-term viability of the project and 
the EIA must assess the feasibility of MCWAP-2 to deliver the committed amounts of water in light of 
predicted climate change reduced flows. 
 

The EIA must assess how MCWAP-2 might aggravate climate change harms in the area 
 

73 As mentioned, MCWAP-2 would enable the significant growth of new polluting coal mines, power stations, 
and other industry.  Not only will these industries contribute significantly to climate change (nationally and 
globally) through their GHG emissions, they will exacerbate the impacts of climate change in the Waterberg 
area by utilising, and potentially polluting, scarce and limited water resources, which are needed by 
communities and the environment for climate adaptation and resilience, and which will be (and are being) 
significantly reduced as a result of climate change.   
 

74 The EIA must, therefore, assess how MCWAP-2 will impact the surrounding area’s resilience to climate 
change. 

 

                                            
62  Ibid. at p. 15.  
63  CRA pp. 31, 56 and p. xi. 
64  CRA, p. 31. 
65  CRA, p. 31. 
66  Udall Report, p. 27. 
67  Udall Report, p. 28. 
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The EIA must assess the indirect or downstream GHG emissions that would result from the project  
 

75 The Scoping Report concedes: “MCWAP-2A will enable developments associated with the Waterberg coalfields 
to proceed”.68  This will include the development and/or expansion of coal-fired plants, coal mines, and other 
industry.   
 

76 These developments will significantly increase South Africa’s GHG emissions.   
 

77 For example, Thabametsi power station, which would rely on MCWAP-2 water for its water requirements, 
would have very high GHG emissions. Thabametsi’s final CCIA found:69 
 
“the Project’s GHG emissions are estimated to be 5 186 749 t [Carbon dioxide equivalent] CO2e annually during 
operations on completion of Phase 1, and 9 879 522 t CO2e annually on completion of Phase 2. Using 
benchmarks of international lender standards with respect to the magnitude of annual emissions from a 
development … the magnitude of this Project’s GHG emissions is considered to be ‘Very Large’”– the highest 
possible rating, which translated to an overall significance rating of “High (Negative).”70  
 

78 A fully operational Medupi Power Station would emit 26.7 Mt per year before FGD and 26.0 Mt per year, after 
FGD.71  
 

79 In addition, there are several other power stations and coal mines proposed in the Waterberg that would rely 
on MCWAP-2 water and would individually and cumulatively emit significant GHG emissions, given the nature 
of their processes as coal plants and coal mines. All coal-fired power stations emit high volumes of GHGs by 
virtue of burning coal for electricity. The only means to substantially reduce these emissions would be through 
carbon capture and storage technology, which is neither technically nor financially feasible for South Africa.  
 

80 The EIA must assess these indirect and cumulative GHG emissions.   
 

81 This is particularly important considering that South Africa has committed to reduce its GHG emissions 
through its ratification of the Paris Agreement.72  There is a real risk that new coal-fired power plants will be 
unable to operate for their intended operational lifespan as South Africa’s commitments would require it to 
reduce its emissions significantly by 2035, and South Africa’s Nationally Determined Contribution (NDC) under 
the Paris Agreement recognises that “near zero” GHG emissions are required by the second half of the century 
to avoid even greater impacts that are beyond adaptation capability.73 All NDCS are required to become 
progressively stricter, with South Africa’s next intended NDC due in 2020.74 

 
82 In summary, the Scoping Report’s discussion of climate change – and intended assessment of climate change 

in the EIA - is wholly inadequate and legally flawed. The EIA must conduct a comprehensive CCIA which 

                                            
68  Scoping Report, p 175. 
69  Thabametsi’s CCIA consists of a Summary Report for the CCIA and PIA (“the Summary Report”) and annexures, including a 

GHG Assessment Report (appendix D to the Summary Report); Climate Resilience Assessment Report (appendix E to the 
Summary Report); and a Water Resource Report (appendix E1 to the Summary Report). The relevant CCIA reports can be 
accessed at https://cer.org.za/programmes/pollution-climate-change/key-correspondence. The other documents that 
make up the CCIA, as well as the PIA and EMPr, can also be made available on request.  

70  P18, Summary Report. 
71        Figure 3, 2014 Medupi Atmospheric Impact Report.  
72  P1, Nationally Determined Contribution, available at 

http://www4.unfccc.int/ndcregistry/PublishedDocuments/South%20Africa%20First/South%20Africa.pdf. (recognising 
that a 2 °C temperature increase translates to a 4 °C increase for South Africa by the end of the century).  

73  P1, NDC. Available at 
http://www4.unfccc.int/ndcregistry/PublishedDocuments/South%20Africa%20First/South%20Africa.pdf.  

74       Adoption of the Paris Agreement, para 23 at p4. 

https://cer.org.za/programmes/pollution-climate-change/key-correspondence
http://www4.unfccc.int/ndcregistry/PublishedDocuments/South%20Africa%20First/South%20Africa.pdf
http://www4.unfccc.int/ndcregistry/PublishedDocuments/South%20Africa%20First/South%20Africa.pdf
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includes: the potential threats to the system water yield from climate change; how the project might 
aggravate potential climate change impacts in the area; and an assessment of GHGs that would result from 
the project, including indirect and cumulative emissions. 
 

V The Scoping Report’s discussion of potentially significant environmental issues does not address indirect 
threats 
 

83 In addition to climate change, the Scoping Report does not adequately discuss indirect threats from the 
project to air quality, land/soil, water resources, and associated human health, and the socio-economic 
environment. 
 

84 Section 13 of the Scoping Report addresses potentially significant environmental issues that will be assessed 
during the EIA.  The Scoping Report describes several “general [terms of reference] that will apply to all the EIA 
specialist studies to be undertaken for the proposed project”, including that the EIA will: 
 
“6. Assess the impacts (direct, indirect and cumulative) in terms of their significance (using suitable evaluation 
criteria) and suggest suitable mitigation measures. In accordance with the mitigation hierarchy, negative 
impacts should be avoided, minimised, rehabilitated (or reinstated) or compensated for (i.e. offsets), whereas 
positive impacts should be enhanced. A risk-averse and cautious approach should be adopted under conditions 
of uncertainty.”75 
 

85 The Scoping Report, however, does not follow its own terms of reference because it does not discuss any 
indirect impacts from the project, including to air quality, water resources, human health, and the socio-
economic environment.   
 

86 As mentioned, MCWAP-2 would allow for the development of many power plants, coal mines, and other 
industry in the Lephalale area (although it is not clear what the additional industrial developments might be, 
nor when they would be constructed and when they would operate). These developments have the potential 
to significantly pollute air and water, as well as harm human health and the socio-economic environment.   

 
87 The air quality impacts from power plants and coal mines are notoriously bad.  For example, in the Highveld 

Priority Area, DEA found that Mine Haul Roads account for 49 percent of the particulate matter (PM10) 
emissions, while power plants accounted for 12% of PM10, 73% of nitrogen oxide (NOx), and 82% of sulphur 
dioxide (SO2) emissions.76  Moreover, elevated levels of these pollutants seriously threaten human health.  For 
example, a 2017 study commissioned by groundWork77 links the air pollution from PM2.5 particulate matter 
of Eskom’s coal-fired power stations to 2 239 equivalent attributable deaths annually.  It also states that these 
pollution impacts cost South Africa more than USD 2,3 billion annually, through premature deaths, hospital 
admissions, and lost working days.78  Despite these potential threats, there is no indication in the Scoping 
Report that the EIA will assess the air quality and health impacts which will indirectly result from the project.79   
 

88 Coal-fired power plants and mines also threaten water quality.  Mining pollutes water in many ways.80  One of 
the most damaging sources of water pollution is acid mine drainage (AMD) from both active and abandoned 

                                            
75  Scoping Report, Section 14.4.2. 
76  DEA, Highveld Priority Area Air Quality Management Plan (2011), Table 5. 
77  Available at https://lifeaftercoal.org.za/wp-content/uploads/2017/04/Annexure-A4.pdf.  
78  Holland Report, p15, https://lifeaftercoal.org.za/wp-content/uploads/2017/04/Annexure-A4.pdf.  
79  Scoping Report, section 14.4. 
80  See e.g. Bench Marks Foundation, pp. 39-42; World Wildlife Fund South Africa, Coal and Water Futures in South Africa 

(2011), p. 41, available at http://www.wwf.org.za/?4981/coalwater. 

https://lifeaftercoal.org.za/wp-content/uploads/2017/04/Annexure-A4.pdf
https://lifeaftercoal.org.za/wp-content/uploads/2017/04/Annexure-A4.pdf
http://www.wwf.org.za/?4981/coalwater
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mines.81  AMD is water flowing from mine sites that has become acidified by contact with sulphides in the 
mining waste rock that have been exposed to air.82  The resulting water is very acidic and high in salts and 
heavy metals.  AMD often leaches into aquifers or flows into rivers and streams, causing widespread 
devastation by sterilising soils, contaminating food crops, and harming the health of humans, animals and 
plants.83   
 

89 Abandoned and closed mines are the biggest source of AMD in South Africa.  As of 2014, South Africa had 
approximately 6000 abandoned mines from which acid water and heavy metals leak into the environment.84  
Active mining operations also contribute to the problem.  For example, in 2012, a storm event caused run-off 
ponds at coal-handling facilities to overflow with AMD into the Boesmanspruit Dam near Carolina in 
Mpumalanga, contaminating the water in the reservoir and leaving the people of Carolina and the Silobela 
Township without a safe water supply for seven months.  The community members had to purchase water 
from alternative sources at their own expense.85   
 

90 The storage of post-combustion waste from coal-fired power plants and its dispersion into the water and air 
also threatens human health and ecosystems.  In South Africa, Eskom alone produces 25 million tons of solid 
waste residue (referred to as coal ash) annually.86 Coal ash residue is made of very fine particles that are 
corrosive and contain toxic metals and soluble salts which can leach into the environment, polluting surface 
and ground water. 
 

91 Coal ash leachate will commonly escape the ash and enter and contaminate natural groundwater and surface 
water systems.  Numerous researchers have observed worldwide the adverse environmental impacts caused 
by the leaching of coal ash to groundwater and surface waters from both old and new ash deposits. 87  
Leaching takes place from both old and new sites, and peak leaching of hazardous chemicals occurs many 
decades after disposal and can persist for hundreds of years.88  Thus, ash disposal sites are potential sources 
of groundwater and surface water contamination for many decades after ash deposition has ceased.89  Many 
researchers have also documented the potential harm from coal ash contamination in drinking water to 
human health.  Some of these health impacts include cancer and damage to the nervous systems and other 
organs, especially in children.90 
 

92 However, the terms of reference included in the Scoping Report for the Aquatic Impact Assessment neglect to 
address any of these indirect threats from the project.91  

                                            
81  See Centre for Environmental Rights, Zero Hour:  Poor Governance of Mining and the Violation of Environmental Rights in 

Mpumalanga, (May 2016) (“Zero Hour”), p.1, available at http://cer.org.za/wp-content/uploads/2016/06/Zero-Hour-
May-2016.pdf, p. 4. 

82  WWF South Africa, Coal and Water Futures in South Africa (2011), p. 40, 
http://awsassets.wwf.org.za/downloads/wwf_coal_water_report_2011_web.pdf.  

83  Zero Hour, p. 4. 
84  Bench Marks Foundation, South African Coal Mining: Corporate Grievance Mechanisms and Mining Impacts (2014), p. 34, 

available at http://www.bench-marks.org.za/research/policy_gap_9.pdf.  
85  Zero Hour, p. 5. 
86  See http://www.eskom.co.za/news/Pages/Feb20.aspx.  
87  See Office of Solid Waste & Emergency Response, EPA, Human and Ecological Risk Assessment of Coal Combustion 

Wastes 2-4 (draft) (Apr. 2010) at 4-11.  
88  Ibid. 
89  Sandhu, S.S., Mills, G.I., Sajwan, K.S. (1993). “Leachability of Ni, Cd, Cr, and As from Coal Ash Impoundments of Different 

Ages on the Savannah River Site.” In Keefer, R.F., Sajwan, K. S. [eds.], Trace Elements in Coal and Coal Combustion 
Residues. Lewis Publishers: Boca Raton. 

90  See e.g., Physicians for Social Responsibility, Coal Ash: Hazardous to Human Health, http://www.psr.org/resources/coal-
ash-hazardous-to-human-health.html; Physicians for Social Responsibility and Earthjustice, Coal Ash: The toxic threat to 
our health and environment (September 2010),  http://www.psr.org/resources/coal-ash-the-toxic-threat-to-our-health-
and-environment.html. 

91  Scoping Report, section 14.4.3.1. 

http://cer.org.za/wp-content/uploads/2016/06/Zero-Hour-May-2016.pdf
http://cer.org.za/wp-content/uploads/2016/06/Zero-Hour-May-2016.pdf
http://awsassets.wwf.org.za/downloads/wwf_coal_water_report_2011_web.pdf
http://www.bench-marks.org.za/research/policy_gap_9.pdf
http://www.eskom.co.za/news/Pages/Feb20.aspx
http://www.psr.org/resources/coal-ash-hazardous-to-human-health.html
http://www.psr.org/resources/coal-ash-hazardous-to-human-health.html
http://www.psr.org/resources/coal-ash-the-toxic-threat-to-our-health-and-environment.html
http://www.psr.org/resources/coal-ash-the-toxic-threat-to-our-health-and-environment.html
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93 We submit that a health impact assessment (HIA) must be conducted, which analyses the indirect and 
cumulative impacts from the growth in coal mines, coal-fired power stations, and other industry that would be 
enabled by MCWAP-2. An HIA should include a cost benefit analysis of the infrastructure proposals, and an 
economic assessment of health impacts from the proposed projects. 
 

94 Athough the Scoping Report concedes that “MCWAP-2A will enable developments associated with the 
Waterberg coalfields to proceed”, it does not discuss the potential socio-economic threats and harms from 
those developments.92  These would include: harm to human health from water and air pollution; the financial 
burden of the health costs as well as reduced productivity as a result of the health impacts; harm from water 
pollution on the environment and natural resources including wildlife, which will threaten sectors such as 
agriculture and tourism; and reduced water available for communities, farmers, and the environment as a 
result of the water being utilised and contaminated by coal mines, power plants, and other industries.  The EIA 
must fully consider these issues. This is a legislative requirement and a failure to do so will make the EIA open 
to legal challenge. 

 
VI Conclusion  

 
95 In light of the above, it is our recommendation that the Scoping Report be significantly amended before it is 

submitted to DEA, and made available again for public comment, to address the deficiencies highlighted 
above.  
 

96 The proposed schedule for finalising the EIA allows the DWS and its consultants approximately one week to 
address public comments before submitting the final Scoping report to the DEA.93 This is an unreasonably 
short amount of time to meaningfully take into account all public comments, especially considering the cost, 
complexity and scale of the project, the potential significant environmental impacts, and the sensitive and 
complex nature of water distribution in a water-stressed area.  

 
97 Moreover, the one-month time period allowed for the public to comment on the Scoping Report is inadequate 

and does not allow the public to meaningfully evaluate the Scoping Report – nor is this amount of time 
adequate for comment on an EIA and the many technical reports that would be submitted as part of the draft 
EIA. The CER has on, numerous occasions, made submissions on unreasonable timeframes provided for in the 
NEMA EIA Regulations for the EIA process. The requirement for an applicant to, within 44 days of receipt of 
the application, submit to the competent authority a scoping report, which has been subjected to a public 
participation process of at least 30 days – is too short to allow for adequate and meaningful assessment and 
participation, as required by the Constitution and the Promotion of Administrative Justice Act, 2000 (PAJA).  
We submit that arrangements should have been made for more time for both comment, and consideration of 
the comments, before submission of the final Scoping Report. Our clients’ rights in this regard are reserved. 
 

98 Please ensure that adequate consideration is given to these comments, and keep us updated on the progress 
of this matter.  

 
Yours faithfully 
CENTRE FOR ENVIRONMENTAL RIGHTS 
 

                                            
92  Scoping Report, p 175. 
93  P 229, Scoping Report. 
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Donavan Henning  
Nemai Consulting  
147 Bram Fischer Drive  
Randburg  
2194  
By email: donavanh@nemai.co.za  
  
 

Your ref: 10580/20180927 
Our ref: NL/RH  

31 October 2018 
 

Dear Sir   
 
COMMENTS ON THE DRAFT ENVIRONMENTAL IMPACT REPORT FOR THE PROPOSED MOKOLO AND CROCODILE 
RIVER (WEST) WATER AUGMENTATION PROJECT (PHASE 2A) – WATER TRANSFER INFRASRUCTURE  
 
1. We submit these comments on behalf of our clients Earthlife Africa NPC (“Earthlife”)1  and groundWork,2  in 

response to the notification of 27 September 2018 calling for written comments on the Draft Environmental 
Impact Report (“DEIR”) for the Mokolo and Crocodile River Water Augmentation Project, Phase 2A - Water 
Transfer Infrastructure (“MCWAP2A project” or “the project”). 
 

2. For the sake of convenience, we confirm, once again, that our clients are registered interested and affected parties 
(I&APs) for this particular project. We, on behalf of our clients, submitted comments on the Background 
Information Document (BID) (on behalf of Earthlife Africa only) and on the Scoping Report for the MCWAP2A 
project on 24 June 2016 and 11 April 2018 respectively. 
 

3. We record that, as per an agreement with you, our clients have been afforded an extra 2 days for the submission 
of their comments. We are, accordingly, submitting these comments by the agreed extended deadline of 31 
October 2018. 
 

4. Our clients reiterate the objections to the Scoping Report, which objections are attached as Annexure A, for ease 
of reference. We record, as explained in more detail below, that the concerns highlighted in the Scoping Report 
comments have not been addressed in the DEIR. 
 

5. A review of the DEIR by freshwater ecologist Kate Snaddon is attached as Annexure B (“the Snaddon Report”), 
and relied on in support of these objections. We also refer to and attach an expert report by aquatic ecologist 
Norma Sharratt of AquaAssess (“the AquaAssess Report”), as Annexure C, which was prepared for 350.org – 
another registered I&AP in relation to this project. 
 

6. We confirm that we object to the DEIR on the following grounds – as addressed in more detail below: 

 

6.1. the need and desirability of the project has not been established;  

                                                 
1 Earthlife is a registered non-profit company (NPC) with registration number 2017/449921/08. http://earthlife.org.za/.  
2 http://www.groundwork.org.za/.  
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6.2. the DEIR fails to adequately assess the impacts of the project on rivers, wetlands and ecosystems or to 

account for the reserve as required by the National Water Act, 1998 (NWA);  
 
6.3. the DEIR  fails to adequately assess the climate change impacts of the project; 
 
6.4. the DEIR fails to properly assess cumulative impacts of the project;  
 
6.5. the DEIR fails to assess the indirect and socio-economic impacts of proceeding with MCWAP2A; and 
 
6.6. the DEIR fails to accurately consider alternatives to the project, including the no-go option, or to follow 

the precautionary principle as required by section 2 of the National Environmental Management Act, 1998 
(NEMA). 
 

Need and desirability of the project  

 

7. Regulation 18 of the Environmental Impact Assessment (EIA) Regulations under NEMA (“the EIA Regulations”) 
requires a competent authority, in considering an application for an environmental authorisation, to have regard 
to the need and desirability of the undertaking of the proposed activity. 
 

8. Section 2 of Appendix 3 to the EIA Regulations also states that the objective of the EIA process is to “describe the 
need and desirability of the proposed activity, including the need and desirability of the activity in the context of 
the development footprint on the approved site as contemplated in the accepted scoping report”.  
 

9. The need and desirability for the MCWAP2A project is based on incorrect and outdated assumptions around South 
Africa’s electricity demand and need for further coal-based electricity and coal mining in South Africa. These 
comments demonstrate that there is in fact no need for additional coal-fired power stations in South Africa – or 
the linked coal mines. 
 

10. Table 3 of the DEIR lists the various intended and proposed users for the MCWAP2A project, the large majority of 
users will be “DoE Future Users” listed as, inter alia, “CF3 Power Generation”, “IPP other”, “CF3 mines”, 
“Mpumalanga”, “Industrial” and “Export” by 2050.3 It is not clear exactly which power generation or IPP projects 
this refers to, but in any event, we submit (and these comments make clear) that there is no need for any new 
coal-fired power capacity in South Africa. It is clear that the water is predominantly intended for power generation 
and mining use – not to address the impacts of water scarcity for communities or the surrounding environment. 
Only a small portion of the water is intended for municipal use. 

 
11. The need and desirability section of the DEIR poses the following question: “[d]oes the community/area need the 

activity and the associated land use concerned (is it a societal priority)? This refers to the strategic as well as local 
level (e.g. development is a national priority, but within a specific local context it could be inappropriate)” and in 
response, the DEIR states, “MCWAP-2A features prominently on SIP 1, which aims to unlock SA’s northern mineral 
belt in one of the poorest provinces (Limpopo). The assurance of water supply to the current power stations 
including water supply for FGD near Lephalale is not acceptable and places the country’s power supply and 
economic position at risk.”4 It further states that “[t]he timing of the project is driven by the water demands 
associated with the development of the Waterberg Coalfields, where the water users include power generation, 
coal mining to support power generation, other industrial / mining.”5  

 
12. We dispute the justifications provided to establish need and desirability, in that, inter alia: 

                                                 
3 P13, DEIR. 
4 P49, DEIR. 
5 P48, DEIR. 
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12.1. The SIP 1 objective of unlocking the Mineral Belt is not commensurate to “need and desirability”. In other 

words, the mere fact that unlocking the mineral belt has been designated as a government priority (a 
disputed one at that), does not prove or demonstrate that the project is necessary or desirable. No 
evidence is provided on how the proposed coal mine and power station developments that would be 
enabled by MCWAP2A would benefit communities or the country as a whole – particularly when all 
credible research (as shown below) evidences that building new coal capacity in South Africa will cause 
severe negative implications for the economy, human health, the environment and the climate. These 
comments make clear that any alleged benefits will not materialise; 
 

12.2. the need to secure water supply for existing power stations including for flue gas desulphurisation (FGD) 
can, and must, be addressed without the need for MCWAP2A. We have always maintained – in the Scoping 
Report comments6 and in the comments on the EIR for Medupi’s FGD7 (attached as Annexure D) that less 
water-intensive FGD technology options could be utilised by Eskom, yet Eskom opted, unjustifiably, to 
propose the most water-intensive FGD option. In other words, Eskom’s “need” for the water from 
MCWAP2A is self-inflicted and could (and should) have been avoided. We have previously recommended8 
not completing the remaining units of Medupi, given that there is insufficient water and the remaining 
units are not needed, and we stand by this recommendation; and 

 
12.3. the project is not necessary or desirable in that the majority of the developments it intends to supply are 

not necessary or desirable, as addressed in more detail below. This is clear from: developments in relation 
to South Africa’s electricity plan; the harmful impacts of building new coal capacity; the urgent need to 
decarbonise the electricity sector; and South Africa’s transition away from coal. 

 
The Integrated Resource Plan for Electricity 
 
13. The DEIR states that “due to significant/dynamic changes occurring in the national energy planning environment 

and their related water demand figures compared to the demand scenarios considered during the 2010 Feasibility 
Study, the implementation of MCWAP-2A was temporarily placed on hold.” 9  It states that one of the main 
contributors to this was the fact that the Department of Energy’s (DoE) Integrated Resource Plan for Electricity 
(IRP) - a critical guiding plan for the construction of new generation capacity - had not been finalised.  We point 
out that an updated IRP, to date, has still not been finalised with the current, woefully outdated, IRP promulgated 
in 2011 for 2010-2030 (“IRP 2010”) still being in place. The most recent draft of an IRP update (“draft IRP 2018”) 
was gazetted on 27 August 2018 and stakeholders were given until 26 October 2018 to submit written 
comments.10 
 

14. The draft IRP 2018 states that: 
 
14.1. “key assumptions that have changed include electricity demand projections that did not increase as 

envisaged, existing Eskom plant performance that is way below the 80% availability factor, additional 
capacity committed to and commissioned, as well as technology costs that have declined significantly” 
(emphasis added);11 
 

                                                 
6 Para 38, Scoping Report comments. 
7 Para 9, comments on Medupi FGD Final Environmental Impact Report and Waste Management Licence Application. 
8 Para 26, Scoping Report comments. 
9 P10, DEIR. 
10 CER’s comments can be accessed here https://cer.org.za/wp-content/uploads/2018/10/CER-IRP-2018-Comment-DoE_26-10-
18.pdf and groundWork’s comments can be accessed here https://cer.org.za/wp-content/uploads/2018/10/IRP-2018-gW-
Comment-Final.pdf.  
11 P10, draft IRP 2018. 

https://cer.org.za/wp-content/uploads/2018/10/CER-IRP-2018-Comment-DoE_26-10-18.pdf
https://cer.org.za/wp-content/uploads/2018/10/CER-IRP-2018-Comment-DoE_26-10-18.pdf
https://cer.org.za/wp-content/uploads/2018/10/IRP-2018-gW-Comment-Final.pdf
https://cer.org.za/wp-content/uploads/2018/10/IRP-2018-gW-Comment-Final.pdf
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14.2. “without a policy intervention, all technologies included in the promulgated IRP 2010 – 2030 where prices 
have not come down like in the case of PV and wind, cease to be deployed because the least-cost option 
only contains PV, wind and gas” (emphasis added); and 

 
14.3. for the period post 2030, “adopting no annual build limits on renewables or imposing a more stringent 

strategy to reduce greenhouse gas emissions implies that no new coal power plants will be built in the 
future unless affordable cleaner forms of coal-to-power are available.”12  

 
15. The draft IRP 2018 confirms firstly that the demand as projected in the IRP 2010 was heavily inflated; and secondly 

that new coal-fired power capacity is not necessary and does not form part of a least-cost plan. This is also 
confirmed by research of the Council for Scientific and Industrial Research (CSIR)13 and the Energy Research Centre 
(ERC).14  
 

16. The Scoping Report heavily relied on the current outdated IRP 2010, which (the draft IRP 2018 now confirms) 
incorrectly assumed a very high energy demand, and, accordingly, a high demand for new, unnecessary coal-fired 
power stations and mines – with accompanying high water demands - within the Lephalale area. We submit that 
the demand projections in the draft IRP 2018 are still overstated and incorrect – as submitted in comments by 
groundWork 15  and by the Centre for Environmental Rights 16  on the draft IRP 2018. Incorrect assumptions 
regarding electricity demand, and the reduced provision for new coal-fired power station projects in the draft IRP 
2018 would, and should, have significant implications for the feasibility of the envisaged coal developments in 
Lephalale, which in turn, should have implications for the need and desirability of the MCWAP2A project. The DEIR 
therefore needed to account for this and the findings of the draft IRP 2018. 
 

17. The draft IRP 2018 proposes “forcing in” 1000MW of new coal capacity as a policy adjustment – this would be 
from the 2 preferred bidders under the Coal Baseload Independent Power Producer Procurement Programme 
(CBIPPPP), namely Thabametsi (which will be based in Lephalale, Limpopo) and Khanyisa (eMalahleni, 
Mpumalanga) (“the 2 coal IPPs”) - despite acknowledging that they do not form part of a least-cost plan. This new 
coal capacity in the draft IRP 2018 is disputed and the proposed coal IPPs are both facing numerous legal 
challenges of their required licences and authorisations.  
 

18. Even though the draft IRP recommends the establishment of the 2 coal IPPs, we dispute that the reasons and 
bases for forcing the coal capacity in – namely that the projects are already “procured” and that they will go a long 
way to minimising jobs – are correct. We record that a final IRP that makes provision for new coal capacity will be 
met with legal challenge.  
 

19. In any event, it is notable that the draft IRP 2018 makes provision for substantially less new coal capacity than the 
draft IRP that was published for comment in 2016 and what is provided for in the “current” the IRP 2010. 
 

20. The need for the new “committed” capacity from Medupi and Kusile in the draft IRP 2018, has also been disputed 
with the argument being made that this additional capacity should be reconsidered.  
 

21. The DEIR states that “[t]he latest IRP confirms the need for Medupi and Matimba including FGD and therefore 
water supply to the Lephalale area although the transfer capacity from the Crocodile River (West) may be reduced 
but the WTI components will not be affected, albeit smaller. It is noteworthy that the IRP does not impact on 

                                                 
12 P12, draft IRP 2018. 
13 See CSIR comments on the Draft IRP 2016 of March 2017 available at 
https://www.csir.co.za/sites/default/files/Documents/20170331CSIR_EC_DOE.pdf.  
14 See “An assessment of new coal plants in South Africa’s electricity future https://cer.org.za/wp-
content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf.  
15 https://cer.org.za/wp-content/uploads/2018/10/IRP-2018-gW-Comment-Final.pdf.  
16 https://cer.org.za/wp-content/uploads/2018/10/CER-IRP-2018-Comment-DoE_26-10-18.pdf.  

https://www.csir.co.za/sites/default/files/Documents/20170331CSIR_EC_DOE.pdf
https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf
https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf
https://cer.org.za/wp-content/uploads/2018/10/IRP-2018-gW-Comment-Final.pdf
https://cer.org.za/wp-content/uploads/2018/10/CER-IRP-2018-Comment-DoE_26-10-18.pdf
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MCWAP-2A’s implementation schedule to meet Eskom’s finance and licence obligations”.17 We have previously 
recorded – in the Scoping Report comments and in relation to the Medupi FGD environmental authorisation - that 
FGD for Medupi could proceed without the need for MCWAP2A, particularly if other less water-intensive 
technologies for FGD were to be implemented. Medupi’s FGD cannot be a justifiable basis for the MCWAP2A 
project, when other less-water intensive options were, and are, available to Eskom. As stated above, the need for 
the Medupi project must also be reconsidered and questioned – as the project’s (certainly the full project with all 
envisaged units) necessity is disputed.  

 
22. Medupi and Matimba, and any proposed new coal plants, including Thabametsi, should not have been allowed to 

proceed without there being sufficient water for these projects (without MCWAP2A). These projects could not 
have presumed MCWAP2A would proceed as a guaranteed, foregone conclusion. This would defeat the purpose 
of conducting an EIA for MCWAP2A. Furthermore, the “necessity” for MCWAP2A has been negligently created.  
MCWAP2A cannot be justified solely by unnecessary coal-fired power stations that should not have been built in 
the first place. If those power stations cannot operate without the water from MCWAP2A they should be 
decommissioned and/or not built. This would – we submit – be in the public interest. 

 
23. It is correct that the DEIR acknowledges the importance of the IRP in this process, particularly because MCWAP2A 

is largely premised on, and is in response to, anticipated future developments in the electricity sector - mainly 
proposed coal-fired power stations and mines within the Lephalale area - which, we submit, are neither necessary 
nor desirable. But, in this regard, the DEIR should have been placed on hold until the finalisation and 
promulgation of an updated IRP. We also point out – as stated above - that a final IRP that makes provision for 
new coal capacity, is likely to be met with legal challenge.  

 
The negative and harmful impacts of building new coal-fired power stations 
 
24. We have consistently emphasised that burning coal for electricity has devastating impacts for human health, the 

environment, including South Africa’s limited water resources, and the climate.18 These impacts also come with 
high external costs. 
 

25. In relation to the questionable necessity of building new coal-fired power stations (specifically Thabametsi and 
any other new coal plants in South Africa), research by the ERC on the effects of building the 2 coal IPPs, compared 
to a future electricity build plan that excludes them, finds that since a least-cost electricity build plan for South 
Africa does not include any new coal plants, in each scenario, the coal IPPs had to be forced into the model in 
order to compare the effects on the system.19 The main findings of the ERC report are that: 
 
25.1. the proposed Thabametsi and Khanyisa coal-fired power stations will cost South Africa an additional 

R19.68 billion in comparison to a least-cost energy system;20 
 

25.2. the 2 coal IPPs are not needed to meet South Africa’s medium-term electricity demand, as alternate 
electricity sources i.e. wind, solar PV, and flexible gas21 generation are more economical;  
 

25.3. the coal IPPs’ greenhouse gas (GHG) emissions will be 205,7Mt CO2eq over the 30 year period of the 
power purchase agreements, which would effectively negate the government’s GHG emission mitigation 
plans and efforts. Even in a best-case scenario for the coal IPPs (with GHG emissions curtailed as far as 
possible), the 2 coal IPPs would still frustrate South Africa’s commitments under the Paris Agreement, 

                                                 
17 P10, DEIR. 
18 See, for example, para 30 of the Scoping Report comments. 
19 P9, ERC Coal IPP Report. 
20 P37, ERC Coal IPP Report. 
21 Battery storage or flexible demand response are also potential flexible generation sources, and alternatives to coal and gas. 
Both have a growing future potential to contribute to peak demand reductions and system services. This is addressed in further 
detail in the comments below. 
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through raising the costs of mitigation technologies and requiring significant GHG emission reductions in 
the power and other sectors (in which such reductions are more difficult and more expensive);22 and  
 

25.4. that, in relation to Eskom and electricity supply and costs,“[n]ot only are the coal IPPs not required to meet 
demand, and not only do they raise costs, and increase emissions, but they also result in increasing pressure 
on Eskom. Building new coal plants in a situation of low demand means reducing the output of Eskom’s 
fleet, potentially accelerating the ‘utility death spiral’ in which Eskom already finds itself and putting 
the electricity supply industry – and thus the South African economy – at risk” (emphasis added),23 
“[w]hen the coal IPPs are forced into the electricity build plan, this results in decreased use of existing coal 
plants (which are also cheaper than the coal IPPs), which puts raises (sic) costs overall and puts Eskom at 
risk” (emphasis added)24 and “the implications of these findings are clear. South Africa is currently facing 
a large surplus in generation capacity, in particular inflexible base supply capacity. Eskom is facing a 
financial crisis and rising electricity prices will drive consumers away from the utility. Investments that 
unnecessarily increase costs in the electricity sector should be avoided” (emphasis added).25 

 
26. This makes clear that, far from being good for the economy or necessary, new coal-fired power stations are not 

needed and will cost South Africa money. The Minister of Energy recently confirmed this additional cost from the 
coal IPPs to be R23 billion.26 
 

27. By developing new and unnecessary coal infrastructure, the risk of stranded assets is also further increased. A 
global report coordinated by French energy think tank The Institute for Sustainable Development and International 
Relations (IDDRI) and Climate Strategies, to which South Africa’s ERC was a contributor, titled “Implementing Coal 
Transitions: Insights from case studies of major coal-consuming economies” (“Coal Transitions Report”),27 shows 
that:  
 
27.1. “In South Africa … total electricity demand has been declining, resulting in surplus capacity and leading 

to the likely stranding of recently built coal power plants. In this context, the issue of how to transition 
from a coal-intensive to a low-carbon economy while ensuring a “just transition” is gathering attention” 
(emphasis added);28  

 
27.2. “The coal transition scenarios explored by the project suggest that the best way to manage stranded assets 

in the coal sector is first and foremost to avoid allowing coal-sector investors to support assets likely to be 
stranded. Anticipation and avoidance is key. Secondly, investors should generally be required to bear 
losses where it was possible to sufficiently anticipate risks” (emphasis added);29 and 

 

27.3. “In some scenarios, achieving 2°C-compatible coal transitions could require creating some stranded 
assets, even if the above policy recommendations were followed. In the South African or Indian scenarios, 
an assumed high growth in metallurgical and thermal coal use in industry puts pressure on the power 
sector, which has to decarbonise at fast pace to remain within the carbon budget. In the South African 
scenario, all coal-fired power plants are phased out by 2040, resulting in a handful of units closing more 
than 10 years earlier than their expected financial lifetime” (emphasis added).30 
 

 

                                                 
22 P37, ERC Coal IPP Report. 
23 P8, ERC Coal IPP Report. 
24 P17, ERC Coal IPP Report. 
25 P5, ERC Coal IPP Report. 
26 http://www.engineeringnews.co.za/article/radebe-outlines-additional-cost-of-coal-ipps-to-consumers-2018-10-01.  
27 Available at https://coaltransitions.files.wordpress.com/2018/09/coal_synthesis_final.pdf.  
28 P17 – 18, Coal Transitions Report. 
29 P25, Coal Transitions Report. 
30 P25 – 26, Coal Transitions Report. 

http://www.engineeringnews.co.za/article/radebe-outlines-additional-cost-of-coal-ipps-to-consumers-2018-10-01
https://coaltransitions.files.wordpress.com/2018/09/coal_synthesis_final.pdf
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The urgent need to decarbonise the electricity sector 
 

28. A landmark report released on 8 October 2018 by the Intergovernmental Panel on Climate Change (IPCC) on Global 
Warming of 1.5 °C (“the IPCC Report”),31 confirms, inter alia, that:  
 
28.1. human activities have already caused approximately 1.0°C of global warming above pre-industrial levels, 

resulting in increased natural disasters, droughts, and rising sea levels; 
 
28.2. the risks of allowing temperature increases to reach even 1.5 degrees Celsius are dire (the Paris Agreement 

currently sets the target at 2 °C); 
 
28.3. limiting global warming to 1.5°C would require “rapid and far-reaching” transitions in land, energy, 

industry, buildings, transport, and cities; and  
 
28.4. global net human-caused emissions of carbon dioxide (CO2) must fall by about 45 percent from 2010 levels 

by 2030, reaching ‘net zero’ around 2050.  
 

29. The IPCC Report – which is addressed in more detail below – essentially further confirms that drastic GHG emission 
reductions are needed, and these are needed urgently, as the Report envisages a 60-80% reduction in the use of 
coal by 2030 and negligible use of coal by 2050. 
 

The inevitable coal transition 
 

30. The Coal Transitions Report, referred to above, looks at coal transitions globally and in South Africa. It makes clear 
that a coal transition is inevitable and has been underway in South Africa and globally for some time already. In 
other words, it is no longer a question of “if” South Africa phases out of coal, but “when”. There will be further job 
losses unless government puts in place credible, well-communicated and expertly-executed plans to support 
workers and diversify the economy towards other labour-intensive sectors.  
 

31. The Coal Transitions Report highlights the benefit of taking steps now rather than later, in order for a transition to 

be just and inclusive: it states that “early anticipation and preparation of the transition is vital to achieve the best 

results”.32 Importantly, the report finds that: 

 
31.1. coal transitions are affordable for energy consumers because the transition away from coal is now the 

least-cost option for South Africa;33  
 
31.2. “universal electricity access – and economic growth – can be ensured in … developing countries (i.e. South 

Africa and India) while also phasing down thermal coal in the power sector … Universal electricity access 
to consumers can … be provided more cheaply and reliably without coal” (emphasis added);34 

 
31.3. coal transitions can strengthen global climate action and deliver other social and economic objectives – 

for example “in South Africa, diversification from coal in the power sector would help reduce the cost of 
supplying electricity, while limiting the risk of cross-subsidisation of the power sector by the coal export 
sector”;35  

 
31.4. a “just transition for workers is not an abstract or utopian concept. Rather, it is something that can be 

implemented, that has been implemented and that is being implemented in some places around the world 

                                                 
31 http://www.ipcc.ch/report/sr15/.  
32 P6, Coal Transitions Report. 
33 P23 Coal Transitions Report. 
34 P23, Coal Transitions Report. 
35 P7, Coal Transitions Report. 

http://www.ipcc.ch/report/sr15/
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today. Examples include the Netherlands (Limburg in the 1960s), Canada (Alberta today), Germany (Ruhr 
in the 1960s and today), and, to some extent, Australia (CFMEU, 2017)”;36  
 

31.5. governments should look to finance the transition, for example by establishing just transition funds into 
which companies pay and/or ensuring companies have adequate financial resources to pay for the 
transition of their labour force;37 and 

 
31.6. “pitfalls from past transitions include a propensity to “lock-in” to the incumbent industry to block the 

arrival of economic diversification. This can often lead to actors trying to “hang on” to a dying industry, 
neglecting the future only to finally start economic diversification too late … structural economic change 
still takes significant time, resources, and a process of trial and error. Beginning the process of economic 
diversification is therefore a matter of urgency for all coal-and fossil-fuel intensive regions that wish to 
survive and provide equivalent or better economic opportunities for the next generations” (emphasis 
added).38 

 
32. In short, what this report makes clear is that building new coal plants, locking South Africa into expensive, 

unnecessary and outdated infrastructure is the worst thing that South Africa could do, including for coal workers 
and the unemployed. Rather than subsidise the coal industry, support should go to the workers directly; including 
in efforts to retrain and reskill coal workers. 
 

33. It is clear from the draft IRP 2018, and modelling and research by the CSIR, IDDRI, Climate Strategies and ERC, that 
there is a drastic shift in the electricity needs of the country, and the best and cheapest means for meeting those 
needs – this has implications for proposed future developments of coal-fired power capacity. It is also evident 
that: a transition away from coal is inevitable and is already underway; and that climate change impacts are 
intensifying, as is the need to do more to drastically reduce South Africa’s GHG emissions.  
 

34. In our comments on the Scoping Report, we motivated for the DEIR to include scenarios where water requirements 
for coal-fired power stations and coal mines are reduced to cater for the possibility that these developments 
cannot and do not proceed.  The DEIR still fails to include such scenarios. The DEIR does not anticipate that the 
developments may not go ahead despite there being evidence that this may be the case. As a result, it inaccurately 
assumes that the project is needed and desirable. 
 

35. We reiterate our submissions made in the Scoping Report comments that there is no need for additional coal 
capacity as supported by various reports and studies.39 Not only would the continued provision for and reliance 
on coal capacity increase GHG emissions and air pollution, such action would also put the country under 
unnecessary financial strain because new coal is no longer competitive, nor is it in the public interest.  
 

36. The National Development Plan (NDP) specifically envisages that “by 2030, South Africa will have an energy sector 
that promotes: 

 Economic growth and development through adequate investment in energy infrastructure. The sector 
should provide reliable and efficient energy service at competitive rates, while supporting economic 
growth through job creation. 

 Social equity through expanded access to energy at affordable tariffs and through targeted, 
sustainable subsidies for needy households. 

                                                 
36 P27, Coal Transitions Report. 
37 P30, Coal Transitions Report. 
38 P32, Coal Transitions Report. 
39 See: http://meridianeconomics.co.za/wp-content/uploads/2017/11/Eskoms-financial-crisis-and-the-viability-of-coalfired-
power-in-SA_ME_20171115.pdf.  
And: https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf.  

http://meridianeconomics.co.za/wp-content/uploads/2017/11/Eskoms-financial-crisis-and-the-viability-of-coalfired-power-in-SA_ME_20171115.pdf
http://meridianeconomics.co.za/wp-content/uploads/2017/11/Eskoms-financial-crisis-and-the-viability-of-coalfired-power-in-SA_ME_20171115.pdf
https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf
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 Environmental sustainability through efforts to reduce pollution and mitigate the effects of climate 
change”40 (our emphasis). 
 

37. We therefore submit that the current assumed need for the development of the Waterberg coalfields is not only 
in contrast to the current and likely future energy reality, but it is also not aligned with best available research or 
with the NDP, which calls for an energy sector: that provides reliable and efficient energy service at competitive 
rates, that is socially equitable - through expanding access to energy at affordable tariffs; and that is 
environmentally sustainable, through reducing pollution and mitigating climate change.  
 

38. It is not in the best interests of the country to spend significant sums of money on a project that aims to supply 
water to developments which are not currently required by South Africa – and which are likely, if built, to 
become stranded assets; nor will they be required in future.  

 
39. The need and desirability of the project in the DEIR is centered on these anticipated developments, but the DEIR 

fails to investigate and assess the actual need of the developments themselves or the likelihood of them coming 
to fruition. Such assessment would provide a clear indication of the extent of the need and desirability of the 
MCWAP2A project. However, the DEIR is very vague in its motivations for the project, mainly dwelling on the 
claimed future developments of coal-fired power stations and mining. With respect, this is far removed from 
factual reality and is also unlawful.  We dispute that any need or desirability for the MCWAP2A project exists. 
 

40. The information above serves as sufficient evidence to show that the development of new coal-fired power 
stations is not of strategic importance. Particularly as South Africa currently has excess coal capacity, and the DoE 
acknowledges that coal-fired power is simply no longer cost-competitive and does not form part of a least-cost 
plan. 
 

41. Further, the Snaddon Report states, in relation to inter-basin transfers more generally that “the needs 
(environmental, social and economic) of all basins concerned in any IBT [interbasin transfer] must be given equal 
weighting, and must be assessed to the same level for each basin. Such a balanced assessment is not evident in the 
MCWAP2A DEIR [draft environmental impact report]”.41  
 

42. Related to the above, a comprehensive international review of risks related to inter-basin transfers states that 
“because IBTs [inter basin transfers] have enormous ecological risk, it is necessary to comprehensively analyse the 
inter-basin water balance relationship, coordinate the possible conflicts and environmental quality problems 
between regions, and strengthen the argumentation of the ecological risk of water transfer and eco-compensation 
measures”. 42  The Snaddon Report thus suggests that inter-basin transfers, by their very nature, require 
comprehensive assessments of the risks posed to all communities impacted by such transfer, and the concomitant 
development of compensation or mitigation measures that will effectively reduce these risks. In the case of the 
MCWAP2A DEIR, it is evident that “the ecological and knock-on social-economic risks have not been analysed 
comprehensively” (emphasis added).43 
 

43. In light of the above, we strongly dispute that the DEIR has made out a case for the need and desirability of the 
MCWAP2A project, which must be taken into account by the competent authority as required by the EIA 
Regulations. 

 
 
 

                                                 
40 P163, National Development Plan.  
41 P2, Snaddon Report. 
42 Zhuang, W. 2016. Eco-environmental impact of inter-basin water transfer projects: a review. Environ Sci Pollut Res Int. 2016 
Jul;23(13):12867-79. 
43 P2, Snaddon Report. 
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Impacts on rivers, wetlands and ecosystems and failure to account for the Reserve  
 
44. The NEMA EIA Regulations, Appendix 3 section 3(j)(i), requires that “an environmental impact assessment report 

must contain the information that is necessary for the competent authority to consider and come to a decision on 
the application, and must include each identified potentially significant impact and risk, including… (ii) the nature, 
significance and consequences of the impact and risk; (iii) the extent and duration of the impact and risk; (iv) the 
probability of the impact and risk occurring; (v) the degree to which the impact and risk can be reversed; (vi) the 
degree to which the impact and risk may cause irreplaceable loss of resources; and (vii) the degree to which the 
impact and risk can be mitigated”. We submit that these requirements have not been met. 
 

45. The Snaddon Report highlights that the assessment of the impacts of the project during the operational phase is 
inadequate. In particular, the DEIR has not adequately assessed the project’s impacts on: hydrology from 
abstraction from the Crocodile (West) River; scouring of the pipeline into the ephemeral Matlabas River; the 
transfer of water into the Mokolo River catchment (via the Operational Reservoir); water quality; sediment regime 
and erosion; and the transfer of biota. This failure is unacceptable.44 

 
46. Below we address, in turn, the concerns around the impacts of the MCWAP2A project on: 
 

46.1. river ecosystems; 
 

46.2. wetland ecosystems; 
 

46.3. aquifers; and  
 

46.4. the determination of the Reserve. 
 
Impacts on river ecosystems 

 
47. The abstraction from the Crocodile (West) River catchment is a considerable concern, particularly in the context 

of the already high water use rates, predominantly from irrigation and mining of platinum, gold, chrome, 
manganese, iron ore, diamonds, dimension stone and mineral sands and the current impact of these activities on 
water quantity and quality in the catchment.45 
 

48. The Baseline Aquatic and Impact Study specialist report (Appendix I1 to the DEIR) includes loss of flow and 
inundated areas below the abstraction point as an impact of concern during the operational phase. However, 
there is no indication of how this will affect the characteristics of the Crocodile (west) River downstream of the 
Vlieëpoort Weir. Notably, there is no River Maintenance Management Plan (RMMP) for the Crocodile (West) River. 
Thus, the plans to mitigate the impacts associated with the abstraction weir are somewhat vague, and this 
contradicts the duty of care as set out in section 28 of NEMA.46 
 

49. A further considerable concern of the project is the transfer of poor quality water from the donor catchment to 
the receiving catchments. These potential impacts are not addressed in the Baseline Aquatic and Impact Study 
or the DEIR. Notably, the donor Crocodile (West) River is highly impacted in terms of water quality. This is 
acknowledged in the DEIR, and is attributed to the following “DWA (2012a)”: 
 

                                                 
44 P4, Snaddon Report. 
45 P4, Snaddon Report. 
46 S28(1) states that “every person who causes, has caused or may cause significant pollution or degradation of the environment 
must take reasonable measures to prevent such pollution or degradation from occurring, continuing or recurring, or, in so far as 
such harm to the environment is authorised by law or cannot reasonably be avoided or stopped, to minimise and rectify such 
pollution or degradation of the environment.”  
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“The Lower Crocodile River water quality is deteriorating because of increased salts and nutrients. There 
are also increased levels of toxicants in the middle reaches of the river. 
 
Urbanisation, industrial diffuse sources and high agricultural return flows are the major impacting activities.  
Treated wastewater return flows from the Upper Vaal Water Management Area play an important role 
downstream where the water is used in the Crocodile West catchment area.  
 
Organic pollution from point and diffuse pollution sources is a significant contributor to the poor water 
quality in the Crocodile River, which is evident in the highly eutrophic Hartbeespoort Dam.”47  
 

50. Notably, the Hartbeespoort Dam is hypertrophic and has frequent summer-time blooms of algae and the highly 
invasive Water Hyacinth (Eichhornia crassipes). These problems could potentially be transferred to the Matlabas 
and Mokolo River catchments. Hyacinth has been declared a category 1b weed in terms of the National 
Environmental Management: Biodiversity Act (2004) - Alien and Invasive Species Regulations (ARC) and must be 
controlled or eradicated where possible.48  
 

51. According to the Snaddon Report, the scoring of the water quality impacts at a catchment scale49 (i.e. the extent 
of physico-chemical modification, and of point and non-point source toxicants in the catchment) out of a maximum 
of 1, indicates a range of relevant scores, including scores for Hartebeespoort Dam catchment (0.67), Vlieëpoort 
Weir catchment on the Crocodile (West) River (0.60), the Matlabas River catchment (0.2) and Mokolo River 
catchment at the dam (0.08). This highlights a marked deterioration in water quality in the donor catchment in 
comparison with the recipient catchments.50 
 

52. Notably, the water quality analysis outlined in the Baseline Aquatic and Impact Study did not include an analysis 
of nutrients. As highlighted above, the transfer of nutrients into the receiving catchments is a major concern that 
was not adequately addressed in the Baseline Aquatic and Impact Study.51  
 

53. Further, the Baseline Aquatic and Impact Study provides insufficient detail on the quantity and quality of water 
that would be released into the Matlabas River during valve scouring. This is likely to have a significant impact 
on the hydrology and water quality in this ephemeral system. Accordingly, it should have been assessed and 
included in the Baseline Aquatic and Impact Study.  
 

54. Notably, it is anticipated that the release of any quantity of poor quality water into the channel of the Matlabas 
River will carry risks related to, inter alia:  
 
54.1. increasing nutrient enrichment in the catchment;  
 
54.2. increased salinity in the catchment;  
 
54.3. erosion at the point of discharge, and sedimentation further downstream;  
 
54.4. transfer of biota; and  
 
54.5. loss of species sensitive to changes in hydrological regime, water quality and habitat condition.52 

 
These are high risks that needed to be properly assessed. 

                                                 
47 P152 - 153, FEIR. 
48 ARC, 2014. Water Hyacinth Fact Sheet. Agricultural Research Council, Plant Protection. 
49 According to scoring conducted by MacFarlane and Atkinson (2015), which shows a range of scores (out of a maximum of 1).   
50 P7, Snaddon Report. 
51 P7, Snaddon Report. 
52 P8, Snaddon Report. 
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55. In the Baseline Aquatic and Impact Study, affected river reaches in the Crocodile (West) River and Matlabas River 

were visited only during one, low flow season. The Snaddon report records that a project of this magnitude 
warrants an understanding of the wet season characteristics of the sites, and the seasonal variation.53  
 

56. Notably, the Baseline Aquatic and Impact Study has insufficient information on the operational impacts of the 
project on riverine biodiversity, once again relating to changes in hydrology, water quality, sediment regime and 
the transfer of biota.54  
 

57. In relation to the lower Crocodile River, the River Health Programme (2005) highlights the following:  
 

“According to the RHP (2005), only hardy fish species are present in the lower Crocodile River, which can 
be ascribed to the loss of habitat and connectivity of the river. The Fish Assemblage Integrity was thus 
found to be poor. The Macro-invertebrate Integrity was also categorised as poor, with reduced water 
quality and diminished flows leading to dry sections and isolated pools. This reduction in suitable habitat 
has a severe impact on invertebrate diversity. Also the Instream Habitat Integrity was identified as poor 
due to extensive irrigation and multiple abstraction points along this reach of river which has a severe 
impact on river functioning” (emphasis added). 

 
Thus, the river is already under severe stress, which is clearly having an impact on the biota. This highlights that 
the further abstraction of water, which will have a direct impact on habitat and connectivity, will lead to further 
deterioration of the aquatic communities inhabiting the river and surrounds.  
 

58. Further, the transfer of biota, in particular of pest species, is of concern in the consideration of inter-basin 
transfers.55 In an assessment of the Orange River Project (transfer from the Orange River to the Great Fish River), 
the most pronounced shift in the biota in the recipient river reach was the shift to dominance by the pest blackfly 
species Simulium chutteri, to the detriment of the original benign populations of Simulium adersi and S. 
nigritarse.56 Simulium chutteri now causes severe damage to livestock in the lower reaches of the river: the feeding 
activities of swarms of adult females cause stock damage and disturbance during spring months. All of the shifts 
in the invertebrate fauna in the recipient catchment could directly be attributed to the changes in flow regime 
caused by the transfer, particularly the loss of flow variability, and the shift from a seasonal to a perennial river.57 
This has led to an increase in the total area of available erosional habitats, which are favoured, in particular, by 
simuliid larvae.  
 

59. The extensive and frequent blooms of algae and Water Hyacinth in the Hartebeespoort Dam raise the concern of 
these species being transferred into the recipient catchments. This impact was not assessed as part of the Baseline 
Aquatic and Impact Study.  
 

60. Further, the Baseline Aquatic and Impact Study has major gaps in addressing geomorphology, sediment and 
erosion. According to the DEIR up to 4% of the sediment load that is in suspension in water abstracted from the 
Crocodile (West) River will be removed from the water, with 2% returned from the desilting works. However, as 
highlighted in the Snaddon Report:  
 

                                                 
53 P8, Snaddon Report. 
54 P7, Snaddon Report. 
55 P8, Snaddon Report. 
56 O'Keeffe, J.H. and De Moor, F.C. 1988. Changes in the Physico-chemistry and Benthic Invertebrates of the Great Fish River, 
South Africa, Following an Inter-basin Transfer of Water. Regulated Rivers: Research & Management, 2: 39-55. 
57 Snaddon, C.D., Davies, B.R. and Wishart, M. 2000. A global overview of inter-basin water schemes, with an appraisal of their 
ecological, socio-economic and socio-political implications and recommendations for their management. Water Research 
Commission Report No. TT 120/00. Pretoria, South Africa. 
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“There is no information on how this silt will be returned to the river, and when. There is also a lack of 
consideration of how this shift in sediment regime will impact the downstream reaches of the Crocodile 
(West) River, over the short- and long-term. For instance, a reduction in sediment load may lead to 
downstream erosion, as the river seeks to regain its natural load. This will impact on the condition and 
availability of riverine habitat for the biota”58.  

 
61. In relation to the above-mentioned potential impacts, the only mitigation measure provided outlined in the 

Baseline Aquatic and Impact Study and the DEIR is that “Riverine sediment management must occur in a manner 
which replicates natural sediment movements”.59 This is highly vague and insufficient. 
 

62. Finally, the location of borrow pit SS1 within the watercourse will also have a significant local and downstream 
impact on sediment transport. Removal of sand from this site will release sand into the water and lead to 
sedimentation of habitat downstream.60 

 
Impact on wetland ecosystems  
 
63. A significant concern with regards to impacts of MCWAP2A on wetlands relates to the inundation of wetland 

habitat above the Vlieëpoort Weir. The Wetland Impact Assessment specialist report (Appendix I5 to the DEIR) 
identified floodplain areas (including oxbow lakes) upstream of the weir. The report states that the area of 
inundation will not extend into these riparian and floodplain areas and that “abstracting water at the Vlieëpoort 
Weir will likely cause fluctuating river levels” but that the impact “is unlikely to be significant” and the “riparian 
zone may increase in size because of the raised water level.”61  
 

64. However, according to the AquaAssess Report, the functional importance of these floodplain wetlands and 
riparian areas are not clear and are not discussed in the Wetland Impact Assessment. Thus, the impact of 
inundation and associated fluctuations in water levels is unclear although fluctuating water levels are likely to 
impact on riparian zones and floodplains, “at least at certain times of the year”.62  

 
65. The Wetland Impact Assessment states that several kilometres of river will be inundated. Although there is 

assurance in the report that “very little of the stream bank will be flooded” and “the loss of habitat will be confined 
to the river itself”,63 the Snaddon Report states that this seems unlikely. The Baseline Aquatic and Impact Study 
states that there will be silt deposition on the floodplain of the Crocodile (West) River and the establishment of 
wetland plants. This implies that there will be a shift in the type of wetland habitat occurring above the weir, 
with an increase in sedimentation. This is in direct contradiction to the statement that there will be no loss or 
alteration of wetland habitat above the weir.64 
 

66. The Wetland Impact Assessment identifies several pans along the pipeline routes. However, no detailed 
information has been provided on the wetland vegetation or fauna found within these pans, and photographs 
have not been provided for all pans.65  
 

67. According to the Wetland Impact Assessment “the construction of the pipeline through the depressions pose low 
risk and will only influence the habitat for the duration of construction. However, it is possible to move the pipe 
alignment to miss the pans altogether.” The AquaAssess Report highlights that these findings contradict the 
findings of the Terrestrial Fauna and Flora Specialist Report which mentions that “habitat for threatened species 

                                                 
58 P9, Snaddon Report. 
59 P294, DEIR. 
60 Ibid. 
61 P43, Wetland Impact Assessment. 
62 P4, AquaAssess Report. 
63 P27, Wetland Impact Assessment. 
64 P9, Snaddon Report. 
65 This is a concern highlighted by the AquaAssess Report. 



 
 

 14 

(including Storks and African Bullfrogs) exists within certain pans” (emphasis added). Further, threatened species 
were also recorded within the floodplain wetland and riparian areas associated with the Crocodile River upstream 
and downstream of the Vlieëpoort Weir.66 The potential impacts on habitats and threatened species must be 
properly assessed. 
 

68. Further limitations and unacceptable omissions of the DEIR and Wetland Impact Assessment include: 
 
68.1. the lack of a riparian vegetation assessment; 

 
68.2. no discussion on the effect of reduced flows downstream of the weir on adjacent riparian and floodplain 

areas; 
 

68.3. although the hydropedology (wetland soils) and wetland vegetation is described in the specialist report, 
there is no mention of impact on other species that may depend on these ecosystems; 

 

68.4. the loss of wetland areas has not been quantified; 

 
68.5. the presence or absence of National Freshwater Ecosystem Priority Area (NFEPA) wetlands67 was not 

discussed;68 
 

68.6. the absence of wet-season fauna and flora assessment of pans to determine the presence of threatened 
plant and animal species; and  

 

68.7. the study does not include functional assessments of the wetlands affected by the proposed activities 
using, for example, the WET-EcoServices tool.69 

 
69. These issues must all be addressed and properly assessed as part of the EIA for the project. 

 
Impact on aquifers 

 
70. There is not sufficient information on the aquifers that will be intersected by the Pipeline Trench. Section 13.6.1 

of the DEIR states that: 
 

“Groundwater may further be impacted by the project as follows: .... Possible influence to groundwater 
flow as a result of trenching during construction. Confirmation is required whether aquifers will be 
intersected by the pipeline trench.” 
 

71. It was possible to determine the aquifers that would be intersected by the pipeline trench and this should have 
been specified, and comprehensively assessed, in the DEIR. 

 
Determination of the Reserve 
 
72. The Constitution provides a fundamental right of access to sufficient water.70 One of the ways in which this right 

is given effect, is through the NWA, which provides for the determination of a “Reserve” for any major water 

                                                 
66 P4, AquaAssess Report. 
67 Driver et al. 2011. 
68 P8, Snaddon Report. 
69 P4, AquaAssess Report. 
70 Section 20 of the Constitution of the Republic of South Africa, 1996.  
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resource.71 The definition of a “Reserve” in the NWA,72 which includes the need to “satisfy basic human needs” 
and “to protect aquatic ecosystems in order to secure ecologically sustainable development and use of the relevant 
water resource”, demonstrates the importance of the Reserve determination, especially in South Africa’s now very 
apparent context of water scarcity. Furthermore, the Reserve “refers to both the quantity and quality of the water 
in the resource …”73 
 

73. The determination of the Reserve is a legal obligation provided for under the NWA; however, the Minister has not 
progressively given effect to this requirement as a number of water resources remain undetermined. A report on 
the state of the environment published by the Department of Environmental Affairs said that “as water availability 
decreases, it is likely that economic activities may take preference over the ecological reserve resulting in a further 
deterioration of river systems and the ecological services provided by those river systems.”74  
  

74. The DEIR and the Department of Water and Sanitation (DWS) generally acknowledge the importance of, and need 
for, the Reserve. This is demonstrated by the DWS’s “Information Analysis report: Mokolo and Matlabas 
Catchments: Limpopo WMA”,75 which states that “currently, water availability and water use are in balance. 
However, within the provisions of the National Water Act as stipulated in the National Water Resources Strategy, 
there is a need to meet the water requirements of the Reserve (Basic Human Needs and Ecological) in terms of 
water quantity and quality. Taking these requirements into account there is insufficient water to maintain the 
current balance. Added to this, it is anticipated that water demand will increase with new developments in the 
Mokolo Catchment, such as new or expanded mining activities and new power stations” (emphasis added).76 

 
75. It is expected that a project as enormous and resource-intensive as MCWAP2A, in recognition of the importance 

of the Reserve, would adequately make provision for the allocation of water to the Reserve. However the DEIR - 
as did the Scoping Report - simply states that “the Operating Rules for both the Mokolo and the Crocodile River 
(West) systems need to be developed by DWS in a separate process and must take cognisance of this and ensure 
that Existing Lawful Use is giving effect to as stipulated by the NWA. Similarly, it is a legal requirement that 
provision is made for meeting the requirements of the Reserve, as catered for in the NWA.”77  

 
76. The DEIR describes the Reserve study for the Mokolo (West) in 2012, but gives no indication of the Reserve 

determination of the Mokolo Catchment.  It further states that “[a]n Integrated Water Use Licence Application 
(IWULA) will be submitted separately to the DWS Limpopo Regional Office. The following requirements of the NWA 
will be catered for: Provision for the Reserve requirements of the Crocodile River (West) …”78 

 
77. The DEIR frames the aspect of the Reserve as something that need not be dealt with comprehensively within the 

EIA process, but regards it as falling solely within the water use licence (WUL) authorisation process. This severely 
understates the importance – and legal obligation – of catering for the Reserve, which is a critical consideration 
for purposes of this EIA. It would also defeat the purpose of conducting this EIA, as the Reserve is pivotal in 

                                                 
71 Section 16 (1)  of the NWA provides that “as soon as reasonably practicable after the class of all or part of a water resource 
has been determined, the Minister must, by notice in the gazette, determine the Reserve for all or part of water that water 
resource. Section 16 (2) (b) provides that a determination of Reserve must ensure that adequate allowance is made for each 
component of the Reserve.   
72 “Reserve” means the quantity and quality of water required (a) to satisfy basic human needs by securing a basic water supply, 
as prescribed under the Water Services Act, 1997 … and (b) to protect aquatic ecosystems in order to secure ecologically 
sustainable development and use of the relevant water resource.  
See also founding principles for Water Law in South Africa which states, amongst other things that, “the objective of managing 
the quantity, quality and reliability of the nation’s water resources is to achieve optimum, long term, environmentally sustainable 
social and economic benefit for society from their use.”  http://www.dwaf.gov.za/documents/legislature/waterlaw.html  
73 Part 3, NWA. 
74 P27 of the 2nd South Africa Environment Outlook: a report on the state of the environment, 2016.  
75 See http://www.dwa.gov.za/rdm/WRCS/doc/Gap%20Analysis%20Report_Mokolo_WRC_Final_29%20Mar%202012.pdf.  
76 P1, http://www.dwa.gov.za/rdm/WRCS/doc/Gap%20Analysis%20Report_Mokolo_WRC_Final_29%20Mar%202012.pdf. 
77 P12, DEIR  
78 P33, DEIR. 

http://www.dwaf.gov.za/documents/legislature/waterlaw.html
http://www.dwa.gov.za/rdm/WRCS/doc/Gap%20Analysis%20Report_Mokolo_WRC_Final_29%20Mar%202012.pdf
http://www.dwa.gov.za/rdm/WRCS/doc/Gap%20Analysis%20Report_Mokolo_WRC_Final_29%20Mar%202012.pdf
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determining whether or not there will be sufficient water for the project to operate and/or the extent to which 
this project would impact on the Reserve. This a relevant consideration that must be taken into account, in this 
EIA, in terms of NEMA.  

 
78. Any decision in relation to MCWAP2A’s environmental authorisation would need to take full account of the 

Reserve. Failure to do so places unacceptable uncertainty on the fulfilment of the obligation for the 
determination of the Reserve, and also on how the implementation of this obligation will impact the project. 
To leave this for determination in the WUL process is unjustifiable and a fatal omission. 

 
Failure to assess climate change impacts  
 
79. We note that the DEIR fails to conduct an adequate comprehensive climate change impact assessment (CCIA) for 

the MCWAP2A project, despite our comments on the Scoping Report confirming that this was necessary and an 
essential component of the EIA for the project.  
 

80. The Scoping Report comments state that the EIA for MCWAP2A must complete a comprehensive CCIA, which 
includes the following elements: 

 

80.1. an assessment of the potential threats to the system water yield from climate change;  
 
80.2. a discussion of how the project might aggravate potential climate change impacts in the area;  

 
80.3. an assessment of how climate change might impact on the project; and  
 
80.4. an assessment of GHGs that would result from the project, including indirect and full life-cycle emissions, 

cumulative emissions, climate health impacts and the environmental and social cost of the GHG emissions. 
 
81. The DEIR does not adequately address any of these components of a CCIA. 

 
82. In the Scoping Report comments we highlighted that a CCIA for the project must study the effects of climate 

change on river flows throughout all the rivers in the MCWAP2A system, and that, in line with the judgment in 
Earthlife Africa Johannesburg v the Minister of Environmental Affairs & Others (“the Thabametsi case”),79 the EIA 
process must also ensure that a thorough climate change impact assessment is conducted, which analyses the 
indirect and cumulative climate change impacts from the growth in coal mines, coal-fired power stations, and 
other industry that would be enabled by MCWAP2A.  Such an assessment is critical because these developments 
would exacerbate South Africa’s extreme vulnerability to the impacts of climate change.80  
 

83. The Thabametsi case confirmed that s24O of NEMA must certainly be interpreted as requiring an assessment of 
climate change impacts, as climate change would fall within the definition of “any pollution, environmental 
impacts or environmental degradation likely to be caused if the application is approved or refused”, which must 
be taken into account by a decision-maker in considering an application for environmental authorisation. This is 
also in line with the provisions of the Constitution, particularly the s24 right to an environment that is not harmful 
to health or wellbeing and the right to have the environment protected for the benefit of present and future 
generations.81 

 
84. In relation to climate change impacts, the DEIR appears to simply assess the anticipated GHG emissions from the 

project itself, predominantly construction and only very briefly touches on the project’s resilience to climate 
change impacts from extreme weather. The DEIR leaves the assessment of climate change impacts on water 

                                                 
79 Earthlife Africa Johannesburg v Minister of Environmental Affairs and others [2017] 2 All SA 519 (GP). 
80 P8, National Climate Change Response White Paper.  
81 Section 24 of the Constitution. 
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availability (relating to reduced rainfall etc) for determination “as part of the overall River Management System”. 
It states, inter alia: 
 

“Due to the small surface area of the inundation area behind the abstraction weir, in terms of global 
climate change factors, no noticeable impact on the climate of the region is anticipated. Infrastructure will 
be designed to be sufficiently robust to withstand severe rainfall events. Other factors that will affect the 
flow in the river at the weir such as rainfall, evaporation from the river water surface, evapo-transpiration 
from the riverine vegetation, tributary and diffuse inflows and diffuse seepage outflows from the river, will 
be considered as part of the overall River Management System. The EMPr includes measures to control 
and minimize greenhouse gas (GHG) emissions by optimizing the utilisation of construction resources”82 
 
“Studies conducted where various global climate models were used to estimate the likely implication on 
water availability (yield) of system showed widely varying results and found that either increases or 
decreases will occur in water availability as a result of Climate Change. Due to these observations it has 
been acknowledge (sic) that Climate Change adds another layer of uncertainty to water resource 
assessment and planning.83 
 
“The water balance was considered as part of the technical studies and derived from sophisticated risk 
analysis simulation techniques. These methods simulate the complete Crocodile River System on a monthly 
time step, which accounts for the observed characteristics of rainfall and runoff. The risk analyses are 
conducted for 1 000 plausible streamflow and rainfall stochastic sequences. These sequences cater for a 
range of extremes, where the wettest sequence is wetter than the wettest period experienced historically 
and the driest sequence drier than the worst drought experienced historically. The variability of the 
stochastic analysis is thus catered to a certain degree for potential changes within these extremes.”84  

 
85. In relation to the indirect impacts for climate change – in other words, the impacts of the project for South Africa’s 

mitigation of GHG emissions and climate resilience and adaptation - the DEIR provides, among other things, the 
following: 

 
“The water from MCWAP-2A will enable future development associated with the Waterberg Coalfields. 
Potentially significant cumulative impacts include climate change impacts associated with coal-fired 
power stations, coal mines and other related industries. It is noted that the climate change impacts 
associated with these water users need to be assessed as part of the respective environmental assessments 
conducted for each of these developments, as they are the sources of the impacts” (emphasis added).85  

 
“The GHG that will be emitted during the construction phase is assessed in Section 13.3 and the EMPr 
includes measures to control and minimize GHG emissions by optimising the utilisation of construction 
resources. It is noted that the climate change impacts associated with the power stations, coal mines 
and other intended water users need to be assessed as part of the respective environmental assessments 
conducted for each of these developments, as they are the sources of the impacts” (emphasis added).86 

 
86. The DEIR fails to: 

 
86.1. adequately assess the potential climate impacts (including cumulative impacts) of the project on the 

surrounding area including wetlands and for water availability in the affected area – in other words there is 
no expertly researched report on how the MCWAP2A project could exacerbate the impacts of climate 

                                                 
82 P268, DEIR. 
83 P267, DEIR.  
84 P268, DEIR. 
85 P393, DEIR. 
86 P360, DEIR. 



 
 

 18 

change for the impacted water resources and consequently communities, ecosystems and the environment 
more generally;  
 

86.2. assess comprehensively how climate change might impact on the MCWAP2A project itself – the assessment 
of whether there will in fact be sufficient water for MCWAP2A to operate optimally, as climate change 
progresses, needs to form part of this EIA;  
 

86.3. adequately assess the indirect climate change impacts of the project (see paragraphs 112 to 114 below); 
and 
 

86.4. quantify or attribute a cost to the GHG emissions that would emanate directly and indirectly (from mines 
and power stations that would be enabled) as a result of the MCWAP2A project.  

 
87. The AquaAssess Report states that “the predicted impacts related to climate change have not been considered in 

the assessment of impacts. The primary direct drivers of the degradation and loss of inland aquatic ecosystems 
include infrastructure development, land transformation, water abstraction, eutrophication and pollution, 
overharvesting and overexploitation, and the introduction of invasive alien species. All of these threats will be 
exacerbated in the future by the predicted shifts in climate. This means that large-scale water abstraction and 
transfer projects must take into account the probable shifts in climatic and land-use drivers in the near and distant 
future. This has not been taken into account in the MCWAP2A, due to an inadequate examination of the cumulative 
impacts of the project.” 

 
88. The Snaddon Report states further that: 

 
“[t]he cumulative impacts that are of concern, in the context of climate change are:  
 

 Loss of longitudinal connectivity within the rivers where weirs will be built – this will impact on the 
movement of flora and fauna, the hydrological regime, and sediment regime, all of which can be expected 
to shift in response to climate change. For instance, some aquatic species are expected to move to more 
suitable habitats, but this will be hindered by weirs and other instream infrastructure;  

 Increased variability in hydrological regimes – river discharges are expected to increase in the north-
eastern parts of South Africa, but also increase in variability (Dallas and Rivers-Moore, 2014). This will drive 
aquatic ecosystems away from their natural discharge regimes, and an increase in channel instability, with 
consequent impacts on erosion, sedimentation, habitat availability and quality, and biodiversity; 

 Ecosystems that have been made vulnerable by land-use impacts (e.g. pollution, alterations to flow (either 
increased or decreased)) are closer to thresholds of change, and so are more vulnerable to climate change 
impacts and less resilient. Projected over-abstraction and regulation of water resources (ground- and 
surface water) in South Africa will interact with climatic changes, further reducing flows and impacting on 
aquatic species (Dallas et al., 2017).”87 

 
89. The above are all vital considerations that must be taken into account by the competent authorities before any 

decision to authorise the MCWAP2A project can be made, as these would all have direct impacts on the 
feasibility, the severity of the impacts and need and desirability of the project. These considerations are directly 
relevant for this aspect (water transfer infrastructure) of the project and cannot be left to future assessments or 
to the individual EIAs of specific coal mine or power station projects (although they must be assessed individually 
at project level as well, as confirmed by the Thabametsi case). 
 

90. We note the responses to some of the issues that were raised in our clients’ comments on the Scoping Report in 
the Public Participation report that forms part of the DEIR. In relation to our submission that a CCIA needed to be 

                                                 
87 P3, Snaddon Report. 
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conducted, the response was that we should refer to the GHG Emissions Report.88 The GHG Emissions Study 
(Appendix I9 to the DEIR) however, appears to be the only specialist report assessment of climate change impacts 
for the MCWAP2A project, as part of the EIA. The GHG Emissions Study concludes that “the expected GHG 
emissions from the new MCWAP-2A and the fluctuating water levels in Hartbeespoort Dam are considered small. 
The construction emissions will cease once the project is complete and the Hartbeespoort Dam will remain a net 
GHG emitter.” The fact that the GHG Emissions Study concludes that emissions would cease after construction 
confirms that there was a failure to assess the project’s indirect and cumulative emissions. The report has totally 
disregarded emissions as a result of coal-fired power stations and mines that would be enabled by the MCWAP2A 
project. We consider this a fatal flaw considering the high volumes of GHG emissions emitted by coal-fired power 
stations in South Africa and globally.  

 
91. We have maintained – in our comments on the BID and Scoping Report (and the Thabametsi case makes clear) - 

that a mere quantification of GHG emissions is not sufficient to constitute a CCIA and a detailed assessment of 
the full climate impacts of the water transfer infrastructure is required. The Thabametsi case also confirms that 
assessment of climate change impacts and mitigation measures “will best be accomplished by means of a 
professionally researched climate change impact report”89 and that such an assessment must look at the “project’s 
full life-cycle emissions … the activities associated with the project – mining and coal transportation, and the 
project’s resilience”90 among other things. 
 

92. Although we acknowledge that there has been some assessment of the GHG emissions associated with the project, 
as stated above a much more detailed assessment including an assessment of: cumulative and indirect impacts; 
the project and the surrounding communities’ and environment’s resilience to climate impacts; and the costs of 
the climate impacts needs to be conducted. The EIR must address this. 

 
93. We have referred above to the severe threats posed by climate change, as highlighted in the IPCC Report, and the 

IPCC Report’s confirmation that decarbonisation of the electricity sector is urgently required (see paragraph 28 
above). We point that, in relation to just the proposed Thabametsi power station – if it is to go ahead - according 
to its own CCIA and the ERC Report referred to above, Thabametsi will be one of the most GHG emission-intensive 
coal plants in South Africa (and higher than the world average), 60% more so than Eskom’s Medupi and Kusile 
coal plants – as a result of, inter alia, the fluidised bed combustion technology it proposes to use.91 These GHG 
emissions cannot be substantially mitigated. If the MCWAP2A project is to enable new and extremely emission-
intensive coal projects such as Thabametsi, these climate impacts need to be considered. 
 

94. IPCC Report emphasises the following climate change impacts to southern Africa: 
 

“At 1.5°C, a robust signal of precipitation reduction is found over the Limpopo basin and smaller areas of 
the Zambezi basin, in Zambia, as well as in parts of Western Cape, in South Africa, while an increase is 
projected over central and western South Africa as well as in southern Namibia (Section 3.3.4)” (emphasis 
added).92 

 

95. The IPCC Report also includes Southern Africa as one the “hot spots of change” when comparing a global warming 
of 1.5°C and 2° C.  It states: 

 
“The southern African region is projected to be a climate change hot spot in terms of both hot extremes 
(Figures 3.5 and 3.6) and drying (Figure 3.12). Indeed, temperatures have been rising in the subtropical 
regions of southern Africa at approximately twice the global rate over the last five decades (Engelbrecht 
et al., 2015). Associated elevated warming of the regional land-based hot extremes has occurred (Section 

                                                 
88 Specialist report Appendix I9 to the DEIR. 
89 Para 91, Earthlife Africa Johannesburg v Minister of Environmental Affairs and others [2017] 2 All SA 519 (GP). 
90 Para 94, Ibid. 
91 P10, ERC Coal IPP Report https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf.  
92 IPCC Special Report on “Global Warming of 1.5 °C" at page 3-37. 

https://cer.org.za/wp-content/uploads/2018/05/ERC-Coal-IPP-Study-Report-Finalv2-290518.pdf
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3.3; Seneviratne et al., 2016). Increases in the number of hot nights as well as longer and more frequent 
heat waves are projected even if the global temperature increase is constrained to 1.5°C (high 
confidence), with further increase at 2°C of global warming and beyond (high confidence) (Weber et al., 
2018) … Moreover, the region is likely to become generally drier with reduced water availability under 
low mitigation (Niang et al., 2014; Engelbrecht et al., 2015; Karl et al., 2015; James et al., 2017), with this 
particular risk also prominent under 2°C of global warming and even 1.5ºC of warming (Gerten et al., 
2013). Risks are significantly reduced, however, under 1.5°C of global warming (Schleussner et al., 2016b). 
There are consistent and statistically significant projected increases in risks of increased meteorological 
drought in southern Africa at 2°C vs 1.5°C of warming (medium confidence). Despite the general rainfall 
reductions projected for southern Africa, daily rainfall intensities are expected to increase over much of the 
region (medium confidence), and increasingly so with further amounts of global warming. There is medium 
confidence that livestock in southern Africa will experience increased water stress under both 1.5ºC and 
2°C of global warming, with negative economic consequences (e.g., Boone et al., 2017). The region is also 
projected to experience reduced maize, sorghum and cocoa cropping area suitability as well as yield losses 
under 1.5°C of warming, with further decreases towards 2°C of warming (World Bank, 2013). Generally, 
there is high confidence that vulnerability to decreases in water and food availability is reduced at 1.5°C 
versus 2°C for southern Africa (Betts et al., 2018), whilst at 2°C these are expected to be higher (Lehner et 
al., 2017; Betts et al., 2018; Byers et al., 2018; Rosenzweig et al., 2018) (high confidence)” (emphasis 
added).93 
 

96. South Africa’s own Climate Change Response White Paper states that: 
 

“even under emission scenarios that are more conservative than current international emission trends, it 
has been predicted that by mid-century the South African coast will warm by around 1 to 2°C and the 
interior by around 2 to 3°C. By 2100, warming is projected to reach around 3 to 4°C along the coast, and 6 
to 7°C in the interior. With such temperature increases, life as we know it will change completely: parts of 
the country will be much drier and increased evaporation will ensure an overall decrease in water 
availability. This will significantly affect human health, agriculture, other water-intensive economic 
sectors such as the mining and electricity-generation sectors as well as the environment in general. 
Increased occurrence and severity of veld and forest fires; extreme weather events; and floods and 
droughts will also have significant impacts” (emphasis added).94   

 
97. Evidently the impacts of climate change are severe and will continue to be more acutely felt in South Africa, 

particularly by vulnerable sectors of society.  
 

98. The Snaddon Report also states that “[t]he southern African sub-continent has been identified as one of world’s 
water-related vulnerability ‘hotspots’, where the impacts of climate change on freshwater resources will be a 
threat to sustainable development in the years to come (Kundzewicz et al., 2007). The primary direct drivers of 
the degradation and loss of inland aquatic ecosystems include infrastructure development, land transformation, 
water abstraction, eutrophication and pollution, overharvesting and overexploitation, and the introduction of 
invasive alien species. All of these threats will be exacerbated in the future by the predicted shifts in climate. This 
means that large-scale water abstraction and transfer projects must take into account the probable shifts in 
climatic and land-use drivers in the near and distant future. This has not been taken into account in the 
MCWAP2A, due to an inadequate examination of the cumulative impacts of the project” (emphasis added).95 
 

99. Instead of considering regional water constraints, Table 3 of the DEIR shows that the Project is based on growing 
water requirements for coal-fired power plants (and coal mines that supply such plants) in a continuously 
increasing fashion from 2020 to 2050 (and presumably beyond).  
 

                                                 
93 IPCC Special Report on “Global Warming of 1.5 °C" at page 3-145. 
94 P9.  
95 P3, Snaddon Report. 
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100. The section 2 NEMA principles, which require, inter alia, a “risk-averse and cautious approach, which takes into 
account the limits of current knowledge about the consequences of decisions and actions”,96 and the NEMA section 
28 duty of care to prevent such pollution or degradation from occurring, continuing or recurring, would require 
that serious consideration be given to the severe impacts of climate change and the need to avoid any activities 
that would contribute to and aggravate these impacts, particularly the development of unnecessary new mines 
and power stations. 
 

The failure to properly assess cumulative impacts of the project 
 

101. The NEMA EIA Regulations, Appendix 3 section 3(j)(i), requires that “an environmental impact assessment report 
must contain the information that is necessary for the competent authority to consider and come to a decision on 
the application, and must include each identified potentially significant impact and risk, including (i) cumulative 
impacts…”. 

 
102. The AquaAssess Report highlights the DEIR’s failure to consider the cumulative impacts of the project, stating:  

 
“The impacts due to sand-mining at borrow pit SS1 (removal of sediment from the river bed) are considered 
in isolation. Removal of sand from the riverbed is likely to result in increased flows and increased erosion 
as subsurface alluvial flows are reduced. In addition, water quality is likely to decline due to increased 
turbidity. These impacts, together with reduced flows from the weir (due to abstraction) and the removal 
of an additional 2% of sediment via the desilting works, are likely to result in modifications, in the long 
term, to instream and riparian habitat downstream of the weir. While it is understood that the sediment 
load is currently elevated due to erosion upstream, if sediment yield is reduced by approximately 2% per 
annum, the cumulative impact to habitats 50-100 years from now, remains uncertain. The manner of 
returning the sediment to the Crocodile River from the desilting works also needs to be included in the 
impact assessment and management recommendations.” 

 
103. There are further likely cumulative impacts associated with return flows in the Mokolo Catchment. The AquaAssess 

Report highlights that deterioration of surface and ground water quality in the Mokolo, Lephalale and Limpopo 
River catchments is likely; due to runoff and releases from new mining developments near Lephalale, which will 
be supplied with water by the MCWAP2A project. These cumulative impacts were not sufficiently considered.97  
 

104. Further, the impacts associated with the development (including weir and pipelines) were considered in isolation 
and the operational impacts (abstraction and flow regulation) were largely excluded.98 

 
105. As mentioned above, the Snaddon Report also records that the cumulative impacts of the project have not been 

adequately considered, particularly in the context of climate change.99 
 

106. Clearly the cumulative impacts of the MCWAP2A project have not been adequately assessed, as required by 
NEMA. 
 

The failure to assess the indirect and socio-economic impacts of proceeding with MCWAP2A 
 

107. With reference to the indirect impacts of the MCWAP2A project, the comments on the Scoping Report pointed 
out that the assessment of potentially significant environmental issues did not address indirect threats, such as 
the impacts from the growth in coal mining, power plants, and industry enabled by MCWAP2A. The DEIR needed 
to assess indirect threats from the project to air quality, land/soil, water resources, and associated human health, 
and the socio-economic environment. It has not done so. 

                                                 
96 S2(4)(a)(vii), NEMA. 
97 P3, AquaAssess Report. 
98 Ibid. 
99 P3, Snaddon Report. 
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108. By way of an example, the projected industrial growth that would occur in the Waterberg-Bojanala Priority Area 
(WBPA) should be assessed: this air pollution priority area was designated by the Minister of Environmental Affairs 
in 2012 because of concerns regarding non-compliance with National Ambient Air Quality Standards (NAAQS).  
The EIA must assess the effect of this growth on the WBPA and its prospects of meeting its aim of ensuring 
compliance with NAAQS – where NAAQS, in certain areas, are already not being complied with.100 It is worth 
pointing out that, more than 11 and 10 years since the declarations of the Vaal Triangle and Highveld Priority 
Areas, respectively, there is regular non-compliance with the NAAQS - with attendant health impacts and 
violations of constitutional rights - largely as a result of industrial emissions. There is no reason to assume that the 
WBPA will not face the same fate if the extensive planned developments proceed. 

 
109. Importantly, it is evident from the Socio-Economic Impact Assessment (“SEA”) (Appendix I6 to the DEIR) that the 

project fails to identify, describe, and evaluate numerous project-related costs (social costs) that would be borne 
not by its owners, operators, and customers but by society as a whole. 

 
110. This failure to describe all the project’s potential social costs leaves decision-makers and the public unable to 

ascertain the extent of the social costs of MCWAP2A and whether these costs would, in fact, exceed any 
anticipated benefits (as we submit they would). The SEA should have described these social costs, in monetary 
terms where applicable, or if this is not possible due to lack of information, the SEA should describe these social 
costs as thoroughly as possible in non-monetary terms. This would allow decision-makers and the public to 
properly assess the economic value of the project. 

 
111. As highlighted above, the DEIR acknowledges that the project would have direct impacts on water quality and 

quantity, aquatic habitats, and the species dependent on the habitat. Changes in the supply of water downstream 
can substantially reduce the value of goods and services derived from the adjacent riparian areas, wetlands, pans, 
and drylands. These reductions can occur through impacts on crops, livestock, wildlife, and birds. These impacts 
would reduce the ability of ecosystems to continue generating ecosystem services.101  

 
112. Notably – and as stated above - the DEIR does not consider the social costs resulting from GHG emissions 

attributed to the MCWAP2A project. 
 
113. The MCWAP2A project may result in harm not only by direct impacts and damages, but also by increasing the risk 

of negative impacts occurring in the future. As addressed above, the IPCC Report highlights that unless meaningful 
actions are taken to reduce GHG emissions, climate change likely will impose many different types of costs on 
residents, business, and communities in sub-Saharan Africa.102 These risks impose costs on South Africans. For 
example, business may incur costs and realise lower profits by investing in risk-reduction measures, such as moving 
away from low-lying areas at-risk of flooding from extreme precipitation events or sea-level rise.  
 

114. Additional risks are embedded in the project, itself, and in the activities dependent on it, as the case for building 
the MCWAP2A project stems largely from plans to expand production of coal-fired electricity and coal mines. 
However, if the demand for electricity does not materialise or if the power stations are stranded early as a result 
of high costs or carbon constraints – which as stated above, is a strong possibility - South Africa’s economy - and 
the well-being of its people, businesses, communities, and future generations - will be worse off as a result of the 
MCWAP2A project. 

                                                 
100 See 2017 State of the Air Report. http://www.airqualitylekgotla.co.za/assets/2017_1.3-state-of-air-report-and-naqi.pdf.  
101 The economic importance of nature’s contributions to human well-being has long been recognized by economists and 
resource managers. See, for example, Diaz, Sandra, and others. 2018. “Assessing Nature’s Contributions to People.” Science. 
102 Ruppel, I.O.C., M.A. Abdrabo, A. Essel, C. Lennard, J. Padgham, and P. Urquhart. 2014: “Africa.” In: Climate Change 2014: 
Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, 
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and 
L.L. White (eds.)].  

http://www.airqualitylekgotla.co.za/assets/2017_1.3-state-of-air-report-and-naqi.pdf
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Incorrect application or consideration of alternatives to the project, including the no-go option  
 
115. S24(4)(b)(i) NEMA states that an EIA must include an “investigation of the potential consequences or impacts of 

the alternatives to the activity on the environment and assessment of the significance of those potential 
consequences or impacts, including the option of not implementing the activity”. 

 
116. The disillusioned anticipation of the coal-fired stations and the mines in the Lephalale area can further be seen in 

the DEIR’s approach to the no-go option, which provides as follows:  
 

“The “no go option” needs to be considered in light of the motivation as well as the need and desirability 

of MCWP-2A (see Section 8). The “no-go option” (i.e. should MCWAP-2A WTI not proceed) will have the 

following implications: 

 Underutilisation of the Waterberg coal reserves; 

 The development of new power stations is of high strategic importance with tight timeframes. 

Without a suitable source of water, the new power stations will not be possible, with potential 

future energy shortages; 

 The absence of water will suppress development, with associated macro-economic 

implications on a national scale; and 

 Without MCWAP-2A Eskom will not be able to implement the Flue-Gas Desulphurisation (FGD) 
technology at the Medupi Power Station to reduce sulphur emissions, which will violate the 
related condition in Eskom’s World Bank loan with devastating economic impacts on the RSA 
economy”.103 

 
117. The alleged “no go assessment” is skewed and gives no consideration to the water, wetland, ecosystem, climate 

or socio-economic impacts (and benefits) of the project not going ahead. 
 
118. It is also not correct that Medupi would not be able to implement FGD without MCWAP2A. As stated above, this 

is not the case and is disputed. In any event, Eskom cannot depend on the implementation of an un-authorised 
inter-basin transfer scheme, with international implications, to ensure its compliance with its own legal 
obligations. Eskom must comply with the law but the manner in which it does so should not bring about further 
negative and harmful impacts for the country. Eskom’s alleged need for the water from MCWAP2A is self-inflicted 
and it could, and should, look to other means to ensure compliance with its legal obligations.  

 
Conclusion 
 

119. In light of the above, we recommend that DEIR be significantly reworked and amended to address the above 
concerns – particularly to properly assess and address: need and desirability; alternatives to the project including 
the no-go option and the climate impacts of the project.  
 

120. We recommend that the EIA process for MCWAP2A be placed on hold pending the promulgation of an updated 
IRP (as this is directly relevant to the question of the project’s need and desirability), and pending the finalisation 
of any legal disputes of that IRP. 

 
121. In any event, we submit that based on the lack of need and desirability for the project and the likely significant 

and irreversible impacts of the project, particularly for climate change and water, and in accordance with the 
precautionary principle, that the environmental authorisation should be refused.  

 
Yours faithfully 
CENTRE FOR ENVIRONMENTAL RIGHTS 
 

                                                 
103 P359, DEIR. 
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per:  
 
Nicole Loser 
Attorney 
Direct email: nloser@cer.org.za  

mailto:nloser@cer.org.za
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Executive summary 
South	 Africa’s	 coal	 baseload	 independent	 power	 producer	 (IPP)	 procurement	 programme	 was	
launched	in	2014,	in	line	with	the	new	coal	capacity	envisaged	in	the	2010	Integrated	Resource	Plan	
for	Electricity	(IRP	2010)	(DoE,	2011).	Since	the	release	of	the	IRP	2010,	however,	there	have	been	
fundamental	changes	to	the	South	African	electricity	sector.	In	particular,	rapid	changes	in	the	costs	
of	 competing	 supply	 technologies	 and	 fuels	 globally	 and	 in	 South	 Africa,	 coupled	 with	 an	
unprecedented	 decline	 in	 demand	 for	 electricity,	 have	 rendered	 the	 assumptions	 of	 the	 2010	 IRP	
increasingly	out	of	date.	Later	iterations	of	the	IRP	(2013	and	2016)	were	not	or	have	not	yet	been	
gazetted,	 and	 the	 2010	 IRP	 thus	 remains	 the	 guiding	plan	 for	 the	 construction	of	 new	generation	
capacity,	despite	these	changes	in	the	sector.	This	has	the	result	of	making	provision	for	the	addition	
of	new	generation	capacity	that	is	not	necessary	to	meet	demand	and	ensure	security	of	supply	of	
electricity,	provides	more	costly	electricity,	and	increases	greenhouse	gas	emissions.		

Under	 the	 coal	 IPP	 programme,	 preferred	 bidder	 status	 has	 been	 awarded	 to	 two	 projects:	 the	
Thabametsi	 and	Khanyisa	 coal-fired	 power	 plants.	Despite	 opposition	 from	environmental	 groups,	
the	 Minister	 of	 Environmental	 Affairs	 has	 stated	 that,	 at	 least	 in	 the	 case	 of	 Thabametsi,	 the	
environmental	authorisation	for	the	station	should	be	upheld.	The	Minister	has	argued	this	on	the	
grounds	that	the	capacity	is	allocated	by	the	IRP	2010	and	the	IRP	decisions	makers	“concluded	that	
the	harms	that	would	result	 from	the	establishment	of	new	coal-fired	facilities...	were	outweighed	
by	the	benefit	to	the	country	of	having	the	additional	energy	generation	capacity”.	

Given	this	context,	this	study	aims	to	quantify	the	effects	of	the	inclusion	of	the	coal	 IPPs	 in	South	
Africa’s	electricity	 system	over	 the	period	 from	2015	 to	2052.	The	modelling	 framework	 indirectly	
allows	 for	 an	 assessment	 of	 supply	 security	 because	 the	 model	 is	 required	 to	 meet	 a	 15%	 firm	
reserve	margin	of	 fully	dispatchable	plant.	The	 relative	 costs	of	a	 system	with	or	without	 the	coal	
IPPs	thus	reflects	the	costs	of	ensuring	an	equivalent	 level	of	operating	supply	security	and	system	
adequacy.	The	modelling	highlights	several	key	changes	in	the	electricity	sector	that	have	not	been	
considered	 by	 the	Minister	 of	 Environmental	 Affairs	 in	 her	 decision	 to	 uphold	 the	 environmental	
authorisation.	This	includes	the	substantially	lower	demand	that	has	materialised	since	the	IRP	2010	
(and	that	is	forecast	into	the	future)	and	which	renders	the	coal	IPPs	unnecessary	for	meeting	short,	
medium,	or	long-term	demand	growth	at	lowest	cost.	We	also	investigate	the	cost	implications	that	
the	 inclusion	 of	 the	 coal	 IPPs	 imposes	 on	 the	 system	 relative	 to	 cheaper	 alternatives	 (comparing	
total	 system	 costs),	 the	GHG	emission	 ‘lock-in’	 from	 the	plants,	 and	 the	 effects	 this	 has	 on	 South	
Africa	meeting	its	long-term	climate	change	commitments.	

To	do	this,	we	model	several	scenarios	using	the	South	African	Times	Model	(SATIM):	a	reference	
scenario,	a	climate	change	mitigation	(CCP)	scenario,	a	best-case	sensitivity	and	a	worst-case	
sensitivity.	Each	scenario	results	in	a	least-cost	electricity	build	plan	for	South	Africa	(subject	to	the	
assumptions	and	constraints	imposed	on	the	model).	A	key	finding	of	the	study	is	that	in	all	
scenarios,	neither	new	coal	nor	new	nuclear	is	required	to	meet	demand	at	lowest	cost.		Thus,	since	
a	least-cost	electricity	build	plan	for	South	Africa	does	not	include	new	coal	plants,	after	running	
each	scenario	we	run	a	comparative	scenario	(with	all	assumptions	held	equal)	except	that	we		
‘commit’	to	the	coal	IPPs	–	i.e.	force	them	into	the	model	–	in	order	to	compare	the	effects	on	the	
system.		
	
The	result	of	the	assessment	of	new	coal	IPPs	has	shown	that	these	plants	are	not	necessary	to	meet	
demand,	and,	further,	that	their	inclusion	in	South	Africa’s	electricity	system	will	substantially	raise	
costs	in	the	electricity	sector,	and	substantially	increase	GHG	emissions	over	their	lifetimes.	



 

 

The	inclusion	of	the	coal	IPPs	in	the	electricity	build	plan	increases	the	total	discounted	system	cost	
across	 all	 of	 the	 scenarios	 analysed.	 The	 additional	 costs	 range	 from	R16.4	 billion	 (best	 case	 coal	
IPPs)	to	R27.99	billion	(CCP).	

	
Figure a: Summary of total discounted additional costs for electricity for all scenarios for the individual 
and combined IPPs1 

In	the	reference	scenario,	the	additional	present	value	cost	of	building	the	coal	IPPs	is	R19.68	billion.	
The	stations	also	increase	emissions	by	205.7Mt	CO2eq	over	the	period.	This	amounts	to	a	negative	
carbon	price	of	R96/t	CO2-eq;	 that	 is,	 this	 is	 the	price	per	 ton	 that	 South	Africans	will	 pay	 for	 the	
extra	emissions	if	the	coal	IPPs	are	built.		

	
Figure b: Total additional power sector GHG emissions in the reference baseline, best case, and worst 
case scenarios for the individual and combined COAL IPPs. 

																																																													
1	In	each	case,	the	total	additional	costs	are	the	difference	between	the	scenario	with	and	without	the	coal	IPPs	committed	
(ie	 reference	 compared	 to	 reference	plus	 coal,	 CCP	 compared	 to	CCP	plus	 coal,	 best	 and	worse	with	and	without	 the	
coal).		
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The	 analysis	 also	 includes	 sensitivities	 on	 costs	 and	 emissions	 to	 test	 whether	 more	 pessimistic	
renewable	energy	and	gas	costs	could	impact	the	overall	findings.	We	find	that	even	with	pessimistic	
renewable	energy	cost	projections	and	high	gas	costs,	the	coal	IPPs	still	increase	the	system	costs	in	
the	electricity	sector	compared	to	an	optimised	electricity	build	plan.	Even	in	the	best	case	for	the	
coal	 IPPs,	 when	 competing	 alternatives	 are	 expensive	 and	 the	 IPPs	 are	 able	 to	 mitigate	 their	
emissions	significantly,	the	overall	increase	in	system	costs	is	R16.4bn,	and	the	increase	in	emissions	
is	97Mt.	In	the	worst	case	for	the	coal	IPPs,	the	increase	in	system	costs	is	R23.11bn	and	emissions	
increase	by	218Mt.		

In	 comparison,	 recent	modelling	 on	 the	 emissions	 savings	 of	 mitigation	 policies	 showed	 that	 the	
emissions	savings	of	the	post-2015	National	Energy	Efficiency	Strategy	to	2050	will	be	214	Mt	CO2-eq	
(ERC,	2018).	The	carbon	tax	is	expected	to	result	in	reductions	of	115	Mt	over	the	period	2020-2050.	
Thus,	 the	 GHG	 emissions	 of	 the	 coal	 IPPs	 in	 the	 reference	 and	 worst	 case	 will	 almost	 offset	 the	
National	Energy	Efficiency	Strategy.	Even	under	the	best-case	for	coal,	the	GHG	emissions	from	the	
coal	 IPPs	 will	 almost	 offset	 the	 entire	 emission	 savings	 of	 the	 carbon	 tax	 for	 the	 South	 African	
economy.	The	coal	IPP	programme	essentially	negates	key	mitigation	actions	at	the	disposal	of	the	
government.		

Finally,	we	 tested	 the	effects	of	building	 the	 coal	 IPPs	 in	 the	 context	of	 climate	 change	mitigation	
policy.	 Should	 South	 Africa	 take	 its	 own	 climate	 change	 commitments	 seriously,	 building	 the	 coal	
IPPs	 will	 dramatically	 raise	 the	 costs	 of	 meeting	 the	 low-PPD	 carbon	 budget	 as	 outlined	 in	 the	
National	Climate	Change	Response	White	Paper.	Meeting	the	low-PPD	when	the	coal	IPPs	are	built	
requires	increased	mitigation	in	the	power	sector,	with	the	existing	fleet	run	at	lower	load	factors	to	
make	 room	 for	 the	 coal	 IPPs,	 and	 substantial	 higher	 investment	 required	 for	 new	 generation	
capacity.	 Notably,	 other	 sectors	 will	 also	 face	 higher	 mitigation	 burdens.	 In	 total,	 the	 additional	
discounted	system	costs	to	meet	the	low-PPD	trajectory	with	the	coal	IPPs	is	R27.9bn.		

The	implications	of	these	findings	are	clear.	South	Africa	is	currently	facing	a	large	surplus	in	
generation	capacity,	in	particular	inflexible	base	supply	capacity.	Eskom	is	facing	a	financial	crisis	and	
rising	electricity	prices	will	drive	consumers	away	from	the	utility.	Investments	that	unnecessarily	
increase	costs	in	the	electricity	sector	should	be	avoided
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1. Introduction 
South	 Africa’s	 coal	 baseload	 independent	 power	 producer	 (IPP)	 procurement	 programme	 was	
launched	in	2014,	in	line	with	the	new	coal	capacity	envisaged	in	the	2010	Integrated	Resource	Plan	
for	Electricity	(IRP	2010)	(DoE,	2011).	Since	the	release	of	the	IRP	2010,	however,	there	have	been	
fundamental	changes	to	the	South	African	electricity	sector.	In	particular,	rapid	changes	in	the	costs	
of	 competing	 supply	 technologies	 and	 fuels	 globally	 and	 in	 South	 Africa,	 coupled	 with	 an	
unprecedented	 decline	 in	 demand	 for	 electricity,	 have	 rendered	 the	 assumptions	 of	 the	 2010	 IRP	
increasingly	out	of	date.	Later	iterations	of	the	IRP	(2013	and	2016)	were	not	or	have	not	yet	been	
gazetted,	 and	 the	 2010	 IRP	 thus	 remains	 the	 guiding	plan	 for	 the	 construction	of	 new	generation	
capacity,	 despite	 these	 changes	 in	 the	 sector.	 This	 has	 the	 result	 of	 making	 provision	 for	 the	
additions	of	new	generation	capacity	that	 is	not	necessary	to	meet	demand	and	ensure	security	of	
supply	of	electricity,	provides	more	costly	electricity,	and	increases	greenhouse	gas	emissions.		

Under	 the	 coal	 IPP	 programme,	 preferred	 bidder	 status	 has	 been	 awarded	 to	 two	 projects:	 the	
Thabametsi	 and	 Khanyisa	 coal-fired	 power	 plants,	 with	 net	 capacity	 of	 557MW	 and	 306	 MW	
respectively,	and	both	planning	to	use	sub-critical	fluidised	bed	combustion	(FBC)	technology.	Both	
of	 these	 plants	 have	 faced	 considerable	 opposition	 from	 environmental	 groups	 and	 have	 not	 yet	
reached	 financial	 close.	 In	 the	 case	 of	 Thabametsi,	 a	 court	 ruled	 that	 the	 Department	 of	
Environmental	Affairs	(DEA)	had	not	adequately	considered	the	climate	change	impacts	of	the	plant	
before	 making	 the	 decisions	 to	 authorise	 the	 power	 station,	 and	 a	 climate	 change	 impact	
assessment	 was	 undertaken.	 The	 Minister	 of	 Environmental	 Affairs	 subsequently	 upheld	 the	
environmental	authorisation	for	the	plant,	on	the	grounds	that	the	impacts	identified	in	the	climate	
change	impact	assessment	report	and	supported	by	the	independent	review	could	be	justified.	The	
Minister	has	argued	that	the	justification	is	based	on	the	capacity	allocated	to	coal	 in	the	IRP	2010	
because	 the	 IRP	 decisions	 makers	 “concluded	 that	 the	 harms	 that	 would	 result	 from	 the	
establishment	of	new	coal-fired	facilities...	were	outweighed	by	the	benefit	to	the	country	of	having	
the	additional	energy	generation	capacity”.	

Given	this	context,	this	study	aims	to	quantify	the	effects	of	the	inclusion	of	the	coal	 IPPs	 in	South	
Africa’s	electricity	 system	over	 the	period	 from	2022	 to	2052.	The	modelling	 framework	 indirectly	
allows	 for	 an	 assessment	 of	 supply	 security	 because	 the	 model	 is	 required	 to	 meet	 a	 15%	 firm	
reserve	margin	of	 fully	dispatchable	plant.	The	 relative	 costs	of	a	 system	with	or	without	 the	coal	
IPPs	thus	reflects	the	costs	of	ensuring	an	equivalent	 level	of	operating	supply	security	and	system	
adequacy.	The	modelling	highlights	several	key	changes	in	the	electricity	sector	that	have	not	been	
considered	 by	 the	Minister	 of	 Environmental	 Affairs	 in	 her	 decision	 to	 uphold	 the	 environmental	
authorisation.	This	includes	the	substantially	lower	demand	that	has	materialised	since	the	IRP	2010	
(and	that	is	forecast	into	the	future)	and	which	renders	the	coal	IPPs	unnecessary	for	meeting	short,	
medium-term,	or	long-term	demand	growth	at	lowest	cost.	We	also	investigate	the	cost	implications	
that	the	inclusion	of	the	coal	IPPs	imposes	on	the	system	relative	to	cheaper	alternatives	(comparing	
total	 system	 costs),	 the	GHG	emission	 ‘lock-in’	 from	 the	plants,	 and	 the	 effects	 this	 has	 on	 South	
Africa	meeting	its	long-term	climate	change	commitments.	
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To	do	this,	we	model	several	scenarios	using	the	South	African	Times	Model	(SATIM)	(see	section	2	
and	 appendix)	 that	 allows	 an	 assessment	 of	 the	 effects	 of	 building	 the	 stations	 compared	 to	 an	
optimised	future	electricity	build	plan	that	excludes	the	coal	IPPs.		To	assess	the	implications	of	the	
inclusion	of	coal	IPPs	in	the	South	African	electricity	system,	we	model	the	following	scenarios:		

• Reference	case	
• Climate	change	mitigation	policy	(CCP)	scenario		
• Best-case	sensitivity	for	coal	IPPs	
• Worst-case	sensitivity	for	coal	IPPs	

Each	scenario	results	in	a	least-cost	electricity	build	plan	for	South	Africa	(subject	to	the	assumptions	
and	constraints	 imposed	on	the	model).	A	key	finding	of	the	study	is	that	 in	each	scenario,	neither	
new	 coal	 nor	 new	 nuclear	 is	 required	 to	 meet	 demand	 at	 lowest	 cost.2	 Thus,	 since	 a	 least-cost	
electricity	build	plan	for	South	Africa	does	not	include	new	coal	plants,	after	running	each	scenario	
we	 run	a	 comparative	 scenario	 (with	 all	 assumptions	held	equal)	 except	 that	we	 	 ‘commit’	 to	 the	
coal	IPPs	–	i.e.	force	them	into	the	model	–	in	order	to	compare	the	effects	on	the	system.	We	then	
report	the	deviation	in	the	system	between	a	case	without	the	coal	IPPs	and	the	case	where	the	coal	
IPPs	are	forced	in	to	the	scenario.	For	example,	we	report	on	the	difference	between	the	‘reference	
scenario’	and	the	‘reference	scenario	plus	coal’.		

In	 all	 scenarios,	 we	 find	 that	 the	 inclusion	 of	 the	 coal	 IPPs	 in	 South	 Africa’s	 electricity	 build	 plan	
raises	the	total	system	costs	compared	to	a	scenario	without	the	coal	IPPs.	Similarly,	in	all	scenarios,	
the	coal	IPPs	increase	the	GHG	emissions	of	the	energy	system.3	 	The	increases	in	both	the	system	
costs	and	GHG	emissions	are	substantial.		

Not	 only	 are	 the	 coal	 IPPs	 not	 required	 to	meet	 demand,	 and	 not	 only	 do	 they	 raise	 costs,	 and	
increase	emissions,	but	they	also	result	in	increasing	pressure	on	Eskom.	Building	new	coal	plants	in	
a	situation	of	low	demand	means	reducing	the	output	of	Eskom’s	fleet,	potentially	accelerating	the	
‘utility	death	spiral’	 in	which	Eskom	already	finds	itself	and	putting	the	electricity	supply	industry	–	
and	thus	the	South	African	economy	–	at	risk.		

The	 report	 is	 structured	 as	 follows:	 section	 2	 outlines	 the	 modelling	 framework	 to	 be	 used	 and	
explains	 the	 functioning	 of	 the	 South	 African	 Times	 Model	 (SATIM).	 Section	 3	 describes	 the	
assumptions	and	scenarios	 in	detail.	 Section	4	outlines	 the	 results	 for	each	scenario	and	section	5	
concludes.		

	  

																																																													
2	 The	 finding	 that	 a	 least-cost	 optimised	 energy	 system	 excludes	 new	 coal	 in	 general	 and	 the	 coal	 IPPs	 in	 particular	 is	

consistent	with	other	modelling	analysis	undertaken	in	South	Africa	(CSIR,	2017).	
3	Except	in	the	scenario	where	total	GHG	emissions	are	constrained/capped,	see	section	3	for	detail.		
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2. South African TIMES Model (SATIM) 
SATIM	is	a	full	South	African	energy	system	least-cost	optimisation	model,	which	considers	not	only	
the	demand	for	electricity	and	how	this	is	met,	but	also	the	demand	for	liquid	fuels	and	other	energy	
resources	and	how	 this	demand	 impacts	 the	 choice	of	 fuels	used	within	 the	electricity	 sector	 and	
vice-versa	 (for	 model	 and	 documentation:	 http://energydata.uct.ac.za/organization/erc-satim).	 In	
SATIM,	 the	 demand	 for	 energy	 services	 or	 useful	 energy	 (e.g.	 process	 heating),	 which	 has	 strong	
links	 to	demand	drivers	 (e.g.	GDP	and	population),	 is	 specified.	 The	 final	 energy	demand	 (e.g.	 the	
demand	for	electricity)	is	a	result	of	the	model,	based	on	the	least-cost	demand	technology	mix	(e.g.	
mix	of	solar	and	electric	geysers,	or	oil	and	electric	vehicles).	This	provides	a	more	holistic	picture	of	
the	energy	system	and	supply-demand	interactions,	allowing	for	endogenous	fuel	switching,	and	the	
switch	to	more	efficient	technologies.	More	details	can	be	found	in	the	report	appendices	and	model	
documentation	linked	above.	We	report	primarily	on	the	results	for	the	power	sector,	but	note	that	
the	modelling	framework	includes	substitution	between	sectors	(e.g.	higher	electricity	demand	due	
to	demand	for	transport	services	delivered	via	electric	vehicles).		

3. Study methodology and scenario description 
This	 study	 uses	 the	 SATIM	 modelling	 framework	 to	 assess	 the	 implications	 of	 the	 coal	 IPP	
programme	 on	 system	 costs	 and	 GHG	 emissions	 for	 each	 scenario.	 Each	 scenario	 assesses	 the	
difference	 to	 the	 system	with	 or	 without	 the	 plants	 over	 the	 30-year	 time	 horizon	 of	 the	 power	
purchase	agreements	(PPA)	(2022-2052).	The	energy	system	investment	is	modelled	and	presented	
annually	 from	2015	to	2035	and	at	5-year	milestone	years	 from	2035	to	2050	 (though	we	run	the	
model	to	2052	to	capture	the	effects	of	the	full	life	times	of	the	stations).		

Since	an	optimised	 least-cost	build	plan	 includes	no	new	coal-fired	power	plants	 in	the	 investment	
horizon	to	2050,	testing	the	system	implications	of	the	coal	 IPPs	requires	the	plant	or	plants	to	be	
“forced-in”	 to	 the	 electricity	 system	 build	 plan.	 Thereafter,	 when	 the	 plants	 are	 committed,	 the	
deviation	 from	 the	 baseline	 least-cost	 system	 can	 be	 quantified	 and	 analysed.	 The	 study	models	
both	coal	IPPs	as	a	combined	investment,	as	well	as	each	project	committed	in	isolation.	Due	to	the	
interconnected	 combined	 systems	 effects	 of	 each	 plant	 on	 the	 rest	 of	 the	 existing	 system,	 it	 is	
necessary	to	model	the	plants	both	individually	and	combined,	so	as	to	accurately	measure	the	total	
impacts	of	each	potential	investment	decision.	

The	following	metrics	are	reported	on	and	compared	for	each	scenario;	in	each	case	comparing	that	
scenario	with	 and	without	 the	 coal	 IPPs.	 The	 ‘deviation’	 between	 the	 reference	 scenario	 and	 the	
scenario	with	the	coal	IPPs	committed	shows	the	expected	impact	of	the	IPPs	on	the	system.	

Primary	system	metrics	measured:	
• Annual	and	total	differences	in	national	electricity	system	cost	
• Total	difference	in	discounted	system	costs	
• Difference	in	the	capacity	expansion	plan	or	electricity	production	profile	
• Change	in	annual	and	cumulative	GHG	emissions	

Metrics	excluded	from	direct	analysis:	
• Water	use	and	infrastructure	requirements	
• Environmental	impacts	such	as	SO2,	NO2,	or	acid	mine	drainage	
• Employment	impacts	
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3.1.1 Representation of the coal IPPs in the model 

Both	 Thabametsi	 and	 Khanyisa	 are	modelled	 as	 Fluidised	 Bed	 Combustion	 (FBC)	 coal-fired	 power	
plants	of	557	MW	and	306	MW	respectively	(DoE,	2015).	The	total	tariffs	Eskom	pays	to	Thabametsi	
and	Khanyisa	are	R1,03/kWh,	and	R1,04/kWh,	 respectively	 (May	2016	Rand).	 This	 is	 calculated	by	
inflating	 the	 evaluation	price	using	 the	CPI	 index	 from	April	 2014	Rand	 to	May	2016	Rand	 (which	
includes	the	shallow	grid	connection	costs),	and	excluding	the	carbon	tax	(included	in	the	evaluation	
price).	 This	 tariff	 is	 used	 as	 the	 total	 cost	 of	 the	 plants	 in	 the	 model	 (validated	 by	 pers.	
communication,	CSIR).	

• PPA	=	Evaluation	price	(–)	Carbon	Tax	(120	R/t	CO2)	

The	 PPA	 also	 includes	 the	 requirement	 for	 a	 fixed	minimum	 off-take	 of	 electricity	 by	 the	 system	
operator,	 totalling	 85%	 of	 the	 energy	 generation	 capacity	 of	 the	 plant.	 This	 offtake	 is	 required	
regardless	of	the	availability	of	cheaper	plants	in	the	system.	This	would	effectively	lock	the	country	
in	 to	 the	plants’	 future	emissions	and	additional	 costs,	while	also	 reducing	economic	dispatch	and	
system	flexibility.		

The	GHG	emissions	 intensity	of	 Thabametsi	 is	 reported	 to	be	1.23	 tCO2eq/MWh	 (ERM,	2017).	We	
assume	 the	 same	GHG-intensity	 for	Khanyisa4,	 since	 it	 also	uses	 FBC	 technology.	 Importantly,	 this	
GHG-intensity	 includes	 both	 the	 direct	 carbon	 dioxide	 (CO2)	 and	 the	 CO2	 equivalent	 of	 expected	
nitrous	 oxide	 (N2O)	 emissions	 from	 the	 plants	 (not	 to	 be	 confused	 with	 the	 pollutant	 nitrogen	
dioxide	 (NO2)).	 Fluidised	 bed	 plants	 typically	 emit	 significantly	 more	 N2O	 than	 conventional	
pulverised	fuel	coal	plants,	such	as	the	existing	Eskom	coal	plants,	and	most	of	the	world’s	existing	
plants	(Zhu,	2013;	Koorneef,	2017).	N2O	has	a	100-year	global	warming	potential	 (GWP)	310	times	
greater	per	ton	than	CO2	(UNFCCC,	2018),	therefore	even	relatively	small	volumes	of	N2O	can	make	a	
large	contribution	to	overall	GHG	emissions.	As	shown	in	Figure	1,	including	the	N2O	emissions	of	the	
coal	 IPPs	 increases	their	GHG-intensity	by	20.5%,	from	1.02	to	1.23	tCO2-eq/MWh.	This	makes	the	
GHG-intensity	of	the	coal	IPPs	much	higher	than	the	world	average.	For	comparison,	N2O	emissions	
from	Eskom	plants	only	make	up	0.4%	of	total	CO2-eq	emissions	(Eskom,	2017b).	The	GHG-intensity	
is	approximately	24%	higher	than	the	current	Eskom	fleet	average	and	58%	higher	than	Medupi	&	
Kusile.	

	

 

 

 

 

																																																													
4	The	same	emissions	intensity	of	1.23	tons	CO2eq/MWh	(ERM,	2017)	for	both	Khanyisa	and	Thabametsi	in	the	reference	

scenarios	 and	 worst-case	 scenario,	 although	 Aurecon	 (2012)	 states	 an	 expected	 GHG	 emissions	 intensity	 of	 1.1	
tCO2eq/MWh.	 The	 ERM	 report	 is	 the	 most	 comprehensively	 investigated	 and	 recent	 figure	 accounting	 for	 GHG	
emissions	 of	 FBC	 in	 South	 Africa	 which	 explicitly	 includes	 N2O	 in	 a	 total	 CO2eq	 emissions	 intensity	 value	 –	 N2O	
emissions	 are	 usually	 negligible	 in	 pulverised	 fuel	 coal	 plants	 (such	 as	 Eskom	 plants)	 and	 have	 not	 been	 explicitly	
included	in	the	IRP	modelling	to	date.	That	said,	using	the	1.1tCO2-eq/MWh	value	will	not	change	the	core	findings,	as	
a	best-case	sensitivity	is	modelled	with	a	much	lower	CO2-eq	intensity	of	700g/kWh	by	assuming	ultra-super-critical	
boilers	 and	negligible	N2O	 	 emissions	 –	 this	 best-case	 scenario	 still	 increases	overall	 emissions	 against	 the	optimal	
system	 without	 the	 plants	 if	 either	 or	 both	 plants	 are	 committed,	 thus	 the	 sensitivity	 analysis	 includes	 the	
1.1tCO2/MWh	figure	in	its	range.	
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Figure 1: Comparison of various coal power plant efficiencies and emissions intensities. Adapted from 

PFI Yearbook & ACWA (2017). Sources: Eskom (2017), ERM (2017).  

	

Table	1	shows	a	summary	set	of	parameters	of	the	coal	IPPs.		

	

Parameter	 Thabametsi	 Khanyisa	

Plant	Capacity	(net	sent	out)	 557	MW	 306	MW	

Efficiency	(net)	 36.25%	 35.5%	

PPA	Tariff	(2016	Rands)	 1.03	R/kWh	 1.04	R/kWh	

GHG	Emissions	Intensity	 1.23	tons	CO2-eq		/MWh	

Assumed	Final	Commissioning	Date	 2022	

Project	and	PPA	Lifetime	 30	years	

Table 1: Summary of key input assumptions for coal IPPs (DoE, 2015; ERM, 2017; Aurecon, 2012) 
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3.2 Reference scenario  
The	reference	scenario	is	the	modelled	least-cost	energy	system	pathway	without	carbon	constraints	
or	caps	on	centralised	renewable	energy	construction.	The	power	sector	 is	modelled	 in	SATIM	and	
provides	a	future	electricity	system	build	plan	determining	the	optimal	timing	and	quantities	of	new	
power	sector	investments,	taking	into	account	the	existing	power	system	and	its	integration	with	the	
larger	South	African	energy	system.	An	outline	of	key	assumptions	relevant	to	this	scenario	can	be	
found	in	the	following	sections.			

3.2.1 Electricity demand projections 
Electricity	 demand	 forecasts	 in	 South	 Africa	 for	 the	 past	 8-10	 years	 have	 been	 consistently	 over-
estimated	(StatsSA,	2018;	DoE	2016;	DoE	2011).	A	combination	of	factors	have	impacted	electricity	
demand	 growth,	 including:	 low	 economic	 growth	 rates,	 structural	 changes	 in	 economic	 structure,	
and	 changes	 in	 energy	 use	 patterns	 driven	 by	 higher	 electricity	 costs	 and	 energy	 efficiency	
improvements.	Distributed	and	 smart	energy	 technologies	 such	as	 solar	photovoltaic	 (PV),	battery	
storage,	and	“smart-grids”	have	not	played	a	significant	role	yet	in	the	overall	South	African	system,	
but	their	wider	uptake	will	have	an	increasing	impact	on	grid	demand.		

The	demand	forecast	for	this	study	includes	the	full	South	African	energy	system.	For	the	electricity	
sector,	this	projection	falls	between	the	IRP	2016	(CSIR	High-Low	Intensity)	and	the	Energy	Intensive	
Users	Group	‘EIUG’	demand	forecast	-	similar	to	the	CSIR	low	demand	forecast	developed	for	the	IRP	
2016	 (DoE,	2016,	CSIR,	2017,	EIUG,	2017).	The	EIUG	 forecast	was	used	 in	 the	Meridian	Economics	
study	examining	the	viability	of	older	Eskom	coal	plants	(Steyn,	Burton	&	Steenkamp,	2017).	The	ERC	
demand	 projection	 can	 be	 seen	 below,	 compared	 to	 the	 IRP	 2010,	 IRP	 2016,	 CSIR,	 and	 EIUG	
forecasts.	Of	interest	is	the	flattened	demand	since	2010	and	the	subsequent	large	difference	from	
the	existing	IRP	2010	demand	forecast.		

The	current	difference	between	the	forecast	demand	in	the	IRP	2010	and	actual	demand	is	around	
the	equivalent	output	of	both	Medupi	and	Kusile.	Both	NERSA	and	Eskom	have	drawn	attention	to	
the	 large	surplus	capacity	 facing	Eskom	(approximately	5GW),	with	NERSA	disallowing	costs	 in	 the	
2018/19	price	determination	at	two	stations	because	they	are	surplus	to	system	needs,	and	Eskom	
investigating	putting	older	stations	into	cold	reserve	(Eskom,	2017a;	Eskom	2017b;	NERSA	2018).	

Furthermore,	in	the	policy-adjusted	IRP	2010	(DoE,	2011),	the	DoE	brought	the	construction	of	new	
coal	 capacity	 forward	 to	 2014/15;	 new	 coal	was	 initially	 only	 required	 from	 2026	 onwards	 in	 the	
revised	balanced	 scenario	 (RBS).	 The	 IRP	 states	 the	 following	 in	 this	 regard:	 “The	RBS	 allowed	 for	
coal-fired	 generation	 after	 2026.	 The	 policy	 requirement	 for	 continuing	 a	 coal	 programme	 could	
result	 in	 this	 coal-fired	 generation	 being	 brought	 forward	 to	 2019-2025…	 Existing	 coal-fired	
generation	 is	 run	 at	 lower	 load	 factors	 to	 accommodate	 the	 new	 coal	 options”	 (DoE,	 2011:	 11,	
section	4.7).	Thus	the	IRP	2010,	even	with	a	much	higher	demand	forecast,	acknowledges	that	the	
coal	 IPPs	were	surplus	 to	new	generation	needs,	would	result	 in	excess	capacity,	and	would	mean	
running	the	rest	of	the	coal	fleet	at	lower	load	factors.	Their	inclusion	in	the	build	plan	was	moved	
forward	due	to	a	policy	commitment	to	coal.	In	brief,	the	allocation	for	new	coal	capacity	in	2014/15	
was	not	a	modelling	result	and	was	not	driven	by	energy	security	concerns.		
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Figure 2: Comparison of historical (StatsSA, 2018) and forecasted annual electricity demands between 

ERC, CSIR, EIUG, and the IRP 2010 and draft IRP 2016 update. 

3.2.1 New Electricity Generation Technologies 
All	new-build	conventional	technology	costs	and	performance	parameters	are	aligned	with	the	draft	
IRP	2016	update	(based	on	the	independent	EPRI	report	commissioned	for	the	IRP),	other	than	the	
parameters	 on	 nuclear,	 which	 were	 provided	 by	 the	 Department	 of	 Energy	 (DoE,	 2016).	
Conventional	generating	technology	investment	options	available	for	the	model	to	use	include:	new	
coal,	nuclear,	gas	turbines	and	engines,	and	regional	hydro.	The	cost	and	performance	parameters	of	
conventional	technologies	all	remain	fixed	throughout	the	model	optimisation	horizon	to	2050.	

Starting	technology	costs	 for	utility-scale	solar	PV	and	onshore	wind	are	aligned	with	the	draft	 IRP	
2016	 update	 and	 are	 calculated	 to	 align	 with	 the	 recent	 Renewable	 Energy	 Independent	 Power	
Producer	Procurement	Programme	(REIPPPP)	 tariffs,	 i.e.	Bid	Window	4.5	 (expedited).	Between	Bid	
Window	 3	 and	 Bid	Window	 4	 (expedited),	 solar	 PV	 and	 wind	 prices	 decreased	 by	 47%	 and	 29%	
respectively,	with	both	reaching	an	average	of	R0.62/kWh	(2015	Rand).	The	evolution	of	the	REIPPPP	
price	and	capacity	auctions	is	included	below	for	reference	(Figure	3).	Only	projects	with	signed	PPAs	
as	of	May	2018	are	included	as	committed	in	the	baseline	build	plan.	
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Figure 3: Historical solar PV and onshore wind Renewable Energy Independent Power Producer 

Procurement Program PPA prices and procured capacity for each round. 

Solar	 PV	 and	 wind	 technology	 cost	 reduction	 projections	 for	 the	 reference	 scenario	 (“expected”)	
learning	 can	 be	 seen	 in	 Figure	 4.	 We	 also	 include	 optimistic	 and	 pessimistic	 sensitivities	 on	 the	
technology	 learning	for	renewables	 (section	3.4).	No	total	 future	resource	constraints	are	 imposed	
for	PV	or	wind,	and	new	capacity	can	be	constructed	from	2021	onwards.	Annual	installation	limits	
for	PV	and	wind	are	set	in	2021	to	start	at	the	total	capacity	awarded	in	round	4	for	each	technology.	
Each	year	thereafter,	the	annual	installation	limit	increases	by	the	portion	of	capacity	awarded	in	the	
final	 expedited	 round	 (590MW	 for	 PV	 and	 618MW	 for	 wind),	 until	 2030	where	 the	 limits	 are	 no	
longer	imposed.	Wind	and	PV	temporal	energy	production	profiles	are	based	on	Fraunhofer	(2015)	
and	CSIR	(2017).	

Solar	PV	reference	scenario	technology	assumptions:	

• Annual	 capacity	 factors	 are	 assumed	 to	 be	 28%	 using	 single-axis	 tracking	 solar	 PV	
technology,	 and	 25%	 for	 fixed-tilt	 centralised	 plants	 of	 75MW+.	 This	 is	 based	 on	 existing	
South	African	plant	performance	history,	using	averaged	hourly	production	data	from	2015-
2017	(DoE	REDIS,	2018).		

• Plant	life	is	25	years,	and	construction	time	1	year.	Capacity	factors	remain	fixed.	

Onshore	wind	reference	scenario	technology	assumptions:	

• Annual	capacity	factors	for	new	onshore	wind	farms	are	assumed	to	start	at	36%	for	plants	
of	size	100MW+	(DoE	REDIS,	2018)	

• Plant	life	is	20	years,	and	construction	time	2	years.	
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Figure 4: Starting and projected levelised costs of electricity from centralised single-axis tracking solar 

PV and onshore wind from 2015 to 2050 (April 2016 R/kWh). 

The	modelling	in	this	study	includes	the	assumption	that	wind	and	solar	generators	are	never	able	to	
contribute	 to	 the	 peak	 demand,	 and	 are	 fully	 backed	 up	 by	 dispatchable	 firm	 synchronous	
generators.	Battery	storage	or	flexible	demand	response	are	currently	not	included,	but	both	have	a	
growing	future	potential	to	contribute	to	peak	demand	reductions	and	system	services	if	deployed	in	
future.	 Overall,	 these	 technology	 estimates	 are	 considered	 conservative	 for	 the	 cost	 and	
performance	of	future	technologies	and	optimistic	on	existing	conventional	technologies.		

3.2.2 Existing South African Electricity System  
Existing	 power	 plant	 performance	 parameters	 are	 included	 in	 SATIM	 as	 per	 the	 modelling	
undertaken	 in	 ERC	 (2018)	 and	 the	 draft	 IRP	 2016	 update	where	 data	 is	 given	 (DoE,	 2016).	 These	
quantify	the	individual	plant	capacities,	efficiencies,	fixed	and	variable	operations	and	maintenance	
costs,	 water	 use,	 and	 GHG	 and	 pollutant	 emissions.	 The	 retirement	 dates	 of	 existing	 plants	 are	
aligned	 to	 the	draft	 IRP	2016	update	 (50-year	 life	 of	 plant	 for	 all	 Eskom	coal	 plants).	Medupi	 and	
Kusile	 are	modelled	 to	 come	online	 incrementally,	 according	 to	 the	October	2017	Eskom	Medium	
Term	 System	Adequacy	Outlook;	with	 3	 units	 online	 already	 and	 the	 remainder	 coming	 online	 by	
end	 2022	 (Eskom,	 2017).	 The	 investment	 and	O&M	 costs	 related	 to	 Eskom’s	 compliance	with	 air	
quality	legislation	and	station-specific	licenses	is	not	included	in	the	modelling.		

The	 existing	 South	 African	 power	 system	 (excluding	 variable	 renewables)	 and	 planned	 retirement	
schedule	is	depicted	in	Figure	5.	
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Figure 5: Existing South African power generation capacity with decommissioning schedules as per 50-
year life and draft IRP 2016 update retirement dates.  

3.3 Climate change mitigation policy (CCP) scenario 
With	 current	 technology	 and	 cost	 assumptions,	 the	 reference	 scenario	 described	 above	 for	 the	
South	African	energy	system	is	not	consistent	with	meeting	the	lower	range	of	South	Africa’s	peak,	
plateau,	 and	 decline	 (PPD)	 trajectory,	 as	 committed	 to	 in	 the	 National	 Climate	 Change	 Response	
White	 Paper	 (DEA,	 2011).	 The	 PPD	 aims	 to	 peak	 emissions	 in	 2025	 between	 398-614	Mt	 CO2-eq,	
plateau	emission	for	a	decade,	and	then	decline	to	a	2050	range	between	212	and	428	Mt	CO2-eq.	

While	South	Africa’s	nationally	determined	contribution	 (NDC)	 to	 the	Paris	Agreement	 is	based	on	
the	PPD	trajectory	range,	it	currently	only	includes	a	quantified	emission	range	of	398-614	Mt	CO2-
eq	for	the	years	2025	and	2030.	Based	on	the	negotiations,	South	Africa	will	likely	update	its	NDC	in	
2025,	for	the	post-2030	period.		

At	the	same	time,	globally,	NDCs	do	not	yet	meet	the	target	of	the	Paris	Agreement	to	limit	warming	
to	 ‘well	below’	2oC.	The	Paris	Agreement	 ‘ratchet	mechanism’	 is	designed	to	encourage	 increasing	
ambition	from	countries	over	time.	In	the	long-run,	keeping	temperature	well	below	2oC	and	aiming	
for	1.5°C	will	require	all	countries	to	increase	their	ambition.	If	all	countries	collectively	agree	to	do	
so,	South	Africa	should	reduce	emissions	further	than	envisaged	 in	the	current	NDC	for	the	period	
after	2030	(or	even	for	the	period	2025-2030),	or	at	least	commit	to	meeting	the	lower	range	of	the	
PPD.	The	low	PPD	aims	for	398	Mt	CO2-eq	over	the	period	2025-2035	before	declining	to	212	Mt	by	
2050.		

Currently,	Climate	Action	Tracker	(CAT)	deems	South	Africa’s	NDC	to	be	an	insufficient	contribution	
to	meeting	2oC;	in	particular,	the	upper	range	of	the	trajectory	outlined	in	the	PPD	and	included	in	
the	NDC	(CAT,	2018).	South	Africa	can	meet	the	upper	range	of	the	PPD	to	2050	if	it	implements	a	
least-cost	energy	system	to	2050;	that	is,	one	that	excludes	new	coal-fired	power	plants,	achieves	

Camden,	2020	
Hendrina,	2023	

Grootvlei,	2024	

Komati,	2024	

Arnot,	2025	

Kriel,	2026	

Matla,	2030	

Duvha,	2031	

Lethabo,	2036	

Matimba,	2038	

Tutuka,	2037	
Kendal,	2040	

Majuba,	2051	

Ankerlig,	2033	

Mossel	Bay,	2034	

Koeberg,	2041	

0	

10	

20	

30	

40	

50	

60	

2012	 2017	 2022	 2027	 2032	 2037	 2042	 2047	

N
et
	P
ow

er
	C
ap
ac
ity

	(G
ig
aw

at
ts
	-	
GW

)	
Existing	South	African	Electricity	System:	

Full	plant	retirements	as	per	technical	design	life	

Camden	 Hendrina	 Grootvlei	 Komati	 Arnot	
Kriel	 Matla	 Duvha	 Lethabo	 Matimba	
Tutuka	 Kendal	 Majuba	Dry	 Majuba	Wet	 Distributed	
Ankerlig	 Mossel	Bay	 Cahora	Bassa	 Hydro	 Koeberg	
Kusile	 Medupi	 DoE	Peaking	 Pumped	Storage	



An assessment of new coal plants in South Africa’s electricity future: 
The costs, emissions, and supply security implications of the coal IPP programme  17 

ENERGY SYSTEMS, ECONOMICS AND POLICY GROUP - ENERGY RESEARCH CENTRE: UNIVERSITY OF CAPE TOWN 

high	levels	of	energy	efficiency	and	continues	to	invest	in	renewables.	However	only	achieving	the	
upper	PPD	range	would	not	be	an	adequate	contribution	to	limiting	warming	to	below	2oC	(PRIMAP,	
2018).	According	to	both	CAT	and	PRIMAP,	the	low-PPD	range	may	be	considered	an	adequate	
contribution	to	2oC,	but	this	depends	on	assumptions	about	the	global	carbon	budget	and	the	equity	
approach	applied	in	a	given	analysis.	CAT	(2018)	considers	the	low-PPD	emission	in	2050	as	
consistent	with	meeting	2oC,	but	is	not	clear	on	the	long-term	trajectory	implied	by	this.	Given	this	
uncertainty,	we	model	South	Africa’s	low-PPD	to	2050	since	this	already	South	Africa’s	own	policy	
commitment,	even	if	in	the	future	meeting	2oC	requires	reducing	emission	below	the	low-PPD	
trajectory.		

More	generally,	there	is	considerable	literature	on	energy	systems	pathways	consistent	with	2oC	and	
the	future	of	coal	within	that.	UNEP	(2017)	summarises	these	studies,	which	show	that	unabated	
coal	(without	CCS)	will	have	to	be	phased	out	globally	by	mid-century.		

We	thus	include	a	scenario	that	assesses	the	impact	of	building	the	coal	IPPs	in	a	case	where	South	
Africa	also	meets	the	low-PPD	emissions	constraint	to	2050	at	the	lowest	system	cost.	The	key	
assumptions	remain	the	same	as	in	the	reference	scenario,	but	also	include	a	CO2-eq	constraint	
consistent	with	low-PPD	(9.5	Gt	CO2-eq	over	the	period	2020-2050)	(ERC,	2018).	

The	rationale	for	analysing	the	implications	of	such	a	scenario	is	as	follows.	Meeting	the	PPD	range	
requires	 reducing	 emission	 in	 the	 electricity	 sector.	 Meeting	 low-PPD	 requires	 even	 more	 rapid	
decarbonisation	of	the	electricity	sector,	as	well	as	increased	mitigation	in	other	sectors.	When	the	
coal	IPPs	are	forced	into	the	electricity	build	plan,	this	results	in	decreased	use	of	existing	coal	plants	
(which	are	also	cheaper	than	the	coal	IPPs),	which	puts	raises	costs	overall	and	puts	Eskom	at	risk.	As	
more	 of	 the	 emissions	 ‘budget’	 is	 used	 in	 the	 electricity	 sector,	 this	 requires	 either	 increased	
mitigation	 in	 the	 power	 sector	 through	 stranding	 existing	 coal	 assets	 in	 the	 later	 years	 of	 the	
modelling	 horizon,	 or	 increased	mitigation	 in	 non-electricity	 sectors	 (where	mitigation	 is	 typically	
costlier	than	in	the	power	sector).	Understanding	this	trade-off	between	the	coal	IPPs	and	other	coal	
plants	and	 sectors	allows	an	assessment	of	 the	 costs	of	 increasing	 the	mitigation	burden	 to	other	
sectors.	Essentially,	we	analyse	the	effects	of	“committing”	carbon	space	to	the	coal	IPPs.		

3.4 Combined scenarios: best and worst cases for coal IPPs 
The	“best-case	for	coal	IPPs”	and	“worst-case	for	coal	IPPs”	are	scenarios	that	combine	sensitivities	
on	 key	 modelling	 assumptions,	 specifically	 the	 costs	 of	 competing	 technologies	 or	 the	 GHG	
emissions	intensity	of	the	coal	IPPs.	This	allows	us	to	test	and	analyse	various	uncertainties	that	may	
materialise	 regarding	 future	 generation	 costs	 and	 the	 mitigation	 of	 GHGs	 by	 the	 stations	 (which	
could	 lower	 the	 overall	 GHG	 impact	 of	 the	 coal	 IPPs).	 We	 have	 constructed	 the	 scenarios	 to	 be	
weighted	towards	a	future	world	that,	in	one	scenario,	is	the	“best”	case	for	coal	IPPs	(for	example,	
expensive	renewable	energy	and	gas,	and	low	GHG-intensity	from	the	coal	IPPs),	and	in	the	other,	is	
the	“worst”	for	the	coal	IPPs	(for	example,	cheaper	renewables	and	gas	and	high	GHG-intensity).	In	
this	 way,	 a	 broader	 range	 of	 uncertainty	 can	 be	 explored,	 along	 with	 a	 broader	 sense	 of	 the	
magnitude	of	the	potential	risks	and	opportunities	of	committing	to	the	coal	IPPs.		
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3.4.1 Determinants of best and worst cases 

3.4.1.1 Renewable	energy	and	gas	generation	costs	
A	 key	 power	 system	 planning	 uncertainty	 is	 around	 the	 future	 costs	 of	 renewable	 energy	
technologies.	 While	 the	 overall	 trend	 for	 renewable	 energy	 technologies	 is	 towards	 substantially	
lower	costs,	the	difference	in	total	system	costs	with	and	without	the	coal	IPPs	could	be	substantially	
larger	 depending	on	 the	 relative	 costs	 of	 alternative	 supply	 options.	 This	 represents	 the	 cost	 of	 a	
‘missed-opportunity’	 through	 the	 lock-in	 to	 the	 purchase	 of	 power	 from	 the	 coal	 IPPs	 at	 a	 higher	
cost	than	other	new-build	alternatives.	We	test	our	cost	assumptions	through	imposing	pessimistic	
and	optimistic	learning	rates	for	new	solar	PV	and	wind	(Figure	6	and	Figure	7).		

	

Solar	PV	learning	assumptions:	
• Learning	 starts	 from	 2015	 for	 the	 reference	 and	 optimistic	 scenarios,	 and	 2021	 for	 the	

pessimistic	scenario.		
• Plant	cost	and	performance	parameters	are	modelled	to	start	at	calculated	2015	Round	4-

expedited	 REIPPPP	 values,	 and	 improve,	 using	 adapted	 projected	 rates	 of	 change	 in	 the	
latest	National	Renewable	Energy	Laboratory	(NREL)	Annual	Technology	Baseline	(NREL	ATB,	
2017),	UNEP	(2015)	and	Fraunhofer	(2015).	

• Capital	cost	reductions	are	applied	for	all	scenarios,	and	operations	and	maintenance	(O&M)	
improvements	 are	 also	 applied	 for	 the	 optimistic	 case.	 Plant	 capacity	 factors	 remain	 the	
same	for	all	projections.	
	

The	 figure	below	 shows	 the	projected	 levelised	 cost	 of	 solar	 PV	 for	 the	optimistic	 and	pessimistic	
learning,	based	on	the	improvements	for	the	respective	technology	parameters.	

	

	
Figure 6: Centralised Solar PV (single-axis tracking) cost assumptions (April 2016 Rand) 
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Onshore	wind	learning	assumptions:	

• Learning	starts	from	2021	for	the	reference	scenario,	and	2015	for	the	optimistic	scenario.	
• No	technology	learning	or	cost	reductions	are	applied	in	the	pessimistic	case.		
• Learning	is	applied	to	capital	costs	and	annual	capacity	factors	of	new	plants	for	the	

reference	and	optimistic	scenarios	(existing	plants	do	not	improve),	reductions	in	O&M	costs	
are	also	applied	for	the	optimistic	case.	

• Plant	cost	and	performance	parameters	are	modelled	to	start	at	calculated	2015	REIPPPP	
values	and	change	using	adjusted	projected	rates	of	improvement	in	the	2017	latest	NREL	
Annual	Technology	Baseline	(NREL	ATB,	2017),	IEA	Wind	(2018),	and	Agora	Energiewende	
(2017).	
	

The	 figure	 below	 shows	 the	 projected	 levelised	 cost	 of	 wind	 for	 the	 optimistic	 and	 pessimistic	
learning	based	on	the	improvements	for	the	respective	technology	parameters.	

	
Figure 7: Onshore wind cost assumptions for each scenario (April 2016 Rand) 

3.4.1.2 Greenhouse	gas	emissions-intensity	
We	 include	 this	 sensitivity	 because	 there	 are	 some	 options	 that	 could	 potentially	 lower	 N2O	
emissions	for	the	type	of	plant	planned,	depending	on	fuel	 inputs,	possible	blending	with	biomass,	
or	alternative	operating	conditions	such	as	changing	combustion	temperature	(Koorneef,	2007;	Zhu,	
2013;	Armesto,	2003;	Valentim,	2006).	These	do	not	seem	to	have	been	fully	explored	or	quantified	
in	the	measures	suggested	in	ERM	(2017).	Combined	measures	could	result	in	reductions	in	GHGs	of	
up	 to	 25%	 below	many	 other	 Eskom	plants,	 and	 possibly	with	 no	 resulting	 impact	 on	 the	 agreed	
PPAs.	
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However,	even	without	the	high	N2O	emissions,	the	inclusion	of	the	coal	IPPs	in	the	build	plan	results	
in	 overall	 higher	 emissions	 over	 the	 full	 period	 of	 operation	 (because	 the	 least-cost	 optimised	
alternatives	–	gas	plus	renewable	energy	-	all	have	lower	GHG	emissions).	By	modelling	a	reduction	
in	GHG-intensity,	 this	 conservatively	highlights	 the	additional	emissions	 caused	by	 the	plants	even	
under	‘best	case’	outcomes	for	GHG	mitigation	by	the	coal	IPPs.			

	Although	 carbon	 capture	 and	 storage	 could	 be	 an	 option	 for	 mitigating	 emissions	 further	 (by	
approximately	90%	at	existing	coal	CCS	facilities),	the	technology	remains	unproven	in	South	Africa,	
and	results	in	substantially	higher	costs		-	currently	around	US$100/tonne	of	CO2	(UNEP,	2017).	Even	
the	South	African	 coal	 roadmap	has	highlighted	 the	 challenge	of	CCS	 in	 the	South	African	 context	
(SACRM,	2011).		

3.4.2  “Best-case scenario” for coal IPPs: 
• Pessimistic	renewable	energy	costs:	no	learning	for	wind	(62c/kWh),	solar	PV	learning	from	

2020	reaches	56c/kWh	by	2030,	and	49c/kWh	by	2050	(all	in	2016	Rand).	
• Global	 liquefied	 natural	 gas	 (LNG)	 price	 is	 25%	 higher	 than	 the	 reference	 scenario	 at	

US$15/MBTU	(R182/GJ	in	January	2015	Rand5)	
• Low	GHG-intensity	(assumed	low	cost	abatement	of	N2O)	and	ultra-super-critical	coal,	as	per	

the	 proposed	 KiPower	 plant	 (2018)6.	 Greenhouse	 gas	 intensity	 of	 0,7	 t/MWh	 CO2-eq	 (vs	
reference	case	of	1,23t/MWh).		

3.4.3 “Worst-case scenario” for coal IPPs: 
• Optimistic	 renewable	 energy	 costs:	 wind	 learning	 from	 2015,	 47c/kWh	 by	 2030,	 and	

39c/kWh	by	 2050.	 Solar	 PV	 learning	 from	2015,	 38c/kWh	by	 2030,	 and	 26c/kWh	by	 2050	
(2016	Rand).	

• Global	 LNG	 price	 is	 25%	 lower	 than	 reference	 at	 US$10/MBTU	 (R122/GJ	 in	 January	 2015	
Rand)	

• High	 GHG-intensity	 remains	 unchanged	 from	 the	 reference	 scenario,	 as	 reported	 in	
Thabametsi’s	climate	change	impact	assessment	(ERM,	2017).	Given	the	high	GHG-intensity	
of	the	coal	IPPs,	as	discussed	in	section	Figure	1	and	section	3.1.1,	we	assume	that	the	GHG-
intensity	 of	 the	 proposed	 plants	 is	 already	 ‘worst	 case’	without	mitigation	 (approximately	
24%	higher	than	the	current	Eskom	fleet	average,	and	58%	higher	than	Medupi).	

	  

																																																													
5	Using	the	draft	IRP	2016	update	11.55	R/USD	exchange	rate	from	January	2015.	The	cost	of	LNG	in	the	IRP	2016	is	115.5	
R/GJ	(January	2015	Rand)	

6	Though	this	is	not	proposed	for	the	coal	IPPs	under	the	current	tariff	structure	
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3.5 Parameter summary for each scenario 
Table	2	summarises	the	parameters	for	each	scenario.	

	 Reference	
Scenario:	Base	

Reference	Scenario:	

Best	case	for	coal	IPPs	

Reference	Scenario:	
Worst	case	for	coal	

IPPs	

Climate	change	
mitigation	Scenario	

GDP	
Growth	

3,2%	average	
annual	

3,2%	average	annual	 3,2%	average	annual	 3,2%	average	annual	

RE	costs	
Expected	
Reductions	

Pessimistic	(PV)		

No	Reduction	(Wind)	

More	Optimistic	
Reductions	

Expected	
Reductions	

Global	LNG	
price7	

12.5	$/MBTU	

(R152	/GJ)	

15.0	$/MBTU	

(R183/GJ)	

10.0	$/MBTU	

(R122/GJ)	

12.5	$/MBTU	

(R152/GJ)	

COAL	IPPs	
GHG	

intensity	

1,23	t	CO2-
eq/MWh	

0,7	t	CO2-eq/MWh	 1,23	t	CO2-eq/MWh	 1,23	t	CO2-eq/MWh	

GHG	
emissions	
constraint	

No	constraint	 No	constraint	 No	constraint	

9.5	Gt	CO2-eq	total	
energy	emissions	
budget	between	
2020	-	2050		

Discount	
rate	

8.2%	 8.2%	 8.2%	 8.2%	

Table 2: Summary of key parameters per scenario 

	  

																																																													
7	January	2015	Rand	and	USD	using	11.55	R/USD	exchange	rate	
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4. Results 

4.1 Reference case  
4.1.1 Reference case least-cost electricity system expansion plan 

The	figures	below	show	the	reference	case	least-cost	optimised	build	plan	to	2050	for	the	electricity	
sector,	 depicting	 the	 total	 installed	 system	 capacity	 of	 each	 technology	 in	 the	 system,	 including	
existing	and	new-build	power	plants	each	year.	A	least-cost	build	plan	no	longer	includes	new	coal	or	
nuclear	power	plants,	which	are	no	longer	competitive	with	alternatives.		

South	African	electricity	demand	has	flattened	over	the	last	decade,	while	large	units	at	Medupi	and	
Kusile	are	still	being	added	to	the	grid,	resulting	 in	surplus	capacity	presently	and	for	the	medium-
term	outlook.	Thereafter,	as	demand	grows	and	existing	coal	plants	are	decommissioned,	the	least-
cost	mix	of	new	centralised	generation	is	a	combination	of	wind,	solar	PV,	and	gas.	

	
Figure 8: Reference Scenario: installed generation capacity shown and projected peak electricity demand 

(2015 – 2050) 

In	 the	 reference	 scenario,	 installed	 capacity	 reaches	 168	GW	 in	 2050,	 comprising	 32%	wind,	 27%	
solar,	31.5%	gas	(Figure	8).		

In	 the	 reference	 scenario,	 installed	 capacity	 reaches	 168	GW	 in	 2050,	 comprising	 32%	wind,	 27%	
solar,	and	31.5%	gas	(Figure	8).	Renewable	energy	makes	up	28.5%	of	electricity	generation	by	2030	
and	74%	by	2050,	with	gas	contributing	11%,	and	coal	15%	in	2050.	Medupi	and	Kusile	are	the	only	
coal	 plants	 still	 running	 in	 2050	 (Figure	 9).	 Figure	 10	 shows	 the	 annual	 capacity	 additions	 by	
generation	technology.		
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Figure 9: Reference Scenario: annual electricity generation by source (2015-2050) 

	
Figure 10: Reference Scenario: annual generation capacity additions (2015-2035) 

Greenhouse	gas	emissions	from	the	energy	and	industrial	sectors	can	be	seen	in	Figure	11.	Emissions	
peak	around	2025	and	decline	to	just	over	256Mt	CO2-eq	by	2050.	A	substantial	part	of	these	savings	
come	from	the	electricity	sector,	where	mitigation	 is	achieved	at	 low	cost,	even	as	emissions	from	
industry	 increase	 substantially.	However,	 as	mentioned	previously,	 this	 emissions	 trajectory	 is	 not	
consistent	 with	 meeting	 2oC	 (CAT,	 2018;	 PRIMAP,	 2018).	 Further	 mitigation	 is	 required	 to	 move	
South	Africa	towards	the	low-PPD	trajectory.	This	is	explored	further	in	the	CCP	scenario.		
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Figure 11: Reference Scenario greenhouse gas emissions by sector 2015 to 20508 

The	following	section	outlines	the	difference	between	the	least-cost	reference	scenario	and	the	
reference	scenario	with	the	coal	IPPs	committed	(Reference	plus	coal	IPPs).		

4.1.2 Reference case plus coal IPPs 
The	 optimised	 least-cost	 build	 plan	 includes	 no	 new	 coal-fired	 power	 plants	 in	 the	 investment	
horizon	to	2050.	Therefore,	testing	the	system	implications	of	signing	the	30-year	PPAs	of	the	coal	
IPPs	 requires	 the	 plants	 to	 be	 “forced-in”	 to	 the	 build	 plan,	 after	 which	 the	 deviation	 from	 the	
baseline	cost	optimal	system	can	be	directly	quantified	and	analysed.	

4.1.2.1 Differences	in	build-plan	and	energy	generation	
Committing	 to	 building	 the	 coal	 IPPs	 changes	 the	 power	 plant	 investment	 schedule	 and	 energy	
generation	profile	compared	to	the	reference	scenario	described	in	section	4.1.	

Figure	 12	 shows	 the	 deviation	 in	 electricity	 generation	 from	 the	 reference	 scenario	 electricity	
system.	From	2022	to	2025,	the	least-cost	system	would	have	used	the	cheaper	existing	Eskom	coal-
fired	power	plants	to	meet	the	demand	for	electricity.	Thereafter	the	optimised	system	would	have	
provided	this	energy	with	a	combination	of	wind,	solar	PV,	and	gas	(Figure	12).	Most	of	the	energy	in	
the	optimised	power	system	comes	from	wind,	with	a	lesser	contribution	from	solar	PV,	and	existing	
coal.	Gas	provides	a	smaller	contribution	to	energy,	but	is	an	important	contributor	to	firm	capacity,	
providing	full	flexible	back-up	to	the	variable	renewable	energy	technologies.		

																																																													
8	Shown	are	only	direct	energy	emissions	for	each	sector	(eg.	commerce	or	industry’s	indirect	electricity	sector	emissions	
are	 accounted	 for	 in	 power	 sector	 emissions).	 Non-energy	 emissions	 from	 agriculture,	 forestry,	 land-use	 change,	 or	
waste	are	not	included	in	this	total	
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The	energy	from	the	coal	IPPs	that	replaces	existing	coal	totals	around	20	TWhs	from	2022-2027.	For	
comparison,	 a	 unit	 at	 Medupi	 or	 Kusile	 produces	 around	 5	 TWhs	 per	 year.	 It	 thus	 replaces	
comparable	supply	capacity	in	the	system	(part	of	the	existing	fleet),	but	at	a	higher	cost	(discussed	
below).		

	

Figure	12:	Difference in annual energy generation profile between the reference scenario and reference 
scenario plus coal	

The	 total	 differences	 and	 timing	 of	 installed	 capacity	 are	 shown	below	 for	 the	 combined	 coal	 IPP	
programme	(including	both	Thabametsi	and	Khanyisa	and	totalling	863	MW).9	Deviations	shown	as	
positive	values	in	each	year	are	the	amount	of	additional	capacity	built	or	energy	generated	in	that	
year.	 	 As	 can	 be	 seen	 in	 Figure	 13,	 the	 technology	mix	 in	 the	 reference	 scenario	 to	 provide	 the	
equivalent	level	of	firm	capacity	and	energy	is	a	combination	of	863	MW	of	gas,	440	MW	of	solar	PV,	
and	 1280	MW	of	wind.	 Committing	 to	 the	 coal	 IPPs	 results	 in	 a	 change	 in	 the	 timing	 of	 planned	
investments,	noticeably	delaying	some	solar	PV	investment	by	2-3	years.		

																																																													
9	The	same	deviations	for	each	set	of	results	are	modelled	and	measured	for	each	of	the	individual	and	combined	coal	IPPs,	
but	 for	 simplicity	 only	 the	 combination	 of	 both	 plants	 is	 shown	 below.	 This	 is	 necessary	 to	 determine	 the	 specific	
individual	impacts	of	each	plant	on	the	future	South	African	energy	system.	In	a	complex	and	interconnected	system,	the	
impacts	of	different	investment	decisions	are	often	non-linear.	
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Figure 13: Differences from baseline to power generation capacity additions for combined coal IPPs 

Since	 wind	 technologies	 are	 modelled	 to	 have	 a	 20-year	 life,	 and	 solar	 PV	 25	 years,	 the	 system	
reinvests	 in	new	capacity	 for	 these	 technologies	at	 the	end	of	 their	 lives	between	2040	and	2050.		
The	 plants	 are	 replaced	with	 newer	 and	 cheaper	 capacity	 later	 in	 the	 period	 after	 projected	 cost	
reductions	 are	 achieved,	 allowing	 further	 reductions	 in	 system	costs	 later	 in	 the	modelling	period	
(Figure	14).	The	coal	IPPs	therefore	not	only	replace	investments	in	gas,	solar,	and	wind	in	the	2020s,	
but	 because	 of	 their	 long-lived	 PPAs,	 also	 replace	 new,	much	 cheaper,	 generation	 capacity	 in	 the	
2040s.		

	
Figure 14: Total differences of alternative electricity generation mix per period (with reinvestment from 

2040) and total difference in constructed generation capacity. 
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4.1.2.2 Power	Sector	Greenhouse	Gas	Emissions	
As	can	be	seen	 in	Figure	15,	 the	 inclusion	of	 the	coal	 IPPs	 in	 the	build	programme	results	 in	a	net	
increase	 in	 GHG	 emissions	 over	 the	 modelling	 period.	 The	 additional	 GHGs	 for	 Thabametsi	 and	
Khanyisa	are	136.1Mt	CO2-eq	and	75.9Mt	CO2-eq	respectively.	If	both	plants	are	built,	the	coal	IPPs	
add	205.7Mt	additional	GHG	emissions	over	the	30-year	period	between	2022	and	2052.		

In	comparison,	the	Department	of	Environmental	Affairs	has	recently	commissioned	modelling	that	
analysed	 the	 emissions	 savings	 of	 various	 mitigation	 policies	 and	 measures	 (ERC,	 2018).	 Those	
results	show	that	the	emissions	savings	of	the	post-2015	National	Energy	Efficiency	Strategy	to	2050	
will	be	214	Mt	CO2-eq.		

The	energy	generation	profile	in	Figure	12	shows	that	the	energy	generated	by	the	coal	IPPs	would	
replace	 Eskom’s	 existing	 coal	 fleet	 over	 the	 period	 2022-2027	 (and	marginally	 in	 the	 late	 2030s).	
Several	 commentators	have	argued	 that	 replacing	 this	 energy	with	 the	newer,	more	efficient	 IPPs	
would	 be	 better	 for	 GHG	 emissions.	 However,	while	 the	 coal	 IPPs	 could	 decrease	GHG	 emissions	
marginally	 in	 the	 short-term	 (assuming	 Eskom	 runs	 its	most	 inefficient	 coal	 plants	 to	 replace	 the	
IPPs),	 in	 the	 medium	 to	 long-term,	 the	 coal	 IPPs	 replace	 zero-carbon	 or	 lower-carbon	 (gas)	
generation.	 The	 combination	 of	 wind,	 solar	 PV,	 gas,	 and	 existing	 coal	 is	 substantially	 lower	 in	
emissions	over	the	lifetime	of	the	stations,	and	the	IPPs	thus	always	increase	GHG	emissions	when	
compared	to	a	least-cost	electricity	system.		

	
Figure 15: Cumulative total additional power sector greenhouse gas emissions for the combined and 

individual COAL IPPs 
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4.1.2.3 Electricity	System	Cost	
Since	the	cost-optimal	reference	scenario	does	not	include	new	coal	IPPs,	we	can	expect	that	their	
inclusion	in	the	build	plan	will	raise	the	total	system	costs	for	the	energy	sector.	The	tariffs	that	will	
be	paid	to	the	IPPs	are	currently	substantially	higher	than	Eskom’s	marginal	cost	of	generation	and	
thus	the	difference	in	the	earlier	years	between	running	the	existing	fleet	and	building	the	coal	IPPs	
is	 large.	Over	 time,	 as	new	capacity	 is	built	 and	 the	 cost	 rises	 to	 fund	new	capacity	 (compared	 to	
plants	where	capital	costs	have	been	paid	off),	 this	differential	between	the	cost	optimal	blend	of	
electricity	from	renewable	energy,	gas,	and	the	existing	fleet	compared	to	the	coal	IPPs,	starts	to	fall.	
Nonetheless,	 over	 the	 modelling	 period,	 the	 coal	 IPPs	 result	 in	 additional	 costs	 in	 the	 electricity	
sector.	Figure	16	shows	the	deviation	 in	billions	of	Rand	between	the	reference	scenario	with	and	
without	the	coal	IPPs.	The	differential	peaks	between	2022	and	2025	at	just	less	than	R3.5bn	before	
falling	to	between	R1.5	and	R2bn	per	year	by	2050.	

The	 higher	 difference	 in	 the	 earlier	 years	 is	 due	 to	 the	 generation	 surplus	 currently	 facing	 South	
Africa.	The	plan	to	procure	the	coal	IPPs	was	brought	forward	by	the	policy-adjusted	IRP	2010,	which	
as	noted	previously,	also	overestimated	demand	considerably.	Thus	the	plants	are	neither	necessary	
to	meet	demand,	nor	are	they	competitive	with	alternative	supply	technologies.	In	a	situation	where	
increased	new	build	is	required	earlier	in	the	period,	the	differential	would	be	smaller	in	the	earlier	
years.	However,	we	have	modelled	a	relatively	optimistic	demand	forecast	(higher	than	the	Energy	
Intensive	Users	Group	(EIUG,	2017)).	In	the	long-term,	the	coal	IPPs	are	consistently	more	expensive	
than	the	alternative	options.		

	
Figure 16: Annual additional cost paid for electricity per year for the combined and individual coal IPPs in 

nominal terms. 
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The	 total	 discounted	 system	 cost	 difference	between	 the	 least	 cost	 reference	 and	 the	 committed	
coal	can	be	seen	in	Figure	17.	The	combined	coal	IPPs	add	an	additional	system	cost	of	R19,68	billion	
in	present	value	terms	(2018	Rand	using	a	discount	rate	of	8.2%).		

	

	
Figure 17: Reference Scenario: Total discounted additional costs paid for electricity for the combined 

and individual COAL IPPs 
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4.2 Climate change mitigation policy (CCP) scenario  

4.2.1 Least-cost CCP scenario 
As	 discussed	 in	 section	 3.3,	 the	 upper	 range	 of	 South	 Africa’s	 NDC	 and	 PPD	 trajectory	 is	 not	
considered	consistent	with	 limiting	warming	to	below	2oC	above	 industrial	 levels.	While	the	 lower-
PPD	to	2050	may	be	considered	compatible	with	2oC	(depending	on	which	equity	considerations	are	
applied),	South	Africa	 is	not	currently	on	track	to	meet	this	 lower	GHG	emissions	trajectory.	Given	
that	all	countries	are	required	to	raise	their	ambition	over	time	under	the	Paris	Agreement,	we	have	
assessed	the	implications	of	meeting	the	low-PPD	trajectory	to	2050	in	light	of	the	planned	increases	
in	coal-fired	generation	capacity.	We	have	modelled	a	9.5	Gt	CO2-eq	constraint	(i.e.	a	budget)	over	
the	period	2020-2050.	

Figure	18	shows	the	electricity	build	plan	consistent	with	the	9.5	Gt	budget.	The	higher	peak	demand	
than	in	the	reference	case	is	due	to	increased	electrification	and	fuel	switching	towards	(low-carbon)	
electricity	 in	 various	 sectors.	 By	 2050,	 the	 installed	 capacity	 is	 180	 GW,	 with	 renewable	 energy	
comprising	59.3%,	gas	31.4%,	and	coal	6.1%	(Figure	18).		

	
Figure 18: Climate change mitigation policy scenario - Total installed power generation capacity shown 
per technology for the least-cost build plan and projected peak electricity demand (2015 – 2050) 

In	energy	 terms,	by	2050,	 renewable	energy	provides	79%	of	electricity,	gas	11.8%,	and	coal	6.7%	
(Figure	19).	Medupi	is	still	running	in	2050,	though	Kusile	is	stranded	and	no	longer	runs,	highlighting	
the	 risks	 of	 stranded	 assets	 facing	 the	 existing	 fleet,	 even	without	 the	 inclusions	 of	 the	 coal	 IPPs.	
Figure	20	shows	the	energy	emissions	trajectory	consistent	with	the	low-PPD	emissions	budget.	As	
can	 be	 seen,	 substantial	 savings	 come	 from	 the	 electricity	 sector,	 which	 has	 relatively	 cheaper	
mitigation	options	compared	to	other	sectors	(such	as	industry).	It	is	important	to	note	that,	to	meet	
the	 low-PPD	budget	with	current	 technology	options	already	 requires	 that	 the	existing	coal	plants	
are	run	at	lower	load	factors	to	2050,	i.e.	there	is	stranded	capacity	in	the	sector.		
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Figure 19: GHG Emissions Budget Scenario Baseline: Average annual energy provided per source in the 

least-cost baseline system (2015-2050) 

	
Figure 20: GHG Emissions Budget Scenario Least-cost Baseline System – Total projected energy system 
CO2 equivalent greenhouse gas emissions per sector from 2015 to 2050. 
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4.2.2 CCP scenario plus coal 
As	mentioned	above,	the	CCP	scenario	requires	the	existing	coal	fleet	to	be	run	at	lower	load	factors	
to	meet	the	emission	constraint.	This	requires	investment	into	renewable	energy	to	displace	energy	
from	 coal	 plants	 that	 are	 run	 at	 lower	 load	 factors	 (as	 an	 abatement	 option).	When	 the	 IPPs	 are	
committed	 into	the	system,	this	 investment	 into	 renewable	energy	 increases	dramatically	 to	make	
more	 ‘space’	 for	 the	 emissions	 from	 the	 coal	 IPPs	 (by	 further	 abating	emissions	 from	 the	 existing	
fleet).	

4.2.2.1 Differences	in	build	plan	
Figure	21	shows	the	differences	in	electricity	generated	between	the	CCP	and	CCP	plus	coal	scenario.	
As	can	be	seen,	 the	CCP	scenario	primarily	uses	the	existing	 fleet,	plus	a	combination	of	wind	and	
solar	to	meet	demand.	When	the	coal	IPPs	are	committed	to	the	system,	electricity	demand	is	met	
by	 the	coal	 IPPs	and	by	 large	 investments	 in	solar	 (in	 the	2020s)	and	wind	 (in	 the	2040s).	 If	South	
Africa	commits	 to	 the	COAL	 IPPs	and	then	aims	to	meet	 its	climate	change	mitigation	targets,	 this	
will	 result	 in	 increased	stranding	of	Eskom’s	assets	 in	 the	short	and	 long-term.	Given	Eskom’s	dire	
financial	position,	procuring	new	coal-fired	power	 that	 forces	out	 the	Eskom	plants	 raises	 risks	 for	
the	entire	economy.		

	

	
Figure 21: Difference in annual energy generation profile between CCP and CCP plus coal scenarios 

Figure	22	shows	this	large	increase	in	investment	into	low	carbon	generation	technology	in	the	CCP	
plus	coal	scenario.	Additional	low	carbon	energy	is	needed	in	the	case	with	the	COAL	IPPs	committed	
compared	 to	 a	 9.5Gt	 CO2-eq	 budget	 without	 the	 COAL	 IPPs;	 the	 new	 investment	 is	 required	 to	
displace	energy	from	existing	coal-fired	power	plants	which	are	no	longer	run	due	to	the	emissions	
from	the	COAL	IPPs.		
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Figure 22: Total differences of alternative electricity generation mix per period (with reinvestment from 

2040) and total difference in constructed generation capacity. 

4.2.2.2 Electricity	system	costs	
Figure	 23	 shows	 the	 increases	 in	 costs	 for	 each	 station	 individually	 and	 combined.	 Committing	 to	
both	of	 the	COAL	 IPPs	 results	 in	 annual	 increases	 in	 the	 electricity	 system	 costs	 of	 R2-R3.5bn	per	
year	 from	 2022	 to	 2040.	 The	 expansion	 of	 investment	 in	 new	 renewable	 energy	 in	 the	 2040s	 to	
replace	 the	 existing	 fleet	 that	 cannot	 be	 run	 due	 to	 the	 commitment	 to	 the	 COAL	 IPPs	 and	 a	
commitment	 to	meeting	 the	carbon	constraint	 results	 in	very	 large	 increase	 in	annual	costs	 in	 the	
2040s.	 Between	 2040	 and	 2050,	 the	 annual	 difference	 in	 system	 costs	 when	 the	 COAL	 IPPs	 are	
committed	compared	to	the	CCP	scenario	without	the	COAL	IPPs	ranges	from	R2bn	to	R6bn.		
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Figure 23: Total additional costs paid for electricity in climate change policy scenario for the individual 
and combined COAL IPPs 

The	 total	 discounted	 system	 cost	 difference	 between	 the	 CCP	 scenario	 and	 the	 CCP	 plus	 coal	
scenario	 is	 R27.9	 billion	 rand	 in	 present	 value	 terms.	 Figure	 24	 shows	 the	 difference	 in	 total	
discounted	system	costs	for	each	coal	IPPs	individually,	and	combined.		

	
Figure 24: Discounted total additional costs paid for electricity for the individual and combined COAL 
IPPs 
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4.2.2.3 Greenhouse	Gas	Emissions		
Since	 in	 the	 CCP	 scenario,	we	 impose	 a	 GHG	 cap	 on	 the	model,	 there	 are	 no	 differences	 in	 total	
emissions.	However,	the	effect	on	the	energy	sector	of	meeting	the	constraint	is	important.	With	the	
coal	IPPs	committed,	there	is	a	need	to	reduce	emissions	in	the	power	sector	(through	running	other	
coal	plants	at	 lower	 load	 factors).	 In	other	 sectors,	emissions	 reductions	 come	 from	 the	 refineries	
sector	 reducing	 production	 (95%)	 and	 with	 marginal	 reductions	 from	 the	 transport	 (higher	
electrification).	

4.3 Best and Worst Cases for Coal IPPs: Combined Sensitivities 
This	 section	 analyses	 the	 impacts	 of	 the	 coal	 IPPs	 using	 combined	 sensitivity	 analyses	 on	 GHG-
intensity	and	renewable	energy	and	gas	costs.		

4.3.1 Electricity system cost deviations 
Figure	 25	 shows	 the	 additional	 system	 costs	 incurred	 in	 the	 best-case	 and	 worst-case	 sensitivity	
analyses.	 Even	 in	 the	 best-case	 the	 inclusion	 of	 the	 coal	 IPPs	 increases	 the	 annual	 costs	 in	 the	
electricity	system	by	up	to	R3.5bn	initially,	reducing	to	between	R1-1.5bn	per	year	over	the	period	
2025-2040,	and	then	to	between	R0.5	and	R1bn	to	2050.	The	best-case	scenario	includes	very	high	
costs	for	renewables	and	gas,	increasing	the	system	cost	overall	(and	thus	reducing	the	differential	
to	the	coal	IPPs).	Even	in	the	best-case	world,	however,	the	coal	IPPs	increase	the	additional	system	
cost	by	R16.14bn	compared	to	the	best	case	scenario	with	the	coal	IPPs	excluded.		

On	 the	other	 hand,	 in	 the	worst	 case,	 the	 coal	 IPPs	would	 add	 costs	 of	 up	 to	R3.5bn	 in	 the	 early	
years,	 and	 would	 maintain	 an	 increase	 of	 over	 R2bn	 per	 year	 to	 2050.	 In	 total,	 the	 additional	
discounted	system	costs	could	increase	by	R23.11bn	compared	to	a	worst	case	without	the	coal	IPPs.		

	
Figure 25: Reference, best-case, and worst-case additional annual electricity costs for the coal IPPs. 
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4.3.2 Greenhouse gas emissions 
	

In	the	best	case	scenario,	GHG	emissions	are	significantly	reduced	due	to	the	assumption	of	much	
higher	 efficiency	 plant	 (ultra	 super	 critical)	 and	 the	 mitigation	 of	 N2O	 emissions.	 Even	 so,	 the	
difference	in	total	GHG	emissions	between	the	best-case	scenario	with	and	without	the	coal	IPPs	is	
97	Mt	Co2-eq.	While	there	are	emissions	savings	in	the	early	2020s,	due	to	the	lower	GHG	intensity	
of	the	coal	IPPs	compared	to	the	least	efficient	of	Eskom’s	existing	plants,	net	additional	emissions	
are	 positive	 before	 2030.	 For	 comparison,	 the	 carbon	 tax	 is	 expected	 to	 reduce	CO2	 emissions	 by	
around	115	Mt		over	the	period	2020-2050	(ERC,	2018).		

In	the	worst	case,	even	though	the	GHG-intensity	is	the	same	as	the	reference	scenario,	cumulative	
emissions	are	higher	due	to	higher	cost	 renewable	energy	and	gas	being	pushed	out	by	1-2	years.	
The	result	is	worst	case	cumulative	emissions	of	217,9	Mt	CO2-eq	by	2050.		

The	 figure	 below	 shows	 the	 cumulative	 difference	 in	 GHG	 emissions	 by	 scenario,	 for	 both	 the	
individual	 and	 combined	 IPPs.	 Due	 to	 its	 relatively	 smaller	 size,	 the	 magnitude	 of	 the	 cost	 and	
emission	impacts	from	Khanyisa	are	typically	smaller	than	those	from	Thabametsi.	

	
Figure 26: Cumulative added GHG emissions for the reference baseline, best-case and worst-case 
scenarios, for the individual and combined COAL IPPs 
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5. Conclusions  
The	result	of	the	assessment	of	new	coal	IPPs	has	shown	that	these	plants	are	not	necessary	to	meet	
demand,	and,	further,	that	their	inclusion	in	South	Africa’s	electricity	system	will	substantially	raise	
costs	in	the	electricity	sector,	and	substantially	increase	GHG	emissions	over	their	lifetimes.	

In	the	reference	scenario,	the	additional	present	value	cost	of	building	the	coal	IPPs	is	R19.68	billion.	
The	stations	also	increase	emissions	by	205,7Mt	CO2eq	over	the	period.	This	amounts	to	a	negative	
carbon	price	of	R96/t	CO2-eq;	 that	 is,	 this	 is	 the	price	per	 ton	 that	 South	Africans	will	 pay	 for	 the	
extra	emissions	if	the	coal	IPPs	are	built.		

The	 analysis	 also	 includes	 sensitivities	 on	 costs	 and	 emissions	 to	 test	 whether	 more	 pessimistic	
renewable	energy	and	gas	costs	could	impact	the	overall	findings.	We	find	that	even	with	pessimistic	
renewable	energy	cost	projections	and	high	gas	costs,	the	coal	IPPs	still	increase	the	system	costs	in	
the	electricity	sector	compared	to	an	optimised	electricity	build	plan.	Even	in	the	best	case	for	the	
coal	 IPPs,	 when	 competing	 alternatives	 are	 expensive	 and	 the	 IPPs	 are	 able	 to	 mitigate	 their	
emissions	significantly,	the	overall	increase	in	system	costs	is	R16bn,	and	the	increase	in	emissions	is	
97Mt.	 In	 the	 worst	 case	 for	 the	 coal	 IPPs,	 the	 increase	 in	 system	 costs	 is	 R23bn	 and	 emissions	
increase	by	218Mt.		

	
Figure 27: Summary of total discounted additional costs for electricity for all scenarios for the individual 
and combined IPPs10 

In	 comparison,	 recent	modelling	 on	 the	 emissions	 savings	 of	mitigation	 policies	 showed	 that	 the	
emissions	savings	of	the	post-2015	National	Energy	Efficiency	Strategy	to	2050	will	be	214	Mt	CO2-eq	
(ERC,	2018).	Thus,	 the	GHG	emissions	of	 the	coal	 IPPs	 in	 the	 reference	and	worst	case	will	almost	
offset	 the	 National	 Energy	 Efficiency	 Strategy.	 The	 coal	 IPP	 programme	 essentially	 negates	 key	
mitigation	actions	at	the	disposal	of	the	government.	

																																																													
10	 In	 each	 case,	 the	 total	 additional	 costs	 are	 the	 difference	 between	 the	 scenario	 with	 and	 without	 the	 coal	 IPPs	
committed	 (ie	 reference	 compared	 to	 reference	 plus	 coal,	 CCP	 compared	 to	 CCP	 plus	 coal,	 best	 and	worse	with	 and	
without	the	coal.		
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Figure	 28:	 Total	 additional	 power	 sector	 GHG	 emissions	 in	 the	 reference	 baseline,	 best	 case,	 and	
worst	case	scenarios	for	the	individual	and	combined	COAL	IPPs	

Finally,	we	 tested	 the	effects	of	building	 the	coal	 IPPs	 in	 the	 context	of	 climate	 change	mitigation	
policy.	 Should	 South	 Africa	 take	 its	 own	 climate	 change	 commitments	 seriously,	 building	 the	 coal	
IPPs	 will	 dramatically	 raise	 the	 costs	 of	 meeting	 the	 low-PPD	 carbon	 budget	 as	 outlined	 in	 the	
National	 Climate	 Change	 Response	 White	 Paper	 and	 committed	 to	 under	 the	 Paris	 Agreement.	
Further	mitigation	will	 be	 required	 in	 the	 power	 sector,	 with	 the	 existing	 fleet	 run	 at	 lower	 load	
factors	 to	 make	 room	 for	 the	 coal	 IPPs,	 and	 substantial	 higher	 investment	 required	 for	 new	
generation	 capacity.	 Notably,	 other	 sectors	 will	 also	 face	 higher	 mitigation	 burdens.	 In	 total,	 the	
additional	discounted	system	costs	to	meet	the	low-PPD	trajectory	with	the	coal	IPPs	is	R27.9bn.		

The	 implications	 of	 these	 findings	 are	 clear.	 South	 Africa	 is	 currently	 facing	 a	 large	 surplus	 in	
generation	capacity,	in	particular	inflexible	base	supply	capacity.	Eskom	is	facing	a	financial	crisis	and	
rising	 electricity	 prices	will	 drive	 consumers	 away	 from	 the	 utility.	 Investments	 that	 unnecessarily	
increase	costs	in	the	electricity	sector	should	be	avoided.	
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Figure 29: Reference, best base, and worst case additional annual electricity costs for Thabametsi only. 

	
Figure 30: Reference, best base, and worst case additional annual electricity costs for Khanyisa only 
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Appendix B: Description of the ERC’s TIMES model 

The South African Times Model (SATIM) 
Originally	created	for	the	Long	Term	Mitigation	Scenarios,	the	South	African	Times	Model	(SATIM)	is	
a	full	economic	sector	energy-systems	model	that	undergoes	continual	development.	SATIM	is	based	
on	 TIMES	 (a	 successor	 to	 MARKAL)	 which	 is	 a	 partial	 equilibrium	 linear	 optimisation	 model	
developed	by	the	International	Energy	Agency.	

The	model	includes	economic	costs,	emissions,	and	a	range	of	sector-specific	constraints	that	can	be	
applied	at	a	point	in	time	or	cumulatively.	A	user	interface	provides	a	framework	for	both	structuring	
the	model	and	scenarios,	and	for	interpreting	results.		

The	 SATIM	 model	 is	 fundamentally	 “sectoral”,	 in	 that	 it	 organises	 the	 demand	 for	 energy	 by	
economic	 sector	 and	 characterises	 the	 demand	 for	 energy	 in	 a	 sector	 by	 the	 energy	 services	
required	by	that	sector.	SATIM	is	therefore	a	full-sector	TIMES	model	that	includes	both	the	supply	
and	demand	side	of	the	South	African	energy	system.	SATIM	can	be	run	using	linear	or	mixed	integer	
programming	to	solve	the	least-cost	planning	problem	of	meeting	projected	future	energy	demand,	
given	 assumptions	 such	 as	 the	 retirement	 schedule	 of	 existing	 infrastructure,	 future	 fuel	 costs,	
future	technology	costs,	learning	rates,	and	efficiency	improvements,	as	well	as	any	constraints	such	
as	 the	availability	of	 resources.	The	model	has	 five	demand	sectors	and	two	supply	sectors,	which	
can	be	analysed	 individually	or	 together.	The	demand	sectors	are	 industry,	agriculture,	 residential,	
commercial,	and	transport,	and	the	supply	sectors	are	electricity	and	liquid	fuels.	SATIM	allows	for	
trade-offs	between	the	supply	and	demand	sectors,	and	it	explicitly	captures	the	impact	of	structural	
changes	in	the	economy	(i.e.	different	sectors	growing	at	different	rates),	process	changes,	fuel	and	
mode	switching,	and	technical	improvements	related	to	efficiency	gains	(Altieri	et	al.	2015).	

SATIM,	however,	does	not	endogenously	account	for	the	feedback	from	the	economy	as	sectors	and	
consumers	respond	to	changes	in	energy	prices,	and	as	the	economy	responds	to	energy	investment	
requirements.	By	not	accounting	for	this	feedback,	it	is	likely	that	SATIM	will	over-	or	under-estimate	
energy	demand	when	used	independent	of	an	economic	model.	

The	 level	 of	 detail	 for	 a	 sector	 depends	 on	 the	 relative	 contribution	 of	 the	 sector	 to	 total	
consumption	and	on	how	much	funding	has	been	historically	received	for	developing	that	sector	in	
the	model.	 Thus,	 the	model	 for	 the	 Transport	 sector	 is	 quite	 detailed	 but	 that	 of	 the	Agricultural	
sector	 is	 quite	 simplistically	 represented	 in	 SATIM,	 because	 in	 South	 Africa	 the	 Agriculture	 sector	
accounts	for	relatively	small	energy	consumption	and	low	emissions.	

In	 SATIM,	 services	 supplied	 to	 each	 of	 the	 five	 sectors	 are	 driven	 by	 technologies	 that	 require	
energy,	with	the	quantity	of	that	energy	supply	depending	on	the	efficiency	of	the	technology.	

	Useful	 energy	 is	 an	 exogenous	 model	 input	 disaggregated	 by	 energy	 carrier,	 for	 each	 demand	
sector.	Final	energy	demand	is	determined	endogenously	using	the	assumed	efficiencies	of	the	least	
cost	demand-side	technologies	selected	by	the	model.	The	two	supply	sectors	and	primary	energy	
sources	must	meet	 the	 sum	of	 these	 demands,	with	 the	model	 optimizing	 the	mix	 of	 supply-side	
technologies	to	meet	the	demand	for	final	energy	at	least	cost.	
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The	SATIM	model	 includes	a	number	of	parameters	and	general	assumptions	broadly	covering,	 for	
each	sector:	(a)	the	structure	of	the	sector	and	its	energy	services	as	it	 impacts	on	the	demand	for	
energy;	 (b)	 the	establishment	of	base	year	demand	for	energy	 in	 the	sector;	 (c)	 technical	and	cost	
parameters	of	the	technologies	available	to	satisfy	the	demand	for	energy	services	currently	and	in	
the	future;	(d)	the	projection	of	future	demand	for	energy	services.	

SATIM	can	be	broadly	summarised	as	follows:	

•	 Bottom-up	(end-use)	energy	systems	optimisation,	similar	to	the	national	Integrated	Energy	
Plan	(IEP)	

•	 Full	 economic	 sector	 representation	 allowing	 resource	 and	 emissions	 trade-offs	 between	
demand	and	supply	

•	 Captures	full	economy	energy	emissions	(excluding	land	use,	 land-use	change	and	forestry)	
allowing	the	modelling	of	carbon	taxes	and	carbon	budgets.	

Figure	 B.1	 depicts	 the	 primary	 SATIM	 model	 components	 while	 Table	 summarises	 the	 economic	
demand	 sector	 representation.	 Of	 note	 is	 the	 importance	 of	 the	 base	 year	 energy	 balance	which	
provides	the	calibration	reference	for	the	model’s	supply	and	demand	assumptions.	

	

Figure B.1: A Schematic Summary of the South African Times Model (SATIM)  

Table B.1: Summary of Economic Sector Representation in SATIM and their Main Drivers 

Sector	 Disaggregation	 Driver	

Agriculture	 By	end	use:	e.g.	irrigation	and	traction.	 Agriculture	GDP	

Residential	
High,	medium	and	low-income	households:	

electrified	and	non-electrified	
Population,	Household-
income,	electrification	
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By	end	use:	e.g.	cooking,	lighting.	 rate	

Commercial	 By	end	use:	e.g.	lighting,	HVAC.	 Total	GDP,	building	stock	

Industrial	

By	sector:	Iron	and	Steel,	Pulp	and	paper	 Sectoral	Value	Added	

By	end	use:	thermal	fuel	or	electricity	(e.g.	
compressed	air,	cooling,	pumping)	

	

Transport	

By	Sector:	Air,	Freight	and	Pipeline	
Transport	GDP,	Population	
and	household	category	

and	income	
By	end	use:		e.g.	freight	rail	and	road	(light,	

medium,	heavy)	
By	end	use:	e.g.	Passenger:	Cars,	SUV,	Bus.	
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25h October 2018 
 

Centre for Environmental Rights NPC 
2nd Floor, Springtime Studios, 
1 Scott Road 
Observatory 
7925 

 

Dear CER 

 

Brief Review of the MCWAP Phase 2A Draft Environmental Impact Assessment Report 

(September 2018), and Baseline Aquatic and Wetland Impact Specialist Reports 

 

As requested by the Centre for Environmental Rights, the Freshwater Research Centre undertook a brief 

review of the Proposed Mokolo and Crocodile River (West) Water Augmentation Project (Phase 2A) 

(MCWAP2A): Water Transfer Infrastructure Draft Environmental Impact Assessment Report (DEIR) 

(dated September 2018).  In particular, the FRC was requested to focus on the inland aquatic ecosystem 

(i.e. rivers and wetlands, according to the National Classification System of Ollis et al. (2013)) 

components of the project. 
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1. Needs and desirability: Inter-Basin Water Transfer Schemes as a water resource option 

Public and scientific opposition to Inter-Basin Water Transfers (IBTs) has begun to increase world-wide 

due to a growing awareness that water is a finite resource within any catchment, and that the initiation 

of a transfer out of a donor catchment may result in a permanent loss of water in that catchment, to the 

detriment of its future development (Snaddon et al., 2000).  The benefits and costs of IBTs are rapidly 

being subjected to critical appraisal, particularly from communities living within the donor catchments.   

The needs (environmental, social and economic) of all basins concerned in any IBT must be given equal 

weighting, and must be assessed to the same level for each basin.  Such a balanced assessment is not 

evident in the MCWAP2A DEIR.  While the impacts associated with the construction and operation of 

the scheme in the Crocodile (West) and Matlabas River catchments are dealt with, in part, in the DEIR, 

there is almost no mention in the report of the impacts on the Mokolo River catchment, and, further 

downstream, the Limpopo River catchment.  Furthermore, on Page 34 of the DEIR, it is stated “As such, 

it is not considered to be necessary to negotiate the use of the water with the neighbouring states.”  This 

is based on the assumption that the scheme will be transferring return flow water (i.e. water that is 

surplus to the natural Mean Annual Runoff (MAR) of the catchment) from the Gauteng area to the 

Mokolo River catchment (via the Crocodile (West) River), and as such, this will not constitute a “planned 

measure with adverse effects for other states in a shared watercourse”.  This makes no reference to the 

possible adverse impacts on water quality and the transfer of pest biota between catchments, and 

assumes that this water is surplus to needs in the donor catchments.  In effect, the neighbouring states 

are both donor and recipients of the IBT, and so should be consulted.    

In a recent review of IBTs globally, Zhuang (2016) stated that “Because IBTs have enormous ecological 

risk, it is necessary to comprehensively analyse the inter-basin water balance relationship, coordinate 

the possible conflicts and environmental quality problems between regions, and strengthen the 

argumentation of the ecological risk of water transfer and eco-compensation measures”.  This implies a 

comprehensive assessment of the risks posed to all communities impacted by the IBT, and the 

concomitant development of compensation or mitigation measures that will effectively reduce these 

risks.  In the case of the MCWAP2A assessment, the ecological and knock-on social-economic risks have 

not been analysed comprehensively.  Potential risks associated with the IBTs in the context of the 

Crocodile (West) / Mokolo River catchments are: 

Donor (Crocodile (West) River): 

 Reduced water availability and changed hydrological regime downstream of the Vlieëpoort 

Weir; 

 Exacerbation of existing water quality problems due to reduced dilution; 

 Increased phosphate mobility due to fluctuating levels in the Hartbeespoort Dam; 
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Recipients (Matlabas / Mokolo Rivers): 

 Reduced water quality (increased nutrient enrichment, increased salinization) due to transfer of 

poor quality water from the donor catchment; 

 Transfer of problem biota, such as algae and Water Hyacinth; 

 Transfer of other non-native biota; 

 Erosion in recipient rivers, where water is discharged into a natural channel (i.e. Matlabas River, 

during scouring). 

 

The southern African sub-continent has been identified as one of world’s water-related vulnerability 

‘hotspots’, where the impacts of climate change on freshwater resources will be a threat to sustainable 

development in the years to come (Kundzewicz et al., 2007).  The primary direct drivers of the 

degradation and loss of inland aquatic ecosystems include infrastructure development, land 

transformation, water abstraction, eutrophication and pollution, overharvesting and overexploitation, 

and the introduction of invasive alien species.  All of these threats will be exacerbated in the future by 

the predicted shifts in climate.  This means that large-scale water abstraction and transfer projects must 

take into account the probable shifts in climatic and land-use drivers in the near and distant future.  This 

has not been taken into account in the MCWAP2A, due to an inadequate examination of the cumulative 

impacts of the project.   

The cumulative impacts that are of concern, in the context of climate change are: 

 Loss of longitudinal connectivity within the rivers where weirs will be built – this will impact on 

the movement of flora and fauna, the hydrological regime, and sediment regime, all of which 

can be expected to shift in response to climate change.  For instance, some aquatic species are 

expected to move to more suitable habitats, but this will be hindered by weirs and other 

instream infrastructure; 

 Increased variability in hydrological regimes – river discharges are expected to increase in the 

north-eastern parts of South Africa, but also increase in variability (Dallas and Rivers-Moore, 

2014).  This will drive aquatic ecosystems away from their natural discharge regimes, and an 

increase in channel instability, with consequent impacts on erosion, sedimentation, habitat 

availability and quality, and biodiversity; 

 Ecosystems that have been made vulnerable by land-use impacts (e.g. pollution, alterations to 

flow (either increased or decreased)) are closer to thresholds of change, and so are more 

vulnerable to climate change impacts and less resilient.  Projected over-abstraction and 

regulation of water resources (ground- and surface water) in South Africa will interact with 

climatic changes, further reducing flows and impacting on aquatic species (Dallas et al., 2017). 
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2. Impact assessment methodology 

The DWS Risk Matrix approach was used (as provided in Appendix A of Government Notice 509, 26th 

August 2016), and not the criteria stipulated in the EIA regulations (2014).  The Risk Matrix is 

appropriate for a water use authorisation process, and is not always sufficient for the comprehensive 

assessment of impacts, especially in the case of such a large-scale project.  The Risk Matrix was designed 

to specifically assess the non-consumptive water uses described in Section 21 (c) and (i) of the Water Act 

(1998), and it assesses the risk relating to the probable impacts of a proposed activity on the flow and 

characteristics of the affected river reaches or wetlands.  The rating of the risks uses a scoring system 

unique to the Risk Assessment Matrix and developed by DWS.  The Matrix does not assess the 

significance of impacts, as required by NEMA.   

It would be more appropriate, given the scale of the project, to apply the more comprehensive EIA 

criteria.  For instance, the EIA criteria require an assessment of the cumulative impacts associated with 

the project (see Pg 3), and the assessment of the irreplaceable loss of resources, the consequences of 

indirect impacts, the reversibility of an impact, and the degree to which an impact can be avoided, 

managed or mitigated.  

 

3. Specific impacts on: Rivers (Baseline Aquatic specialist report (Appendix I1 – The Biodiversity 

Company (2018)) and sections in the EIR) 

The specialist Baseline Aquatic and Impact Assessment report provides a fairly good assessment of the 

impacts relating to the construction phase of the MCWAP2A project.  However, the assessment of 

operational phase impacts is inadequate, especially given the scale of the project.  Operational phase 

impacts include impacts on hydrology (abstraction from the Crocodile (West) River, scouring of the 

pipeline into the ephemeral Matlabas River, and transfer of water into the Mokolo River catchment (via 

the Operational Reservoir), water quality, sediment regime and erosion, and the transfer of biota. 

The following bullet points list the specific concerns with regards to gaps in the assessment of the 

affected rivers. 

 

3.1. Hydrology and water quality 

 Abstraction from the Crocodile (West) River catchment is a concern, in the context of the 

already high water use rates in this catchment, predominantly from irrigation and mining of 

platinum and the platinum group metals (PGM), gold, chrome, manganese, iron ore, diamonds, 
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dimension stone and mineral sands (DWA, 2013), (see Figure 1), and the impact this is already 

having on water quantity and quality in the catchment. 

 

Figure 1 Broad overview of the project area, showing the donor catchments (Vaal and Crocodile) 

and the receiving catchments (Matlabas and Mokolo).  From Nemai Consulting (2018). 

 

 The loss of flow and inundated areas below the abstraction point is raised as an impact of 

concern for the operational phase of the project.  However, there is no indication of how this 

will affect the characteristics of the Crocodile (west) River downstream of the Vlieëpoort Weir.  

There is also little detail on how the “minimum flows for the Environmental Water 

Requirements (EWR) stipulated in the “Preliminary Reserve Determination and Ecological 

Categorisation for selected Rivers and Wetlands in the Crocodile (West) Catchment (A20)” will 

be implemented.  There is no River Maintenance Management Plan (RMMP) for the Crocodile 

(West) River, leaving the duty of care to mitigate the impacts associated with the abstraction 

weir somewhat vague.  An RMMP is recommended, which would stipulate the roles and 

responsibilities for mitigation, implementation of the Reserve, and monitoring of the impacts. 
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 The transfer of poor quality water from the donor catchment to the receiving catchments is a 

major concern, which is not addressed in the specialist report or the DEIR.  The donor Crocodile 

(West) River is highly impacted in terms of water quality, which is attributed to the following 

(DWA, 2012) (verbatim from the DEIR):  

o “The Lower Crocodile River water quality is deteriorating because of increased salts and 

nutrients.  There are also increased levels of toxicants in the middle reaches of the river.  

o Urbanisation, industrial diffuse sources and high agricultural return flows are the major 

impacting activities.  

o Treated wastewater return flows from the Upper Vaal Water Management Area play an 

important role downstream where the water is used in the Crocodile West catchment 

area.  

o Organic pollution from point and diffuse pollution sources is a significant contributor 

to the poor water quality in the Crocodile River (my emphasis), which is evident in the 

highly eutrophic Hartbeespoort Dam.” 

 The Hartbeespoort Dam is hypertrophic and has frequent summer-time blooms of algae and the 

highly invasive Water Hyacinth (Eichhornia crassipes), and these problems could potentially be 

transferred to the Matlabas and Mokolo River catchments.  Hyacinth has been declared a 

category 1b weed in terms of the National Environmental Management: Biodiversity Act (2004) - 

Alien and Invasive Species Regulations (ARC, 2014), and must be controlled or eradicated where 

possible (ARC, 2014). 

 The assessment of the Hartbeespoort Dam (Appendix I8) concluded the following - “During 

winter the load to the impoundment remains constant as the dominant flow remains the 

Crocodile River. However, the lowered water level will expose a certain portion of the sediments 

and through desiccation and physical action by wind, phosphates can be released when the 

impoundments starts to fill.  The scale of this release is difficult to assess because the bulk of the 

sediment lies within the deeper basin which will not be influenced by the lower winter levels. 

There is however, a portion of the sediments deposited in the Crocodile River basin in the 

impoundment and a portion of these could be exposed during low water levels.  It is for this 

reason that there is a possibility that the primary production in the impoundment will increase 

during the early spring and summer period when temperature and solar radiation becomes 

favourable for algal growth.”  This may exacerbate current water quality problems in the 

catchment, which may be transferred to the recipient catchments. 
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Figure 2 Scoring of overall water quality risks in the donor and recipient catchments of the 

MCWAP 2A (data from MacFarlane and Atkinson, 2015). 

 

 A scoring of the water quality impacts at a catchment scale (i.e. the extent of physico-chemical 

modification, and of point and non-point source toxicants in the catchment) was recently 

completed by MacFarlane and Atkinson (2015), and this shows a range of scores (out of a 

maximum of 1) from 0.67 (Hartebeespoort Dam catchment), to 0.60 (Vlieëpoort Weir catchment 

on the Crocodile (West) River), to 0.2 (the Matlabas River catchment) to 0.08 (Mokolo River 

catchment at the dam) (Figure 2).  This shows a marked deterioration in water quality in the 

donor catchment, in comparison with the recipient catchments. 

 The water quality analysis that was performed did not include an analysis of nutrients.  As can 

be seen from the paragraphs above, the transfer of nutrients into the receiving catchments is a 

major concern not addressed by the specialist. 

 There is very little detail provided on the quantity and quality of water that would be released 

into the Matlabas River during valve scouring, apart from reference to this occurring every 5 

years.  This is likely to have a significant impact on the hydrology and water quality in this 

ephemeral system, and so must be assessed.  It can be expected that the release of any quantity 

of poor quality water into the channel of the Matlabas River will carry the risk of: 

o Increasing nutrient enrichment in the catchment; 

o Increased salinity in the catchment; 

o Erosion at the point of discharge, and sedimentation further downstream; 

o Transfer of biota, and 
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o Loss of species sensitive to changes in hydrological regime, water quality and habitat 

condition. 

 

3.2. Biodiversity 

 The affected river reaches in the Crocodile (West) River and Matlabas River were visited only 

during one, low flow season, whereas a project of this magnitude warrants an understanding of 

the wet season characteristics of the sites, and the seasonal variation.  There is also a worrying 

lack of information on the operational impacts on riverine biodiversity, once again relating to 

changes in hydrology, water quality, sediment regime and the transfer of biota. 

 With regard to the lower Crocodile River, the River Health Programme (2005) found the 

following: 

“According to the RHP (2005), only hardy fish species are present in the lower Crocodile River, 

which can be ascribed to the loss of habitat and connectivity of the river. The Fish Assemblage 

Integrity was thus found to be poor.  The Macro-invertebrate Integrity was also categorised as 

poor, with reduced water quality and diminished flows leading to dry sections and isolated 

pools. This reduction in suitable habitat has a severe impact on invertebrate diversity. Also the 

Instream Habitat Integrity was identified as poor due to extensive irrigation and multiple 

abstraction points along this reach of river which has a severe impact on river functioning.” 

In other words, this river is already under severe stress, which is clearly having an impact on the 

biota.  This means that the further abstraction of water (which will have a direct impact on 

habitat and connectivity) will lead to further deterioration of the aquatic communities inhabiting 

the river (and surrounds).   

 The transfer of biota, in particular of pest species, is of concern in the consideration of IBTs.  In 

an assessment of the Orange River Project (transfer from the Great Fish to the Orange River), 

the most pronounced shift in the biota in the recipient river reach was the shift to dominance by 

the pest blackfly species Simulium chutteri, to the detriment of the original benign populations 

of Simulium adersi and S. nigritarse (O’Keeffe and de Moor, 1988).  Simulium chutteri now 

causes severe damage to livestock in the lower reaches of the river: the feeding activities of 

swarms of adult females cause stock damage and disturbance during spring months.  All of the 

shifts in the invertebrate fauna in the recipient catchment could directly be attributed to the 

changes in flow regime caused by the transfer, particularly the loss of flow variability, and the 

shift from a seasonal to a perennial river (Snaddon et al., 2000).  This has led to an increase in 

the total area of available erosional habitats, which are favoured, in particular, by simuliid 

larvae.   



9 |  P a g e

 

 The extensive and frequent blooms of algae and Water Hyacinth in the Hartebeespoort Dam 

raise the concern of these species being transferred into the recipient catchments.  This needs 

to be assessed as an impact. 

 

3.3. Geomorphology, sediment and erosion: 

Up to 4% of the sediment load that is in suspension in water abstracted from the Crocodile (West) River 

will be removed from the water, with 2% returned from the desilting works.  There is no information on 

how this silt will be returned to the river, and when.  There is also a lack of consideration of how this 

shift in sediment regime will impact the downstream reaches of the Crocodile (West) River, over the 

short- and long-term.  For instance, a reduction in sediment load may lead to downstream erosion, as 

the river seeks to regain its natural load.  This will impact on the condition and availability of riverine 

habitat for the biota.  The only mitigation measure provided in the Impact Assessment is “Riverine 

sediment management must occur in a manner which replicates natural sediment movements”, which is 

vague.  This highlights once again the need to sample the river at high flow, in order to understand the 

seasonal variability in sediment transport, so that this could be replicated as mitigation. 

The location of borrow pit SS1 within the watercourse will also have a significant local and downstream 

impact on sediment transport.  Removal of sand from this site will release sand into the water and lead 

to sedimentation of habitat downstream.   

 

4. Specific impact on: Wetlands (Appendix I5 – Index (2018)) 

The NFEPA wetland map (used for the “Baseline Aquatic and Impact Study” specialist report) is not an 

adequate tool for assessing wetland presence or extent, however, the wetland specialist (in the 

“Wetland Impact Assessment” report) has used imagery and knowledge of the area, and ground-

truthing to identify impacted wetlands.  The hydropedology (wetland soils) and wetland vegetation is 

described in some detail in the Wetland Impact report, however, there is no mention of other species 

that may depend on these ecosystems.  Wetland dependent species are mentioned in the Terrestrial 

Ecological Impact Assessment Report, but should also be assessed by the wetland ecologist. 

One of the main concerns with regards to impacts of MCWAP2A on wetlands relates to the inundation 

of wetland habitat above the Vlieëpoort Weir.  Several kilometres of river will be inundated and 

although there is assurance that “very little of the stream bank will be flooded” and “the loss of habitat 

will be confined to the river itself”, this seems unlikely.  The Wetland specialist goes on to state that 

there will be silt deposition on the floodplain of the Crocodile (West) River and the establishment of 

wetland plants.  This implies that there will be a shift in the type of wetland habitat occurring above the 
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weir, with an increase in sedimentation.  This seems to contradict the statement that there will be no 

loss or alteration of wetland habitat above the weir.  This should be elaborated on further.   

 

5. Summary statements and recommendations 

 The impacts associated with the operational phase (water quality, hydrology, sediment regime, 

erosion and transfer of biota) have not been adequately considered.   

 The transfer of water between catchments of the Limpopo River Basin will impact on neighbouring 

states, and there must therefore be consultation with these states prior to authorisation, according 

to the Revised Protocol on Shared Watercourses in the South African Development Community 

(SADC) Region.  South Africa has not complied with its obligations and international best practices. 

 The predicted impacts related to climate change have not been considered in the assessment of 

impacts.  The primary direct drivers of the degradation and loss of inland aquatic ecosystems 

include infrastructure development, land transformation, water abstraction, eutrophication and 

pollution, overharvesting and overexploitation, and the introduction of invasive alien species.  All of 

these threats will be exacerbated in the future by the predicted shifts in climate.  This means that 

large-scale water abstraction and transfer projects must take into account the probable shifts in 

climatic and land-use drivers in the near and distant future.  This has not been taken into account in 

the MCWAP2A, due to an inadequate examination of the cumulative impacts of the project.   

 The Impact Assessments submitted for the aquatic components of the DEIR (Surface Water and 

Wetlands) make use of the Department of Water and Sanitation’s Risk Assessment Matrix protocol 

(GN 509 of 2016) for the assessment of the risks associated with probable impacts.  It would be 

more appropriate, given the scale of the project, to apply the more comprehensive EIA criteria.  

For instance, the EIA criteria require an assessment of the cumulative impacts associated with the 

project, and the assessment of the irreplaceable loss of resources, the consequences of indirect 

impacts, the reversibility of an impact, and the degree to which an impact can be avoided, managed 

or mitigated. 

 The field assessments for both the wetlands and rivers components were done during a single, low 

flow season, and with a project of this magnitude, there should have been budget and time put 

aside to include more than one sampling occasion, in order to investigate the high flow season 

(summer) characteristics of the sites, and the seasonal variation in the parameters that were 

measured.  Furthermore, nutrients were not analysed in the river water samples, whereas nutrient 

enrichment is currently a problem in the donor catchments. 

 The assessment of operational phase impacts on the affected rivers is inadequate, especially given 

the scale of the project.  Operational phase impacts include impacts on hydrology (abstraction from 

the Crocodile (West) River, scouring of the pipeline into the ephemeral Matlabas River, and transfer 

of water into the Mokolo River catchment (via the Operational Reservoir), water quality, sediment 

regime and erosion, and the transfer of biota. 

 Deterioration in water quality in the recipient catchments is a major concern.  The quality of water 

in the donor catchments is significantly worse than in the recipient catchments. 
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 The transfer of biota, specifically algal and Water Hyacinth blooms, from Hartbeespoort Dam is a 

major concern. 

 Further deterioration in water quality and habitat in the donor Crocodile (West) River is of great 

concern, given the current state.  Water quality in the river is already having an impact on the biota, 

and this will worsen with water abstraction out of the catchment.  

 Slight shifts in sediment regime can be expected to occur during operation of the MCWAP 2A, but 

the consequences of this impact have not been adequately assessed. 

 There is very little detail provided on the release of water into the Matlabas River during valve 

scouring, apart from reference to this occurring every 5 years.  This is likely to have a significant 

impact on the hydrology and water quality in this ephemeral system, and so must be assessed. 

 There is no River Maintenance Management Plan (or anything similar) for the donor and recipient 

rivers, and so little indication of how the operational impacts will be managed into the future.  Such 

a plan should specify the roles and responsibilities and detailed management actions to ensure that 

mitigation measures are implemented and monitored.   

 The Wetland Impact Assessment report provides sufficient detail on the soils and geology of the 

wetlands delineated within the project area, but there is no information on the biota inhabiting the 

wetlands, or those that depend on these ecosystems.   

 

Please do not hesitate to contact me should you need to discuss any of these points further. 

 

Yours sincerely 

 

Kate Snaddon 

Pr. Sci. Nat (400225/06) 

Freshwater Research Centre 
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  19 October 2018 

 

Glen Tyler 

350Africa.org 

Cape Town  

Tel: +27 71 645 7946 

 

Dear Glen 

Comments on the “Baseline Aquatic and Impact Assessment Report” and “Wetland Impact 

Assessment Report” for the proposed MCWAP Phase 2A EIA. 

Please find below a summary of comments on the specialist Aquatic Ecosystem Assessment Report, 

compiled by The Biodiversity Company, and the Wetland Delineation and Assessment Report, 

compiled by Index (Pty) Ltd, for Phase 2 of the proposed MCWAP-2A development.  

1. Aquatic Ecosystem Assessment Report (The Biodiversity Company 2018) 

While the assessment was technically sound, there are considerable gaps in knowledge. These mainly 

pertain to the ecological reserve and associated impacts to flow and water quality and cumulative 

impacts across catchments.  

Implementation of the Ecological Reserve 

The Draft EIA Report refers to the “River Management System” (RMS) and “Operational Rules” which 

will be implemented, presumably to regulate flows downstream of the Vlieëpoort Weir, based on to 

the EWR of the Crocodile River (West). However, there is very limited information provided on what 

exactly the “River Management System” will entail, nor its implementation and infrastructural 

requirements. No mention is made of the River Management System in The Aquatic Assessment 

Report. Abstraction is briefly considered in Table 29 where the impact is described as follows “Loss of 

flow and floodplains downstream of sacrifice zone”. However, this is not described in any detail and it 

is not clear what these impacts will be, nor the impacts to flow, water quality and habitat (relative to 

the current flow regime) during the operational phase of the project and after implementation of the 

River Management System. For example, reduced flows will result in a decline in water quality due to 

reduced dilution downstream of the weir, while riparian and floodplain habitats may become more 

restricted due to reduced lateral connectivity.  

This represents a serious gap in knowledge and assumes that the RMS will be effectively implemented. 

Impacts due to the weir (the physical structure) and impacts due to abstraction and flow regulation, 

are inter-related.  That is, impacts due to the weir cannot be adequately assessed without also 

considering altered flows due to abstraction for the MCWAP and releases as per the River 

Management System. If these activities are, in fact, to be considered separately, the latter (the River 

Management System) should ideally precede the former (infrastructure associated with Phase 2A).  

In addition, climate change and potential changes in runoff (e.g. due to water restrictions or increased 

recycling of water) need to be considered. 
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Sediment removal and return – cumulative impacts 

The impacts due to sand-mining at borrow pit SS1 (removal of sediment from the river bed) are 

considered in isolation. Removal of sand from the riverbed is likely to result in increased flows and 

increased erosion as subsurface alluvial flows are reduced. In addition, water quality is likely to decline 

due to increased turbidity. These impacts, together with reduced flows from the weir (due to 

abstraction) and the removal of an additional 2% of sediment via the desilting works, are likely to 

result in modifications, in the long term, to instream and riparian habitat downstream of the weir. 

While it is understood that the sediment load is currently elevated due to erosion upstream, if 

sediment yield is reduced by approximately 2% per annum, the cumulative impact to habitats 50-100 

years from now, remains uncertain. The manner of returning the sediment to the Crocodile River from 

the desilting works also needs to be included in the impact assessment and management 

recommendations. 

Impacts to the Matlabas River 

The impacts to water quality in the Matlabas River due to valve scouring were not clearly determined 

in the Aquatic Ecosystem specialist report. The report states that “The findings of the study were based 

on a single low flow survey, limiFng spaFal and temporal findings within the reaches, and therefore 

the confidence of the findings are [sic] low…. The ecological status of the Matlabas River needs to be 

determined during the high-flow period, prior to construcFon. This will determine the requirements 

for crossing the watercourse (i.e. open trench), as well as for scouring (i.e. draining water from the 

pipeline, typically during maintenance”. 

In addiFon to valve scouring, impacts due to pipeline leaks at the river crossing were not considered 

in the report. 

No informaFon is provided on the volume or quality of water that will be released into the Matlabas 

River during scouring (or from pipeline leaks). However, the water that will be abstracted from the 

Crocodile River has a much higher salinity (and is probably eutrophic downstream of Hartebeestpoort 

Dam). Water released during valve scouring and/or leaks is likely, therefore, to be of a much lower 

quality than is currently evident in the Matlabas River (which had a relaFvely good water quality at 

site MAT 1, with a low salinity, based on Table 10 of the AquaFc Ecosystem Report. The salinity is likely 

to be higher during low flow periods due to evaporaFve losses). Therefore, the salinity and nutrient 

concentraFons are likely to increase in the Matlabas River. This, in turn will cause a proliferaFon of 

algae (parFcularly during warm summer months) (ChuKer and Walmsley 1992), which may affect 

oxygen fluctuaFons (due to photosynthesis) and will compromise habitats (as benthic and marginal 

habitats tend to become smothered by algae). Supersaturated condiFons (i.e. where rates of 

photosynthesis exceed respiraFon) may cause gas bubble disease in fish and favour the growth of 

blue-green algae, which may become a nuisance (DWAF 1996). It is therefore strongly recommended 

that a detailed water quality assessment be conducted so that the impacts due to scouring and/or 

spills can be adequately assessed.  

Transfer of biota (e.g. algae, cyanobacteria, crustaceans, etc.) via the pipeline have also not been 

considered. The likelihood of the transfer of biota (especially algae and planktonic organisms that may 

become problemaFc) to the Matlabas River should be assessed. 

Cumulative Impacts to the Limpopo River 

There are likely to be cumulative impacts associated with return flows in the Mokolo Catchment. It is 

likely that the surface and ground water quality will decline in the Mokolo, Lephalala and Limpopo 



 

River catchments due to runoff and releases from new mining developments near Lephalale, which 

will be supplied with water by the MCWAP. Cumulative impacts were not considered in any detail in 

the Aquatic Ecosystem Assessment Report, which states simply: 

“The scale of the anticipated impact will be limited to the immediate river reaches and is therefore 

considered a local impact. The impact is reversible should the weir structure be removed and 

rehabilitated. However, the impact will occur through the life of the project which is considered a 

long-term impact. Overall the cumulative impact of the proposed project was derived to be 

moderate.” 

Again, the impacts associated with the development (weir, pipelines) were considered in isolation and 

the operational impacts (abstraction and flow regulation) were largely excluded.  

International Rivers 

The impact of reduced flows and a decrease in water quality (e.g. through reduced diluFon) in the 

Limpopo River and increased contaminaFon from expanding mining developments in the Lephalale 

area, are not clear. The Limpopo River forms the border between Botswana, Zimbabwe and South 

Africa. It also flows along the norther border of the Kruger NaFonal Park. It is presumed that this is 

considered in the “River Management System” but, again, no informaFon is provided. While flows in 

the Crocodile River may be regulated by the RMS, runoff from mining expansions in the Lephalale area 

will have addiFonal cumulaFve impacts to surface water and groundwater which may result in the 

reserve not being met in the receiving Limpopo River. 

Conditions of authorisation  

Considering the gaps in knowledge discussed above, authorisation of this project should be subject to 

the following conditions:  

• The impacts associated with the implementaFon of the River Management System and 

associated “OperaFonal Rules” should be assessed and integrated into the authorisaFon 

process. Phase 2A should not be authorised based on the assumpFon that the RMS will be 

effecFvely administered and that the reserve will be met – i.e. the effecFveness of the RMS to 

achieve the EWR in the Crocodile (West) and Limpopo systems needs to be demonstrated first. 

CumulaFve impacts to the Limpopo River and how the reserve will be met (parFcularly in terms 

of water quality) downstream of the Lephalale area also needs to be clarified. Changes to runoff 

volumes from Gauteng due to climate change (e.g. implementaFon of water use restricFons) 

should be factored into the RMS. 

• A comprehensive surface and ground water quality assessment should be conducted to 

determine anFcipated impacts to the Crocodile River and its associated alluvial floodplains aPer 

abstracFon commences from the weir, as well as to the Hartebeestpoort Dam and the Matlabas 

River. 

• A summer survey within the Matlabas River must be conducted, including a more detailed 

assessment of the impact of valve scouring/spills on water quality (and associated proliferation 

of algae), erosion and sedimentation in the Matlabas River.  

• The likelihood of the transfer of biota to the Matlabas River should also be assessed. 

• Similarly, the Bierspruit and Sandspruit, which were not assessed as they were dry at the Fme 

of sampling, should be assessed during the wet season (February-April).  

• A fishway must be constructed at the Vlieëpoort Weir in consultation with a fish expert.  

• The long-term impacts on the geomorphology of the receiving river downstream of the 

Vlieëpoort Weir due to the intercepFon of sediments should be invesFgated. 

 



 

 

2. Wetland delineation and Assessment Report (Index 2018) 

The wetland specialist report identified floodplain areas (including oxbow lakes) upstream of the weir. 

The report states that the area of inundation will not extend into these riparian and floodplain areas. 

Instead it states, “Abstracting water at the Vlieëpoort Weir will likely cause fluctuating river levels 

upstream. Flow level variation is a natural process at present. While the effect may be exaggerated 

when pumping commences, the impact is unlikely to be significant. The riparian zone may increase in 

size because of the raised water level.”  

 

It remains unclear what the functional importance of these floodplain wetlands and riparian areas are. 

Based on the Terrestrial Fauna and Flora Specialist Report (Nemai 2018), these floodplain wetlands 

play an important role in biodiversity support (including providing habitat for threatened species). The 

impact of inundation and associated fluctuations in water levels is therefore unclear. It seems likely 

that fluctuating water levels will impact on riparian zones and floodplains, at least at certain times of 

the year. No riparian vegetation assessment is available in this report. There is also no discussion on 

the effect of reduced flows downstream of the weir on adjacent riparian and floodplain areas. 

 

Several pans were identified along the pipeline routes. No detailed information has been provided on 

the wetland vegetation or fauna found within these pans and photographs have not been provided 

for all pans. The pans are collectively described as follows in Table 9: “Habitat and biota will not be 

affected by construction of the pipeline” and, in the conclusion, “The construction of the pipeline 

through the depressions pose low risk and will only influence the habitat for the duration of 

construction. However, it is possible to move the pipe alignment to miss the pans altogether.”  

 

These findings contradict the findings of the Terrestrial Fauna and Flora Specialist Report (Nemai 2018) 

which menFons that habitat for threatened species (including Storks and African Bullfrogs) exists 

within certain pans. Threatened species were also recorded within the floodplain wetland and riparian 

areas associated with the Crocodile River upstream and downstream of the Vlieëpoort Weir.  

 

The following additional information is absent from the report:  

• Loss of wetland areas have not been quantified.  

• The presence or absence of NFEPA wetlands (Driver et al. 2011) was not discussed.   

• Wetland functional assessments of the wetlands affected by the proposed activities using the 

WET-EcoServices tool. 

 

In summary, the wetland assessment report does not provide detailed ecological informaFon on the 

wetlands that will be affected by the acFviFes. Authorisation should therefore be subject to the 

following conditions:  

• A riparian vegetaFon assessment, based on VEGRAI level 3, both upstream and downstream 

of the weir, including impacts due to inundaFon upstream of the weir and decreased flows 

downstream of the weir.   

• A wetland funcFonal assessment of pans and floodplain wetlands, including impacts due to 

inundaFon upstream of the weir and decreased flows downstream of the weir.   

• A wet-season fauna and flora assessment of pans to determine the presence of threatened 

plant and animal species.   

• The re-rouFng of the pipeline to avoid pans. 

  

  



 

Please feel free to contact me should you have any queries. 

 

Yours sincerely 

 

 
    

Norma Sharratt   Pr. Sci. Nat         
Aquatic Ecologist 
M.Sc. Entomol., M.Sc. Ecol. Assess.   
Cell: 082 779 0734 
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Date: 15 June 2018 

 
 
Dear Sirs 
 
COMMENTS ON THE FINAL ENVIRONMENTAL IMPACT REPORT AND WASTE MANAGEMENT LICENCE VARIATION 
APPLICATION FOR THE PROPOSED RETROFITTING OF A FLUE GAS DESULPHURISATION SYSTEM AT MEDUPI POWER 
STATION, LEPHALALE, LIMPOPO PROVINCE 
 
1. We act for groundwork, Earthlife Africa (ELA), and Concerned Citizens of Lephalale (“our clients”). Our clients are 

interested and affected parties (I&APs) in Eskom’s integrated environmental authorisation process for the Medupi 
Power Station Flue Gas Desulphurisation (FGD) Retrofit Project (“the FGD Retrofit Project”).  
 

2. In this document, our clients submit their comments on the Final Environmental Impact Report (FEIR) as well as 
on the Application for Variation on the Waste Management Licence (“the WML Variation Application”) for the 
proposed retrofit project. Our clients have submitted comments in several earlier phases of this consultation 
process, including: 

 
2.1. comments on the Draft Scoping Report (DSR), dated 12 December 2014; 
2.2. comments on the Final Scoping Report (FSR), dated 13 July 2015;  
2.3. comments on the first Medupi FGD Retrofit Environmental Impact Assessment (EIA) Bridging Document 

Report, dated 31 October 2016; and 
2.4. comments on the DEIR and WML Variation Application, dated 19 April 2018. 

 
3. We reiterate that whilst installation of FGD is necessary, it should be done in a manner that is consistent with the 

law, and that takes into account all the impacts of the FGD process.  The three most important considerations of 
this project therefore are: the technology selection which minimises water usage; water impacts and water 
availability; and waste impacts and minimisation of waste.  In respect of the waste minimisation, it is necessary to 
conduct an updated gypsum (one of the waste streams of the FGD) commercialisation study, to determine if 
disposal can be avoided and resale adopted.  These issues cannot be dealt with in a piecemeal fashion, since the 
availability of water effects directly on the FGD technology selection, with the volume of waste stream also having 
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an impact on water.  These issues should not be separated for the sake of convenience or expediting the process. 
The Integrated Environmental Impact Assessment therefore is still the correct process to follow, and our clients 
maintain their objection to the separate application process, which addresses the most vital and inter-related 
issues pertaining to FGD in a piecemeal fashion.     
 

4. As many of the concerns have still not been addressed in the FEIR, the previous DEIR submissions should be read 
in conjunction with this document.  Although we reiterate selected concerns in these comments, and 
notwithstanding the responses in Appendix F7, we stand by the various issues raised in previous submissions.  

 
 
FEIR does not meet the EIA standards due to missing information 
 
5. Regulation 7 of the Environmental Impact Assessment Regulations (“the EIA Regulations”), 2010, requires that “a 

competent authority is entitled to all information that reasonably has or may have the potential of influencing 
any decision with regard to an application” 
 

6. We note that numerous reports, assessments, and/or information referred to and relied on in the FEIR and 
specialist reports are not provided as part of the FEIR. This hinders one’s ability to fully assess and engage with the 
contents of the FEIR.  We, and our clients, have not had access to the below mentioned information, which should 
have accompanied the FEIR and WML Variation application. Not only does this contravene the public participation 
requirements in National Environmental Management Act, 1998 (NEMA) and the EIA Regulations, but it also 
infringes on the rights to fair administrative process (section 33 of the Constitution of the Republic of South Africa, 
1996, and the Promotion of Administrative Justice Act, 2000) and the right of access to information (section 32 of 
the Constitution). It also impacts on the ability of the competent authority to make an informed decision, and will 
potentially affect his/her decision-making process. The following information has still not been disclosed:  

 

6.1. data pertaining to Chinese, European and USA plant site visits which apparently informed the FGD 
technology selection: The importance of choosing the correct technology which minimises water usage 
cannot be over-stressed, since utilising FGD with an inlet cooler (as opposed to FGD without an inlet cooler) 
has significant water savings, to the extent that reliance on the Moloko Crocodile Water Augmentation 
Project (MCWAP) 2 may potentially be avoided.   This aspect was dealt with extensively in paragraph 11-28 
of the DEIR submissions, and is reiterated.  In respect of the technological assessment, Eskom has rejected 
the inlet cooler in the DEIR and FEIR on the claimed basis of the lack of feasibility in the implementation, lack 
of space, increased cost and material selection, and maintenance issues, among others.  In doing so, Eskom 
quotes the FGD Technology Selection Study Report (“the 2018 TSSR”), which, in turn, relies heavily on 
Eskom’s site visits to Europe and China, to conclude that the inlet cooler was not a technologically-feasible 
option.  We have therefore requested  vital details of the 2018 TSSR pertaining to the plants visited, as well 
as the full site visit report/s from the respective plants (particularly in relation to the Chinese plants) to verify 
the information provided in the DEIR and 2018 TSSR.  This should contain sufficient details such as: 
methodologies for the selection of the five plants; the respective commissioning dates; the full specification 
of each of the plants; dates, and nature of the problem experienced, as well as how it was resolved, amongst 
others.  Furthermore, independent data from the 5 respective plants should also be provided to support 
these assertions.   However, despite this request, our comment was unheeded and the information was not 
included in the FEIR, nor were the requested details provided. It now appears that Eskom also travelled to 
the USA to visit the plants there.1 The results from USA were also not included in the 2018 TSSR – this should 
be explained.  Technical reports need to provide independent and verifiable results, as a necessary 
component of decision-making process. However, the 2018 TSSR report relies on data lacking in detail and 
which cannot be provided or verified.  Ultimately, the results of Eskom’s site visits to China and Europe (and 
now USA),  led to the conclusion on the choice of technology in the 2018 TSSR, DEIR, and the FEIR, and this 
information should be provided and verified by the various plants visited, and site visit reports should be 
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made available for public comment.   Without this verifiable and independent information and data, the 
2018 TSSR report, DEIR, and FEIR cannot be relied upon, and the Minister cannot reasonably make a decision. 
The failure to produce these documents call into question the independence of the 2018 TSSR, since Eskom’s 
site visits are, in effect, informing the outcome of the technology selection for Eskom’s own FEIR. This is 
inconsistent with the requirements of  NEMA and the EIA Regulations in relation to the requirements for an 
EIA; 

6.2. detailed engineering study of the design and layout of the FGD and inlet cooler which was relied upon, and 
which supports the 2018 TSSR and FEIR findings that there is insufficient space for construction and 
maintenance of FGD with inlet cooler.  If Eskom has not conducted this (which the response on page 30 
seems to indicate), then the 2018 TSSR report cannot be supported and any findings reached therein should 
be removed from the FEIR.  The Environmental Assessment Practitioner should obtain an independent 
specialist report on the technology selection with verifiable data and results. Further, reference to 
insufficient space for the FGD inlet cooler in the FEIR should be removed;  

6.3. updated Gypsum Market Feasibility Study: we have, in our previous comments, requested an updated 
market feasibility study for gypsum to be conducted – to evaluate means to minimise waste.  According to 
the FEIR, it appears that a Gypsum Commercialisation Strategy study was conducted in 2017,2 however this 
was not made available in the DEIR and FEIR, and should be made available for public comment, and included 
in the FEIR.  

6.4. Knight and Piesold, Storm Water Management Report, 2017 referred to on page 84 and 90 of FEIR; 

6.5. confirmation of Limestone availability, as well as the confirmation of quantity and quality and duration of 
supply. 

 
7. I&APs and the competent authority must be given timeous access to all specialist reports and data underpinning 

the FEIR and WML Variation application.  Currently, these documents do not provide sufficient or adequate 
information to assess the appropriateness of the FGD technology selected, nor its waste and water impacts, 
thereby hindering the public and the public’s ability to scrutinise and comment on whether the proposed project 
and its amendments are consistent with the standards and objectives of NEMA. We hereby reserve the right to 
supplement and revise the comments and objections made herein upon the public disclosure of the withheld 
documents.  
 

8. Further, it should be noted that during the DSR, FSR, and DEIR process, several documents have been missing and 
not provided at the appropriate time of the various commenting stages, as is evident from our previous 
submissions.  Kindly find attached, a list of appendices from the Eskom website at the time of the DEIR, which 
indicates that appendices D1-12 and F2, were indeed missing from Eskom’s website.  This is contrary to the 
submission in the FEIR and Comments and Response report that the information had been available on Zithole 
and Eskom’s website, therefore these statements should be removed.  During much of the FEIR process, the FEIR 
documents could not be accessed from Eskom’s website, although these were available on the Zithole’s website.  
Please note that it is not for the public to ensure that the two websites have accurate and full documentation at 
the appropriate time of the public participation process, and that the two websites have the same information.  
The response provided in the FEIR (as well as elsewhere in the FEIR indicating that information had been and 
continues to be available) in respect of the missing documentation in our previous comments is therefore 
inappropriate and incorrect. 
 

 
FGD technology selection and use of a flue gas cooler in the wet FGD process concerns remain unaddressed 
 
9. Throughout the DSR, FSR, and DEIR process, our clients submitted that water availability and water use is one of 

the most significant impacts relating to the project, and as such, water minimisation interventions to abolish (or 
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at least reduce) reliance on the MCWAP should be fully supported.  The Wet FGD with an inlet cooler would have 
significant water savings and the 2018 TSSR seem to indicate3 that further water savings are achievable through 
operating the plant at 90oC.  It appears that water savings of 36% are achievable at 90oC, compared with 28% 
when operating at 100 oC.  The inlet gas cooler operating at 90 oC would save as much as 2.4 cubic metres of 
water per annum (Mm3/a) Mm3/a compared to Wet FGD, compared with a saving of 1.86Mm3/a when operating 
at 100oC - a difference of 0.5Mm3/a.4  It was recommended that this should be indicated in the DEIR.  However 
this comment was not addressed, and is still not indicated in the FEIR.   
 

10. In the FEIR, the most water-intensive wet FGD is still indicated as the preferred option in the FEIR, and wet FGD 
with inlet cooler is indicated as not technologically feasible, based on 2018 TSSR report.  We have previously 
addressed detailed submissions related to the technology selection in paragraphs 11-28 of our DEIR comments, 
however, none of the concerns were addressed adequately in the Eskom’s response (Annexure F7), or the FEIR.  
Eskom’s response on page 31-32 of the FEIR, as well as the amendments on page 99-104 of the FEIR merely repeat 
the finding in the 2018 TSSR and gaps identified in the 2014 TSSR.  However, as was discussed in our DEIR 
submissions as well as paragraphs 6.1-6.2 above, the 2018 TSSR lacks the necessary details, and independent data 
to reach its conclusion, and therefore the findings cannot be supported.  The missing information as identified in 
our DEIR comments and outlined above in paragraph 6 should be made public and included in the FEIR.  Should 
no such verifiable information and data exist, the TSSR 2018 report should be disregarded, and FEIR findings 
pertaining to the technology selection should also be disregarded.  An independent technology selection report 
with verifiable independent data will need to be commissioned; alternatively, findings in the 2014 TSSR, 
recommending the inlet cooler option should be recommended in the FEIR. 
 

11. With regard to the alternative technology mentioned in page 101-103 of the FEIR, the cost (CAPEX and OPEX, 
which includes cost of lime and water), the total water required for the full duration of the operation, and how 
much water is needed from MCWAP 2, should be clearly indicated in each of the technological options.  This should 
ideally be presented in a table format so that the information can be compared side by side. In respect of the inlet 
cooler alternative option, these aspects (cost, water requirement, and reliance on MCWAP2) should also be 
considered for operating the plant at 90oC and 100 oC. 

 
12. Alternatives should also include abandoning the remainder of the units; however this was rejected by Eskom on 

the basis that Medupi Power Station is “driven by the requirements of the Integrated Resource Plan (IRP)”5 for 
Electricity. We point out that the IRP 2010 is hopelessly outdated, which Eskom themselves admit in the Comments 
and Response Report (Appendix F7). 
 

 
Objection to a separate WML variation process 
 
13. The FEIR comments provided an outline of the objectives of the environmental authorisation process as envisaged 

in NEMA. Based on these provisions, our clients maintain that the applicant cannot defer important 
considerations relevant to the EIA in a piecemeal fashion, irrespective of whether other legal provisions currently 
apply. The applicant is still bound, by the provisions of NEMA, to consider the full scope of effects before actions 
are taken.6  
 

14. In the ‘Comment and Responses Report’ (Appendix F7), the EAP’s response to our objections to the separation of 
the WML variation process, is that the “[t]he applicant can only operate within the confines of the legislation and 
within the vehicles that are provided to obtain authorisation”. 7  The following legislative context is also 
emphasised in the EAP’s response: 

                                                 
3 TSSR 2018, Table 10. 
4 TSSR 2018, Table 10. 
5 Appendix F-7: Comments and Responses Report, page 4. 
6 DEIR at paras 4-8. 
7 Appendix F-7: Comments and Responses Report, pages 2 and 22.  
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“The original RoD for the Medupi Power Station (12/12/20/695) issued on 21 September 2006 stated that 
‘Eskom shall install, commission and operate any required SO2 abatement measures that may be necessary to 
ensure compliance with any applicable emissions or ambient air quality standards published in terms of the 
National Environmental Management: Air Quality Act, 2004 (Act No. 39 of 2004).’ At the time no emissions or 
ambient air quality standards were promulgated (the National Ambient Air Quality Standards (NAAQS) were 
only promulgated in December 2009). As no promulgated air quality standards existed to guide the selection 
of SO2 abatement technology, Eskom opted for the worst-case scenario and designed the Medupi Power 
Station to be Wet Flue Gas Desulphurisation (WFGD) ready. WFGD was the most efficient abatement 
technology with the highest SO2 removal efficiency at the time. . .”8 

 
15. It is well-known and not disputed that FGD is the Best Available Technology (BAT) required to meet the new plant 

SO2 minimum emission standards (MES). The cost parameters and other negative impacts of FGD, and methods 
to mitigate these i.e. flue gas cooler, are also well-known. In terms of “standard setting process” in the 2007 
National Framework for Air Quality Management in the Republic of South Africa, there was a lengthy and 
comprehensive stakeholder deliberation in setting the MES, and all affected stakeholders (including Eskom) were 
part of these process.  
 

16. On this basis, Eskom has been reasonably aware of the mandatory requirement to install FGD since the late 
2000’s. This is in addition to the FGD retrofit condition in the World Bank loan agreement that all FGD units would 
be installed and fully operational by 31 December 2021. Despite the advanced notice and timeframe in which to 
strategically plan and commence with the integrated environmental authorisation process, in accordance with 
the objectives of NEMA, the FGD Retrofit Project has been substantially delayed, as evidenced by the Bridging 
Reports. The current plans are for Medupi only to be fully fitted with FGD by 2026. As a consequence of these 
delays, Eskom now attempts to defer the consideration of the waste impacts in relation to the FGD - which should 
be considered in the initial EIA - to another platform, in order to “fast track” the EIA.  
 

17. In light of this, we submit that the current situation in which Eskom has resorted to this piecemeal approach to 
the EIA process is self-imposed. It is not the legislation that has “confined” it to this course of action. Contrary to 
NEMA, this approach means that the decision-maker will be unable to consider the full implication of the project, 
including key aspects for the sustainability of the FGD Retrofit Project, as set out in the DEIR comments and 
reiterated in this document.9 Our clients maintain that this is unacceptable.  

 
 
FEIR does not assess the full impacts of the FGD 
 
18. As mentioned in the previous DEIR submission, environmental authorisations have to give effect to the general 

objectives of the environmental management,10  which among others include the mandate to ensure that the 
“effects of activities on the environment receive adequate consideration before actions are taken in connection 
with them” and that “risks and consequences and alternatives and options for mitigation of activities with a view 
to minimising negative impacts, maximising benefits and promoting compliance with the principles of 
environmental management set out in section 2”.  This means that full impacts of the FGD has to be considered 
before actions are taken.  
 

19. Currently however, many of the impacts are deferred or unknown in order to fast track this process, and thus the 
full risks are not identified in the FEIR.   The following risks, alternatives and mitigation activities still have not been 
considered in the FEIR:  
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19.1. water use licence application presumably has not yet been submitted.  If it were, this should be made 
available, together with specialist reports) and should be considered at the same time as the FEIR.  As 
submitted above, water impacts and availability are crucial aspects of the FGD process, and should not 
be dealt with separately;  

19.2. the waste impacts for the full operation of the FGD has not been considered, in the FEIR or the WML 
Variation application.  For example, Eskom states that “WML variation application being undertaken does 
not consider impacts associated with the future disposal of ash, gypsum, or FGD salts and sludge on a 
greenfields site located outside of the Medupi Power Station footprint as had ben the plan at the end of 
the Scoping Phase”11;  

19.3. gypsum storage facility only caters for the gypsum in a closed facility for 3 days, and no separate long 
term storage facility exists;  

19.4. water has not been secured for all 6 units of FGD, and latest data on MCWAP2 not provided; 

19.5. availability of high quality lime is not confirmed.  As mentioned in the DEIR, this is important to produce 
high quality gypsum to maximise its commercial value, and Eskom has stated in the FEIR that, to maximise 
the value and market for FGD gypsum, it should be of consistent quality and above 95% purity (for the 
plasterboard sector). This implies that the limestone used in the FGD process should have a purity of 
greater than 93-95%.12.  In response, Eskom has stated that “the procurement of suitable limestone is 
subject to the finalisation of commercial contracts”13  This does not address our concerns.  Eskom should 
produce  documentation from the companies that they have identified, stating the quantity it can 
produce, the period of production,  and the quality (purity of the product) that it produces; 

19.6. salt and sludge waste disposal is only catered for 5 years (out of 50 years); 

19.7. ash waste is only catered for, for the first 20 years (out of 50 years); 

19.8. climate change impact (which should, among others, comment on the water availability for the 6 FGD 
units’ operation for the full duration of the plant, as well as the impact of water pollution produced from 
the plant and FGD waste) has not been done, as well as the health impact assessment; 

19.9. alternatives and impacts of not completing the last 3 units of Medupi have not been considered; and 

 
19.10. the alternatives and the implication of operating the FGD with an inlet cooler at 90oC, and the possible 

water saving implication of not requiring MCWAP 2 (as the 2018 TSSR report seems to indicate), is not 
addressed.   

 
20. In respect of most of this missing information, Eskom states that these will be considered at a later stage, or that 

a separate EIA application will be undertaken.14  This is unacceptable. It is submitted therefore that the full risks, 
alternatives and mitigation activities have not been considered in the FEIR, and therefore the FEIR is deficient.   

 
 
Waste management and resale of by-products 

 
21. As mentioned elsewhere in this document as well as in the DEIR submission, it is important to address all the 

primary effects of the FGD (such as waste and water issues) in a holistic manner, and not address them separately 
in a piecemeal fashion, and at a later stage.  The full environmental impacts should also be understood before 
any action is taken.  For instance, with regards to waste, it should be noted that disposal of gypsum to landfill 
significantly increases the solid waste disposal requirements, by 1.8 million tons per year, and ash only disposal 

                                                 
11 Appendix F-7: Comments and Responses Report, page 3. 
12 FSR comment page 10; FSR, Appendix J, Over the Moon, 3 April 2009, PED Marketability Study Report, pg 22. 
13 FEIR, page 29. 
14 Appendix F-7: Comments and Responses Report, pages 1, 3, 6 
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requirements, around 5 million tons per year.15  The waste minimisation and waste disposal for the full life-cycle 
of the FGD is a vital aspect of the FEIR and should not be deferred to a later stage.  
 

22. Our clients reaffirm that it is important to conduct and finalise updated assessments of large-scale commercial 
uptake and resale of gypsum and ash. Whilst the 2009 Gypsum Market report was included in the FSR, the same 
Gypsum Market Report (or an updated version) was not included in the DEIR or the FEIR. Three years, (and almost 
9 years after the 2009 Gypsum Market Report was published) this has still not been adequately assessed, and 
Eskom has defaulted to the co-disposal of gypsum and ash.  

 
23. In the DEIR comments, we referred to the potential benefits of gypsum, reinforced by Eskom’s Gypsum Market 

Study of 2009.16 It was cautioned, however, that to maximise the value and market for FGD gypsum, the limestone 
used in the FGD process should have a purity of greater than 93-95%.17  

 
24. We reiterate that NEMA (particularly the section 2 principles, section 28 duty of care principles, and sections 23 

and 24) and section 16 of the National Environmental Management Waste Act, 2008 (NEMWA) require a 
generator of waste to take all reasonable measures to prevent waste generation as a first measure, and if it cannot 
be avoided, it should be minimised. Disposal is the last measure. This waste management hierarchy is also 
acknowledged in the Comments and Responses Report (Appendix F7).18  
 

25. In addition to the extracts noted in the DEIR comments relating to co-disposal of gypsum and ash in the existing 
ash disposal facility (ADF), and the absence of a market for commercial offtake, we note the following in the WML 
Variation Application Technical Report (Variation Report)19: 

 
25.1. “at the gypsum transfer house 1, gypsum is either transferred onto gypsum link conveyors that will 

transport gypsum to the gypsum storage building, or onto a gypsum link conveyor that will link the 
gypsum stream to the overland ash conveyor that transports ash to the existing ADF.” “A direct gypsum 
offtake area will be constructed. . . for small scale off-take of gypsum by off-takers.”20; and 

 
25.2. “Depending on the demand and off-take potential from commercial off-takers, infrastructure to convey 

gypsum from the gypsum transfer house 1 to the gypsum storage building and rail way yard for transport 
of large volumes of gypsum via rail will be constructed at a future date.”21 (Our emphasis). 

 
26. We further note the “inclusion of infrastructure associated with gypsum handling and disposal” in the Variation 

Report, and gypsum storage facility, specifically. Again, it is explicit that this facility and conveyors associated with 
it will not be constructed until such time as a viable market for off-take of gypsum has been established or 
developed.22 In the interim, Eskom contends that “. . . in the absence of a significant market demand it remains 
pointless to dispose of ash and gypsum, which is both classified as type 3 wastes, separately.”23 

 
27. In the Comments and Responses Report (Appendix F7), our clients are advised that “Gypsum Market Research 

Study, which is most likely outdated in terms of the figures it states.”, and that “[i]t is furthermore argued that 
expecting Eskom to undertake an updated market research study which will result in significant further delays in 

                                                 
15 Appendix C-1. FGD Technology Study Report. Table 6 
16 Please refer to DEIR comments at paras 40-41. 
17 Ibid at para 42. 
18 Appendix F-7: Comments and Responses Report, pages 8-9 
19 Application for Variations to the Existing Waste Management License (12/9/11/L50/5/R1) for the Medupi Power Station Ash 
Disposal Facility, Limpopo Province. 
20 Variation Report, page 4. 
21 Ibid, page 5. 
22 Ibid, page 15. 
23 Ibid, page 9.  
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implementation of the FGD infrastructure is unreasonable at this stage, especially considering the fact that Eskom 
has included design of all infrastructure required to support commercial offtake of gypsum.”24  

 
28. We are also advised that “Eskom developed an updated Gypsum Commercialisation Strategy in 2017 in order to 

guide the commercial strategy it should pursue for its gypsum production.”25  This 2017 Strategy, has not been 
provided as part of the DEIR or FEIR. Reportedly, “Eskom’s strategy concluded that building and commencement 
of a declassification strategy for gypsum must be undertaken, as well as preparing and releasing a Request for 
Information (RFI) for possible off-takers.”, and “due to the timing of the commissioning of Kusile and Medupi’s units 
and the time and capital required to build the required infrastructure, there are limited actions that can be taken 
at present.”  

 
29. It is therefore clear that although ash and gypsum are produced separately, Eskom proposes to dispose of ash and 

gypsum mixed together on the existing ADF, until a market develops for either of these wastes. It is also clear that 
the majority of gypsum disposed of during the initial operating period of the FGD Retrofit Project will not be 
recoverable for re-use and avoidance of costs and impacts associated with disposal. In light of the context provided 
above, our clients are not persuaded that Eskom, in adopting this approach, has taken all reasonable measures to 
minimise the volume of gypsum waste and to enable its re-use.  

 
30. Eskom emphasises that it cannot be expected to drive commercialisation (i.e. beneficiation of waste) alone and 

require commercial stakeholders to come onboard, but is available to support such initiatives, as appropriate. We 
submit however, that given the scale of gypsum to be generated by Eskom (Medupi and Kusile), as a necessary by-
product of its compliance with the Air Quality Act, 2004, it is in fact well-positioned as South Africa’s power utility 
to drive the commercialisation of gypsum. It would appear that the 2017 Strategy document, to a large degree, 
requires exactly this – “building and commencement of a declassification strategy for gypsum, as well as preparing 
and releasing a RFI for possible off-takers”. We repeat that this Strategy has not been provided for review and 
comment. Again, we reiterate that prevention and minimization of waste is the responsibility of the waste 
producer, and disposal is the last resort. 

 
31. Eskom should provide a justification for why there was 8 year delay (between 2009 Gypsum Market Strategy and 

2017 Strategy), to ascertain the market offtake and commercialisation of gypsum.  In the FEIR, the uncertainty of 
whether or not there is sufficient market is cited as a reason for many issues pertaining to storage and disposal of 
waste. However, this uncertainty was created out of Eskom’s own making.  We also reiterate that if Eskom wished 
to expedite the environmental authorisation process, it could easily have conducted and finalised the waste 
minimisation study, market study for the various waste streams, as well as finalised investigation for sourcing the 
high quality lime. It has not done so, and the commercialisation of gypsum has been sidelined as a ‘variable’ 
alternative to disposal, while the exact specification of the limestone required for the WFGD is apparently still 
unknown.26  

 
 
Impact of the FGD on surrounding water systems  
 
32. Our concerns related to the impact of the ADF on the waterways, health impact on water users downstream, the 

issues 1:100 year floodline, and outdated rainfall data and loss of wetlands and watercourses remain unresolved, 
and our DEIR submissions is still applicable.  In respect of the 1:100 floodline, the findings in the Surface Water 
Report (SWR) still indicate that the ADF area encroaches on the 1:100 year floodline (is approximately 10km2 in 
size)27.  Therefore any changes made to the FEIR which indicates that this is not the case, should be deleted.  The 
so-called “updated floodline assessment” should be assessed and verified by the specialist who prepared the SWR, 

                                                 
24 Ibid, page 10. 
25 Ibid, page 20. 
26 Appendix F-7: Comments and Responses Report, page 20.  
27 Appendix G4: Golder & Associates, Surface Water Impact Assessment and Baseline Report for Medupi Power Station - FGD 
Project, page 4. 
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and necessary changes reflected in the SWR before FEIR is amended.  The SWR still has outdated rainfall data as 
well as confirmation that there is insufficient capacity for dirty water containment.   It appears therefore that there 
are several deficiencies or outdated information in the SWR, and consequently the FEIR does not reflect accurate 
information related to the surface water.   
 

33. On the rainfall data, Eskom has stated in the Comments and Responses Report that “CER is reminded that the 
rainfall data represents almost a decade of rainfall data and since the surface water and floodline assessment is 
based on averaged monthly and yearly data, the dataset is more than adequate to provide an accurate 
representation of rainfall patterns and storm event peaks.” Regardless of the rainfall data for 1903-2000, the last 
18 years is still almost two decades of outstanding rainfall patterns and storm event peaks.  It is important to have 
the most recent data since the rainfall patterns may have changed drastically in the last 18 years (especially in 
light of climate change).  This may, in turn, change the findings of the report dramatically. Considering that climate 
change is likely to increase the severity and frequency of floods and droughts, as well as rainfall patterns, and since 
ADF site encroaches on the floodline, it is imperative that accurate information be included in the specialist Surface 
Water Report.  In respect of wetlands, they have the capacity to absorb large volumes of water especially in 
flooding events, and therefore loss of wetlands also interferes with the ability to adapt to effects of climate change 
events. This aspect was also not considered in the report.   

 
34. In respect of dirty water storage capacity issue, the Responses and Comments Report indicates the following: 

 

“It is also confirmed that when the surface water report was updated the statement that the existing Dirty 
Water Dam (102 000m3 capacity) will have insufficient capacity to store new dirty water runoff volumes 
were erroneously not updated. The detailed design of the WWTP is based on a ZLED philosophy, therefore, 
dirty water will be returned to the WWTP for re-use or otherwise evaporated through the technology 
proposed for the WWTP. Eskom has, therefore, confirmed that no additional dirty water storage capacity is 
required, thus all required water storage facilities have been catered for in this application.”28 

 

35. The above assertion should be rejected, as the “updates” referred to above is not reflected in the SWR attached 
to the FEIR. Any changes made to the FEIR reflecting the above statement therefore should be removed, since 
SWR does not support it.  The FEIR also seems to indicate that Piesold 2017 report findings (on which the SWR 
relies) has since been “superseded” by another 2018 report by Zitholele consulting,29 and that there have been 
various changes which impact the surface water system30, which is not currently reflected in the SWR.  Any errors 
or subsequent information that came to light which impact the findings in the SWR, should therefore be made 
available to the specialist who compiled the report so that the SWR report can be updated.  Only then can the FEIR 
be “updated” with such information. 
 

36. Until such time that the SWR is amended, the finding therein related to floodlines, encroaching of the ADF on the 
1:100 floodlines, and insufficient dirty water dam capacity, etc. remain.  The SWR also recommends that several 
catchments should be changed from clean to dirty water, thereby increasing the volume of dirty water. Unless the 
findings in the SWR are updated, this should still be reflected in the FEIR.   Eskom should provide the previous 
report as mentioned in paragraphs 6.4 and 35 above, as this was not made available.  Again we reiterate that any 
so-called updates should be verified and reflected in the SWR first, then added to the FEIR.  Otherwise the FEIR 
should reflect what is in the SWR as it currently stands. 
 

37. The importance of accuracy as well as the most recent data on specialist reports cannot be overemphasised since 
the contamination of water has serious implication for impacts on health of the people and the receiving 
environment.  It is also worth noting here that Eskom also has not conducted a climate change impact assessment 
and health impact assessment, which may have shed light on these water issues. 

 

                                                 
28 Appendix F-7: Comments and Responses Report, page 18. 
29 FEIR, pages 90-91. 
30 FEIR, pages 82-94. 
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Conclusion 
 
38. As most of our previous DEIR comments still remain unresolved, we stand by our previous submissions and 

conclusions.  Further, due to the missing information, and inadequate risk assessment outlined above, the FEIR 
remains deficient and not in compliance with the objectives of the Constitution, NEMA, and the EIA Regulations. 
We request that the FEIR be rejected and urgently resubmitted for comment once these issues have been 
addressed. 

 
 
 
Yours faithfully 
CENTRE FOR ENVIRONMENTAL RIGHTS 

per:  
 
Michelle Koyama 
Attorney  
Direct email: mkoyama@cer.org.za  
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This report brings together the main insights from the research consortium “Coal Transitions: Research and Dialogue on 
the Future of Coal”. The report summarises key findings from case studies in six countries (China, India, Poland, Germany, 
Australia and South Africa). These explore pathways to implement coal transitions . The study also draws from findings 
in earlier phases of the project, including global analysis of the impact of coal transitions on steam coal trade (cf. Coal 
Transitions, 2018a) and analysis of past coal and industrial transitions in over 10 countries (Coal Transitions, 2017), as 
well as political economy aspects of coal. The publications are available on www.coaltransitions.org
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1Executive Summary

This report brings together the main insights from the 
Coal Transitions project. Coal Transitions was an interna-
tional research consortium seeking to support fact-based 
dialogue on the future of coal. The research side of the 
project included three work streams:

 y Analysis of past coal and industrial transitions

 y Case studies on pathways to implement coal transi-
tions compatible with the “well below 2°C” objective 
in six major coal-using economies, i.e. China, India, 
South Africa, Poland, Germany, and Australia

 y Analysis of the impacts of coal transitions on the global 
coal trade.

The national case studies cited in this report were de-
veloped by national experts on the coal sector, as well 
as on energy systems, labour markets and industrial 
policy in the respective countries. The case studies aim 
to suggest concrete options for implementing national 
coal transitions that are consistent with the “well below 
2°C” aim of the Paris Agreement, while being fair and 
just, and respecting national differences. However, they 
are not necessarily compatible with the Paris Agreement 
aspirational goal to limit temperature increases to 1.5°C. 
Further information on the methodology used for the 
research can be found in the introduction to the report 
and in the specific reports this study draws from.

Key findings

1. Coal transitions are already happening. Due to 
both climate and non-climate policy factors, global coal 
consumption could go into reverse by the early 2020s, if 
it has not done so already. In this context, it is incumbent 
upon governments and responsible stakeholders to pre-
pare for a managed coal transition. 36 governments and 
28 companies around the world have already committed 
to phasing out coal from the power sector by 2030. 
Governments are beginning to put in place new explora-
tory initiatives, just transition task forces, coal transition 
commissions and stakeholder consultation platforms to 
explore options for the end of coal use.
Momentum is also building in major coal-consuming 
economies. In large developing economies like China, 
India and South Africa, policies have been introduced 
recently or are being discussed to curb and/or reduce 

coal consumption over the coming decade. A debate 
is now emerging on when coal use should begin to 
either peak (India) or decline (China, South Africa). 
Th is is generating discussion on when and how to 
manage coal transitions in these countries, a process 
that is both demonstrated and supported by the Coal 
Transitions project.

2. Coal transitions are technically feasible and af-
fordable. The analysis of the techno-economic scenario 
required to stay below 2°C for all six countries showed 
that by 2040-2050 coal can be replaced with a portfolio 
of alternative energy sources, including solar, wind, hy-
dro, biomass, nuclear, and natural gas. Even in scenarios 
with CCS, coal remains a minor part of the power mix in 
2050, due to its cost and feasibility challenges.
Because of the growing competitiveness of renewable 
energy, the transition to these alternatives can occur 
without significantly higher costs for the electricity 
system. In some cases, such as South Africa, costs for 
consumers could be reduced diversifying the power 
mix. A lower reliance on new coal plants and a greater 
focus on promoting off-grid solar-plus-battery solu-
tions was also found to provide cheaper and more 
effective access to electricity for off-grid communities 
in places like India. Governments can avoid stranded 
assets in the coal sector by avoiding overbuilding 
new plants, retiring old amortised ones, and ensuring 
maximum operational lifetime policies for remaining 
coal plants.

3. A “just transition” for coal workers and commu-
nities is possible. While there is no universal blueprint 
for implementing a just transition, the Coal Transitions 
project identified a large number of specific policy solu-
tions. Many of them have been tried and tested during 
past coal transitions. The design of such programmes 
matters greatly to their effectiveness, as does the mean-
ingful consultation and participation of stakeholders ear-
ly on in the decision-making process. However, early 
anticipation and preparation of the transition is vital to 
achieve the best results. Tailored workforce transition 
programmes and the building of local economic resil-
ience require time, preparation and learning by doing.
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4. Coal transitions can strengthen global climate 
action and deliver other social and economic ob-
jectives. The project found, for instance, that in India a 
lower reliance on coal-fired power plants (which require 
water for cooling) would help reduce conflicts between 
water and electricity access in water-stressed regions. In 
China and India, reducing coal use would help eliminate 
one of the major contributors of SO2, NOx and PM2.5 
particles that adversely affect human health. In Africa 
and India, energy access could be cheaper and more ef-
fective with micro-grids than new coal plants.
In South Africa, diversification from coal in the power 
sector would help reduce the cost of supplying elec-
tricity, while limiting the risk of cross-subsidisation of 
the power sector by the coal export sector. In Poland, 
implementing a managed transition for lignite mining 
would help prepare for the exhaustion of lignite mines 
expected within the next 10-20 years. In Australia, coal 
transitions are also about prudent planning for the de-
cline of export markets.
In many cases, coal mining regions are already facing 
significant social and economic challenges. In these com-
munities, coal transitions can become a useful “excuse” 
to create an inclusive dialogue and strategy for the future 
generation. “Just transition” therefore needs to be not 
only about mitigating the unwanted impacts of phasing 
down coal.
In the countries examined in this report, stakeholders 
in the coal sector often acknowledge that the days of 
coal are numbered and there is a need to prepare the 
transition. Doing so, however, requires governments to 
take ownership of the problem. This means establishing 
a dedicated policy framework to support a fair and man-
aged transition for all affected parties. This report and 
the research upon which it is based provide a number 
of options that policy makers may wish to consider for 
coal transitions. It also highlights areas where further 
research on coal transitions is needed.
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1. Introduction

The international context surrounding coal as an 
energy source is changing quickly. Coal accounts for 
just under 30% of the world’s primary energy mix, 
where it is used primarily for power and heating (2/3) 
and in industry (1/3) (IEA, 2017). However, the sector 
will need to transition to a minimal share of global 
energy production by 2050, if global climate objectives 
under the Paris Agreement are to be met (McGlade 
and Ekins, 2015; IEO WEO 2017). Moreover, air and 
water constraints, declining costs of alternative tech-
nologies, small-scale storage solutions, and economic 
rebalancing in China, will increasingly put pressure on 
global thermal coal consumption.
Together, these factors are generating a discussion on 
how to transition from coal to alternative energy sources. 
Coal transitions are complex because they raise a number 
of issues. How can policy makers ensure a fair transi-
tion for affected workers? How to support economic 
resilience for local economies and their communities? 
How to prevent large scale stranding of existing assets? 
How to ensure universal access to affordable electricity 
while phasing down coal? These are only some of the 
questions.
The Coal Transitions research project was set up in this 
context. “Coal Transitions: Research and Dialogue on the 
Future of Coal” is an international research consortium 

seeking to support fact-based dialogue on the future of 
coal through innovative research. The project’s three 
analytical work streams included:

 y Analysis of past coal and industrial transitions1

 y Case studies on pathways to implement coal transi-
tions compatible with the “well below 2°C” objective 
in six major coal-using economies, i.e. China, India, 
South Africa, Poland, Germany, and Australia2

 y Analysis of the impacts of coal transitions on global 
coal trade3.

This report brings together the main insights from the 
three workstreams. It also draws on relevant literature 
and includes observations from dialogues with stake-
holders held throughout the project. he main focus of 
this work was on thermal coal (i.e. coal used for elec-
tricity and heat production). Transitions for coking coal 
are more specific and require a separate focus exploring 
linkages between the steel sector and the coal sector.
The six countries chosen for the case studies are among 
the 11 largest coal consumers in the world. Together 
they accounted for 68.6% of global coal consumption 

1 Cf. Coal Transitions, 2017; Campbell et al, 2017; Herpich et al, 2018; 
Green, 2018 in the Annex.

2 Cf. Coal Transitions 2018b, 2018c, 2018d, 2018e, 2018f, 2018g, 
2018h; Spencer et al, 2017.

3 Cf. Coal Transitions, 2018a.

Source: Enerdata.
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in 2017 (Enerdata, n.d.). They were selected to reflect 
different levels of economic development, a diversity 
of geographical regions, and a balance between major 
importers (China, India) and exporters (South Africa, 
Australia).
The case studies were developed by national experts 
on the coal sector, as well as on energy systems, labour 
markets and industrial policy in the respective countries.
The case studies for these countries explore concrete 
pathways for national coal transitions that are con-
sistent with the “well below 2°C” aim of the Paris 

Agreement (cf. Section 3). Each team explored first 
the transformation scenarios for the energy system 
consistent with its carbon budget. This was done using 
techno-economic modelling.
Secondly, teams were asked to develop assessments 
of options to tackle the socio-economic or political 
economy elements of the transition. Thus, teams ex-
plored implications for access to electricity for poorer 
households, labour market issues for coal workers, 
economic options for affected regions, and stranded 
assets. This was done to varying degrees of detail, 
depending on the competencies and preferences of 
the national teams. Selected insights on the national 
pathways are included throughout the report and in 
the annex.
This report is structured as follows. Section 2 presents 
a non-exhaustive survey of current coal transitions 
around the world. Section 3 discusses the economic 
aspects of coal transitions, with a focus on the costs 
and economic feasibility of sh ifting to alternative 
energy sources. Section 4 focuses on options for im-
plementing a fair transition for workers and affected 
coal- or power-producing communities. Section 5 
highlights issues related to the governance and financ-
ing of the transition. Section 6 concludes the study 
with a focus on overarching policy implications and 
issues for further research.

Source: Enerdata.
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2. Coal Transitions are already happening

Coal transitions are happening now because demand 
for thermal coal is slowing down and, in some regions, 
already in decline. They are therefore gathering mo-
mentum as an issue that calls for dedicated policy in-
tervention by governments. “Managed” coal transition 
initiatives are now being implemented or are actively 
discussed and explored in a growing number of countries.
It has been argued by some that coal transition initia-
tives are only occurring in a small group of OECD coun-
tries (e.g. New York Times, 16/11/2017). However, this 
is no longer true. The idea of the need for an actively 
managed “coal transition” is gaining momentum as an 
issue both in developed and developing countries. This 
is happening – albeit to varying degrees – in countries 
with small amounts of coal use, like France, and in larger 
coal-consuming countries such as China, India, Mexico 
and South Africa.

2.1 The different drivers of coal transitions
Coal transitions are not just about climate policy. On 
the contrary, climate policy is one of the many factors 
that are already (and will increasingly be) diminishing 
the role of coal in the global energy system. To be sure, 
part of this transition is driven by active climate and coal 
transition policies, and this is necessary to achieve the 
goals of the Paris Agreement (see Section 2.3 below). 

However, urgency is added by the fact that the demand 
for thermal coal has stopped growing and is already de-
clining in some regions.
As shown in Figure 1 above, global coal demand declined 
in three of the past four years. Coal is in secular decline in 
major economies, such as Europe and the United States. 
Most recently in China, as a process of rebalancing and 
closing down of inefficient production capacity has be-
gun, demand has fallen, despite a small bump upwards 
in 2017 (Figure 3).
Figure 4 and Figure 5 also show that recent projections 
on global coal demand have consistently been revised 
downwards in the past five years. Indeed, in 2017, for the 
first time, coal demand was projected to remain flat until 
2020. A major shift occurred in the 4 years to 2017, as 
demand in 2020 is now estimated to be 1 billion tonnes 
of coal equivalent lower than what was projected in 2013. 
This highlights not only how quickly short term forecasts 
can change, but it also suggests that the fundamentals of 
the global coal market are changing in ways that are not 
necessarily well captured even by high quality projections 
such as those of the International Energy Agency (IEA).
What is driving these shifts and what do they mean for 
the future of coal demand? The Coal Transitions project 
identifies four key factors are play, and climate policy is 
just one of them.

Source: Enerdata.
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Firstly, structural economic factors suggest that the 
strong link between economic growth, employment and 
coal use in developing countries (and especially in China) 
is now weakening if not breaking down. These factors 
include: the rebalancing of the Chinese economy and the 
rationalisation of some excess industrial capacity (Grubb 
et al, 2015); the rise in other developing economies of 
growth models that are service-led rather than based 
on the export of industrial products (Rodrik, 2015); the 
existing overcapacity for power production in China and 
India. To illustrate the latter, the average load factor of 
coal-fired power plant has recently been around 45-55% 
in China and 60% in India (Spencer et al, 2017; Coal 
Transitions, 2018b & 2018c).
In addition to these macro-economic trends, there are 
micro-economic ones specific of the sector. For exam-
ple, employment in coal mining has been declining for 
decades in most regions due to greater mechanisation 
and new mining techniques. In the US, mechanisation to-
gether with shale gas contributed to a fall of the mining 
workforce: in 1980, 220 000 workers were needed and 
each worker produced just 4 short tons per day, while 
in 2016 only 60 000 workers were each producing 14 
short tonnes (Kok, 2017).
Developing countries are not immune to these issues. It 
has been estimated, for instance, that Chinese mining 
over-capacity is in the order of a billion tonnes per an-
num and that, as a consequence, 2.3 million of the coun-
try’s circa 5.3 million coal mining workers will need to 
find alternative employment by 2020 (China Dialogue, 
07/08/2017). This also poses challenging questions for 

the future of China’s coal mining regions, especially given 
that large SOEs do much of the extraction and, in turn, 
pay for crucial public services to local communities, such 
as schools, hospitals, and infrastructure (China Dialogue, 
14/01/2016). Coal transitions are therefore happening 
irrespective of climate policy and need to be managed.
Secondly, the growth of alternative energy technol-
ogies is gathering momentum on its own. This is true in 
the United States, where shale gas and renewables are 
causing a drastic reduction of coal use in the power sec-
tor (Figure 3). Renewable energy and related technology 
solutions in particular, despite various challenges, are 
emerging faster than expected. Thus, India has recent-
ly revised its renewable energy target from 100GW to 
175GW by the mid-2020s.
Renewables are supported by the fact that they are be-
coming competitive with, if not cheaper than, coal in 
certain key markets (cf. Figure 6). Various solutions are 
also emerging to solve intermittency problems, including 
small scale storage, more stable offshore wind, demand 
response systems, market design reforms, improved in-
frastructure connections, and in the medium to long 
term, durable storage (IRENA, 2017; RAP, 2014; Agora 
Energiewende, 2015 & 2018; IEA, 2017b; Martinez et al, 
2014; McKinsey, 2018).
Micro-grids (which combine small scale storage and re-
newable power) also increasingly appear as a superior 
solution for electricity access of energy poor or stranded 
populations, compared to new coal plants (IEA, 2017a; 
The Economist, 2017; Medium, 2017; Coal Transitions, 
2018c). This point is illustrated in Figure 7 below, which 

Note: Figures here are in Mtce rather than Mtpa as above.Source: IDDRI, based on forecast data from IEA WEO reports.
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compares the global average cost of grid-scale solar 
farms and wind parks with firming by Li-ion batteries to 
the median cost of new state-of-the-art Ultra-super-
critical coal plants (literature estimates). It shows that 
the three options, and especially solar PV with battery 
storage, are becoming competitive4. The argument that, 
due to its low cost, coal is a necessity for economic 
development and universal energy access for the poor 
is therefore weakening.

Thirdly, the local environmental impacts of coal are 
increasingly showing the lack of compatibility between 
sustainable development and large scale and locally 
concentrated deployment of thermal coal plant. For 
example, air pollution has become a major economic 
and social issue across China, and especially in the 
Beijing-Tianjin-Hebei area and the Yangtze River Delta. 
Coal combustion contributed 91.18% of total SO2 
emission, 68.56% of NOx emission, and 52.74% of 

Source: IDDRI, based on data from IRENA, World Coal Association. Source: IDDRI based on data from IRENA, 2018; McKinsey, 2018.
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4 Note also that these calculations are based on global averages from 2018, so they do not account for places where renewables projects are 
significantly cheaper, nor for the further expected decline in technology costs for battery or other storage solutions.
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primary PM2.5 emissions in 2012 (Coal Transitions, 
2018c). According to a study of the World Health 
Organization, air pollution accounts for more than 
one quarter of premature death and is a significant 
cause of health problems in China.
Such concerns are increasingly important as a policy driv-
er for the phase down of coal in China. For example, an 
estimated 63 million households would be shifted away 
from coal by 2021 under a new 5-year heating plan, 
replacing demand for approximately 140 Mt of coal per 
annum (Reuters, 2017).
In India, 10.4 GW of coal plant capacity was tempo-
rarily shut-down in 2017 to save water used for plant 
cooling in water-stressed regions. Air quality and fly ash 
handling disposal, as well as land degradation due to 
mining activities, also remain major concerns. Figure 9 
shows the number of coal plants reportedly shut down in 

India between 2001 and April 2017, as water stress is of 
growing concern. Government officials are requiring that 
coal plants be retrofitted with “dry-cooling technology”, 
which is possible, but contributes to an energy-loss of 
around 10% that does not go into producing electricity, 
making the operating costs of the coal plants signifi-
cantly higher.
In this context, climate policy is only increasing pres-
sure on the demand and the future prospects of coal 
reinforcing the above trends. This is discussed further 
in Section 2.3.

Action is not yet consistent with the Paris 
Agreement
To be clear, these four factors are not sufficient to drive 
an immediate abandonment of thermal coal, nor to 
achieve a coal transition compatible with the Paris objec-
tive of 2°C temperature increases. More ambitious and 
more comprehensive policies for a faster transition are 
therefore urgently needed. The upcoming 5-year revi-
sions of countries’ Nationally Determined Contributions 
(NDCs) under the Paris Agreement, in 2020, 2025 and 
so forth, must reinforce these transition.
Nonetheless, these factors are already having a mean-
ingful impact on the demand for coal. Together they 
suggest that the outlook for coal is bleak and requires 
an active management strategy to help stakeholders 
and governments with the fall-out. This is increasingly Source: GoI (2018d)

Year

2013-14

2014-15

2015-16

2016-up to Feb 2017

Number of Units

16

9

15

21

Loss of generation in million units*

5253

1,258

4,989

5,870

Note: * One unit = kilo watt-hour

Table 2. Generation losses for power plants shut down 
due to water scarcity during 2013 to 2017 in India

2001  Sabarmati

2005  Rayalseema

2010  Vijjeswaram

2012  Neyvelli

2013  Parli 
Raichur 
Kayakulum

2014  Chandrapu

2015 - Parli (6 months)
Tiroda
Raichur

2016 - Parli
Farakka
Tiroda
Mettur
Tuticorin
Udupi
Bellary
EMCO
Warora
Kasaipalli
Salaya
Sasan UMPP
Sikka
Sterlite

2017 - Kudagi
Rayalseema
Raichur
Parli
Muzzafarpur

Source: IIMA, Coal Transitions. 

Figure 9. Temporal power plant shut down (2001- March2017)
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urgent. The analysis of coal demand drivers by experts in 
China, India, the United States, Australia, South Africa, 
Germany, conducted under the Coal Transitions project, 
suggests that the most likely scenario is that global ther-
mal coal demand will be in decline during the 2020s, 
if it is not already occurring (Coal Transitions, 2018a). 
These scenarios are illustrated in Figure 10.

2.2 Are major coal exporters prepared for 
the decline in global demand?
The combination of mutually reinforcing drivers of coal 
transitions suggests that when it comes, change may be 
non-linear, and may occur more abruptly than stake-
holders expect (Coal Transitions, 2018a). This raises 
significant risks for major coal exporters.
Analysis by the COALMOD Global Steam Coal Market 
Model, conducted for the Coal Transitions Project, sug-
gested that even small shifts, such as the ones depicted 
below, could potentially have strong impacts on major 
exporters (Coal Transitions, 2018a). This is partly because 
thermal coal export demand represents a small share of 
global consumption (see Figure 11), and partly because 
large importers, such as China and to a lesser extent India, 
could meet large part of a sudden decline in domestic de-
mand with domestic production. Even a 5-10% decline in 
Chinese coal demand could easily eliminate roughly one 
third of the global export market.
An important finding of the Coal Transitions project was 
that, if old “business as usual” scenarios are re-evaluated 
taking into account the factors now driving the future coal 
demand, of this magnitude could easily occur. Figure 10 
and Figure 11 shows the results from the project’s global 
modelling work and breaks down total global thermal coal 
supply into different sources. Old scenarios (represented 
in the top left corner) should arguably now be replaced 
by more conservative and pessimistic aggregate coal use 
and coal trade forecasts. This is particularly true in order 
to achieve the goals of the Paris Agreement (top right 
figure). However, even if the Paris Agreement is not ful-
ly implemented, the analysis of other drivers of the coal 
transition shows an emerging trend of decline for both 
coal use and imports post-2025 (bottom left and right).
Thus, even in the case of partial or fragmented climate 
policy, exporters could face negative outcomes.
These scenarios are arguably conservative as regards 
impacts on seaborne trade. As the modelling is based 
on market economics, they do not factor in political 
economy considerations. In the latter case, the conse-

quences for major exporters could be more severe. This 
is because in some cases high domestic overcapacity 
could create the political demand to privilege domestic 
coal over cheaper or higher quality imports.
It remains to be seen how future iterations of NDCs 
will affect coal use. Significant revisions could lead to 
stronger reductions driven by climate policy.

2.3 An international overview of coal 
transition initiatives, policies and 
stakeholder views
This section presents an overview of coal transition initi-
atives, related policies and national discourse in selected 
countries around the world. It is not an exhaustive sur-
vey. However, it goes beyond the six countries for which 
case studies were produced under the Coal Transitions 
project. Its purpose is to highlight that in a diverse and 
growing number of countries and regions, coal transi-
tions are either happening or being actively discussed 
and explored by stakeholders and policy makers.

Governments and companies with full coal phase-
out policies
As of mid-2018, 36 governments and 54 companies have 
pledged to phase out thermal coal use by 2030 at the lat-
est, under the Powering Past Coal Alliance (PPCA) launched 
in 2017. These include OECD members like Canada, Aus-
tria, France, the UK and the Netherlands, middle-income 
countries such as Mexico, as well non-OECD countries 
such as Fiji, El Salvador, and Ethiopia. Both sub-national 
governments, such as California, Alberta and Ontario, and 
national governments are represented.5

A criticism of the PPCA is that participating countries do 
not account for a large share of global coal use. Collec-
tively, they represent only 3-4% of global coal demand. 
However, the importance of the PPCA is that it is forcing 
these countries to develop policy frameworks and inter-
national dialogue on experiences that are of relevance 
and can be used as good practice elsewhere.

5 Under the Powering Past Coal Alliance, 36 governments and 28 
global energy companies have committed to phasing coal out 
of their operations. Governments include: Province of Alberta, 
Angola, Austria, Belgium, Province of British Columbia, Canada, 
California, Costa Rica, Denmark, El Salvador, Ethiopia, Fiji, Finland, 
France, Great Britain, Ireland, Italy, Latvia, Liechtenstein, Lithuania, 
Luxembourg, Marshall Islands, Mexico, Netherlands, New Zealand, 
Niue, Province of Ontario, State of Oregon, Portugal, Province of 
Québec, Sweden , Switzerland, Tuvalu, City of Vancouver, Vanuatu, 
State of Washington. These governments collectively represent 
roughly 3% of global coal demand.
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Source: Coal Transitions and Coalmod-World results.
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For instance, Canada, which has set a goal to completely 
phase out coal power by 2029, has established a Task 
Force for Just Transition for Canadian Coal Power Work-
ers and Communities (Government of Canada, 2018). 
In line with this, the Canadian province of Alberta has 
established a Support Program for Workers affected by 
Coal Phase Out (Province of Alberta, 2017). These initia-
tives are viewed by prominent voices in the international 
labour movement as successfully reflecting principles 
of just transition that were agreed by the International 
Labour Organisation (ILO, 2015).
Of course, in many of these places, the design of the 
transition strategy is not finished and in some cases pol-
icies are imperfect. However, these examples are impor-
tant as test cases and learning experiences.

Governments with emerging or partial coal 
transition policies
In the European Union, there is currently no official 
coal phase out policy covering the 28 member states. 
However, there are a number of elements that the Eu-
ropean Commission is trying to pull together to develop 
a coherent coal and fossil fuels transition strategy. The 
European Union has already adopted targets to reduce 
GHG emissions by between 80-95% by 2050. Modelling 
shows this will require a decarbonisation of the power 
sector of about 99%, only a minor part of which might 
be achieved with coal plus CCS (Spencer et al, 2016).
To reach the target, the EU also has established a carbon 
market that, although imperfect, will increasingly put 
pressure on coal use over the coming decades. In addi-
tion, it has gradually tightened standards on local pol-

lutants from large combustion plants, and strengthened 
renewable energy and energy efficiency policies. Some 
suggest that this, combined with their age, will lead to 
the closure of many coal plants throughout Europe in 
the coming decade (JRC, 2018) (Figure 12).
What has been missing in the EU until now is a dedi-
cated policy framework for assisting member states and 
their coal-using regions and workers to make a just and 
managed transition. However, this is changing. The Eu-
ropean Commission has recently developed the EU Coal 
and Fossil Fuel Regions in Transition Initiative (EC, n.d.). 
Its purpose is to explore concrete ways by which the 
EU can provide support (e.g. funds, technical expertise, 
innovation support), to facilitate the transition of highly 
impacted regions.
At the member states level, many countries have com-
mitted to phase out coal under the PPCA mentioned 
above. The two largest coal consumers that have not yet 
committed to phasing out coal are Germany and Poland. 
However, this too may be changing. Germany, where 
thermal coal and lignite still represent 37% of the power 
mix, has recently established a Structural Reform Com-
mission (informally known as the “Coal Commission”). 
The Coal Commission brings together a broad mix of 
stakeholders and experts. Their mandate is to decide on 
a coal phase out schedule and strategy and provide rec-
ommendations to the government by December 2018.
Beyond Europe and the OECD, a discussion on the fu-
ture of coal is also emerging. It might not be transition 
strategies as such, but there are indications of a global 
momentum towards a changing policy paradigm for coal. 
In China, rising concerns about air quality are contrib-
uting to a significant rethink on the future coal. There is 
also concern about overcapacity and a need for economic 
diversification away from construction and energy inten-
sive industries. Such concerns have led to a state-imposed 
cap on coal consumption at 4.2 billion tonnes per year.6 
To meet this target, 120GW of planned new coal-fired ca-
pacity have been cancelled in the past 2 years. In addition, 
under a new 5-year heating plan, an estimated 63 million 
households will be shifted away from coal by 2021, replac-

Source: IDDRI, based data from JRC, 2018.
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Figure 12. EU JRC's Forecast of Total Coal-fired power 
capacity in Europe to 2030 

6 In 2014, the State Council issued the National Energy Development 
Strategy Action Plan (2014-2020), and clearly stated that, by 2020, 
the total annual coal consumption should be capped at 4.2 billion 
tons/year, and among the primary energy consumption the share 
of coal should be below 62%. In the National Air Pollution Control 
Action Plan issued by Ministry of Environmental Protection, the 
National Development and Reform Commission and other key 
ministries, the detailed coal consumption control target is further 
explicitly stated for key provinces and cities.
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ing demand for approximately 140 Mt of coal per annum 
(Reuters, 17/12/2017). China also imposed a ban on new 
domestic coal mines in 2016 (China Dialogue, 2016).
National experts in China are now further exploring the 
possibility of a decline in coal use from 2020 onwards, as 
part of a strategy that could see China’s total GHG emis-
sions peak by 2025 (Coal Transitions, 2018b). As shown in 
Figures 13 and 14, this would see China’s emissions peak at 
least 5 years earlier than currently pledged in its Nationally 
Determined Contribution to the Paris Climate Agreement, 
with coal use beginning to decline already from 2020.
This, in turn, is leading to a focus on options for China’s 
coal-intensive regions to diversify their economies and 
replace the employment and investment opportunities 
brought by mining SOEs (China Dialogue, 2016); on how 
to manage the risks of stranded assets in China’s large 
coal-fired power and mining sector (Spencer et al, 2017); 
and on how to make cleaner energy options more acces-
sible for heating in poorer households (Coal Transitions, 
2018a). To date, these questions have not been fully ad-
dressed. However, the Chinese Government appears to be 
acutely aware of the issues and the coal transition is argu-
ably a topic for the country’s 14th 5-year plan (2021-2025).
In Japan, the country’s new Energy Plan also proposes 
significant shake up to the energy sector with coal set to 
be squeezed out in favour of renewables, nuclear, and gas. 
Coal currently makes up 30.3% of the Japanese primary 
energy mix. However, under the government’s Fifth Basic 
Energy Plan, which extends until 2030, the country would 
set strict new efficiency standards for all thermal power 

plant (a minimum 44.3% thermal efficiency rating would 
be required to be met by 2030). This would in effect lead 
to the retirement of a significant number of old coal plant, 
which currently do not come close to meeting the stand-
ard. Ultimately, investors in new plant will therefore face a 
choice been investing in the most efficient (but also most 
expensive) coal plant technologies, or pursuing alternative 
technologies.  Coal transition for thermal power therefore 
looks likely to be coming to Japan, just as it has arrived 
already in nearby Rep. of Korea (which is a member of the 
PPCA mentioned above). 
South Africa’s Nationally Determined Contribution under 
the Paris Agreement implies that, conditional on action 
abroad, the country will reduce its emissions from coal 
power in the order of 80% by 2050. The government’s 
2010 electricity plan also envisages a reduction of the share 
of coal in the power mix in the order of 65% by 2030, with 
a strong role for renewables and support from natural gas. 
Although this plan was put on hold by the Jacob Zuma gov-
ernment, economics appears to be taking over under the 
new leadership of President Matamela Cyril Ramaphosa. 
The country’s new energy minister, Jeff Radebe, has stated 
that he wants a transition from coal to renewables to be 
reflected in the country’s integrated resource plan (IRP), 
as they are now viewed as cheaper than maintaining the 
ageing coal fleet (Business Day, 28/08/2018).
Meanwhile, total electricity demand has been declining, 
resulting in surplus capacity and leading to the likely 
stranding of recently built coal power plants. In this 
context, the issue of how to transition from a coal-in-

Source: Tsinghua University, Coal Transitions. Source: Tsinghua University, Coal Transitions.
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tensive to a low-carbon economy while ensuring a “just 
transition” is gathering attention. The South African gov-
ernment has therefore recently established a “Pathways 
to Just Transition Dialogue” that is run through the Na-
tional Planning Commission to explore options. The new 
leadership has also re-started the nations renewable 
energy tender programme. A clear policy framework re-
mains to be developed, however.
In this context, South African energy experts have been ex-
ploring feasible pathways to progressively retire coal assets 
while minimising stranded assets, de-linking the cross-sub-
sidisation between coal exports and power sector, keeping 
energy prices affordable and ensuring industrial diversifica-
tion for development (Coal Transitions, 2018f).
In India, where coal use has been increasing rapidly in 
recent years, the national debate is not focusing directly 
yet on its phase down. However, climate policy is high on 
the political agenda. India’s NDC has given rise to plans 
to significantly diversify the country’s energy mix. For in-
stance, it has set a target for non-fossil fuel based energy 
production of 40% by 2030 and a CO2 intensity target to 
reduce CO2/GDP by 33-35% by 2030. India is on track to 
exceed these goals also thanks to additional policies, such 
as the increase of renewable energy goals from 100 GW 
to 175 GW by 2022, and growth plans for nuclear power. 
Indeed, the national report by the Indian research team 
under the Coal Transitions project proposes options for 
reinforcing these targets (Coal Transitions, 2018b).
Due to uncertainties on its future power demand, India 
has not yet set a cap on its total coal use, nor a peak 
date, unlike China. However, some experts argue that it 
could potentially do so. As part of the Coal Transition 

project, experts from the Indian Institute of Manage-
ment in Ahmedabad argue that the Indian power system 
has been creating dangerous levels of excess capacity in 
anticipation of future demand growth that is yet to ma-
terialise (Coal Transitions, 2018b). Average coal plants 
are thus running at just 60% of capacity (Figure 15). 
Moreover, coal is increasingly seen as problematic for 
development due its growing cumulative impact on air 
quality, land use, and water availability in water-stressed 
regions. There is also increasing evidence that electricity 
access to the poor can be provided via small-scale solu-
tions rather than large new power plants (IEA, 2017a).
Some of these considerations have already led the 
government to take a number of measures to limit the 
role and the impact of coal. For instance, the govern-
ment has been retiring large numbers of old and inef-
ficient coal plants, delaying domestic coal production 
expansion plans, setting biomass co-firing objectives, 
requiring that new plant be super-critical and use dry 
cooling technologies, implementing stricter coal qual-
ity standards, increasing coal taxes, and is aggressively 
pursuing alternative energy technologies, such as solar, 
wind, hydro and nuclear. The next questions for India are 
about setting a time-frame for peaking coal use. This is 
needed to begin to reconcile the power market design 
to support higher integration of renewable energy, to 
create a commercial framework for new investments in 
clean coal technologies and to explore ways to limit coal 
use in industry as the country develops.

Emerging coal transition debates in other countries
In several coal-intensive economies there is growing aware-
ness of coal transitions as an issue amongst stakeholders. 
However, for different reasons, formal policy processes for 
governing them are not currently being taken forward by 
national governments. Four examples of this phenomenon 
are Australia, the United States, Poland and Colombia.
In Australia, a major global coal exporter and significant 
domestic user of coal, a relatively robust national debate 
on a coal transition has emerged. In recent years, a number 
of stakeholders in the coal sector have set out detailed 
public positions and policy proposals in favour of new gov-
ernance tools for a managed and fair transition to clean en-
ergy. Among those who have publicly called for measures 
to implement such transition, there are: two of Australia’s 
major labour union groups (CFMEU and ACTU), conserva-
tion groups in coal-using regions, academic experts, coal 
port operators, owners of coal-fired power plants, and Source: IIMA, Coal Transitions, 2018b.

20
17

20
16

20
15

20
14

20
13

20
12

20
07

19
90

20
02

0.5

0.6

0.7

0.8

0%

20%

40%

60%

80%

100%

Figure 15. Average plant load factor of Indian power plant 



Coal Transitions are already happening

IMPLEMENTING COAL TRANSITIONS  19

mining companies, (CFMEU, 2016; ACTU, 2016; Environ-
ment Victoria, 2016 & 2018; Wiseman et al, 2017; ABC.
net, 14/04/2018; BHP, 2018; The Guardian, 29/03/2018).
A key challenge in Australia remains the strong political 
polarisation on the question of coal and energy transition 
more generally. There is an entrenched political split 
over the need and pace of such a transition. Nonethe-
less, some local experts believe that growing economic 
and international factors may force Australian leaders 
to accept the fact that coal demand is declining and 
it therefore needs to adapt. For instance, domestically, 
renewables are becoming cheaper than coal, even on an 
operating cost basis (Coal Transitions, 2018g). Interna-
tionally, coal demand also looks set to decline sooner or 
later (see above) with impacts on Australian exporters 
and related industries and employment.
Public opinion polls suggest that a significant majority of 
Australians already support the idea of phasing out coal-
fired power by 2030. Several companies, including AGL 
(Australia’s largest coal power plant owner) and GDF 
Suez, have already closed the most emissions-intensive 
coal plant in the country and have recently announced 
plans for the closure of another one (The Guardian, 
21/05/2018). Another scenario is that, as it happened 
in the past with Australia’s energy policy, a change in 
national leadership might lead to a shift in policy posi-
tions, although bipartisan support is obviously preferable 
for a stable long-term policy framework.
In the United States, the decline of coal is a reality and 
is occurring fast albeit not in a particularly well managed 
fashion, due to increasing competition from cheap natural 
gas, renewable energy, regulations on power plant pollu-
tion, the ageing of the existing coal fleet and the mechani-
sation of mining activities (Kok, 2017). The capacity of coal-
fired power plants fell from 310 to 260 GW between 2010 
and 2017, and is projected to decline to below 200 GW by 
2025, according to the projections of the US Energy Infor-
mation Administration. This despite the intention of the 
Trump Administration to revive coal’s fortunes (EIA, n.d.). 
Meanwhile, the US coal consumption has fallen from 1,150 
to 800 million short tons between 2008 and 2017 (EIA, 
n.d.). The US coal mining workforce, having already been 
reduced dramatically since the 1960s due to the rise of oil 
and ongoing mechanisation, is meanwhile continuing to 
decline rapidly. Between 2012 and 2018, that the number 
of coal miners fell from 89,000 to 53,000, notes the US 
Bureau of Labour Statistics (US BLS, n.d.). Coal transitions 
are therefore happening in the US as well.

The Obama Administration and some US State initiatives 
had begun to develop policies to support a fairer transi-
tion for affected workers, such as the Power+ Plan or the 
Coal and Connected Initiative (Coal Transitions, 2017b). 
Representing the vision of the US Democratic Party, the 
Hillary Clinton 2016 Election Campaign wanted to take 
the coal transition a step further, via a 30 billion USD plan 
to support it and revitalize affected communities (Hillary 
Clinton Campaign, 2016; Vox, 21/03/2016). However, ac-
tive policies on how to improve the social fairness and the 
climate ambition of the transition from the Federal level 
are being stifled by the current political climate.
In Poland, while no formal public-facing process cur-
rently exists, informal discussion among experts, coal 
producers, labour unions, and local stakeholders is be-
ginning to emerge. Change appears to be inevitable as 
declining mine productivity, the high costs of subsidi-
sation, economic and demographic decline in mining 
regions, and European climate and energy regulations 
put pressure on coal.
Finally, in Colombia, the world’s fourth largest coal 
exporter, informal discussions on the future of the coal 
sector have recently begun to take place (SEI, 2017). At 
present thermal coal exports to Latin America represent 
a significant source of revenue for the country. However, 
local actors are becoming concerned that, as Latin-Amer-
ican demand saturates, large multinationals will poten-
tially move investments elsewhere in order to be better 
positioned, from a geographical point of view, to reach 
other markets. Some reports also suggest local concerns 
about the impacts of mining on local populations and 
the surrounding environment (Munoz-Galeano, 2017).

Source: Enerdata.

20
17

20
16

20
15

20
14

20
13

20
12

20
07

19
90

20
02

600

800

1000

1200
Mtpa (all coal types)

0

200

400

600

800

1000

1200

Figure 16. US Coal Consumption is declining rapidly



Coal transitions are feasible and affordable

20 IMPLEMENTING COAL TRANSITIONS

3. Coal transitions are feasible and affordable

Under the Coal Transitions project, national expert 
teams in China, India, South Africa, Australia, Poland 
and Germany explored pathways for the coal transition 
with regard to the energy and socio-economic systems. 
These scenarios were required to be consistent with 
the respective countries’ carbon budget in line with 
the “below 2°C” goal.
National teams were invited to determine the al-
location of emissions based on their own view of a 
fair share for their country in the 2050 global carbon 
budget. However, national choices were constrained 
with reference to key benchmarks included in pre-
vious IPCC reports for the economy as a whole and 
for relevant sectors. (For instance, economy-wide 
emissions for all  countries need ed to be with in 
1-3tCO2eq/capita in 2050, while power sector emis-
sions needed to be below 0.05tCO2/MWh in 2050). 
These figures are not necessarily compatible with 
the 1.5°C ambition.
These techno-economic scrutiny of the energy system 
were also supported by quantitative and qualitative 
analysis of social, economic and political economy 
challenges that countries face when implementing coal 
transitions. This section discusses insights with respect 
to technological and economic aspects of transition 
scenarios. Elements related to just transition, govern-
ance and finance are discussed in Sections 4 and 5.

3.1 Replacing coal in the energy system
It is sometimes argued that thermal coal is necessary 
for generating baseload electricity for economic de-
velopment and universal access to power. However, 
the scenarios developed showed that this is no longer 
true. On the contrary, all six countries were able to 
build cost-efficient scenarios that lead to either a full 
phase out of thermal coal from the power sector by 
2050 or a very close outcome.
To be clear, some scenarios also explored the possible 
need for some residual role of coal combined with 
carbon capture and storage, such as India, China and 
Poland. However, even in these cases, the expected 
cost premium and other socio-technical constraints 
linked to the addition of CCS to coal plants meant 
that coal plus CCS was generally expected to deliver 

a relatively small contribution to the energy mix in 
2050 (in the order of 5% in Poland and 4% in China). 
The scenario for India explored the option of 17-18% 
of the power mix being supplied by coal plus CCS. 
However, this should be seen as extreme, since it also 
ignores other less expensive options, such as higher 
shares of offshore wind and nuclear power.
The implications of coal transitions scenarios for the 
power sector, the main consumer of thermal coal 
in these countries, are presented in Figure 17. The 
le ft-hand column shows the upper range for coal 
consumption under the scenarios examined, while the 
right-hand column shows the lower range.
A first key observation from the energy system trans-
formation scenarios is that (often rising) national 
consumption demands can be met either with 
zero coal or with minimal amounts of coal. Where 
coal is retained in the energy system, this typically 
reflects situations where very large energy consumers, 
such as China or India, face either technical or social 
limits in deploying larger amounts of low-carbon 
energy sources (renewables, nuclear) to meet peak 
demand. Alternatively, it occurs in some scenarios 
where it is assumed that some asset stranding might 
not be politically possible (e.g. South Africa’s upper 
ambition NDC scenario).
A second observation is that the incremental cost 
of coal transitions scenarios for the energy system 
were found to be likely to be affordable for energy 
consumers compared with no-action scenarios based 
on today’s technologies. There are some caveats (see 
below). However, this result is essentially due to the 
cost of established renewable energy (onshore and 
offshore wind, solar PV, and some biomass solutions), 
which is already equivalent to or below the operating 
costs of the power generation mix in many of these 
countries. Thus, incremental cos ts for the energy 
consumer stemming from the provision of back-stop 
technologies that are capital intensive, such as nuclear, 
CCS or biomass, are largely offset by the low costs 
of renewable energy. Scenarios also rely to varying 
degrees on improving energy efficiency, which reduces 
costs through lower consumption. In addition, coal 
operations are in some cases expected to become more 
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Source: Tsinghua University, China
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Source: DIW Berlin, based on (Öko-Institut e.V and Fraunhofer ISI 2015).
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expensive in the long term for multiple regulatory and 
technological reasons.7

For example, South Africa’s decarbonisation scenarios 
do not necessarily imply higher electricity prices to re-
munerate investors. Indeed, South Africa’s “Upper NDC” 
scenario is found to lead to lower total power system 
costs for consumers than remaining with coal (Coal 
Transitions, 2018). Similarly, in Australia, the abundant 
sun, wind and coastline, lack of land use constraints and 
favourable capital markets, make phasing in a high share 
of renewables potentially cheaper than continuing with 
coal long term (Coal Transitions, 2018g). Furthermore, 
in India, evidence increasingly suggests that a large por-
tion of population without access to electricity would be 
more cheaply and reliably serviced by renewable-based 
mini-grids or off-grid solutions than through industrial 
scale investments.
Therefore, even in China’s or India’s scenarios, the incre-
mental costs for the energy consumer stemming from 
more expensive back-stop technologies such as nuclear, 
CCS or biomass are largely offset.
Some scenarios sugges ted a slightly h igher cos t, 
but even in these cases the increment did not seem 
high and could be debated on the basis of contex-
tual factors. For instance, in Poland, the aggregate 
costs of the decarbonized power system are broadly 
comparable, i.e. just one fifth h igher compared to 
the business-as-usual scenario. However, in this case 
higher costs are largely due to a significant nuclear 
new-build and to reliance on biomass. On the other 
hand, potential increases in the cost of coal due to 
European carbon pricing are ignored. Some national 
stakeholders would question these assumptions. The 
point is that even in a relatively costly scenario like 
this one, the incremental cost of a coal phase down 
from the power sector is not found to be significant.8

An important caveat on these results is that, to date, 
no concrete experience exis ts of a large economy 
developing an energy or electricity system completely 
or largely based on renewables. Other studies have 

suggested that significant increases in the share of 
variable power sources would not raise costs exces-
sively if supported by adequate policy frameworks 
(e.g. Agora, 2015). These studies seem likely to offer 
reliable guidance up to a point. However, technical, 
economic and social uncertainties still exist on the 
cost of integrating major shares of variable renewables 
or back-up solutions like CCS. Scientific uncertainties 
also exis t around the behaviour of grid frequency 
under high shares of renewables (i.e. beyond 80%). 
In principle, a number of cost-efficient solutions exist 
to avoid the need of large amounts of costly thermal 
back-stops.9 Nonetheless, the costs of these solutions 
are today still somewhat uncertain.
It is therefore possible to conclude that, based on current 
technologies, a significant phase down of coal is likely 
to be more or less cost-neutral over the long period for 
consumers, if not advantageous. However, inevitable 
uncertainties remain over the exact cost of the “final 
quarter” of the transition.
A third important finding s that universal electricity 
access – and economic growth – can be ensured 
in these developing countries (i.e. South Africa and In-
dia) while also phasing down thermal coal in the power 
sector. This is partly because the barriers to access are 
not only about generation capacity (India’s power plant 
had an average load factor of 60% in 2017), but often 
involve missing transmission infrastructure and lack of 
economic incentives for companies to build large and 
capital-intensive plants and transmission grids to serve 
small and isolated groups of consumers.
In this context, small scale solutions, such as micro-grids 
or rooftop solar, sometimes combined with innovative 
financing models (such as micro-credit loans) have tend-
ed to deliver better results in providing universal access 
to power. This view is also shared by the International 
Energy Agency. In a recent report, the IEA argues that 
mini-grids and small scale off-grid installations are the 
cheapest option for providing at least 70% of the new 
electricity connections needed to supply the 650 million 
people in the world that will still lack access to electric-
ity in 2030 (IEA, 2017). Universal electricity access to 
consumers can therefore be provided more cheaply and 
reliably without coal.

7 Rising costs of thermal coal plants can be due to a range of 
factors, depending on context this can be due to local air pollution 
regulations, installing dry-cooling technologies, regulatory factors 
like carbon pricing, the cost of supercritical technologies, or the 
cost of running inefficient old plant.

8 It should be noted also that this cost increase is not a sudden spike 
of 20%. Rather, it reflects a more or less gradual rise in cost over a 
30-year period to 2050. Moreover, the rise in the final cost of power 
paid by consumers is significantly lower because generation costs 
represent approximately half of the final power bill and because 
more efficient consumption can further reduce that cost.

9 Solutions could include, among others: demand-response systems 
to manage demand peaks, cross-border market integration, storage 
(batteries, power-to-gas, hydrogen fuel cells, etc.), decentralised 
power markets using less volatile renewables (offshore wind, tidal, 
geothermal, biomass, etc.).
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Policy implications and options
Specific policy recommendations to implement coal 
transitions in the energy sector compatible with the “be-
low 2°C” goal differ of course from country to country 
(cf. individual national reports). However, some common 
themes emerge from the project. One of them is the 
need for countries to continue strengthening econom-
ic incentives and removing barriers to new investment 
in renewable energy technologies before building ad-
ditional coal plants. While renewable energy solutions 
are becoming economically competitive, they can none-
theless be slowed down by excess thermal capacity, high 
financing costs, lack of flexibility in the generation mix 
and low incentives for flexibility by thermal generators, 
below-cost regulated prices, lack of a domestic produc-
tion industry, poor auction design, lack of policies sup-
porting small-scale micro-grids, and missing payment 
enforcement laws.
Another key policy priority is to continue developing 
innovative technologies that are complementary to 
variable renewable energy, both to enable large-scale 
penetration and to hedge against the failure of back-stop 
technologies. Doing this in practice means promoting 
the development of a broader portfolio of clean energy 
solutions (i.e. not limiting to onshore wind and solar 
PV), improving interregional trade in electricity, explor-
ing energy storage solutions through pilot projects and 
incentives for commercialisation, reforming the market 
design to incentivise demand-response solutions and 
enable close to real time balancing of renewable energy 
and more flexibility generation by thermal power units.
Thirdly, some scenarios suggest that, even if renewa-

ble energy is pushed to the maximum, an important 
degree of complementary with thermal generation 
will be needed to support otherwise renewables-on-
ly-based energy systems. Due to long lead times and 
commercial and technological risks involved in these 
technologies, governments will need to elaborate fea-
sible business and financing models relatively quickly 
if they are to play a role in the transition before 2050. 
While the immediate construction of all units is not 
necessary (and should be checked by an evaluation 
of a fast-evolving technological landscape), gathering 
experience through concrete examples of commercial-
ly viable units is a matter of urgency, as these value 
chains will not emerge overnight.
Finally, efforts to pursue more aggressively energy effi-
ciency and to change consumers’ behaviour in energy use 
are important to achieve cheaper transitions. Strength-
ening policies and standards to implement global best 
practices in energy consumption in industry, in buildings, 
and in the functioning of appliances is therefore critical. 
Policies to reduce wasteful construction and to improve 
recycling and re-using of energy intensive materials are 
equally important.

3.2 Avoiding stranded assets
While investment to decarbonise the energy system 
does not necessarily increase significantly costs for con-
sumers, for owners of coal-intensive capital assets the 
story is more complicated. If some of their coal-fired 
power plants (or indeed other coal sector-financed in-
frastructure such as mines, railways or ports) are closed 
before the investments are paid off, this can lead to 
“stranded assets”, i.e. investments that receive a lower 
than expected and/or negative return on capital.
Of course, all investments are inherently risky and un-
derperforming assets occur in any economy. It can be 
argued that governments could simply ignore stranded 
assets in the coal sector. As a general rule, this approach 
is identified by experts in the Coal Transitions project 
as the first best solution for dealing with assets that 
are already stranded. After all, there is no a priori rea-
son why coal sector assets should be compensated for 
losses while not all other loss-making investments in 
the economy are.
However, some nuance is important as, in practice, 
additional complications can arise. Firstly, asset owners 
will tend to request compensation from taxpayers for 
closure decisions that are seen to relate to government 

Source: IEA Energy Access Outlook, 2017 
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policy. This may be true even where closure is likely 
based on economic grounds or where the existence 
of the climate policy “threat” could arguably have 
been identified and priced by investors well before 
the decision is made. While not necessarily justified, 
such claims can create a barrier to implementing a 
smooth transition. Stranded assets are thus a poten-
tial problem of political economy that needs to be 
anticipated and avoided.
Secondly, even if generally investors should bear losses, 
in some cases stranded assets could have mitigating cir-
cumstances, e.g. for implementing a timely transition for 
affected workers and regions, or for energy security. This 
can often be the case in developing countries, where the 
line between state and energy companies can be blurred.
Unfortunately, several of the case studies identified 
risks of stranded assets from current or recent gov-
ernment policy settings and company investment 
behavior. In China, for example, between 2015 and 
2017, the central government effectively cancelled 
the commissioning of approximately 120GW of new 
coal-fired power plants and put a cap on total coal 
consumption that is enforced by regional coal alloca-
tions and investment plans (Coal Transitions, 2018c). It 
also banned new mining permits. However, risks remain 
that approved but not yet commissioned plants may 
come online prior to 2020, adding to the overcapacity 
of an existing power fleet that is struggling with low 
utilisation rates in the order of 50%. Similarly, China 
retains over a billion tonnes per year of mining capacity 
above its current production levels.
India runs a similar risk. In the power sector, for example, 
roughly 90 GW of new capacity appears set to come 
online under existing approvals, but there is currently 
no market for this power. Load factors for Indian coal 
generators remain at approximately 60%. Also in the do-
mestic mining sector, short-term expansion plans have 
been delayed due to missing transport infrastructure, 
sustained import demand, and other factors.
Germany has unofficially ceased building new coal 
plants, although it is not yet clear whether new per-
mits for lignite mining will be granted. Recent reports 
suggest that RWE has begun land-clearing to dig new 
mines, despite an ongoing process to determine a phase 
out date for coal. This process has not been concluded.
Other coal-intensive countries, such as Poland or Aus-
tralia, are also still at risk of investing in long-lived assets 
either in mining, railways, or net additions to power plant 

capacity that would face a high risk of being stranded. 
Since most coal-sector investment have a financial life-
time of 20-30 years, the risk of stranded assets can be 
avoided in these countries if policies post-2020 cease 
to allow new net capacity additions for coal sector in-
frastructure.

Policy implications and options
The coal transition scenarios explored by the project 
suggest that the best way to manage stranded assets 
in the coal sector is first and foremost to avoid allow-
ing coal-sector investors to support assets likely to be 
stranded. Anticipation and avoidance is key. Secondly, 
investors should generally be required to bear losses 
where it was possible to sufficiently anticipate risks, 
even regulatory ones. Thirdly, only as a last resort 
and in relatively exceptional and strongly justified 
circumstances.
Policy options to avoid asset stranding include:

 y Setting policy defaults that effectively cap approvals 
sought for projects that would result in net additions 
to national coal-fired power or mining capacity af-
ter 2020 (albeit with possible exceptions in extreme 
cases).

 y Signal that no public money is used to ‘compensate’ 
coal assets for closures driven by climate policy, so 
as to avoid gaming and uneconomic investment in 
new coal assets, mine extensions and coal plant re-
furbishments.

 y Consider retirement pathways for existing coal plants 
in order to limit excess capacity and smooth the tran-
sition.

 y Progressively liberalise power market prices (coupled 
with meaningful carbon pricing) and/or reform policy 
incentives that cause overbuilding of assets based on 
fossil fuels.

 y Limit non-economic barriers to access for new entrants 
into energy markets in order to limit the relevance 
of any one company’s balance sheet to the energy 
system.

 y Diversify revenue streams for existing coal sector-de-
pendent infrastructure.

 y Avoid placing public money in new coal infrastructure 
projects.

In some scenarios, achieving 2°C-compatible coal transi-
tions could require creating some stranded assets, even 
if the above policy recommendations were followed. In 
the South African or Indian scenarios, an assumed high 
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growth in metallurgical and thermal coal use in industry 
puts pressure on the power sector, which has to decar-
bonise at fast pace to remain within the carbon budget. 
In the South African scenario, all coal-fired power plants 
are phased out by 2040, resulting in a handful of units 
closing more than 10 years earlier than their expected 
financial lifetime.
For economies where the state has a strong role in ener-
gy sector investment decisions, where there are mitigat-
ing circumstances and where asset value is likely to be 
severely impaired, the Coal Transitions project suggests 
a number of options that involve some form of state 
intervention:

 y Earmark a share of new renewable energy capacity 
additions (or other sectoral activities with more fa-
vourable revenue streams) for structurally important 
incumbent power producers, to dilute the share of 
stressed assets on the balance sheet (an anticipatory 
measure).

 y Instruct state-owned companies to diversify and de-
velop coal transition plans to anticipate and manage 
the risk of losses.

 y Allow coal-assets to partially recoup the value of 
stranded assets through the provision of ancillary mar-
ket services with low emissions impact (e.g. through 
balancing markets or freeing up entry to ancillary ser-
vice markets, thus allowing the role of coal to change 
in the power system during the transition).

 y As a very last resort and where there are exceptional 
or extenuating circumstances, transition deals with 
state-led companies, potentially involving funds for 
diversification in return for the implementation of 
best-practice transition policies for affected workers 
and regions.

Ultimately, the appropriate solution to stranded assets 
will be highly dependent on the context. Given the pace 
of technological change, coal assets may be significant-
ly impaired regardless of climate policy. Managing the 
transition will be critical, but anticipation and avoidance 
is simpler than finding a remedy. More effective poli-
cies to decarbonize other sectors, such as industry, can 
therefore reduce the need for compensation of stranded 
assets in the coal sector.
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4. A “just transition” for workers and citizens 
is possible

4.1 A fair transition for affected workers
A top priority for coal transitions is the just and fair treat-
ment of affected workers. Many labour organisations 
around the world, including in coal-intensive economies, 
are not opposed to the reality that their members may 
need to change jobs because of coal transitions. Howev-
er, they insist upon the need for a fair and just transition 
process for people whose jobs will be affected.
The International Labour Organization has published a 
set of guidelines setting out acceptance and principles 
for implementing a just transition to a sustainable and 
decarbonised economy (ILO, 2015). These principles 
have in turn been adopted by labour groups in several 
coal-intensive economies and regions of the world. In 
some cases, they have even been turned into specific 
policy proposals and implemented becoming real-world 
examples of just transitions to varying degrees.
Many ideas and even concrete examples therefore exist 
of how a fair and just transition can be implemented. 
Coal Transitions is not the first research project to ex-
amine how to implement fair transitions for coal-sector 
employees. However, the analysis of post-transitions 
and the six national case studies identified some com-
plementary insights.10

A first key finding is that just transition for workers is not 
an abstract or utopian concept. Rather, it is something 
that can be implemented, that has been implemented 
and that is being implemented in some places around the 
world today. Examples include the Netherlands (Limburg 
in the 1960s), Canada (Alberta today), Germany (Ruhr in 
the 1960s and today), and, to some extent, Australia (CF-
MEU, 2017). Of course, there are also countless examples 
of coal or industrial transitions where labour issues were 
badly managed. Every situation is different and solutions 

must depend on the local context. However, the key 
finding was that, if policy-makers and companies are 
willing to explore best practices, real world solutions that 
provide just transitions for workers do exist .
One important element of a just transition for employees 
in the coal sector concerns the way workers are consulted 
and included in the decision-making process. Employees 
want to be heard, in good faith, early in the process, 
and be given a chance to participate meaningfully in the 
decision-making process that concerns their future. One 
example of this is Limburg, in the Netherlands, where 
unions were given an active role in committees that over-
saw the transition process for the region (Gaels et al, 
2017). Another is the initiative developed by the German 
government under the Structural Reform Commission 
this year (Herpich et al, 2018). Union representatives 
from Germany’s three lignite regions will participate in 
a commission that will discuss (albeit under strong time 
pressures) the future of coal and pathways for the tran-
sition for workers and the region.
A second aspect of just transitions is about responding to 
the questions for which workers want answers. In brief, 
they want to know:

 yHow will you ensure that I can find an alternative job 
(or get a bridge to retirement)?

 yHow will my livelihood be guaranteed during the ad-
justment process?

 yWho is going to pay?

 yWhy should I trust them?
An important challenge for many workers in the coal 
sector is the often high level of distrust due to past 
experiences of either governments or companies imple-
menting transitions or other policies that hurt them or 
people they know. Thus, the difficulty sometimes con-
sists in (re-)establishing trust in order for a constructive 
dialogue to take place. For instance, one criticism of the 
unions in some countries is that, even if they have been 
consulted on previous site closures, companies have 
in various ways reneged on the agreements that were 
reached to ensure a fair transition for the workforce, 
often to close plants or sites more quickly and cheap-

10 Previous cases analysed included, but were not limited to: Limburg, 
Netherlands from the 1960s to the present; Ruhr, Germany from 
1960s to the present; East Germany from 1989 to the present; 
Upper Silesia, Poland from 1990s to the present; Czech Republic 
from 1990s to the present; LaTrobe Valley, Australia, 2010s; Spain, 
from 1980s to present; UK, from 1980s to the present; Appalachia, 
USA from 1970s to the present; Non-coal industrial transitions in 
Europe’s old industrial regions. Related publications are available 
at www.coaltransitions.org
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ly. This can leave workers who had, for instance, made 
professional or retirement plans based on a certain time-
line to be thrown into limbo. Depending on the national 
context, amendments to institutional arrangements to 
enforce such agreements or other laws may be worth 
considering. The role of the central government as a 
countervailing power able to strike deals with companies 
can also be important (cf. Limburg example).
To manage the progressive reduction in the size of the 
workforce in coal-related activities and the transition of 
workers to alternative activities, solutions for specific 
places depend crucially on the context of the labour 
market and the age, skills, and educational profile of 

the workforce concerned. A vast number of solutions 
exist. These include:

 y Setting a timeline for the phase down of activities (e.g. 
a 5-10 year period), ceasing the training and hiring 
of young (i.e. future) workers and allowing existing 
workers to either retire naturally or leave the workforce 
through natural attrition. This alone can significantly 
reduce the number of workers for whom alternative 
employment must be found (cf. Figure 20 from the 
Polish Coal Transitions Report above).

 y Providing a bridge to pension (retirement benefits) for 
older workers who may struggle to find alternative 
employment.

Source: UCT.  
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 y Supporting workers who have appropriate skills and/
or are willing to retrain to take on alternative roles 
within the company.

 yOffering voluntary redundancy packages with third 
party verification of professional reconversion plans 
and with caps and safeguards on eligibility to ensure 
safety for remaining workers.11

 y Developing regional worker transfer programmes to 
support the direct transfer and on-the-job retraining 
of workers with appropriate skills to move to an al-
ternative local job.

 yOffering employees who may struggle to find work in 
other roles or sectors the option to transfer their skills 
to alternative coal-based sites with the company (as 
some sites will close faster than others).

 y Establishing integrated multi-purpose retraining pro-
grammes for specific subsets of workers identified as 
likely to succeed (often younger workers with some 
post-secondary education), provided they build on 
best practices identified in the employment retrain-
ing literature.

 y Providing relocation assistance programmes for more 
isolated regions,to support workers willing to relocate 
to pursue an alternative professional plan.

Another finding of the project is that where possible, 
worker transition programmes should focus on placing 
workers in jobs, or jobs coupled with retraining, rather 
than being stand-alone retraining programmes. A num-
ber of recent pieces of literature examining the effec-
tiveness of retraining programmes have found that many 
are not effective (e.g. Kluwe, 2016; IMPAQ, 2008; Ham-
ilton Project, 2016; McKinsey, 2015). For instance, Kluwe 
(2016) found that only 30% of programmes showed 
some degree of effectiveness and often their success 
was limited.
The reasons for the lower than expected success rate 
and the limited effectiveness of retraining programmes 
include:

 y Structural unemployment and a lack of jobs in the 
surrounding labour market, often reinforced by missing 
skills and educational attainment in the region;

 y Insufficient engagement with potential employers to 
identify needed skills;

 y Lack of an holistic approach to the issue of support-
ing re-trainees considering the numerous barriers to 
find employment (need to focus simultaneously on 
employer-employee matching, building skills, career 
advice, stipends for relocation, counselling and other 
personal support);

 y Inadequate monitoring and evaluation of success indi-
cators to ensure stable funding and improve practices 
over time (Kluwe, 2016).

For some, this implies that re-training should be less 
emphasized in comparison to alternative solutions to 
unemployment and should be targeted more precisely to 
candidates who are more likely to succeed (often young-
er people with at least some post-secondary education 
experience. Hamilton Project, 2016).
The conclusion of this literature review is that re-training 
programs can be useful in some specific cases, but that 
other options – such as worker transfer programmes and 
on-the-job retraining – should be given priority. Where 
they are deemed necessary, re-training programs should 
focus on specific sub-sets of staff who are more likely 
to succeed. They should also be designed in a holistic 
way to address the range of barriers to finding employ-
ment (not just skills) and focus more on working with 
employers to develop on-the-job retraining.

Policy Implications and Options
The Coal Transitions project found that policy-makers 
can support the establishment of a just transition for 
affected workers in several ways. Once again, specific 
solutions must be context dependent, however options 
that could be considered include:

 y Establishing national or regional transition bodies 
charged with kick-starting and overseeing activities 
by key stakeholders (companies, regions, workers, lo-
cal governments) to set a timeline, consult, plan and 
develop policies to prepare for the transition.

 y Setting a timeline immediately for the end of coal and 
thus helping actors to plan early.

 y Requiring companies to develop asset closure and la-
bour management plans in consultation with labour, 
regional governments and citizens.

 y Establishing binding transition contracts with affect-
ed companies based on these plans, detailing the key 
terms of the transition, including closure dates, consul-
tation, worker adjustment support, and requiring that 
changes of ownership do not affect the obligations 
under the transition plan.

11 This can allow workers with high potential to reconvert to alternative 
activities outside the company to leave to pursue alternative career 
paths, conditional on their plans and profiles being verified by a 
third party to ensure likelihood of success. It can also be used to 
free up space for workers who feel they will struggle to find work 
elsewhere or who do not wish to, to remain until retirement.
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 y Financing the transition, e.g. by establishing just tran-
sition funds into which companies pay and/or ensuring 
companies have adequate financial resources to pay 
for the transition of their labour force.

 y Supporting former coal regions in developing alter-
native forms of employment with transferrable skills.

 y Developing and supporting financially employee trans-
fer programmes with a strong on-the-job re-training 
focus (e.g. by subsidising on-the-job retraining that 
helps recruitment in alternative industries.)

 y Improving the quality and better targeting the use of 
re-training programmes to the most suitable candi-
dates.

4.2 Managing economic transitions at the 
local level
Managing the economic transition at the regional scale 
as coal local activities decline is a crucially important 
matter for a just transition. This is not just for former 
coal sector employees, but also for their dependents, 
their children, and other economic activities in the re-
gion that depend indirectly on coal.
Is a complex issue and arguably the biggest governance 
challenge of coal transitions, where defining appropriate 
policies depend heavily on both local contextual factors 
and value judgements.
Regional socio-economic challenges often go beyond the 
decline of the coal sector. Economies are replete with 
examples of regions that grow, boom and bust due to 
the fortunes of specific local industries. Moreover, as 
discussed above, not all coal transitions are due to gov-
ernment fiat. This raises broader questions on whether 
coal regions deserve special support for their transition, 
while regions affected by the decline of other industries 
do not receive similar help. Put another way, it is fair to 
ask whether all regions should deserve the same atten-
tion of coal regions when an industry important for the 
local economy declines?
A failure to address the aspects of the local econom-
ic transition for citizens of coal-dependent regions can 
have negative social and economic outcomes (Coal Tran-
sitions, 2017a). Often this leads to higher intergener-
ational unemployment. In places where coal activities 
represent a significant share of the local economy and 
associated tax revenue, where companies are owned by 
the local government, or where companies contribute to 
the local economy in other ways, the impact can also be 
felt on the provision of basic public services. For exam-

ple, Chinese coal mining SOE’s often are an extension 
of government and can contribute to offering hospitals, 
schools, housing etc to local communities.
At the same time, coal-related activities, especially coal 
mining, often impose significant costs on local commu-
nities. For instance, coal intensive regions in South Africa 
exhibit higher unemployment rates than the national 
average (cf. Coal Transitions, 2018f), and this is true 
across many coal mining locations, both present (e.g. 
Appalachia, Germany’s and Poland’s lignite areas) or 
past (e.g. Limburg). This is related to a socio-economic 
phenomenon known as “lock-in” in specialised literature 
(Campbell, 2017; Herpich, et al, 2018).
In communities where coal mining or other extractive 
industries play an important role, there is a well-docu-
mented tendency for incumbent industries to actively 
resist the diversification of the local economy, because 
it will lead to competition for economic resources. There 
are also indirect impacts of mining on the environment, 
land value, health and automation of work, with conse-
quences for the value of the natural, physical and human 
capital of the region. This, in turn, can lead to a vicious 
cycle whereby the declining economic attractiveness of 
the region for alternative industries makes it ever more 
reliant on the extractive industry and the few who work 
in it providing for their families and communities (Hoch-
schild, 2016).
Attention should be paid not to mischaracterize the 
complex interplay of costs and benefits that coal mining 
brings to local economies. This can make the transition 
of a community from coal mining both more necessary 
and more challenging. Transitions for coal-extracting 
and/or using communities can be to their economic 
advantage and, indeed, a necessity for long-term eco-
nomic and demographic survival. However, in the short 
term this can make the challenge appear all-the-more 
threatening to those that depend on the industry. A key 
policy challenge is how to build a bridge to that better, 
distant future for the region, without hitting the barriers 
created by the short-term “lock-in”.
Historically, such issues call for a political response from 
governments. While solutions must be context-depend-
ent, it is reasonable to ask what options are available 
to governments to manage and accompany affected 
citizens in a way that is fair and just.
Solutions depend on issues such as:

 y the geographical proximity of the local community to 
other centers of economic activity;
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 y the size of the coal sector in the local or regional econ-
omy (GDP and employment);

 y the financial links between the coal sector and the local 
government and provision of local services;

 y the degree of psychological attachment that workers 
and citizens have to the region (e.g. are they fly-in/
fly-out workers or local residents?).

Depending on how these questions are answered, differ-
ent solutions can be envisaged. For example, in places 
such as Polish Silesia, with a relatively high population 
density, some existing economic diversity and poten-
tial for further economic diversification, but where coal 
represents an important but minority share of the local 
economy, an optimal strategy can be to promote greater 
economic diversification, invest in new industries, infra-
structure and environmental remediation.
At the other extreme, for an isolated mining region in 
Australia, where over 90% of the local economy and 
employment is supported by mining, workers are mostly 
flown in and on temporary jobs, and coal is largely sold 
to overseas customers rather than locally, an optimal 
strategy may be a managed decline post-coal. Ulti-
mately, solutions will need to be context dependent 
and developed with the strong involvement of the local 
actors who will be tasked with carrying out the bulk of 
the economic transition strategy.

Policy implications and options
For local regions looking to build their economic resil-
ience and transition beyond coal, the Coal Transitions 
project identified a number of strategies that can be 
effective if well executed (Cf. Campbell et al, 2017). 
These include:

 y “Related diversification”: this involves developing 
industries that are related to existing economic ac-
tivities and industries but do not depend on coal for 
their existence.

 y “Smart specialisation”: related to diversification, this 
involves supporting the growth of economic activities 
that build on an assessment of the region’s strengths 
and competitive advantages. In coal regions, this could 
include existing power, rail or port infrastructure, land 
availability, cultural and industrial heritage, skills of 
the local workforce, existing industries with growth 
potential, etc.

 y Strengthening of local entrepreneurial networks: 
Smart specialisation strategies often require creating 
or strengthening networks between higher education 

and professional training organisations, local compa-
nies and entrepreneurs, local government, organised 
labour, in order to identify and support the growth of 
suitable entrepreneurial activities.

 y Improvement of local infrastructure: Improving in-
frastructure can be a way to increase the local eco-
nomic attractiveness of the region for investors, in-
creasing opportunities for economic linkages between 
the region and other zones of economic activity and 
employment, increasing the productivity and growth 
potential of local industries, creating opportunities for 
former coal workers to stay in their regions despite 
missing local jobs.12

 y Improvement of “soft attractiveness factors”: This 
can support re-investment in the area, underpin 
land-value and thus the wealth of the local commu-
nity, and limit or reverse demographic outflows. Soft 
factors of attraction include cleaning up local pollution 
from mining, land reclamation and beautification, good 
internet access, access to local amenities for families 
and educational opportunities for children, policies to 
limit drug use, etc.

 y Location of public sector activities in the region: 
This can help mitigate demographic decline, provide 
additional economic demand for the region, and po-
tentially support the development of new strategic 
industries. It can include military bases, university or 
higher education facilities, new schools or hospitals, 
research hubs, regional government administration 
offices, etc.

 y Location of nationally-relevant innovation or energy 
transition projects in the region: Often regions with 
a strong link to the energy sector are keen to retain it 
as it is part of the local identity, and they may possess 
the infrastructure to do so. Conditional on the projects 
having a clearly identified business case for commer-
cial-scale activities in the region in the long-run, pur-
suing innovation in support of the energy transition 
can offer a solution. Ideas put forward in different 
contexts include: regional offices for thermal energy 
retrofit programmes, innovative solar or offshore wind 
projects, virtual power plants, pilot or demonstration 
projects for decarbonized steel or aluminium-making 
technologies, BECCS projects, etc.

12 Infrastructure can also include the quality of internet connections. 
For instance, there are examples of programmes based on digital 
innovation: https://www.wired.com/2015/11/can-you-teach-a-
coal-miner-to-code/#.9x3ovs96p
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 yManaged decline: In some cases, e.g.in remote mining 
regions, the only realistic solution may be to accept 
that it makes no sense for the town to survive beyond 
coal.

Avoiding pitfalls
There are a number of pitfalls for regional economic 
diversification projects that policy-makers and oth-
er stakeholders should bear in mind. One of them is 
a tendency of governments to ignore the complexity 
of economic geography and the capacity of regions to 
create sustainable new industries. For instance, govern-
ments sometimes attempt to create “priority economic 
development zones” to support certain areas, usually by 
offering favourable tax rates for inward investment and 
some financing at favourable conditions. Past experience 
suggests that while these can be part of a broader pack-
age of solutions, by themselves they are likely to be in-
sufficient to deliver significant change (Fothergill, 2017).
There is a wide variety of reasons why investors choose 
to invest and locate in specific places. These include: 
the long-term economic opportunity that is presented 
in the region, the capacity to link cost-effectively within 
the value and logistics chain, the availability of qualified 
labour, the proximity to universities or other centers of 
innovation and businesses within the same industry, the 
attractiveness to employees to live in the region, the tax 
rate etc. Governments therefore cannot always effec-
tively “centrally plan” solutions, nor provide tax breaks 
and finance and hope for the best. Rather, historical 
experience of regional economic restructuring suggests 
that multi-level governance is needed to (Herpich et al, 
2018; Margaret-Campbell, 2017):

 y Engage with local networks to reveal decentralised 
information about regional economic advantages and 
disadvantages;

 y Provide broader oversight and coordination of indus-
trial policy and matching of industrial actors to local 
opportunities

 y Combine bottom-up knowledge with targeted top-
down financial or regulatory support.

Other pitfalls from past transitions include a propensity 
to “lock-in” to the incumbent industry to block the ar-
rival of economic diversification. This can often lead to 
actors trying to “hang on” to a dying industry, neglecting 
the future only to finally start economic diversification 
too late, or to companies refusing to sell land to new 
investors (cf. Herpich et al, 2018). Historical experience 

shows that, where coal is a significant part of the local 
economy and a major local employer, regional economic 
regeneration can be a generational or even multi-gen-
erational process (Coal Transitions, 2017a). Today, coal 
is often less important in regional economies as an em-
ployer than it has been in the past However structural 
economic change still takes significant time, resources, 
and a process of trial and error. Beginning the process of 
economic diversification is therefore a matter of urgency 
for all coal-and fossil-fuel intensive regions that wish 
to survive and provide equivalent or better economic 
opportunities for the next generations.
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5. Governing and financing coal transitions

5.1 Governing the transition
Coal transitions require multi-level governance, includ-
ing from local, provincial or state governments, nation-
al governments and in some cases supra-national or-
ganisations. It is not a question of whether centralized 
or decentralized approaches are better (Herpich et al, 
2018): the active participation, agreement and support 
of a range of actors with different roles is required in 
coal transitions.
This is illustrated in Figure 21, which highlights the range 
of issues to be addressed within different levels of gov-
ernance for coal transitions in the German context (Coal 
Transitions, 2018d). In different national contexts, insti-
tutional responsibilities could be aligned differently, but 
they will need to address many of the same issues. Coal 
transition strategies from the six countries analysed and 
past experiences also typically reveal the crucial impor-
tance of early consultation and broad consensus across 
stakeholders.
Another key aspect of the coal transitions governance 
is the importance of new institutional arrangements 
that support it. One issue is simply kick-starting the 
discussion, supporting the emergence of a constructive 
dialogue, and obtaining general consensus on key pa-
rameters of the transition strategy. This is, for example, 

the model that appears to be implicit in the German 
government’s Structural Reform Commission and Com-
mittee on Coal.
Beyond this, there could be a role for institutions that 
oversee the implementation of the just transition. Such 
institutions have been proposed in Australia, for instance 
(cf. Wiseman et al, 2017; CFMEU, 2016). Depending on 
design, they could be helpful to coordinate different 
levels of government and stakeholders; to ensure that 
the issue of just transition is institutionalised within 
the decision making process; and to guarantee there 
is continuity of strategy moderated by monitoring of 
policy results. The appropriate form of such institutions 
will, once again, depend on the context.

5.2 Financing the transition
Closely linked to the governance of the transition is the 
question of financing. The precise cost of supporting 
worker transition strategies or regional economic regen-
eration was not systematically estimated throughout 
the project. This, along with options for specific revenue 
sources to fund the transition, are therefore a subject 
that calls for further research. Nevertheless, the project 
identified some qualitative insights that are relevant to 
the financing of the transition.

Source: DIW Berlin, Coal Transitions. Note: The size of each area does not implicate any valuation in terms of financial volume or importance of the dimensions
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Firstly, it is not obvious that implementing a fair and 
ambitious coal transition implies a higher cost for gov-
ernments or companies. Past experience suggests that 
not implementing a timely, fair and effective transition 
from coal is costly for governments (Coal Transitions, 
2017a). Costs of badly managed transitions can include:

 yHigh open-ended subsidies for uncompetitive coal 
mines or coal plant;

 y Tax-payer subdisidation of early age retirees;

 yHealth-care costs of workers or local citizens whose 
health has been damaged by coal mining;

 y Social security costs of high unemployment in coal 
regions that failed to diversify their economies or of 
former coal regions that did not prepare for the decline 
of coal in a timely manner;

 y Social and economic costs associated with higher that 
average drug-use;

 y Costs for liabilities that coal companies did not fund 
due to bankruptcy (e.g. environmental remediation, 
lost pension funds or health care coverage).

Thus, while a just transition from coal activities has a 
cost, there are qualitative reasons to believe that it is 
less expensive for society at large than inaction.
A second question raised by the project is who pays for 
the transition. Should it be companies? The regions? The 
central government? In countries where coal sector com-
panies are publicly owned, this question is somewhat less 
important, since all costs ultimately end up on the public 
balance sheet. In economies where coal sector assets are 
privately owned, or there is a mix of public and private 
ownership, a legitimate debate could take place on who 
should pay for what and to what extent.
The answer to this question is beyond the scope of the 
Coal Transitions project. However, the project and its 
interactions with other related initiatives brought up 
some interesting ideas on how different aspects of the 
transition could be financed. These include:

 y To auction the option to leave the power market for 
incumbent coal plants with the funds reimbursed by 
remaining generators and used to pay, in part, for costs 
related to the retirement of early leavers (Jotzo and 
Mazouz, 2015).

 y For coal producers, to increase taxes on domestic coal 
exports to ensure that economic rents from exhaust-
ible extractive industries such as coal are saved and 
put towards the transition to future industries. This is 
similar to what is done by Norway’s Government Pen-
sion Fund Global (aka Norway’s Oil Fund) (NBIM, n.d.).  

In the example of Australia, it was found that a 10USD/
tCO2 (22-26USD/tcoal) tax on sales could deliver tens 
of billions of dollars of revenues per annum. This could 
potentially be used, in part, to support the energy tran-
sition in a variety of ways (Richter et al, 2018).

 y In the European Union, to ensure that existing re-
gional and structural economic development funds 
are used to support coal transitions rather than being 
left unspent or used to support the expansion of fossil 
fuels-related infrastructure (Coal Transitions, 2018d).

 y To reform fossil fuel subsidies, e.g. to develop more 
efficient ways of protecting the energy poor, allowing 
for energy prices to reflect the true environmental and 
social impact of coal (GSI, 2018).

 y To redirect future planned expenditures on state sub-
sidies for coal activities to coal transition strategies 
(Environment Victoria, 2018).

Further work to refine these or others ideas tha support 
financially the just transition in specific national contexts 
is needed.
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6. Conclusions

Coal transitions are already happening. This is not only 
because of climate policy. The Coal Transitions project 
has shown that, around the world, coal transitions are 
gaining importance and momentum as an issue. This is 
because of existing trends that are buffeting the coal 
sector, such as the rebalancing of the Chinese econo-
my, the emergence of cheaper alternative technologies, 
growing air, soil and water quality concerns, declining la-
bour intensity of mining, and climate policy. This requires 
political leaders to respond to the challenge while, at 
the same time, making policies consistent with the goal 
of the Paris Agreement to keep temperature increases 
“well below 2°C”.
The good news is that solutions exist. Coal transitions 
compatible with the 2°C goal are feasible and affordable 
for major coal-using and producing countries, such as 
India, China, South Africa, Australia, Poland and Ger-
many. They are not necessarily easy to implement in 
all respects, and they will not be without conflict or 
the politicisation of the issue. Some important open 
questions not addressed by the Coal Transitions project 
remain (see below). Nonetheless, for the many challeng-
es in these countries, numerous options to make coal 
transitions happen within the available time frame can 
be identified. It is up to policy makers to use and reflect 
them in future iterations of their contributions to the 
Paris climate framework.
Coal transitions can be implemented in a way that is 
highly coherent with other crucial socio-economic ob-
jectives in these countries. They can support stable eco-
nomic growth, innovative industrial development and 
high levels of employment. They can be consistent with 
providing affordable and universal access to electricity, 
as well as ensuring energy security and reduced energy 
dependence. They can also be made consistent with ob-
jectives of social fairness and “just transition” for workers 
in the coal sector and citizens of coal-intensive regions, 
who are potentially the most affected stakeholders of 
coal transitions.
The bulk of evidence points to a pathway out of coal by 
2050 that is realistic. It should also be reminded that 
the coal transitions of the past have often been more 
significant in scale that those required today. The ques-
tion is whether coal transitions linked to climate policy 

present an opportunity to make future shifts more just 
and smooth than those of the past.
At the same time, it should be emphasized that coal tran-
sitions are not only about mitigating negative “impacts” 
on stakeholders. In several cases, it could be plausibly 
argued that a transition from coal is desirable inde-
pendently of climate policy objectives, because of other 
social, health, environmental and economic reasons. In 
the countries studied, what holds thermal coal in place 
is a combination of lock-in effects from the historical 
use of this energy source to achieve social and economic 
goals. These goals can increasingly be achieved through 
other means, which are becoming cleaner, safer, and 
often cheaper.
The Coal Transitions project has sought to present plau-
sible scenarios with a broad fact-based approach that 
can support a comprehensive discussion on the future 
of coal in major coal-consuming economies. However, 
despite the wide scope of the research, some outstand-
ing questions remain. In each country further analysis 
is needed on certain points. For instance, the Chinese 
analysis focused relatively little on workforce and region-
al transition options.
More generally, further research on the following issues 
could complement this project’s findings:

 y Deepening the understanding of specific options re-
lated to the local context in relation to the transition 
of the labour force and the impacts of inhabitants 
in strongly affected regions, in dialogue with those 
stakeholders and their governments (where they do 
not yet exist).

 y Deepening plant and site-specific scenario analysis for 
asset retirement schedules in different countries.

 y Strengthening the understanding of options for in-
dustry to limit its use of thermal and metallurgical 
coal. This is particularly important, as many scenarios 
suggested that industrial coal use was a limiting factor 
to the emissions reductions that can be achieved by 
2050.

 y Further developing existing energy transition scenarios 
to explore more fully the implications of uncertainties 
inherent in the existing scenarios and their implications 
for today’s policy-choices. For instance, what are the 
potential impacts of failures to develop certain ther-
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mal backstop technologies or gas infrastructure? How 
could declining costs of as yet immature alternative 
energy solutions affect results? Etc.

 y Analysing how the options identified in the “well below 
2°C” scenarios can be concretely reflected in future 
iterations of Nationally Determined Contributions.

 y Continuing monitoring, analysis and knowledge shar-
ing on ongoing experiences of coal transitions linking 
them to new initiatives.

 y Further analysing company diversification options, 
especially for large state owned and coal-intensive 
enterprises.
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China Emerging debate

- 30%49% 62% 35%
4,500,000 

current jobs

• Limiting stranded power and mining assets due to overbuild and falling coal demand
• Coordinating a progressive and managed phase down of coal assets to manage social  

impacts of already declining coal employment and public services provided by coal SOEs

South Africa Active debate

+ 60%3% 82% 7%
77,000 

current jobs

• Phasing in cheaper domestic renewables as old coal assets retire as per existing plans
• Strengthening national industrial diversification and workforce skills  

India Emerging debate

- 63%13% 70% 18%
315,000 

current jobs

• Providing access to electricity to all through renewable « minigrid » solutions
• Avoiding growth of new and unnecessary coal plant, mine and transport infrastructure 

given existing sector overcapacity

Coal transition policy debate statusCountry • Current Challenges

Share of 
global coal 
consumption

Change in 
coal mining 
jobs since

2000 *
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Share of
coal in 

domestic 
power production

Share of 
global 
imports

Share of 
global 
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Germany Active debate

- 68%3% 37%
30,000 

current jobs

• Reaching consensus on the end date for coal use in 3 remaining lignite-producing regions
• Agreeing on a fair transition policy package for affected workers and regions

Poland Emerging debate

- 67%2% 81%
88,000 

current jobs

• Agreeing labour transition strategy as old mines become uncompetitive by 2030s
• Developing alternative domestic energy sources for energy security from Russian gas

Australia Stalled

- 18%2% 82% 27%
49,000 

current jobs

• Developing trans-partisan political agreement on energy transition policy and social 
transition strategy, building on existing stakeholders demands and proposals

• Preparing for the coming decline to export revenues due to lower future international coal 
demand, as China and other Asian customers transition from coal post 2020. 

COAL TRANSITIONS
www . c o a l t r a n s i t i o n s . o r g

*  from 2012 to 2017 for Australia ; forecast for 2013-2020 for China

Coal Transitions Case Study Countries: Key Facts  

DATA FROM CASE STUDIES ANALYSED
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Introduction

This Report responds to the invitation for IPCC ‘... to provide a Special Report in 2018 on the impacts of global warming of 1.5°C 
above pre-industrial levels and related global greenhouse gas emission pathways’ contained in the Decision of the 21st Conference 
of Parties of the United Nations Framework Convention on Climate Change to adopt the Paris Agreement.1

The IPCC accepted the invitation in April 2016, deciding to prepare this Special Report on the impacts of global warming of 
1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global 
response to the threat of climate change, sustainable development, and efforts to eradicate poverty.

This Summary for Policymakers (SPM) presents the key findings of the Special Report, based on the assessment of the available 
scientific, technical and socio-economic literature2 relevant to global warming of 1.5°C and for the comparison between global 
warming of 1.5°C and 2°C above pre-industrial levels. The level of confidence associated with each key finding is reported using 
the IPCC calibrated language.3 The underlying scientific basis of each key finding is indicated by references provided to chapter 
elements. In the SPM, knowledge gaps are identified associated with the underlying chapters of the Report.

A. Understanding Global Warming of 1.5°C4

A.1 Human activities are estimated to have caused approximately 1.0°C of global warming5 above 
pre-industrial levels, with a likely range of 0.8°C to 1.2°C. Global warming is likely to reach 1.5°C 
between 2030 and 2052 if it continues to increase at the current rate. (high confidence) (Figure 
SPM.1) {1.2}

A.1.1 Reflecting the long-term warming trend since pre-industrial times, observed global mean surface temperature (GMST) for 
the decade 2006–2015 was 0.87°C (likely between 0.75°C and 0.99°C)6 higher than the average over the 1850–1900 
period (very high confidence). Estimated anthropogenic global warming matches the level of observed warming to within 
±20% (likely range). Estimated anthropogenic global warming is currently increasing at 0.2°C (likely between 0.1°C and 
0.3°C) per decade due to past and ongoing emissions (high confidence). {1.2.1, Table 1.1, 1.2.4}

A.1.2 Warming greater than the global annual average is being experienced in many land regions and seasons, including two to 
three times higher in the Arctic. Warming is generally higher over land than over the ocean. (high confidence) {1.2.1, 1.2.2, 
Figure 1.1, Figure 1.3, 3.3.1, 3.3.2}

A.1.3 Trends in intensity and frequency of some climate and weather extremes have been detected over time spans during which 
about 0.5°C of global warming occurred (medium confidence). This assessment is based on several lines of evidence, 
including attribution studies for changes in extremes since 1950. {3.3.1, 3.3.2, 3.3.3} 

SPM

1 Decision 1/CP.21, paragraph 21.

2 The assessment covers literature accepted for publication by 15 May 2018.

3 Each finding is grounded in an evaluation of underlying evidence and agreement. A level of confidence is expressed using five qualifiers: very low, low, medium, high and very high, and  
 typeset in italics, for example, medium confidence. The following terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100%  
 probability, very likely 90–100%, likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. Additional terms (extremely likely  
 95–100%, more likely than not >50–100%, more unlikely than likely 0–<50%, extremely unlikely 0–5%) may also be used when appropriate. Assessed likelihood is typeset in italics,  
 for example, very likely. This is consistent with AR5. 

4 See also Box SPM.1: Core Concepts Central to this Special Report.

5 Present level of global warming is defined as the average of a 30-year period centred on 2017 assuming the recent rate of warming continues.

6 This range spans the four available peer-reviewed estimates of the observed GMST change and also accounts for additional uncertainty due to possible short-term natural variability.  
 {1.2.1, Table 1.1}
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A.2 Warming from anthropogenic emissions from the pre-industrial period to the present will persist for 
centuries to millennia and will continue to cause further long-term changes in the climate system, 
such as sea level rise, with associated impacts (high confidence), but these emissions alone are 
unlikely to cause global warming of 1.5°C (medium confidence). (Figure SPM.1) {1.2, 3.3, Figure 1.5}

A.2.1 Anthropogenic emissions (including greenhouse gases, aerosols and their precursors) up to the present are unlikely to 
cause further warming of more than 0.5°C over the next two to three decades (high confidence) or on a century time scale 
(medium confidence). {1.2.4, Figure 1.5}

A.2.2 Reaching and sustaining net zero global anthropogenic CO2 emissions and declining net non-CO2 radiative forcing would 
halt anthropogenic global warming on multi-decadal time scales (high confidence). The maximum temperature reached is 
then determined by cumulative net global anthropogenic CO2 emissions up to the time of net zero CO2 emissions (high 
confidence) and the level of non-CO2 radiative forcing in the decades prior to the time that maximum temperatures are 
reached (medium confidence). On longer time scales, sustained net negative global anthropogenic CO2 emissions and/
or further reductions in non-CO2 radiative forcing may still be required to prevent further warming due to Earth system 
feedbacks and to reverse ocean acidification (medium confidence) and will be required to minimize sea level rise (high 
confidence). {Cross-Chapter Box 2 in Chapter 1, 1.2.3, 1.2.4, Figure 1.4, 2.2.1, 2.2.2, 3.4.4.8, 3.4.5.1, 3.6.3.2}

A.3 Climate-related risks for natural and human systems are higher for global warming of 1.5°C than 
at present, but lower than at 2°C (high confidence). These risks depend on the magnitude and rate 
of warming, geographic location, levels of development and vulnerability, and on the choices and 
implementation of adaptation and mitigation options (high confidence). (Figure SPM.2) {1.3, 3.3, 
3.4, 5.6}

A.3.1 Impacts on natural and human systems from global warming have already been observed (high confidence). Many land and 
ocean ecosystems and some of the services they provide have already changed due to global warming (high confidence). 
(Figure SPM.2) {1.4, 3.4, 3.5}

A.3.2 Future climate-related risks depend on the rate, peak and duration of warming. In the aggregate, they are larger if global 
warming exceeds 1.5°C before returning to that level by 2100 than if global warming gradually stabilizes at 1.5°C, especially 
if the peak temperature is high (e.g., about 2°C) (high confidence). Some impacts may be long-lasting or irreversible, such 
as the loss of some ecosystems (high confidence). {3.2, 3.4.4, 3.6.3, Cross-Chapter Box 8 in Chapter 3}

A.3.3 Adaptation and mitigation are already occurring (high confidence). Future climate-related risks would be reduced by the 
upscaling and acceleration of far-reaching, multilevel and cross-sectoral climate mitigation and by both incremental and 
transformational adaptation (high confidence). {1.2, 1.3, Table 3.5, 4.2.2, Cross-Chapter Box 9 in Chapter 4, Box 4.2, Box 
4.3, Box 4.6, 4.3.1, 4.3.2, 4.3.3, 4.3.4, 4.3.5, 4.4.1, 4.4.4, 4.4.5, 4.5.3}  

SPM
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Figure SPM.1 | Panel a: Observed monthly global mean surface temperature (GMST, grey line up to 2017, from the HadCRUT4, GISTEMP, Cowtan–Way, and 
NOAA datasets) change and estimated anthropogenic global warming (solid orange line up to 2017, with orange shading indicating assessed likely range). Orange 
dashed arrow and horizontal orange error bar show respectively the central estimate and likely range of the time at which 1.5°C is reached if the current rate 
of warming continues. The grey plume on the right of panel a shows the likely range of warming responses, computed with a simple climate model, to a stylized 
pathway (hypothetical future) in which net CO2 emissions (grey line in panels b and c) decline in a straight line from 2020 to reach net zero in 2055 and net non-
CO2 radiative forcing (grey line in panel d) increases to 2030 and then declines. The blue plume in panel a) shows the response to faster CO2 emissions reductions 
(blue line in panel b), reaching net zero in 2040, reducing cumulative CO2 emissions (panel c). The purple plume shows the response to net CO2 emissions declining 
to zero in 2055, with net non-CO2 forcing remaining constant after 2030. The vertical error bars on right of panel a) show the likely ranges (thin lines) and central 
terciles (33rd – 66th percentiles, thick lines) of the estimated distribution of warming in 2100 under these three stylized pathways. Vertical dotted error bars in 
panels b, c and d show the likely range of historical annual and cumulative global net CO2 emissions in 2017 (data from the Global Carbon Project) and of net 
non-CO2 radiative forcing in 2011 from AR5, respectively. Vertical axes in panels c and d are scaled to represent approximately equal effects on GMST. {1.2.1, 1.2.3, 
1.2.4, 2.3, Figure 1.2 and Chapter 1 Supplementary Material, Cross-Chapter Box 2 in Chapter 1}
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B. Projected Climate Change, Potential Impacts and Associated Risks

B.1 Climate models project robust7 differences in regional climate characteristics between present-day 
and global warming of 1.5°C,8 and between 1.5°C and 2°C.8 These differences include increases 
in: mean temperature in most land and ocean regions (high confidence), hot extremes in most 
inhabited regions (high confidence), heavy precipitation in several regions (medium confidence), 
and the probability of drought and precipitation deficits in some regions (medium confidence). 
{3.3}

B.1.1 Evidence from attributed changes in some climate and weather extremes for a global warming of about 0.5°C supports 
the assessment that an additional 0.5°C of warming compared to present is associated with further detectable changes in 
these extremes (medium confidence). Several regional changes in climate are assessed to occur with global warming up 
to 1.5°C compared to pre-industrial levels, including warming of extreme temperatures in many regions (high confidence), 
increases in frequency, intensity, and/or amount of heavy precipitation in several regions (high confidence), and an increase 
in intensity or frequency of droughts in some regions (medium confidence). {3.2, 3.3.1, 3.3.2, 3.3.3, 3.3.4, Table 3.2}

B.1.2 Temperature extremes on land are projected to warm more than GMST (high confidence): extreme hot days in mid-latitudes 
warm by up to about 3°C at global warming of 1.5°C and about 4°C at 2°C, and extreme cold nights in high latitudes warm 
by up to about 4.5°C at 1.5°C and about 6°C at 2°C (high confidence). The number of hot days is projected to increase in 
most land regions, with highest increases in the tropics (high confidence). {3.3.1, 3.3.2, Cross-Chapter Box 8 in Chapter 3}

B.1.3 Risks from droughts and precipitation deficits are projected to be higher at 2°C compared to 1.5°C of global warming in 
some regions (medium confidence). Risks from heavy precipitation events are projected to be higher at 2°C compared to 
1.5°C of global warming in several northern hemisphere high-latitude and/or high-elevation regions, eastern Asia and 
eastern North America (medium confidence). Heavy precipitation associated with tropical cyclones is projected to be 
higher at 2°C compared to 1.5°C global warming (medium confidence). There is generally low confidence in projected 
changes in heavy precipitation at 2°C compared to 1.5°C in other regions. Heavy precipitation when aggregated at global 
scale is projected to be higher at 2°C than at 1.5°C of global warming (medium confidence). As a consequence of heavy 
precipitation, the fraction of the global land area affected by flood hazards is projected to be larger at 2°C compared to 
1.5°C of global warming (medium confidence). {3.3.1, 3.3.3, 3.3.4, 3.3.5, 3.3.6}

B.2 By 2100, global mean sea level rise is projected to be around 0.1 metre lower with global warming 
of 1.5°C compared to 2°C (medium confidence). Sea level will continue to rise well beyond 2100 
(high confidence), and the magnitude and rate of this rise depend on future emission pathways. 
A slower rate of sea level rise enables greater opportunities for adaptation in the human and 
ecological systems of small islands, low-lying coastal areas and deltas (medium confidence). 
{3.3, 3.4, 3.6}

B.2.1 Model-based projections of global mean sea level rise (relative to 1986–2005) suggest an indicative range of 0.26 to 0.77 
m by 2100 for 1.5°C of global warming, 0.1 m (0.04–0.16 m) less than for a global warming of 2°C (medium confidence). 
A reduction of 0.1 m in global sea level rise implies that up to 10 million fewer people would be exposed to related risks, 
based on population in the year 2010 and assuming no adaptation (medium confidence). {3.4.4, 3.4.5, 4.3.2}

B.2.2 Sea level rise will continue beyond 2100 even if global warming is limited to 1.5°C in the 21st century (high confidence). 
Marine ice sheet instability in Antarctica and/or irreversible loss of the Greenland ice sheet could result in multi-metre rise 
in sea level over hundreds to thousands of years. These instabilities could be triggered at around 1.5°C to 2°C of global 
warming (medium confidence). (Figure SPM.2) {3.3.9, 3.4.5, 3.5.2, 3.6.3, Box 3.3}

7 Robust is here used to mean that at least two thirds of climate models show the same sign of changes at the grid point scale, and that differences in large regions are statistically  
 significant.

8 Projected changes in impacts between different levels of global warming are determined with respect to changes in global mean surface air temperature.
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B.2.3 Increasing warming amplifies the exposure of small islands, low-lying coastal areas and deltas to the risks associated with 
sea level rise for many human and ecological systems, including increased saltwater intrusion, flooding and damage to 
infrastructure (high confidence). Risks associated with sea level rise are higher at 2°C compared to 1.5°C. The slower rate 
of sea level rise at global warming of 1.5°C reduces these risks, enabling greater opportunities for adaptation including 
managing and restoring natural coastal ecosystems and infrastructure reinforcement (medium confidence). (Figure SPM.2) 
{3.4.5, Box 3.5}

B.3 On land, impacts on biodiversity and ecosystems, including species loss and extinction, are 
projected to be lower at 1.5°C of global warming compared to 2°C. Limiting global warming to 
1.5°C compared to 2°C is projected to lower the impacts on terrestrial, freshwater and coastal 
ecosystems and to retain more of their services to humans (high confidence). (Figure SPM.2) 
{3.4, 3.5, Box 3.4, Box 4.2, Cross-Chapter Box 8 in Chapter 3} 

B.3.1 Of 105,000 species studied,9 6% of insects, 8% of plants and 4% of vertebrates are projected to lose over half of their 
climatically determined geographic range for global warming of 1.5°C, compared with 18% of insects, 16% of plants and 
8% of vertebrates for global warming of 2°C (medium confidence). Impacts associated with other biodiversity-related 
risks such as forest fires and the spread of invasive species are lower at 1.5°C compared to 2°C of global warming (high 
confidence). {3.4.3, 3.5.2}

B.3.2 Approximately 4% (interquartile range 2–7%) of the global terrestrial land area is projected to undergo a transformation 
of ecosystems from one type to another at 1°C of global warming, compared with 13% (interquartile range 8–20%) at 2°C 
(medium confidence). This indicates that the area at risk is projected to be approximately 50% lower at 1.5°C compared to 
2°C (medium confidence). {3.4.3.1, 3.4.3.5}

B.3.3 High-latitude tundra and boreal forests are particularly at risk of climate change-induced degradation and loss, with woody 
shrubs already encroaching into the tundra (high confidence) and this will proceed with further warming. Limiting global 
warming to 1.5°C rather than 2°C is projected to prevent the thawing over centuries of a permafrost area in the range of 
1.5 to 2.5 million km2 (medium confidence). {3.3.2, 3.4.3, 3.5.5} 

B.4 Limiting global warming to 1.5°C compared to 2°C is projected to reduce increases in ocean 
temperature as well as associated increases in ocean acidity and decreases in ocean oxygen levels 
(high confidence). Consequently, limiting global warming to 1.5°C is projected to reduce risks 
to marine biodiversity, fisheries, and ecosystems, and their functions and services to humans, 
as illustrated by recent changes to Arctic sea ice and warm-water coral reef ecosystems (high 
confidence). {3.3, 3.4, 3.5, Box 3.4, Box 3.5}

B.4.1 There is high confidence that the probability of a sea ice-free Arctic Ocean during summer is substantially lower at global 
warming of 1.5°C when compared to 2°C. With 1.5°C of global warming, one sea ice-free Arctic summer is projected per 
century. This likelihood is increased to at least one per decade with 2°C global warming. Effects of a temperature overshoot 
are reversible for Arctic sea ice cover on decadal time scales (high confidence). {3.3.8, 3.4.4.7}

B.4.2 Global warming of 1.5°C is projected to shift the ranges of many marine species to higher latitudes as well as increase the 
amount of damage to many ecosystems. It is also expected to drive the loss of coastal resources and reduce the productivity of 
fisheries and aquaculture (especially at low latitudes). The risks of climate-induced impacts are projected to be higher at 2°C 
than those at global warming of 1.5°C (high confidence). Coral reefs, for example, are projected to decline by a further 70–90% 
at 1.5°C (high confidence) with larger losses (>99%) at 2°C (very high confidence). The risk of irreversible loss of many marine 
and coastal ecosystems increases with global warming, especially at 2°C or more (high confidence). {3.4.4, Box 3.4}

9 Consistent with earlier studies, illustrative numbers were adopted from one recent meta-study.
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10 Here, impacts on economic growth refer to changes in gross domestic product (GDP). Many impacts, such as loss of human lives, cultural heritage and ecosystem services, are difficult 
to value and monetize.

B.4.3 The level of ocean acidification due to increasing CO2 concentrations associated with global warming of 1.5°C is projected to 
amplify the adverse effects of warming, and even further at 2°C, impacting the growth, development, calcification, survival, 
and thus abundance of a broad range of species, for example, from algae to fish (high confidence). {3.3.10, 3.4.4}

B.4.4 Impacts of climate change in the ocean are increasing risks to fisheries and aquaculture via impacts on the physiology, 
survivorship, habitat, reproduction, disease incidence, and risk of invasive species (medium confidence) but are projected to 
be less at 1.5°C of global warming than at 2°C. One global fishery model, for example, projected a decrease in global annual 
catch for marine fisheries of about 1.5 million tonnes for 1.5°C of global warming compared to a loss of more than 3 million 
tonnes for 2°C of global warming (medium confidence). {3.4.4, Box 3.4}

B.5 Climate-related risks to health, livelihoods, food security, water supply, human security, and 
economic growth are projected to increase with global warming of 1.5°C and increase further with 
2°C. (Figure SPM.2) {3.4, 3.5, 5.2, Box 3.2, Box 3.3, Box 3.5, Box 3.6, Cross-Chapter Box 6 in Chapter 
3, Cross-Chapter Box 9 in Chapter 4, Cross-Chapter Box 12 in Chapter 5, 5.2} 

B.5.1 Populations at disproportionately higher risk of adverse consequences with global warming of 1.5°C and beyond include 
disadvantaged and vulnerable populations, some indigenous peoples, and local communities dependent on agricultural or 
coastal livelihoods (high confidence). Regions at disproportionately higher risk include Arctic ecosystems, dryland regions, 
small island developing states, and Least Developed Countries (high confidence). Poverty and disadvantage are expected 
to increase in some populations as global warming increases; limiting global warming to 1.5°C, compared with 2°C, could 
reduce the number of people both exposed to climate-related risks and susceptible to poverty by up to several hundred 
million by 2050 (medium confidence). {3.4.10, 3.4.11, Box 3.5, Cross-Chapter Box 6 in Chapter 3, Cross-Chapter Box 9 in 
Chapter 4, Cross-Chapter Box 12 in Chapter 5, 4.2.2.2, 5.2.1, 5.2.2, 5.2.3, 5.6.3}

B.5.2 Any increase in global warming is projected to affect human health, with primarily negative consequences (high confidence). 
Lower risks are projected at 1.5°C than at 2°C for heat-related morbidity and mortality (very high confidence) and for 
ozone-related mortality if emissions needed for ozone formation remain high (high confidence). Urban heat islands often 
amplify the impacts of heatwaves in cities (high confidence). Risks from some vector-borne diseases, such as malaria and 
dengue fever, are projected to increase with warming from 1.5°C to 2°C, including potential shifts in their geographic range 
(high confidence). {3.4.7, 3.4.8, 3.5.5.8}

B.5.3 Limiting warming to 1.5°C compared with 2°C is projected to result in smaller net reductions in yields of maize, rice, wheat, 
and potentially other cereal crops, particularly in sub-Saharan Africa, Southeast Asia, and Central and South America, and 
in the CO2-dependent nutritional quality of rice and wheat (high confidence). Reductions in projected food availability are 
larger at 2°C than at 1.5°C of global warming in the Sahel, southern Africa, the Mediterranean, central Europe, and the 
Amazon (medium confidence). Livestock are projected to be adversely affected with rising temperatures, depending on the 
extent of changes in feed quality, spread of diseases, and water resource availability (high confidence). {3.4.6, 3.5.4, 3.5.5, 
Box 3.1, Cross-Chapter Box 6 in Chapter 3, Cross-Chapter Box 9 in Chapter 4}

B.5.4 Depending on future socio-economic conditions, limiting global warming to 1.5°C compared to 2°C may reduce the 
proportion of the world population exposed to a climate change-induced increase in water stress by up to 50%, although 
there is considerable variability between regions (medium confidence). Many small island developing states could  
experience lower water stress as a result of projected changes in aridity when global warming is limited to 1.5°C, as 
compared to 2°C (medium confidence). {3.3.5, 3.4.2, 3.4.8, 3.5.5, Box 3.2, Box 3.5, Cross-Chapter Box 9 in Chapter 4}

B.5.5 Risks to global aggregated economic growth due to climate change impacts are projected to be lower at 1.5°C than at 
2°C by the end of this century10 (medium confidence). This excludes the costs of mitigation, adaptation investments and 
the benefits of adaptation. Countries in the tropics and Southern Hemisphere subtropics are projected to experience the 
largest impacts on economic growth due to climate change should global warming increase from 1.5°C to 2°C (medium 
confidence). {3.5.2, 3.5.3} 
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B.5.6 Exposure to multiple and compound climate-related risks increases between 1.5°C and 2°C of global warming, with greater 
proportions of people both so exposed and susceptible to poverty in Africa and Asia (high confidence). For global warming 
from 1.5°C to 2°C, risks across energy, food, and water sectors could overlap spatially and temporally, creating new and 
exacerbating current hazards, exposures, and vulnerabilities that could affect increasing numbers of people and regions 
(medium confidence). {Box 3.5, 3.3.1, 3.4.5.3, 3.4.5.6, 3.4.11, 3.5.4.9}

B.5.7 There are multiple lines of evidence that since AR5 the assessed levels of risk increased for four of the five Reasons for 
Concern (RFCs) for global warming to 2°C (high confidence). The risk transitions by degrees of global warming are now: 
from high to very high risk between 1.5°C and 2°C for RFC1 (Unique and threatened systems) (high confidence); from 
moderate to high risk between 1°C and 1.5°C for RFC2 (Extreme weather events) (medium confidence); from moderate to 
high risk between 1.5°C and 2°C for RFC3 (Distribution of impacts) (high confidence); from moderate to high risk between 
1.5°C and 2.5°C for RFC4 (Global aggregate impacts) (medium confidence); and from moderate to high risk between 1°C 
and 2.5°C for RFC5 (Large-scale singular events) (medium confidence). (Figure SPM.2) {3.4.13; 3.5, 3.5.2}

B.6  Most adaptation needs will be lower for global warming of 1.5°C compared to 2°C (high confidence). 
There are a wide range of adaptation options that can reduce the risks of climate change (high 
confidence). There are limits to adaptation and adaptive capacity for some human and natural 
systems at global warming of 1.5°C, with associated losses (medium confidence). The number and 
availability of adaptation options vary by sector (medium confidence). {Table 3.5, 4.3, 4.5, Cross-
Chapter Box 9 in Chapter 4, Cross-Chapter Box 12 in Chapter 5} 

B.6.1 A wide range of adaptation options are available to reduce the risks to natural and managed ecosystems (e.g., ecosystem-
based adaptation, ecosystem restoration and avoided degradation and deforestation, biodiversity management, 
sustainable aquaculture, and local knowledge and indigenous knowledge), the risks of sea level rise (e.g., coastal defence 
and hardening), and the risks to health, livelihoods, food, water, and economic growth, especially in rural landscapes 
(e.g., efficient irrigation, social safety nets, disaster risk management, risk spreading and sharing, and community-
based adaptation) and urban areas (e.g., green infrastructure, sustainable land use and planning, and sustainable water 
management) (medium confidence). {4.3.1, 4.3.2, 4.3.3, 4.3.5, 4.5.3, 4.5.4, 5.3.2, Box 4.2, Box 4.3, Box 4.6, Cross-Chapter 
Box 9 in Chapter 4}.

B.6.2 Adaptation is expected to be more challenging for ecosystems, food and health systems at 2°C of global warming than for 
1.5°C (medium confidence). Some vulnerable regions, including small islands and Least Developed Countries, are projected 
to experience high multiple interrelated climate risks even at global warming of 1.5°C (high confidence). {3.3.1, 3.4.5, 
Box 3.5, Table 3.5, Cross-Chapter Box 9 in Chapter 4, 5.6, Cross-Chapter Box 12 in Chapter 5, Box 5.3}

B.6.3 Limits to adaptive capacity exist at 1.5°C of global warming, become more pronounced at higher levels of warming and 
vary by sector, with site-specific implications for vulnerable regions, ecosystems and human health (medium confidence). 
{Cross-Chapter Box 12 in Chapter 5, Box 3.5, Table 3.5} 
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10 Here, impacts on economic growth refer to changes in gross domestic product (GDP). Many impacts, such as loss of human lives, cultural heritage and ecosystem services, are difficult  
 to value and monetize.
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How the level of global warming affects impacts and/or risks associated with 
the Reasons for Concern (RFCs) and selected natural, managed and human 
systems

Impacts and risks associated with the Reasons for Concern (RFCs)
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risks of severe impacts/risks 

and the presence of 

significant irreversibility or 

the persistence of 

climate-related hazards, 

combined with limited 

ability to adapt due to the 

nature of the hazard or 
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Red indicates severe and 

widespread impacts/risks. 

Yellow indicates that 

impacts/risks are detectable 

and attributable to climate 

change with at least medium 

confidence. 

White indicates that no 

impacts are detectable and 

attributable to climate 

change.

Five Reasons For Concern (RFCs) illustrate the impacts and risks of 

different levels of global warming for people, economies and ecosystems 

across sectors and regions.
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Figure SPM.2 | Five integrative reasons for concern (RFCs) provide a framework for summarizing key impacts and risks across sectors and regions, and were 
introduced in the IPCC Third Assessment Report. RFCs illustrate the implications of global warming for people, economies and ecosystems. Impacts and/or risks 
for each RFC are based on assessment of the new literature that has appeared. As in AR5, this literature was used to make expert judgments to assess the levels 
of global warming at which levels of impact and/or risk are undetectable, moderate, high or very high. The selection of impacts and risks to natural, managed and 
human systems in the lower panel is illustrative and is not intended to be fully comprehensive. {3.4, 3.5, 3.5.2.1, 3.5.2.2, 3.5.2.3, 3.5.2.4, 3.5.2.5, 5.4.1, 5.5.3, 
5.6.1, Box 3.4}
RFC1 Unique and threatened systems: ecological and human systems that have restricted geographic ranges constrained by climate-related conditions and 
have high endemism or other distinctive properties. Examples include coral reefs, the Arctic and its indigenous people, mountain glaciers and biodiversity hotspots. 
RFC2 Extreme weather events: risks/impacts to human health, livelihoods, assets and ecosystems from extreme weather events such as heat waves, heavy rain, 
drought and associated wildfires, and coastal flooding. 
RFC3 Distribution of impacts: risks/impacts that disproportionately affect particular groups due to uneven distribution of physical climate change hazards, 
exposure or vulnerability. 
RFC4 Global aggregate impacts: global monetary damage, global-scale degradation and loss of ecosystems and biodiversity. 
RFC5 Large-scale singular events: are relatively large, abrupt and sometimes irreversible changes in systems that are caused by global warming. Examples 
include disintegration of the Greenland and Antarctic ice sheets.
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11 References to pathways limiting global warming to 2°C are based on a 66% probability of staying below 2°C.

12 Non-CO2 emissions included in this Report are all anthropogenic emissions other than CO2 that result in radiative forcing. These include short-lived climate forcers, such as methane,  
 some fluorinated gases, ozone precursors, aerosols or aerosol precursors, such as black carbon and sulphur dioxide, respectively, as well as long-lived greenhouse gases, such as nitrous  
 oxide or some fluorinated gases. The radiative forcing associated with non-CO2 emissions and changes in surface albedo is referred to as non-CO2 radiative forcing. {2.2.1}

13 There is a clear scientific basis for a total carbon budget consistent with limiting global warming to 1.5°C. However, neither this total carbon budget nor the fraction of this budget  
 taken up by past emissions were assessed in this Report.

14 Irrespective of the measure of global temperature used, updated understanding and further advances in methods have led to an increase in the estimated remaining carbon budget of  
 about 300 GtCO2 compared to AR5. (medium confidence) {2.2.2}

15 These estimates use observed GMST to 2006–2015 and estimate future temperature changes using near surface air temperatures. 

C. Emission Pathways and System Transitions Consistent with 1.5°C 
Global Warming

C.1  In model pathways with no or limited overshoot of 1.5°C, global net anthropogenic CO2 emissions 
decline by about 45% from 2010 levels by 2030 (40–60% interquartile range), reaching net zero 
around 2050 (2045–2055 interquartile range). For limiting global warming to below 2°C11 CO2 

emissions are projected to decline by about 25% by 2030 in most pathways (10–30% interquartile 
range) and reach net zero around 2070 (2065–2080 interquartile range). Non-CO2 emissions in 
pathways that limit global warming to 1.5°C show deep reductions that are similar to those in 
pathways limiting warming to 2°C. (high confidence) (Figure SPM.3a) {2.1, 2.3, Table 2.4} 

C.1.1 CO2 emissions reductions that limit global warming to 1.5°C with no or limited overshoot can involve different portfolios of 
mitigation measures, striking different balances between lowering energy and resource intensity, rate of decarbonization, 
and the reliance on carbon dioxide removal. Different portfolios face different implementation challenges and potential 
synergies and trade-offs with sustainable development. (high confidence) (Figure SPM.3b) {2.3.2, 2.3.4, 2.4, 2.5.3}  

C.1.2 Modelled pathways that limit global warming to 1.5°C with no or limited overshoot involve deep reductions in emissions 
of methane and black carbon (35% or more of both by 2050 relative to 2010). These pathways also reduce most of the 
cooling aerosols, which partially offsets mitigation effects for two to three decades. Non-CO2 emissions12 can be reduced 
as a result of broad mitigation measures in the energy sector. In addition, targeted non-CO2 mitigation measures can 
reduce nitrous oxide and methane from agriculture, methane from the waste sector, some sources of black carbon, and 
hydrofluorocarbons. High bioenergy demand can increase emissions of nitrous oxide in some 1.5°C pathways, highlighting 
the importance of appropriate management approaches. Improved air quality resulting from projected reductions in many 
non-CO2 emissions provide direct and immediate population health benefits in all 1.5°C model pathways. (high confidence) 
(Figure SPM.3a) {2.2.1, 2.3.3, 2.4.4, 2.5.3, 4.3.6, 5.4.2} 

C.1.3 Limiting global warming requires limiting the total cumulative global anthropogenic emissions of CO2 since the pre-
industrial period, that is, staying within a total carbon budget (high confidence).13 By the end of 2017, anthropogenic CO2 
emissions since the pre-industrial period are estimated to have reduced the total carbon budget for 1.5°C by approximately 
2200 ± 320 GtCO2 (medium confidence). The associated remaining budget is being depleted by current emissions of 
42 ± 3 GtCO2 per year (high confidence). The choice of the measure of global temperature affects the estimated remaining 
carbon budget. Using global mean surface air temperature, as in AR5, gives an estimate of the remaining carbon budget of 
580 GtCO2 for a 50% probability of limiting warming to 1.5°C, and 420 GtCO2 for a 66% probability (medium confidence).14 

Alternatively, using GMST gives estimates of 770 and 570 GtCO2, for 50% and 66% probabilities,15 respectively (medium 
confidence). Uncertainties in the size of these estimated remaining carbon budgets are substantial and depend on several 
factors. Uncertainties in the climate response to CO2 and non-CO2 emissions contribute ±400 GtCO2 and the level of historic 
warming contributes ±250 GtCO2 (medium confidence). Potential additional carbon release from future permafrost thawing 
and methane release from wetlands would reduce budgets by up to 100 GtCO2 over the course of this century and more 
thereafter (medium confidence). In addition, the level of non-CO2 mitigation in the future could alter the remaining carbon 
budget by 250 GtCO2 in either direction (medium confidence). {1.2.4, 2.2.2, 2.6.1, Table 2.2, Chapter 2 Supplementary 
Material}

C.1.4 Solar radiation modification (SRM) measures are not included in any of the available assessed pathways. Although some 
SRM measures may be theoretically effective in reducing an overshoot, they face large uncertainties and knowledge gaps 
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as well as substantial risks and institutional and social constraints to deployment related to governance, ethics, and impacts 
on sustainable development. They also do not mitigate ocean acidification. (medium confidence) {4.3.8, Cross-Chapter 
Box 10 in Chapter 4}
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Emissions of non-CO2 forcers are also reduced 
or limited in pathways limiting global warming 
to 1.5°C with no or limited overshoot, but 
they do not reach zero globally. 
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Global emissions pathway characteristics

General characteristics of the evolution of anthropogenic net emissions of CO2, and total emissions of 

methane, black carbon, and nitrous oxide in model pathways that limit global warming to 1.5°C with no or 

limited overshoot. Net emissions are defined as anthropogenic emissions reduced by anthropogenic 

removals. Reductions in net emissions can be achieved through di�erent portfolios of mitigation measures 

illustrated in Figure SPM.3b.
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Four illustrative model pathways

no or limited overshoot,

In pathways limiting global warming to 1.5°C 
with no or limited overshoot as well as in 
pathways with a higher overshoot, CO2 emissions 
are reduced to net zero globally around 2050.

P1
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P3

P4

Pathways with higher overshoot

Pathways limiting global warming below 2°C
(Not shown above) 

Pathways limiting global warming to 1.5°C with no or limited overshootTiming of net zero CO2
Line widths depict the 5-95th 
percentile and the 25-75th 
percentile of scenarios

Figure SPM.3a | Global emissions pathway characteristics. The main panel shows global net anthropogenic CO2 emissions in pathways limiting global warming 
to 1.5°C with no or limited (less than 0.1°C) overshoot and pathways with higher overshoot. The shaded area shows the full range for pathways analysed in this 
Report. The panels on the right show non-CO2 emissions ranges for three compounds with large historical forcing and a substantial portion of emissions coming 
from sources distinct from those central to CO2 mitigation. Shaded areas in these panels show the 5–95% (light shading) and interquartile (dark shading) ranges 
of pathways limiting global warming to 1.5°C with no or limited overshoot. Box and whiskers at the bottom of the figure show the timing of pathways reaching 
global net zero CO2 emission levels, and a comparison with pathways limiting global warming to 2°C with at least 66% probability. Four illustrative model pathways 
are highlighted in the main panel and are labelled P1, P2, P3 and P4, corresponding to the LED, S1, S2, and S5 pathways assessed in Chapter 2. Descriptions and 
characteristics of these pathways are available in Figure SPM.3b. {2.1, 2.2, 2.3, Figure 2.5, Figure 2.10, Figure 2.11}
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Breakdown of contributions to global net CO2 emissions in four illustrative model pathways 

P1:  A scenario in which social, 

business and technological innovations 

result in lower energy demand up to 

2050 while living standards rise, 

especially in the global South. A 

downsized energy system enables 

rapid decarbonization of energy supply. 

Afforestation is the only CDR option 

considered; neither fossil fuels with CCS 

nor BECCS are used.

P2:  A scenario with a broad focus on 

sustainability including energy 

intensity, human development, 

economic convergence and 

international cooperation, as well as 

shi�s towards sustainable and healthy 

consumption patterns, low-carbon 

technology innovation, and 

well-managed land systems with 

limited societal acceptability for BECCS.

P3:  A middle-of-the-road scenario in

which societal as well as technological 

development follows historical 

patterns. Emissions reductions are 

mainly achieved by changing the way in 

which energy and products are 

produced, and to a lesser degree by 

reductions in demand.

P4:  A resource- and energy-intensive 

scenario in which economic growth and 

globalization lead to widespread 

adoption of greenhouse-gas-intensive 

lifestyles, including high demand for 

transportation fuels and livestock 

products. Emissions reductions are 

mainly achieved through technological 

means, making strong use of CDR 

through the deployment of BECCS.
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Characteristics of four illustrative model pathways

Different mitigation strategies can achieve the net emissions reductions that would be required to follow a 

pathway that limits global warming to 1.5°C with no or limited overshoot. All pathways use Carbon Dioxide 

Removal (CDR), but the amount varies across pathways, as do the relative contributions of Bioenergy with 

Carbon Capture and Storage (BECCS) and removals in the Agriculture, Forestry and Other Land Use (AFOLU) 

sector. This has implications for emissions and several other pathway characteristics.
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P1 P2 P3 P4 Interquartile range

Billion tonnes CO₂ per year (GtCO2/yr)

Global indicators
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NOTE: Indicators have been selected to show global trends identified by the Chapter 2 assessment. 
National and sectoral characteristics can differ substantially from the global trends shown above.

* Kyoto-gas emissions are based on IPCC Second Assessment Report GWP-100
** Changes in energy demand are associated with improvements in energy 
efficiency and behaviour change
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Figure SPM.3b | Characteristics of four illustrative model pathways in relation to global warming of 1.5°C introduced in Figure SPM.3a. These pathways were 
selected to show a range of potential mitigation approaches and vary widely in their projected energy and land use, as well as their assumptions about future 
socio-economic developments, including economic and population growth, equity and sustainability. A breakdown of the global net anthropogenic CO2 emissions 
into the contributions in terms of CO2 emissions from fossil fuel and industry; agriculture, forestry and other land use (AFOLU); and bioenergy with carbon capture 
and storage (BECCS) is shown. AFOLU estimates reported here are not necessarily comparable with countries’ estimates. Further characteristics for each of these 
pathways are listed below each pathway. These pathways illustrate relative global differences in mitigation strategies, but do not represent central estimates, 
national strategies, and do not indicate requirements. For comparison, the right-most column shows the interquartile ranges across pathways with no or limited 
overshoot of 1.5°C. Pathways P1, P2, P3 and P4 correspond to the LED, S1, S2 and S5 pathways assessed in Chapter 2 (Figure SPM.3a). {2.2.1, 2.3.1, 2.3.2, 
2.3.3, 2.3.4, 2.4.1, 2.4.2, 2.4.4, 2.5.3, Figure 2.5, Figure 2.6, Figure 2.9, Figure 2.10, Figure 2.11, Figure 2.14, Figure 2.15, Figure 2.16, Figure 2.17, Figure 2.24, 
Figure 2.25, Table 2.4, Table 2.6, Table 2.7, Table 2.9, Table 4.1} 

C.2  Pathways limiting global warming to 1.5°C with no or limited overshoot would require rapid 
and far-reaching transitions in energy, land, urban and infrastructure (including transport and 
buildings), and industrial systems (high confidence). These systems transitions are unprecedented 
in terms of scale, but not necessarily in terms of speed, and imply deep emissions reductions in all 
sectors, a wide portfolio of mitigation options and a significant upscaling of investments in those 
options (medium confidence). {2.3, 2.4, 2.5, 4.2, 4.3, 4.4, 4.5}

C.2.1 Pathways that limit global warming to 1.5°C with no or limited overshoot show system changes that are more rapid and 
pronounced over the next two decades than in 2°C pathways (high confidence). The rates of system changes associated 
with limiting global warming to 1.5°C with no or limited overshoot have occurred in the past within specific sectors, 
technologies and spatial contexts, but there is no documented historic precedent for their scale (medium confidence). 
{2.3.3, 2.3.4, 2.4, 2.5, 4.2.1, 4.2.2, Cross-Chapter Box 11 in Chapter 4} 

C.2.2 In energy systems, modelled global pathways (considered in the literature) limiting global warming to 1.5°C with no or 
limited overshoot (for more details see Figure SPM.3b) generally meet energy service demand with lower energy use, 
including through enhanced energy efficiency, and show faster electrification of energy end use compared to 2°C (high 
confidence). In 1.5°C pathways with no or limited overshoot, low-emission energy sources are projected to have a higher 
share, compared with 2°C pathways, particularly before 2050 (high confidence). In 1.5°C pathways with no or limited 
overshoot, renewables are projected to supply 70–85% (interquartile range) of electricity in 2050 (high confidence). In 
electricity generation, shares of nuclear and fossil fuels with carbon dioxide capture and storage (CCS) are modelled to 
increase in most 1.5°C pathways with no or limited overshoot. In modelled 1.5°C pathways with limited or no overshoot, 
the use of CCS would allow the electricity generation share of gas to be approximately 8% (3–11% interquartile range) 
of global electricity in 2050, while the use of coal shows a steep reduction in all pathways and would be reduced to close 
to 0% (0–2% interquartile range) of electricity (high confidence). While acknowledging the challenges, and differences 
between the options and national circumstances, political, economic, social and technical feasibility of solar energy, wind 
energy and electricity storage technologies have substantially improved over the past few years (high confidence). These 
improvements signal a potential system transition in electricity generation. (Figure SPM.3b) {2.4.1, 2.4.2, Figure 2.1, Table 
2.6, Table 2.7, Cross-Chapter Box 6 in Chapter 3, 4.2.1, 4.3.1, 4.3.3, 4.5.2}

C.2.3 CO2 emissions from industry in pathways limiting global warming to 1.5°C with no or limited overshoot are projected to 
be about 65–90% (interquartile range) lower in 2050 relative to 2010, as compared to 50–80% for global warming of 
2°C (medium confidence). Such reductions can be achieved through combinations of new and existing technologies and 
practices, including electrification, hydrogen, sustainable bio-based feedstocks, product substitution, and carbon capture, 
utilization and storage (CCUS). These options are technically proven at various scales but their large-scale deployment 
may be limited by economic, financial, human capacity and institutional constraints in specific contexts, and specific 
characteristics of large-scale industrial installations. In industry, emissions reductions by energy and process efficiency 
by themselves are insufficient for limiting warming to 1.5°C with no or limited overshoot (high confidence). {2.4.3, 4.2.1, 
Table 4.1, Table 4.3, 4.3.3, 4.3.4, 4.5.2}

C.2.4 The urban and infrastructure system transition consistent with limiting global warming to 1.5°C with no or limited overshoot 
would imply, for example, changes in land and urban planning practices, as well as deeper emissions reductions in transport 
and buildings compared to pathways that limit global warming below 2°C (medium confidence). Technical measures 
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and practices enabling deep emissions reductions include various energy efficiency options. In pathways limiting global 
warming to 1.5°C with no or limited overshoot, the electricity share of energy demand in buildings would be about 55–75% 
in 2050 compared to 50–70% in 2050 for 2°C global warming (medium confidence). In the transport sector, the share of 
low-emission final energy would rise from less than 5% in 2020 to about 35–65% in 2050 compared to 25–45% for 2°C 
of global warming (medium confidence). Economic, institutional and socio-cultural barriers may inhibit these urban and 
infrastructure system transitions, depending on national, regional and local circumstances, capabilities and the availability 
of capital (high confidence). {2.3.4, 2.4.3, 4.2.1, Table 4.1, 4.3.3, 4.5.2}

C.2.5 Transitions in global and regional land use are found in all pathways limiting global warming to 1.5°C with no or limited 
overshoot, but their scale depends on the pursued mitigation portfolio. Model pathways that limit global warming to 1.5°C 
with no or limited overshoot project a 4 million km2 reduction to a 2.5 million km2 increase of non-pasture agricultural land 
for food and feed crops and a 0.5–11 million km2 reduction of pasture land, to be converted into a 0–6 million km2 increase 
of agricultural land for energy crops and a 2 million km2 reduction to 9.5 million km2 increase in forests by 2050 relative 
to 2010 (medium confidence).16 Land-use transitions of similar magnitude can be observed in modelled 2°C pathways 
(medium confidence). Such large transitions pose profound challenges for sustainable management of the various demands 
on land for human settlements, food, livestock feed, fibre, bioenergy, carbon storage, biodiversity and other ecosystem 
services (high confidence). Mitigation options limiting the demand for land include sustainable intensification of land-use 
practices, ecosystem restoration and changes towards less resource-intensive diets (high confidence). The implementation 
of land-based mitigation options would require overcoming socio-economic, institutional, technological, financing and 
environmental barriers that differ across regions (high confidence). {2.4.4, Figure 2.24, 4.3.2, 4.3.7, 4.5.2, Cross-Chapter 
Box 7 in Chapter 3}

C.2.6 Additional annual average energy-related investments for the period 2016 to 2050 in pathways limiting warming to 
1.5°C compared to pathways without new climate policies beyond those in place today are estimated to be around 830 
billion USD2010 (range of 150 billion to 1700 billion USD2010 across six models17). This compares to total annual average 
energy supply investments in 1.5°C pathways of 1460 to 3510 billion USD2010 and total annual average energy demand 
investments of 640 to 910 billion USD2010 for the period 2016 to 2050. Total energy-related investments increase by 
about 12% (range of 3% to 24%) in 1.5°C pathways relative to 2°C pathways. Annual investments in low-carbon energy 
technologies and energy efficiency are upscaled by roughly a factor of six (range of factor of 4 to 10) by 2050 compared to 
2015 (medium confidence). {2.5.2, Box 4.8, Figure 2.27}

C.2.7 Modelled pathways limiting global warming to 1.5°C with no or limited overshoot project a wide range of global average 
discounted marginal abatement costs over the 21st century. They are roughly 3-4 times higher than in pathways limiting 
global warming to below 2°C (high confidence). The economic literature distinguishes marginal abatement costs from total 
mitigation costs in the economy. The literature on total mitigation costs of 1.5°C mitigation pathways is limited and was 
not assessed in this Report. Knowledge gaps remain in the integrated assessment of the economy-wide costs and benefits 
of mitigation in line with pathways limiting warming to 1.5°C. {2.5.2; 2.6; Figure 2.26}

16 The projected land-use changes presented are not deployed to their upper limits simultaneously in a single pathway.

17 Including two pathways limiting warming to 1.5°C with no or limited overshoot and four pathways with higher overshoot.
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C.3  All pathways that limit global warming to 1.5°C with limited or no overshoot project the use of 
carbon dioxide removal (CDR) on the order of 100–1000 GtCO2 over the 21st century. CDR would 
be used to compensate for residual emissions and, in most cases, achieve net negative emissions 
to return global warming to 1.5°C following a peak (high confidence). CDR deployment of several 
hundreds of GtCO2 is subject to multiple feasibility and sustainability constraints (high confidence). 
Significant near-term emissions reductions and measures to lower energy and land demand can 
limit CDR deployment to a few hundred GtCO2 without reliance on bioenergy with carbon capture 
and storage (BECCS) (high confidence). {2.3, 2.4, 3.6.2, 4.3, 5.4}  

C.3.1 Existing and potential CDR measures include afforestation and reforestation, land restoration and soil carbon sequestration, 
BECCS, direct air carbon capture and storage (DACCS), enhanced weathering and ocean alkalinization. These differ widely 
in terms of maturity, potentials, costs, risks, co-benefits and trade-offs (high confidence). To date, only a few published 
pathways include CDR measures other than afforestation and BECCS. {2.3.4, 3.6.2, 4.3.2, 4.3.7}

C.3.2 In pathways limiting global warming to 1.5°C with limited or no overshoot, BECCS deployment is projected to range from 
0–1, 0–8, and 0–16 GtCO2 yr−1 in 2030, 2050, and 2100, respectively, while agriculture, forestry and land-use (AFOLU) 
related CDR measures are projected to remove 0–5, 1–11, and 1–5 GtCO2 yr−1 in these years (medium confidence). The 
upper end of these deployment ranges by mid-century exceeds the BECCS potential of up to 5 GtCO2 yr−1 and afforestation 
potential of up to 3.6 GtCO2 yr−1 assessed based on recent literature (medium confidence). Some pathways avoid BECCS 
deployment completely through demand-side measures and greater reliance on AFOLU-related CDR measures (medium 
confidence). The use of bioenergy can be as high or even higher when BECCS is excluded compared to when it is included 
due to its potential for replacing fossil fuels across sectors (high confidence). (Figure SPM.3b) {2.3.3, 2.3.4, 2.4.2, 3.6.2, 
4.3.1, 4.2.3, 4.3.2, 4.3.7, 4.4.3, Table 2.4}

C.3.3 Pathways that overshoot 1.5°C of global warming rely on CDR exceeding residual CO2 emissions later in the century to 
return to below 1.5°C by 2100, with larger overshoots requiring greater amounts of CDR (Figure SPM.3b) (high confidence). 
Limitations on the speed, scale, and societal acceptability of CDR deployment hence determine the ability to return global 
warming to below 1.5°C following an overshoot. Carbon cycle and climate system understanding is still limited about the 
effectiveness of net negative emissions to reduce temperatures after they peak (high confidence). {2.2, 2.3.4, 2.3.5, 2.6, 
4.3.7, 4.5.2, Table 4.11}

C.3.4 Most current and potential CDR measures could have significant impacts on land, energy, water or nutrients if deployed 
at large scale (high confidence). Afforestation and bioenergy may compete with other land uses and may have significant 
impacts on agricultural and food systems, biodiversity, and other ecosystem functions and services (high confidence). 
Effective governance is needed to limit such trade-offs and ensure permanence of carbon removal in terrestrial, geological 
and ocean reservoirs (high confidence). Feasibility and sustainability of CDR use could be enhanced by a portfolio of options 
deployed at substantial, but lesser scales, rather than a single option at very large scale (high confidence). (Figure SPM.3b) 
{2.3.4, 2.4.4, 2.5.3, 2.6, 3.6.2, 4.3.2, 4.3.7, 4.5.2, 5.4.1, 5.4.2; Cross-Chapter Boxes 7 and 8 in Chapter 3, Table 4.11, Table 
5.3, Figure 5.3}

C.3.5 Some AFOLU-related CDR measures such as restoration of natural ecosystems and soil carbon sequestration could provide 
co-benefits such as improved biodiversity, soil quality, and local food security. If deployed at large scale, they would 
require governance systems enabling sustainable land management to conserve and protect land carbon stocks and other 
ecosystem functions and services (medium confidence). (Figure SPM.4) {2.3.3, 2.3.4, 2.4.2, 2.4.4, 3.6.2, 5.4.1, Cross-Chapter 
Boxes 3 in Chapter 1 and 7 in Chapter 3, 4.3.2, 4.3.7, 4.4.1, 4.5.2, Table 2.4}
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D. Strengthening the Global Response in the Context of Sustainable 
Development and Efforts to Eradicate Poverty

D.1 Estimates of the global emissions outcome of current nationally stated mitigation ambitions as 
submitted under the Paris Agreement would lead to global greenhouse gas emissions18 in 2030 
of 52–58 GtCO2eq yr−1 (medium confidence). Pathways reflecting these ambitions would not limit 
global warming to 1.5°C, even if supplemented by very challenging increases in the scale and 
ambition of emissions reductions after 2030 (high confidence). Avoiding overshoot and reliance 
on future large-scale deployment of carbon dioxide removal (CDR) can only be achieved if global 
CO2 emissions start to decline well before 2030 (high confidence). {1.2, 2.3, 3.3, 3.4, 4.2, 4.4, Cross-
Chapter Box 11 in Chapter 4} 

D.1.1 Pathways that limit global warming to 1.5°C with no or limited overshoot show clear emission reductions by 2030 (high 
confidence). All but one show a decline in global greenhouse gas emissions to below 35 GtCO2eq yr−1 in 2030, and half of 
available pathways fall within the 25–30 GtCO2eq yr−1 range (interquartile range), a 40–50% reduction from 2010 levels 
(high confidence). Pathways reflecting current nationally stated mitigation ambition until 2030 are broadly consistent 
with cost-effective pathways that result in a global warming of about 3°C by 2100, with warming continuing afterwards 
(medium confidence). {2.3.3, 2.3.5, Cross-Chapter Box 11 in Chapter 4, 5.5.3.2}

D.1.2 Overshoot trajectories result in higher impacts and associated challenges compared to pathways that limit global warming 
to 1.5°C with no or limited overshoot (high confidence). Reversing warming after an overshoot of 0.2°C or larger during 
this century would require upscaling and deployment of CDR at rates and volumes that might not be achievable given 
considerable implementation challenges (medium confidence). {1.3.3, 2.3.4, 2.3.5, 2.5.1, 3.3, 4.3.7, Cross-Chapter Box 8 in 
Chapter 3, Cross-Chapter Box 11 in Chapter 4}

D.1.3 The lower the emissions in 2030, the lower the challenge in limiting global warming to 1.5°C after 2030 with no or limited 
overshoot (high confidence). The challenges from delayed actions to reduce greenhouse gas emissions include the risk of 
cost escalation, lock-in in carbon-emitting infrastructure, stranded assets, and reduced flexibility in future response options 
in the medium to long term (high confidence). These may increase uneven distributional impacts between countries at 
different stages of development (medium confidence). {2.3.5, 4.4.5, 5.4.2}

D.2 The avoided climate change impacts on sustainable development, eradication of poverty and reducing 
inequalities would be greater if global warming were limited to 1.5°C rather than 2°C, if mitigation 
and adaptation synergies are maximized while trade-offs are minimized (high confidence). {1.1, 1.4, 
2.5, 3.3, 3.4, 5.2, Table 5.1}

D.2.1 Climate change impacts and responses are closely linked to sustainable development which balances social well-being, 
economic prosperity and environmental protection. The United Nations Sustainable Development Goals (SDGs), adopted in 
2015, provide an established framework for assessing the links between global warming of 1.5°C or 2°C and development 
goals that include poverty eradication, reducing inequalities, and climate action. (high confidence) {Cross-Chapter Box 4 in 
Chapter 1, 1.4, 5.1}

D.2.2 The consideration of ethics and equity can help address the uneven distribution of adverse impacts associated with 
1.5°C and higher levels of global warming, as well as those from mitigation and adaptation, particularly for poor and 
disadvantaged populations, in all societies (high confidence). {1.1.1, 1.1.2, 1.4.3, 2.5.3, 3.4.10, 5.1, 5.2, 5.3. 5.4, Cross-
Chapter Box 4 in Chapter 1, Cross-Chapter Boxes 6 and 8 in Chapter 3, and Cross-Chapter Box 12 in Chapter 5}

D.2.3 Mitigation and adaptation consistent with limiting global warming to 1.5°C are underpinned by enabling conditions, assessed 
in this Report across the geophysical, environmental-ecological, technological, economic, socio-cultural and institutional 

18 GHG emissions have been aggregated with 100-year GWP values as introduced in the IPCC Second Assessment Report.
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dimensions of feasibility. Strengthened multilevel governance, institutional capacity, policy instruments, technological 
innovation and transfer and mobilization of finance, and changes in human behaviour and lifestyles are enabling conditions 
that enhance the feasibility of mitigation and adaptation options for 1.5°C-consistent systems transitions. (high confidence) 
{1.4, Cross-Chapter Box 3 in Chapter 1, 2.5.1, 4.4, 4.5, 5.6}

D.3 Adaptation options specific to national contexts, if carefully selected together with enabling 
conditions, will have benefits for sustainable development and poverty reduction with global 
warming of 1.5°C, although trade-offs are possible (high confidence). {1.4, 4.3, 4.5}

D.3.1 Adaptation options that reduce the vulnerability of human and natural systems have many synergies with sustainable 
development, if well managed, such as ensuring food and water security, reducing disaster risks, improving health 
conditions, maintaining ecosystem services and reducing poverty and inequality (high confidence). Increasing investment 
in physical and social infrastructure is a key enabling condition to enhance the resilience and the adaptive capacities 
of societies. These benefits can occur in most regions with adaptation to 1.5°C of global warming (high confidence). 
{1.4.3, 4.2.2, 4.3.1, 4.3.2, 4.3.3, 4.3.5, 4.4.1, 4.4.3, 4.5.3, 5.3.1, 5.3.2}

D.3.2 Adaptation to 1.5°C global warming can also result in trade-offs or maladaptations with adverse impacts for sustainable 
development. For example, if poorly designed or implemented, adaptation projects in a range of sectors can increase 
greenhouse gas emissions and water use, increase gender and social inequality, undermine health conditions, and encroach 
on natural ecosystems (high confidence). These trade-offs can be reduced by adaptations that include attention to poverty 
and sustainable development (high confidence). {4.3.2, 4.3.3, 4.5.4, 5.3.2; Cross-Chapter Boxes 6 and 7 in Chapter 3} 

D.3.3 A mix of adaptation and mitigation options to limit global warming to 1.5°C, implemented in a participatory and integrated 
manner, can enable rapid, systemic transitions in urban and rural areas (high confidence). These are most effective when 
aligned with economic and sustainable development, and when local and regional governments and decision makers are 
supported by national governments (medium confidence). {4.3.2, 4.3.3, 4.4.1, 4.4.2}

D.3.4 Adaptation options that also mitigate emissions can provide synergies and cost savings in most sectors and system 
transitions, such as when land management reduces emissions and disaster risk, or when low-carbon buildings are also 
designed for efficient cooling. Trade-offs between mitigation and adaptation, when limiting global warming to 1.5°C, 
such as when bioenergy crops, reforestation or afforestation encroach on land needed for agricultural adaptation, can 
undermine food security, livelihoods, ecosystem functions and services and other aspects of sustainable development. (high 
confidence) {3.4.3, 4.3.2, 4.3.4, 4.4.1, 4.5.2, 4.5.3, 4.5.4}

D.4 Mitigation options consistent with 1.5°C pathways are associated with multiple synergies and trade-
offs across the Sustainable Development Goals (SDGs). While the total number of possible synergies 
exceeds the number of trade-offs, their net effect will depend on the pace and magnitude of changes, 
the composition of the mitigation portfolio and the management of the transition. (high confidence) 
(Figure SPM.4) {2.5, 4.5, 5.4} 

D.4.1 1.5°C pathways have robust synergies particularly for the SDGs 3 (health), 7 (clean energy), 11 (cities and communities), 12 
(responsible consumption and production) and 14 (oceans) (very high confidence). Some 1.5°C pathways show potential 
trade-offs with mitigation for SDGs 1 (poverty), 2 (hunger), 6 (water) and 7 (energy access), if not managed carefully (high 
confidence). (Figure SPM.4) {5.4.2; Figure 5.4, Cross-Chapter Boxes 7 and 8 in Chapter 3}  

D.4.2 1.5°C pathways that include low energy demand (e.g., see P1 in Figure SPM.3a and SPM.3b), low material consumption, 
and low GHG-intensive food consumption have the most pronounced synergies and the lowest number of trade-offs with 
respect to sustainable development and the SDGs (high confidence). Such pathways would reduce dependence on CDR. In 
modelled pathways, sustainable development, eradicating poverty and reducing inequality can support limiting warming to 
1.5°C (high confidence). (Figure SPM.3b, Figure SPM.4) {2.4.3, 2.5.1, 2.5.3, Figure 2.4, Figure 2.28, 5.4.1, 5.4.2, Figure 5.4} 
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Mitigation options deployed in each sector can be associated with potential positive effects (synergies) or 
negative effects (trade-offs) with the Sustainable Development Goals (SDGs). The degree to which this 
potential is realized will depend on the selected portfolio of mitigation options, mitigation policy design, 
and local circumstances and context. Particularly in the energy-demand sector, the potential for synergies is 
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D.4.3 1.5°C and 2°C modelled pathways often rely on the deployment of large-scale land-related measures like afforestation 
and bioenergy supply, which, if poorly managed, can compete with food production and hence raise food security concerns 
(high confidence). The impacts of carbon dioxide removal (CDR) options on SDGs depend on the type of options and the 
scale of deployment (high confidence). If poorly implemented, CDR options such as BECCS and AFOLU options would lead 
to trade-offs. Context-relevant design and implementation requires considering people’s needs, biodiversity, and other 
sustainable development dimensions (very high confidence). (Figure SPM.4) {5.4.1.3, Cross-Chapter Box 7 in Chapter 3} 

D.4.4 Mitigation consistent with 1.5°C pathways creates risks for sustainable development in regions with high dependency on 
fossil fuels for revenue and employment generation (high confidence). Policies that promote diversification of the economy 
and the energy sector can address the associated challenges (high confidence). {5.4.1.2, Box 5.2} 

D.4.5 Redistributive policies across sectors and populations that shield the poor and vulnerable can resolve trade-offs for a range 
of SDGs, particularly hunger, poverty and energy access. Investment needs for such complementary policies are only a small 
fraction of the overall mitigation investments in 1.5°C pathways. (high confidence) {2.4.3, 5.4.2, Figure 5.5} 

D.5 Limiting the risks from global warming of 1.5°C in the context of sustainable development and 
poverty eradication implies system transitions that can be enabled by an increase of adaptation 
and mitigation investments, policy instruments, the acceleration of technological innovation and 
behaviour changes (high confidence). {2.3, 2.4, 2.5, 3.2, 4.2, 4.4, 4.5, 5.2, 5.5, 5.6}

D.5.1 Directing finance towards investment in infrastructure for mitigation and adaptation could provide additional resources.  
This could involve the mobilization of private funds by institutional investors, asset managers and development or 
investment banks, as well as the provision of public funds. Government policies that lower the risk of low-emission and 
adaptation investments can facilitate the mobilization of private funds and enhance the effectiveness of other public 
policies. Studies indicate a number of challenges, including access to finance and mobilization of funds. (high confidence) 
{2.5.1, 2.5.2, 4.4.5} 

D.5.2 Adaptation finance consistent with global warming of 1.5°C is difficult to quantify and compare with 2°C. Knowledge 
gaps include insufficient data to calculate specific climate resilience-enhancing investments from the provision of currently 
underinvested basic infrastructure. Estimates of the costs of adaptation might be lower at global warming of 1.5°C than for 
2°C. Adaptation needs have typically been supported by public sector sources such as national and subnational government 
budgets, and in developing countries together with support from development assistance, multilateral development banks, 
and United Nations Framework Convention on Climate Change channels (medium confidence). More recently there is a 

Figure SPM.4 | Potential synergies and trade-offs between the sectoral portfolio of climate change mitigation options and the Sustainable Development Goals 
(SDGs). The SDGs serve as an analytical framework for the assessment of the different sustainable development dimensions, which extend beyond the time frame 
of the 2030 SDG targets. The assessment is based on literature on mitigation options that are considered relevant for 1.5°C. The assessed strength of the SDG 
interactions is based on the qualitative and quantitative assessment of individual mitigation options listed in Table 5.2. For each mitigation option, the strength of 
the SDG-connection as well as the associated confidence of the underlying literature (shades of green and red) was assessed. The strength of positive connections 
(synergies) and negative connections (trade-offs) across all individual options within a sector (see Table 5.2) are aggregated into sectoral potentials for the whole 
mitigation portfolio. The (white) areas outside the bars, which indicate no interactions, have low confidence due to the uncertainty and limited number of studies 
exploring indirect effects. The strength of the connection considers only the effect of mitigation and does not include benefits of avoided impacts. SDG 13 (climate 
action) is not listed because mitigation is being considered in terms of interactions with SDGs and not vice versa. The bars denote the strength of the connection, 
and do not consider the strength of the impact on the SDGs. The energy demand sector comprises behavioural responses, fuel switching and efficiency options in 
the transport, industry and building sector as well as carbon capture options in the industry sector. Options assessed in the energy supply sector comprise biomass 
and non-biomass renewables, nuclear, carbon capture and storage (CCS) with bioenergy, and CCS with fossil fuels. Options in the land sector comprise agricultural 
and forest options, sustainable diets and reduced food waste, soil sequestration, livestock and manure management, reduced deforestation, afforestation and 
reforestation, and responsible sourcing. In addition to this figure, options in the ocean sector are discussed in the underlying report. {5.4, Table 5.2, Figure 5.2}

Information about the net impacts of mitigation on sustainable development in 1.5°C pathways is available only for a limited number of SDGs and mitigation 
options. Only a limited number of studies have assessed the benefits of avoided climate change impacts of 1.5°C pathways for the SDGs, and the co-effects 
of adaptation for mitigation and the SDGs. The assessment of the indicative mitigation potentials in Figure SPM.4 is a step further from AR5 towards a more 
comprehensive and integrated assessment in the future.
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growing understanding of the scale and increase in non-governmental organizations and private funding in some regions 
(medium confidence). Barriers include the scale of adaptation financing, limited capacity and access to adaptation finance 
(medium confidence). {4.4.5, 4.6} 

D.5.3 Global model pathways limiting global warming to 1.5°C are projected to involve the annual average investment needs 
in the energy system of around 2.4 trillion USD2010 between 2016 and 2035, representing about 2.5% of the world GDP 
(medium confidence). {4.4.5, Box 4.8}

D.5.4 Policy tools can help mobilize incremental resources, including through shifting global investments and savings and 
through market and non-market based instruments as well as accompanying measures to secure the equity of the 
transition, acknowledging the challenges related with implementation, including those of energy costs, depreciation of 
assets and impacts on international competition, and utilizing the opportunities to maximize co-benefits (high confidence). 
{1.3.3, 2.3.4, 2.3.5, 2.5.1, 2.5.2, Cross-Chapter Box 8 in Chapter 3, Cross-Chapter Box 11 in Chapter 4, 4.4.5, 5.5.2}

D.5.5 The systems transitions consistent with adapting to and limiting global warming to 1.5°C include the widespread adoption 
of new and possibly disruptive technologies and practices and enhanced climate-driven innovation. These imply enhanced 
technological innovation capabilities, including in industry and finance. Both national innovation policies and international 
cooperation can contribute to the development, commercialization and widespread adoption of mitigation and adaptation 
technologies. Innovation policies may be more effective when they combine public support for research and development 
with policy mixes that provide incentives for technology diffusion. (high confidence) {4.4.4, 4.4.5}.  

D.5.6 Education, information, and community approaches, including those that are informed by indigenous knowledge and local 
knowledge, can accelerate the wide-scale behaviour changes consistent with adapting to and limiting global warming to 
1.5°C. These approaches are more effective when combined with other policies and tailored to the motivations, capabilities 
and resources of specific actors and contexts (high confidence). Public acceptability can enable or inhibit the implementation 
of policies and measures to limit global warming to 1.5°C and to adapt to the consequences. Public acceptability depends 
on the individual’s evaluation of expected policy consequences, the perceived fairness of the distribution of these 
consequences, and perceived fairness of decision procedures (high confidence). {1.1, 1.5, 4.3.5, 4.4.1, 4.4.3, Box 4.3, 5.5.3, 
5.6.5} 

D.6 Sustainable development supports, and often enables, the fundamental societal and systems 
transitions and transformations that help limit global warming to 1.5°C. Such changes facilitate the 
pursuit of climate-resilient development pathways that achieve ambitious mitigation and adaptation 
in conjunction with poverty eradication and efforts to reduce inequalities (high confidence). {Box 1.1, 
1.4.3, Figure 5.1, 5.5.3, Box 5.3} 

D.6.1 Social justice and equity are core aspects of climate-resilient development pathways that aim to limit global warming to 
1.5°C as they address challenges and inevitable trade-offs, widen opportunities, and ensure that options, visions, and values 
are deliberated, between and within countries and communities, without making the poor and disadvantaged worse off 
(high confidence). {5.5.2, 5.5.3, Box 5.3, Figure 5.1, Figure 5.6, Cross-Chapter Boxes 12 and 13 in Chapter 5}

D.6.2 The potential for climate-resilient development pathways differs between and within regions and nations, due to different 
development contexts and systemic vulnerabilities (very high confidence). Efforts along such pathways to date have been 
limited (medium confidence) and enhanced efforts would involve strengthened and timely action from all countries and 
non-state actors (high confidence). {5.5.1, 5.5.3, Figure 5.1}

D.6.3 Pathways that are consistent with sustainable development show fewer mitigation and adaptation challenges and are 
associated with lower mitigation costs. The large majority of modelling studies could not construct pathways characterized 
by lack of international cooperation, inequality and poverty that were able to limit global warming to 1.5°C. (high 
confidence) {2.3.1, 2.5.1, 2.5.3, 5.5.2}
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D.7 Strengthening the capacities for climate action of national and sub-national authorities, civil society, 
the private sector, indigenous peoples and local communities can support the implementation of 
ambitious actions implied by limiting global warming to 1.5°C (high confidence). International 
cooperation can provide an enabling environment for this to be achieved in all countries and for all 
people, in the context of sustainable development. International cooperation is a critical enabler for 
developing countries and vulnerable regions (high confidence). {1.4, 2.3, 2.5, 4.2, 4.4, 4.5, 5.3, 5.4, 5.5, 
5.6, 5, Box 4.1, Box 4.2, Box 4.7, Box 5.3, Cross-Chapter Box 9 in Chapter 4, Cross-Chapter Box 13 in 
Chapter 5}

D.7.1 Partnerships involving non-state public and private actors, institutional investors, the banking system, civil society and 
scientific institutions would facilitate actions and responses consistent with limiting global warming to 1.5°C (very high 
confidence). {1.4, 4.4.1, 4.2.2, 4.4.3, 4.4.5, 4.5.3, 5.4.1, 5.6.2, Box 5.3}.

D.7.2 Cooperation on strengthened accountable multilevel governance that includes non-state actors such as industry, civil 
society and scientific institutions, coordinated sectoral and cross-sectoral policies at various governance levels, gender-
sensitive policies, finance including innovative financing, and cooperation on technology development and transfer can 
ensure participation, transparency, capacity building and learning among different players (high confidence). {2.5.1, 2.5.2, 
4.2.2, 4.4.1, 4.4.2, 4.4.3, 4.4.4, 4.4.5, 4.5.3, Cross-Chapter Box 9 in Chapter 4, 5.3.1, 5.5.3, Cross-Chapter Box 13 in Chapter 
5, 5.6.1, 5.6.3}

D.7.3 International cooperation is a critical enabler for developing countries and vulnerable regions to strengthen their action for 
the implementation of 1.5°C-consistent climate responses, including through enhancing access to finance and technology 
and enhancing domestic capacities, taking into account national and local circumstances and needs (high confidence). 
{2.3.1, 2.5.1, 4.4.1, 4.4.2, 4.4.4, 4.4.5, 5.4.1 5.5.3, 5.6.1, Box 4.1, Box 4.2, Box 4.7}.

D.7.4 Collective efforts at all levels, in ways that reflect different circumstances and capabilities, in the pursuit of limiting global 
warming to 1.5°C, taking into account equity as well as effectiveness, can facilitate strengthening the global response to 
climate change, achieving sustainable development and eradicating poverty (high confidence). {1.4.2, 2.3.1, 2.5.1, 2.5.2, 
2.5.3, 4.2.2, 4.4.1, 4.4.2, 4.4.3, 4.4.4, 4.4.5, 4.5.3, 5.3.1, 5.4.1, 5.5.3, 5.6.1, 5.6.2, 5.6.3}
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Box SPM.1: Core Concepts Central to this Special Report 

Global mean surface temperature (GMST): Estimated global average of near-surface air temperatures over land and 
sea ice, and sea surface temperatures over ice-free ocean regions, with changes normally expressed as departures from a 
value over a specified reference period. When estimating changes in GMST, near-surface air temperature over both land 
and oceans are also used.19 {1.2.1.1} 

Pre-industrial: The multi-century period prior to the onset of large-scale industrial activity around 1750. The reference 
period 1850–1900 is used to approximate pre-industrial GMST. {1.2.1.2} 

Global warming: The estimated increase in GMST averaged over a 30-year period, or the 30-year period centred on a 
particular year or decade, expressed relative to pre-industrial levels unless otherwise specified. For 30-year periods that 
span past and future years, the current multi-decadal warming trend is assumed to continue. {1.2.1}

Net zero CO2 emissions: Net zero carbon dioxide (CO2) emissions are achieved when anthropogenic CO2 emissions are 
balanced globally by anthropogenic CO2 removals over a specified period. 

Carbon dioxide removal (CDR): Anthropogenic activities removing CO2 from the atmosphere and durably storing it in 
geological, terrestrial, or ocean reservoirs, or in products. It includes existing and potential anthropogenic enhancement of 
biological or geochemical sinks and direct air capture and storage, but excludes natural CO2 uptake not directly caused by 
human activities.

Total carbon budget: Estimated cumulative net global anthropogenic CO2 emissions from the pre-industrial period 
to the time that anthropogenic CO2 emissions reach net zero that would result, at some probability, in limiting global 
warming to a given level, accounting for the impact of other anthropogenic emissions. {2.2.2} 

Remaining carbon budget: Estimated cumulative net global anthropogenic CO2 emissions from a given start date to the 
time that anthropogenic CO2 emissions reach net zero that would result, at some probability, in limiting global warming 
to a given level, accounting for the impact of other anthropogenic emissions. {2.2.2}

Temperature overshoot: The temporary exceedance of a specified level of global warming. 

Emission pathways: In this Summary for Policymakers, the modelled trajectories of global anthropogenic emissions over 
the 21st century are termed emission pathways. Emission pathways are classified by their temperature trajectory over 
the 21st century: pathways giving at least 50% probability based on current knowledge of limiting global warming to 
below 1.5°C are classified as ‘no overshoot’; those limiting warming to below 1.6°C and returning to 1.5°C by 2100 are 
classified as ‘1.5°C limited-overshoot’; while those exceeding 1.6°C but still returning to 1.5°C by 2100 are classified as 
‘higher-overshoot’.

Impacts: Effects of climate change on human and natural systems. Impacts can have beneficial or adverse outcomes 
for livelihoods, health and well-being, ecosystems and species, services, infrastructure, and economic, social and cultural 
assets.

Risk: The potential for adverse consequences from a climate-related hazard for human and natural systems, resulting 
from the interactions between the hazard and the vulnerability and exposure of the affected system. Risk integrates 
the likelihood of exposure to a hazard and the magnitude of its impact. Risk also can describe the potential for adverse 
consequences of adaptation or mitigation responses to climate change. 

Climate-resilient development pathways (CRDPs): Trajectories that strengthen sustainable development at multiple 
scales and efforts to eradicate poverty through equitable societal and systems transitions and transformations while 
reducing the threat of climate change through ambitious mitigation, adaptation and climate resilience. 

19 Past IPCC reports, reflecting the literature, have used a variety of approximately equivalent metrics of GMST change.
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Executive summary 
 
This study is an alternative technical assessment of South Africa’s electricity future to inform 
debate on IRP 2018, South Africa’s latest electricity plan due to be released shortly. We have 
used a similar modelling methodology, with the addition of an economic model to account for 
key indicators such as employment and economic growth, and assessed all the key assumptions 
used in the draft IRP 2018 against available evidence as the basis for our analysis. We have also 
assumed that existing coal power plants will be required to conform with current air pollution 
legislation, which will impose further costs on the existing system not taken into account by the 
draft IRP 2018. In addition, we have assessed the suitability of one of the most important drivers 
of the IRP – the greenhouse gas emissions constraint – in the light of South Africa’s overall 
mitigation potential, with the aim of understanding better the contribution which the electricity 
sector should be making, especially in the light of future contributions to the global mitigation 
effort South Africa wil be required to make in the next decade. We have modelled two scenarios: 

1) Reference scenario: A least-cost electricity investment plan using the best available 
evidence on key parameters. These include realistic technology costs and learning 
curves for renewable energy and batteries, more realistic plant availabilities for the 
Eskom fleet, and compliance of the  existing coal fleet with the Air Quality Act (AQA) 
and Minimum Emission Standards (MES); 
 

2) Least cost mitigation scenario: A least-cost, low-carbon scenario compatible with the 
Paris Agreement’s long-term temperature goal of limiting warming to “well below 
2oC”. Methodologically, we assessed the economic implications of various greenhouse 
gas (GHG) emissions budgets, and this scenario represents a more ambitious climate 
change mitigation approach than the current “Peak, Plateau, and Decline” trajectory in 
the NCCRWP. We model a 7.75Gt CO2-eq budget over the period 2020-2050. This 
equated to reducing emissions below the low-PPD budget by around 20%, without 
imposing large costs on the economy.  

 
One of the key critiques of the draft IRP 2018 is that it does not adequately address the central 
problem of climate change mitigation, even though the electricity sector currently accounts for 
more than 40% of South Africa’s emissions. There are two dimensions to this problem. The first 
dimension is the extent to which the proposed IRP can be said to be aligned with South Africa’s 
current climate change policy. We argue here that the emissions constraints derived from the 
national emissions trajectory benchmark range contained in the National Climate Change 
Response Policy (either the “moderate decline”, the “advanced decline” or the “carbon budget”) 
do not reflect a least-cost mitigation pathway from the point of view of the national economy. 
Some low-carbon technology investment options in the electricity sector are now cheaper than 
high-emitting options – a dramatic change from a decade ago. Mitigation options in the rest of 
the economy are considerably more expensive, and so from a national point of view, emissions 
constraints for the electricity sector should be far more ambitious, to avoid imposing additional 
costs on the rest of the economy. We address this problem by using a full sector energy model 
rather than an electricity sector-only model.  
 
The second dimension of this problem is that under the Paris Agreement, South Africa is 
obliged to submit a Nationally Determined Contribution (NDC) every five years which 
represents a progression on the previous NDC. Moreover, it is clear that all countries will have 
to increase their mitigation ambition to collectively meet the Paris temperature goal of well 
below 2 degrees. The recently released IPCC Special report on 1.5 degrees forcefully underlined 
the importance of urgent additional mitigation action. It is highly likely that as part of the global 
effort to address climate change, South Africa will therefore be required to increase its 
mitigation efforts in the 2020s and 2030s, and that our future NDCs will move towards the 
lower end of the PPD range, or even below.  

 



 

For example, Climate Action Tracker1 has deemed our current mitigation commitment under the 
Paris Agreement as “critically insufficient”, based on the upper range of the PPD. This implies 
that if other countries had the same level of ambition as South Africa, we would be heading for 
a world with more than 4oC of climate change. The lower range of the PPD is rated in 2025 and 
2030 as “2 degrees compatible”, meaning that this would be a fair contribution to the Paris 
temperature goal. In the long term (in 2050), the PPD range is rated as “insufficient” (meaning a 
3 degree world) at the upper end, and “2 degrees compatible” at the lower end. Therefore 
meeting the global temperature goal of “well below 2oC” will require moving below the low-
PPD. It will be even more important under these circumstances to pursue rapid decarbonization 
of the electricity sector, to avoid additional mitigation costs to the rest of the economy. 

 
Existing analyses of the national emissions budget corresponding to the low-PPD trajectory 
include a rapid phase-out of coal in the electricity sector, with all coal-fired stations retired by 
2035-2040 (Burton et al, 2018). This is broadly consistent with international analyses that have 
examined the future of coal in the power sector globally (see UNEP, 2017 for a review of the 
extant literature), most of which includes a global phase out of unabated coal in the power 
sector by 2050 (depending on country-specific circumstances). The IEA’s “well below 2oC” 
scenario (WB2D) also includes decarbonising the South African electricity sector by 2040. 
Finally, the IPCC Special Report on 1.5oC has shown that globally, coal in the power sector is 
phased out by 2050 in all scenarios consistent with 1.5oC (IPCC, 2018).  
 
The methodology applied in this study was to assess the effects of various GHG budgets on the 
electricity price and the economy. The emissions budget applied in the least cost mitigation 
scenario represents an ambitious reduction below low-PPD, but at relatively low economic cost.  

Results: reference scenario 
Peak demand in 2050 totals 65 GW and total installed capacity in 2050 is 229 GW including 
battery storage. The installed capacity is made up primarily of wind and solar PV (161 GW), and 
a small contribution from existing coal (9 GW) and pumped storage (3GW). Investment in new 
battery storage technology begins in 2026, growing to 53 GW by 2050 to complement variable 
renewable energy technologies. Wind, solar, and batteries provide the least cost option for South 
Africa’s electricity future.  

By 2030, renewables (wind, solar, micro-hydro, and biomass) produce 42% of electricity, and 
this increases to 90% by 2050 (wind and solar together contribute 38% and 88% in 2030 and 2050 
respectively). The higher demand forecast illustrates the important role of full sector analysis: in 
the reference case, large scale electrification of transport takes place. By 2050, 66% of private 
passenger vehicle activity is from electric vehicles, and 63% of road freight (primarily through 
the use of electrified light commercial vehicles). Transport demand for electricity accounts for 
10.8TWh and 40TWh in 2030 and 2050 respectively.  

The reference scenario includes large scale retrofitting of Eskom power stations to meet the 
2020 MES (“new plant standards”) by 2025. For the remainder of the fleet, plants must either 
implement the technology options to meet the 2020 new plant MES or else retire over the period 
to 2025. The results show that the least cost option is to retrofit most of the fleet with a total of 
18 GW of plant retrofits across the fleet over the period to 2025. A total of 31 units are 
retrofitted out of a possible 42 across the fleet.  All stations available for retrofitting are partially 
or fully retrofitted except Majuba, which is fully decommissioned by 2025. 
 

                                                        
1 Climate Action Tracker (climateactionrtacker.org) is one of the best independent sources for assessment 

of the adequacy of the mitigation component of countries’ Nationally Determined Contributions in 
terms of the Paris temperature goals. CAT models a wide variety of published approaches to sharing 
the global mitigation burden, which represent a wide range of developed and developing country 
perspectives. 



 

The remainder of the coal fleet is also sensitive to coal cost assumptions, even without any 
emissions constraints imposed on the scenario. While Medupi runs at maximum capacity factor 
(80%) to 2050, Kusile (with higher coal costs) starts to run at a much lower load factor from 2040 
onwards, running at only a 41% load factor to 2050.  

The high penetration of renewable energy in the electricity sector results in a reduction in 
emissions over the period. Energy and industrial emissions fall from 422 Mt CO2-eq to 238Mt by 
2050, again, without any emissions constraint applied to the scenario. In industry, there is little 
change in the mix of energy carriers – namely coal and electricity. Coal continues to be a primary 
source of process heat and emissions in industry, and grows over the period with increased 
industrial growth. As mentioned above, transport electrifies substantially, although some fossil 
fuel use remains. On the supply side, Sasol’s Secunda CTL plant retires between 2040 and 2045. 
Although the electricity sector does not fully decarbonise over the period, the carbon-intensity of 
the electricity sector declines dramatically, from 891g CO2-eq/kWh in 2020 to just 81 g CO2-
eq/kWh by 2050. Emissions for the electricity sector for the period 2021 to 2050 total 3.6Gt CO2-
eq, which is considerably lower than any of the IRP cases (which all remain above 4.9 Gt over 
the same period). The most stringent emissions constraint in the IRP (the ‘carbon budget’ 
approach) constrains emissions to 5.5 Gt over the same period. Clearly, since the actual emissions 
budget achieved in an economy-wide model for an unconstrained least-cost scenario is so much 
lower than this, this constitutes a significant overallocation of emissions space to the electricity 
sector. This will become more apparent below in the mitigation scenario. 

Results: least cost mitigation scenario 
Energy system results 
In this scenario the linked energy-economy model is run with the same labour and capital supply 
and productivity growth forecasts as the reference scenario but with the 7.75Gt emissions budget 
applied over the period to the energy system. In this scenario, the impact of the carbon budget on 
the energy system feeds back into the economy-wide model through the electricity price and the 
total investment requirements in the energy system. This affects economic growth which in turn 
impacts demand for electricity. The result is a total demand for electricity of 312TWh in 2030 
and 542TWh in 2050. This is a slightly lower than the reference scenario owing to the impact on 
GDP growth (see section 5.2), but only marginally so at 7 TWh difference to the reference. Peak 
demand for electricity is similar to the reference scenario at 65GW in 2050. 

As with the reference scenario, all new electricity generation capacity is a combination of wind, 
solar PV, and battery storage. Total installed capacity is 113GW by 2030 and 240GW by 2050. 
The installed capacity is 11GW higher than the reference case by 2050 despite the lower 
electricity demand, and renewable energy technologies (wind, solar, micro-hydro, and biomass) 
provides 62% of electricity generated by 2030 and 99% by 2050 (Wind and solar together make 
up 57.3% and 96.3% by 2030 and 2050 respectively).  

Compared with the reference scenario, there is an accelerated investment in renewable energy in 
the medium-term – particularly as more coal capacity comes offline in the 2020s or is run at lower 
load factors. There is still coal capacity available in the long term from Kusile and Medupi (but 
not Majuba), however Kusile operates at a 55% load factor and Medupi at 75% load factor from 
2026. Neither station generates electricity from 2040 onwards, though they remain available to 
the system.  

Coal capacity is lower in this scenario owing to more stations retiring instead of being retrofitted 
for compliance with the MES. In total, 11GW of coal capacity is retrofitted, compared to 18GW 
in the reference scenario.  
 

In this scenario Kendal station is not retrofitted at all and retires by 2025 along with Majuba. 
Lethabo, Matimba, Matla and Tutuka are partially retrofitted and partially retired. Due to the 
lower capital cost expenditure on retrofits and earlier retirement of coal plants,  the electricity 
price is lower in the medium term compared to the reference scenario. The electricity price is 



 

higher in the long term compared to the reference case as higher investment in renewable energy 
and storage capacity is required to meet the emissions constraint. The higher investment in RE 
plus batteries is needed to replace retiring coal capacity, Medupi and Kusile post-2040, as well as 
the renewable capacity installed in the 2020s (when the capacity becomes due for replacement in 
the 2040s). 

Figure 19 A shows there is a general decline in emissions from 2015 onward, but this trend 
accelerates from 2020. The power sector contributes the largest mitigation effort, as discussed 
above – with fewer coal units operating overall and those that do run operating with lower load 
factors and result in an electricity carbon intensity of just 8g CO2eq/kWh by 2040 and zero by 
2050.    

 
Figure A: GHG emissions in least cost mitigation scenario with carbon intensity of electricity 

There is also a significant mitigation contribution from coal-based synthetic fuel production as 
these CTL facilities are offline between 2035 and 2040 compared to 2045 in the reference 
scenario. The CTL facility also reduce their production levels over their lifetime. Lower demand 
for liquid fossil fuels for transport (driven by lower GDP and higher electrification of transport) 
results in emissions savings relative to the reference scenario. As in the reference scenario, 
transport is largely electrified and thus most of the emissions savings would come from upstream 
power sector emissions savings.  

Although the rate of growth is lower for the industrial sector relative to the reference scenario, 
and despite higher uptake of fuel switching to electricity, coal remains the lowest-cost supply 
option for heat in the industrial sector. In the long term the industrial sector becomes the largest 
source of emissions from energy in South Africa – the majority of these from process heat 
requirements, particularly from boilers.  

Economy-wide results 

Including an emissions constraint of 7.75 Gt CO2-eq has a small negative impact on real GDP 
with the real GDP level being 4.2% lower by 2050 (Figure B (i). This translates into a 0.14 
percentage point decline in the average growth rate and implies that the level of real GDP 
experienced under the unconstrained least cost scenario in 2050 would be delayed by between 1 



 

and 2 years. The lower level of GDP is the result of the higher electricity investment requirement, 
which results in lower available funds for investment in other sectors; as well as a higher 
electricity price. Total electricity investment is 11.6% higher under the 7.75 Gt CO2-eq scenario, 
while the electricity price is 3.4% higher by 2050 (Figure B (ii)). Employment is 4.1% lower 
(1.84 million job-years in 2050), in line with the lower real GDP level. 

  
  

Lower levels of activity are experienced across all sectors of the economy in the 7.75 Gt CO2-eq 
scenario with the largest declines in activity taking place in the mining and manufacturing sectors. 
Mining and manufacturing GDP is 4.6% and 4.3% lower by 2050. The largest declines within the 
manufacturing sector occurs within the non-metallic minerals, metal products and motor vehicles 
sub-sectors who are typically energy intensive users. The differences in employment are the largest 
in the services sector which is the largest employer in the country. Employment in the services sector 
is 1.32 million job-years lower in the 7.75 Gt CO2-eq scenario. The next largest differences are in the 
manufacturing and other industry sectors which employ 237,000 and 165,000 fewer workers than in 
the reference scenario. Employment losses are largest amongst higher educated workers (i.e. Grade 
12 and higher levels of education). 

 
Figure C: Sector GDP in the reference, and in the least cost mitigation scenarios 

 

Conclusion 
This study has examined the implementation of a least-cost scenario for South Africa’s electricity 
sector to 2050. The findings have implications for the IRP 2018 that is currently being updated 
by the DoE. Firstly, the study reiterates earlier findings that future supply will come primarily 
from wind and solar PV. Renewable energy plus flexibility provides the least cost pathway for 

Figure B: i) Real GDP, ii) Electricity investment and price 



 

the electricity sector. No new coal or nuclear power plants feature in South Africa’s electricity 
future, and their inclusion would require subsidies from consumers (Burton et al, CSIR, 2017, 
Ireland & Burton 2018, Steyn et al, 2017).  Secondly, this study has also shown that a large scale 
procurement programme for battery technology to provide storage capabilities for variable 
renewable energy should be pursued in South Africa.  

Third, retrofitting stations for compliance with the Minimum Emission Standards (MES) is, for 
the most part, the least cost option for the electricity sector (due to the relatively higher costs of 
new technologies in the period 2020-2025). It is cost optimal to retrofit Eskom’s coal-fired fleet 
to meet the new plant standards by 2025 rather than retire them, except in the case of Majuba. 
There are potential cost and greenhouse gas emissions savings if compliance with the new plant 
standards is suspended for some stations (e.g. Duvha and Matla) and they are instead retired early. 
We propose that the DEA considers suspending compliance requirements for the best performing 
(in terms of pollutants) stations and in exchange Eskom agrees to retire the stations by 2030 at 
the latest. For the remainder of the fleet, Eskom should commence retrofitting the stations for 
compliance with the MES, subject to ongoing cost assessments (e.g. coal costs per station, which 
may alter whether a station should be retrofitted or retired).  

Finally, this study has examined the effects on the electricity system, the energy system and the 
economy of a more ambitious climate change mitigation policy. We have 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 without significant impact on the 
economy, and that therefore South Africa can afford to be more ambitious in its mitigation policy. 
Reducing emissions below the level of the low-PPD by 2050 can therefore be achieved through 
rapid decarbonisation of the electricity sector and fuel switching. A well below 2oC compatible 
pathway is possible with only a 4% reduction in GDP in 2050 – translating to a delay of between 
1 and 2 years in absolute terms in achieving the same economic growth level in 2050. The IRP 
2018, which currently allocates more than 5Gt of greenhouse gases to the electricity sector, should 
therefore significantly reduce this allocation in line with an economy-wide, least cost allocation 
of emissions space to different sectors.  Even with no emissions constraint, our reference case 
achieves lower emissions than the IRP budget. 
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1. Introduction 
The 2010 Integrated Resource Plan (IRP) (DoE, 2011) was a breakthrough for electricity planning 
in South Africa for two reasons: firstly, it established a planning process with extensive 
stakeholder involvement, and secondly, it contained for the first time a greenhouse gas (GHG) 
emissions constraint. Although at the time South Africa had no official climate change policy – 
the National Climate Change Response White Paper was only finalised later in 2011 – the policy-
adjusted IRP included an emissions constraint that, along with the falling costs of renewable 
energy, resulted in the large-scale uptake of renewable energy in the final scenario. The IRP 2010, 
however, while still providing the basis for new power sector procurement, is however out of date 
in many important respects. Since 2010, renewable energy (RE) costs have fallen dramatically 
both globally and in South Africa, national electricity demand has been stagnant for a decade, and 
South Africa has committed to doing its part in limiting global warming to ‘well below 2 degrees’ 
under the Paris Agreement. The electricity sector is key to meeting this goal at lowest cost, given 
relative mitigation costs in different sectors of the South African economy.  

The draft IRP 2018 addresses in many respects the critiques levelled at the earlier IRP base case 
released for comment in 2016 and provides a necessary update to the IRP 2010, in particular by 
acknowledging that a least-cost electricity future for South Africa is now comprised primarily of 
renewable energy and does not feature new investment in nuclear- or coal-fired power. 
Nonetheless, the draft IRP 2018 reflects the fact that the Department of Energy is persisting in 
procuring new coal-fired power from the proposed Thabametsi and Khanyisa power plants, which 
have been ‘forced into’2 2018 IRP; Eskom is continuing with the construction of Medupi and 
Kusile, which is also uncritically reflected in the draft, and Eskom also has no explicit plans for 
decommissioning its oldest coal stations (only placing them in ‘cold storage’3); and the draft IRP 
2018 continues to assume that existing coal-fired power plants will continue to be competitive 
until these reach 50 years of age and should therefore be kept running until that time, even though 
earlier retirement could be a more economical option. Artificial and arbitrary constraints on 
renewable energy investment in the draft also raise costs and limit the sector’s contribution to 
meeting South Africa’s future energy requirements and its climate change mitigation goals.  

At the same time, Eskom is in crisis. Its runaway capital and operating costs point to a potential 
utility death spiral as many of its customers invest in energy efficiency and on-site, distributed 
energy generation, leading to stagnating demand for electricity from the central grid. The IRP 
2018 does not consider either this context in its assessment of future technology roll out or the 
global energy technology shifts taking place that will fundamentally alter the viability of the 
current fleet, either because of economics or global climate change policy.  

In this context, this study is an alternative technical assessment of South Africa’s electricity 
future, with a focus on a) a least-cost reference scenario and b) a least cost, policy-adjusted climate 
change mitigation scenario. The least-cost reference scenario can be compared against the 
modelling undertaken by the DoE for the IRP 2018, and highlights the most important parameters 
for assessing and providing a critical perspective on that modelling.  

A key difference between the approach used in the modelling of the IRP and the approach used 
in this analysis is that the electricity sector is modelled here in an economy-wide model, not 
confined to the electricity sector, but including a comparable level of detail in the electricity sector 
to the approach used for IRP 2018. The policy-adjusted climate change mitigation scenario 
therefore highlights the critical role played by the electricity sector in meeting South Africa’s 
mitigation goals, compared to the roles of other sectors. The scenario shows the potential that 

                                                        
2  The kind of model used for the IRP analysis would typically select a set of investments which could meet the 

demand required of a future electricity system at least cost. If a specific investment has been ‘forced into’ the 
model, it implies that the modellers have required the model to choose that investment regardless of its cost 
compared to other possible options, and that the investment in question has not been evaluated against other 
possible options. 

3  ‘Cold storage’ is described as a state in which units taken out of service could be brought back into service within 
a year if required. 
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exists, given the dramatic fall in costs of low-carbon technologies, for an accelerated 
decarbonisation of the electricity sector. This analysis anticipates South Africa’s next nationally 
determined contribution (NDC), due to be communicated to the UNFCCC by 2025, which will 
almost certainly require a more ambitious mitigation goal in the light of current and future 
assessments of the adequacy of global mitigation efforts, which will be further highlighted in the 
Paris Agreement’s Global Stocktake in 2023.  

2. Why do an alternative IRP analysis? 
This study provides a technical analysis of the draft IRP 2018 by using a similar modelling 
methodology4 to better understand the IRP’s key drivers, to test claims concerning least-cost 
options for the South African electricity sector in the IRP, and to provide additional insight into 
what would be required for a more ambitious decarbonisation pathway for the sector in the light 
of the requirements of the Paris Agreement. Each scenario is evaluated in terms of key policy-
relevant parameters. The aim is to develop, using the modelling framework outlined in Appendix 
A: 

A least-cost electricity investment plan to contrast to the IRP’s reference case, using the best 
available information on technology costs, future electricity demand and other key parameters. 
We have highlighted the areas in the report in which parameters used in this study deviate from 
those used in the IRP, to the extent possible (some of the parameters used in the IRP are not 
publicly available). 

• A least-cost, low-carbon scenario compatible with the Paris Agreement’s long-term 
temperature goals, to assess the policy adjustments required. This scenario also provides 
comparison against the least cost reference case above, as well as any low-carbon 
scenario which may be proposed in the IRP 2018. 

The analysis includes an assessment of modelled electricity plans in the context of the overall 
economy, and an assessment of the key drivers of results both in the IRP 2018 and in this analysis. 
The IRP 2018 does not consider the economy-wide impacts of either the electricity build plan 
proposed (in terms of investment and job creation) or the effect of electricity price increases on 
the broader economy.  

In particular, we argue that the IRP 2018 has excluded several important aspects that are a 
necessary part of assessing South Africa’s future electricity system. Our analysis therefore 
implemented several model developments to allow for a more comprehensive assessment of 
South Africa’s electricity future. This includes modelling the following: 

• Compliance of the existing coal fleet with the Air Quality Act (AQA) and Minimum 
Emission Standards (MES) regulated in terms of the AQA. Up until now, the IRP has 
failed to assess what the legal requirement for Eskom’s compliance with the MES would 
mean for the electricity sector, either in terms of costs of compliance through retrofitting 
power stations to comply with existing regulations, or the effect on the electricity system 
of retiring coal capacity that cannot be economically retrofitted. Given that compliance 
is a legal requirement under the AQA, and rolling (indefinite) postponements are not 
permitted, this is a key oversight. 

• An exploration of the implications of higher uptake of distributed or centralised 
renewable energy based on more realistic cost assumptions. 

                                                        
4  Both the IRP and this study will use similarly constructed linear optimisation models of the South African 

electricity sector, but a key additional feature of the modelling framework proposed in Appendix A is that it 
includes not only the electricity sector but also the rest of the energy system, and also includes a linked economic 
model. The analysis will thus also take into account the economic impact of changes in the electricity price 
(which the IRP does not), including changes in electricity demand, and also provides scope for the impact of the 
IRP on the rest of the economy. It will additionally provide insights into the role of the electricity sector in overall 
mitigation in the South African economy, which is not possible in a modelling framework which only considers 
the electricity sector. 
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• Assessing the effect of modelling lower plant availabilities for the current coal fleet 
(which would more closely reflect the state of the current fleet, based on Eskom’s system 
adequacy reports, than those assumed in the IRP 2018). 

• The inclusion of utility-scale batteries with more realistic technology cost reductions. 

• An analysis of the role of the electricity sector in meeting South Africa’s mitigation 
objectives.5 The electricity sector is currently responsible for over 40% of South Africa’s 
GHG emissions and, since low-carbon technologies are now cheaper than high-carbon 
ones (Ireland et al, 2017), the sector will play a key role in implementing South Africa’s 
contribution to limiting warming to well below 2oC. South Africa’s current long-term 
goal is contained in the National Climate Change Response White Paper and represented 
by the ‘peak, plateau and decline’ (PPD) emissions trajectory range to 2050. 

2.1 Climate change mitigation planning 
One of the key critiques of the draft IRP 2018 is that it does not adequately address the central 
problem of climate change mitigation. There are two dimensions to this problem. The first is the 
extent to which the proposed IRP can be said to be aligned with South Africa’s current climate 
change policy. We argue here that the emissions constraints derived from the national emissions 
trajectory benchmark range contained in the National Climate Change Response Policy (either 
the ‘moderate decline’, the ‘advanced decline’ or the ‘carbon budget’) do not reflect a least-cost 
mitigation pathway from the point of view of the national economy (this will be discussed in more 
detail below, in the results section). Some low-carbon technology investment options in the 
electricity sector are now cheaper than high-emitting options – a dramatic change from a decade 
ago. Mitigation options in the rest of the economy are considerably more expensive and so, from 
a national point of view, emissions constraints for the electricity sector should be far more 
ambitious, to avoid imposing additional costs on the rest of the economy. We address this problem 
by using a full sector energy model rather than an electricity sector-only model.  

The second dimension of this problem is that under the Paris Agreement, South Africa is obliged 
to submit a Nationally Determined Contribution (NDC) every five years, which represents a 
progression on the previous NDC. Moreover, it is clear that all countries will have to increase 
their mitigation ambition to collectively meet the Paris temperature goal of well below 2°. The 
recently released IPCC Special report on 1.5° forcefully underlined the importance of urgent 
additional mitigation action. It is highly likely that, as part of the global effort to address climate 
change, South Africa will therefore be required to increase its mitigation efforts in the 2020s and 
2030s, and that its future NDCs will move towards the lower end of the PPD range, or even below.  

For example, Climate Action Tracker6 has deemed South Africa’s current mitigation commitment 
under the Paris Agreement as ‘critically insufficient’, based on the upper range of the PPD. This 
implies that if other countries had the same level of ambition as South Africa, we would be 
heading for a world with more than 4oC of climate change. The lower range of the PPD is rated 
in 2025 and 2030 as ‘2° compatible’, meaning that this would be a fair contribution to the Paris 
temperature goal. In the long term (in 2050), the PPD range is rated as ‘insufficient’ (meaning a 
3° world) at the upper end, and ‘2° compatible’ at the lower end. Therefore, meeting the global 
temperature goal of ‘well below 2oC’ will require moving below the low-PPD. It will be even 
more important under these circumstances to pursue rapid decarbonisation of the electricity 
sector, to avoid additional mitigation costs to the rest of the economy. 

                                                        
5  It is clear that there are a number of policy contexts in which the question of the contribution of the electricity 

sector to South Africa’s overall mitigation effort should be considered (in relation to the contribution of other 
sectors), but in addition to these the IRP process is uniquely placed to provide an updated assessment of what the 
potential and associated costs and benefits might be for mitigation in the sector. 

6  Climate Action Tracker (climateactionrtacker.org) is one of the best independent sources for assessing the 
adequacy of the mitigation component of countries’ NDCs in terms of the Paris temperature goals. It models a 
wide variety of published approaches to sharing the global mitigation burden, which represent a wide range of 
developed and developing country perspectives. 
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Existing analyses of the national emissions budget corresponding to the low-PPD trajectory 
include a rapid phase-out of coal in the electricity sector, with all coal-fired stations retired by 
2035–2040 (Burton et al, 2018). This is broadly consistent with international analyses that have 
examined the future of coal in the power sector globally (see UNEP (2017) for a review of the 
extant literature), most of which assumes a global phase out of unabated coal in the power sector 
by 2050 (depending on country-specific circumstances). The International Energy Agency’s 
(IEA) ‘well below 2oC’ scenario (WB2D) also includes decarbonising the South African 
electricity sector by 2040. However, it assumes large quantities of carbon capture and storage 
(CCS) – up to 50 TWh from coal generation capacity with CCS for South Africa – which is 
probably not feasible in the light of recent studies on potential for CCS in South Africa, or in 
terms of the falling costs of alternatives, in particular in the timeframe proposed in the IEA 
analysis which includes this uptake before 2040.7 Finally, the IPCC Special Report on 1.5oC has 
shown that globally, coal in the power sector is phased out by 2050 in all scenarios consistent 
with 1.5oC (IPCC, 2018).  

3. Scenarios and assumptions 
3.1 Scenarios 

3.1.1 Reference scenario 
The reference scenario is a least-cost scenario without constraints on GHG emissions or any 
exogenously imposed technology preferences (for example, no new generation capacity 
technologies are ‘forced in’ to the scenario). The scenario includes legal compliance with the Air 
Quality Act for the existing coal fleet (with the timing of implementation of compliance set at 
2025). Detailed assumptions are as described in section 3.2 (Assumptions).  

3.1.2 Least-cost mitigation scenario 
This scenario examines the role of the electricity sector in mitigating GHG emissions in South 
Africa. The scenario assumptions are the same as those of the reference case, except that a policy 
adjustment is made to cap GHG emissions in a manner that is consistent with South Africa’s 
current and potential future commitments under the Paris Agreement. A key component of this 
analysis is the consideration of mitigation in the electricity sector in the context of the overall 
energy system and the economy – the GHG emissions cap is therefore applied to the whole 
economy rather than to a specific sector. The model chooses the most cost-effective measures 
across the whole economy, which indicates the most cost-effective mitigation pathway for the 
electricity sector vis a vis the rest of the economy. As described in section 3.2.9, we have explored 
various GHG constraints and the effects of imposing these on the economy. This helped us to 
identify what a more ambitious mitigation target for South Africa might be, assuming existing 
technologies and the current economic structure of the country.  

In earlier studies, a cumulative GHG constraint of 9.5Gt was applied to energy and industrial 
process and product use (IPPU) emissions (i.e. excluding emissions from agriculture, forestry and 
land use, and waste) (for example, PAMS, 2018; Burton et al, 2018). The sectoral constraint was 
devolved from the low-PPD emissions budget over the period 2020-2050 (of 10,8 Gt CO2-eq), 
with an allocation made to the waste and AFOLU (agriculture, forestry and other land use) sectors 
consistent with the analysis undertaken in the recent PAMS8 study (see PAMS for a detailed 
methodological assessment of waste and AFOLU emission allocations). 

                                                        
7 Imposing the IEA scenario, in which the electricity sector is effectively decarbonised completely by 2040 but still 

has 12.5% firm/dispatchable coal capacity that is also ‘low-carbon’ may result in an unrealistic build plan in 
terms of energy security, costs, and other economic impacts. 

8  The PAMs study is a recent study undertaken by the Department of Environmental Affairs to assess the overall 
impact of planned mitigation policies and measures in relation to South Africa’s mitigation targets contained in 
its NDC, with the goal of assessing whether these policies and measures were adequate, or whether additional 
PAMs were required. The study has not been finalised, but the draft report, to which he references here are made, 
is available at https://www.environment.gov.za/sites/default/files/docs/policyandmeasures_draftreport.pdf. 
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The 9,5Gt constraint applied in earlier analyses therefore represents one possible allocation of 
national emissions space to the energy and IPPU sectors. Nonetheless, given that most of South 
Africa’s emissions come from energy and industry, higher ambition will be required from those 
sectors for national emissions to be consistent with the Paris Agreement. 

We found that meeting a cumulative GHG constraint of 7.75Gt CO2-eq over the period 2020-
2050 (for the energy and industrial sectors) is achievable at a relatively low cost to the economy. 
This constraint represents a reduction of 1.75Gt CO2-eq over previous modelling assessments 
such as PAMS (2018) and Burton et al (2018). In short, South Africa can achieve an 18.5% 
reduction in its emission budget below the 2oC-compatible low-PPD at relatively low cost to the 
economy. Meeting this more ambitious target requires accelerated investment in low-carbon 
technologies and accelerated decommissioning of high-carbon-emitting assets, but is 
accompanied by an increasingly resilient and dynamic electrical grid in a future carbon-
constrained world.  

3.2 Assumptions 

3.2.1 Drivers of the demand forecast  
In SATIM (the model used for this analysis), electricity demand is endogenous to the model,9 and 
depends on future economic and population growth, economic structure and the resulting demand 
for useful energy (e.g. lighting, process heat and mobility). In the reference scenario we use a 
moderate growth rate for GDP of 2.6% pa to 2030, and a higher growth rate to the end of the 
horizon of 3.6% pa between 2030 and 2050. In the least-cost mitigation scenario we use the same 
GDP input assumption, but this will change endogenously within the model as the economy reacts 
to changes in the energy system resulting from the emissions constraint. 

The GDP assumptions result in an electricity demand of 318 TWh by 2030, and 550 TWh by 
2050. This demand forecast includes a large uptake of electric vehicles, which partly accounts for 
the higher demand.  

                                                        
9  For the IRP, the demand forecast is an input to the model, and is projected based on economic growth and other 

assumptions. For this analysis, which considers the whole energy system, future electricity demand is determined 
in the model for the whole economy. 
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Figure 1: Electricity demand in this work compared with IRP 2010, IRP 2016 update, and the Energy 

Intensive Users Group projections 

3.2.2 Renewable energy costs 
The IRP 2018 states that it uses overnight capital costs based on the REIPPPP, however, the IRP 
2018 states that these costs are in January 2017 ZAR, but the numbers in table 1 are the same as 
table 8 in the IRP 2016 . It is therefore not clear what currency the figures are in, nor what 
underlying data they are actually aligned with. The assumptions need to be clearly articulated in 
the next version of the IRP, for comparison with other modelling studies.  

Renewable energy costs in this analysis are based on the learning curves developed in Ireland & 
Burton (2018). Figure 2 shows the projected levelised cost of solar PV and wind based on the 
improvements for the respective technology parameters. 
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 Figure 2: Solar PV and wind cost and learning assumptions 2015–2050 (April 2016 ZAR) 

3.2.2.1 Solar PV learning assumptions 
• Technology learning starts from 2015; both capital cost and operation and maintenance 

(O&M) cost reductions are applied. 

• Plant cost and performance parameters are modelled to start at calculated 2015 Round 4-
expedited REIPPPP values, and improve, using adapted projected rates of change in the latest 
National Renewable Energy Laboratory (NREL) Annual Technology Baseline (NREL ATB, 
2017), UNEP (2015) and Fraunhofer (2015). 

• Plant capacity factors remain the same for all projections. 

3.2.2.2 Onshore wind learning assumptions 
• Technology learning starts from 2015; capital and O&M cost reductions are applied and 

annual capacity factors of new plants improve (existing plants do not improve).  

• Plant cost and performance parameters are modelled to start at calculated 2015 REIPPPP 
values and change using adjusted projected rates of improvement in the 2017 latest NREL 
Annual Technology Baseline (NREL ATB, 2017), IEA Wind (2018), and Agora 
Energiewende (2017). 

3.2.3 Renewable energy build rates 
The IRP 2018 has imposed annual upper build limits on new renewable energy of 1.6 GW for 
wind and 1 GW for solar PV throughout the modelled period (to 2050) in most of the scenarios 
analysed, for which no rationale is given. The ‘IRP 1’ scenario does not, however, impose such a 
constraint, and the DoE notes that this provides the least-cost option. It is clear that there could 
be limits to the extent to which annual rollout of renewable energy could be accelerated, which 
could include technical (grid or Engineering, Procurement and Construction (EPC) capacity), 
logistical (e.g. port capacity), institutional (start dates and length of procurement processes), legal 
or financial (prudential) limits. Thus, while there is no rational reason for the specific annual 
limits used by the DoE, we concur that some limit needs to be imposed on the model to 
approximate the real-world constraints facing the sector. It is therefore necessary to constrain the 
model to more accurately represent the real-world barriers to extremely large investments in a 
single year. 

Developing realistic constraints is challenging and requires further work and assessment as the 
RE industry grows in South Africa and globally, but in the meantime we have developed an 
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interim approach to setting limits based on a number of considerations in existing studies and in 
conversations with the RE industry. We considered: 

• The analysis undertaken by Wright (2017) to assess the rate of renewable energy roll-out in 
other countries and penetration as a portion of peak demand. That analysis found that the 
proposed annual new build levels of solar PV and wind in South Africa by 2030 and 2050 as 
a percentage of peak demand was already surpassed in existing electricity systems around the 
world in 2017. Wright also found that total installed capacity levels (as a percentage of peak 
demand) for both wind and solar in South Africa were lower than existing systems globally.  

• Research on the availability of grid capacity for, and economics of, additional solar PV 
investment (which has fewer infrastructure constraints than wind power) (Poeller, Obert & 
Moodley, 2015). In addition, research by Senatla (2018) highlights that there are already large 
quantities (in the order of GWs) of potential rooftop PV economically viable in South African 
metros. In other words, a large-scale roll out of currently economically-viable distributed 
solar PV generation in South Africa would not face logistical or grid constraints. 

• The Transmission Development Plan 2018-2027 (Eskom, 2017), which assumes that after 
round 4 of the REIPPPP solar PV expansion will be 3500 MW and wind 4400 MW, for which 
transmission development is already planned over the period to 2027. Cost estimates in the 
Grid Connection Capacity Assessment for 2022 also highlight that grid costs for utility-scale 
RE (at R18 billion) are relatively low as a portion of total grid expenditure (R174 billion) and 
furthermore are very low as a portion of total system costs in SATIM (though they will grow 
as the contribution from RE increases). 

We also interviewed several wind and solar PV project developers, EPC contractors, and industry 
representatives to test assumptions against their views on plausible timelines and rates of growth. 
All those we spoke with emphasized that initial constraints facing the sector can be overcome 
provided there is certainty in future roll-out. We suggest that the precise constraints require further 
analysis if very high levels of renewable build-out are required. This is a key oversight of the IRP 
2018 and a detailed analysis is likely required.  

As in Ireland and Burton (2018), the annual new capacity constraints used in this study by 
assessing recently contracted rounds (Round 4) of installed capacities: between 2016 and 2017, 
620 MW of wind came online and between 2015 and 2016, 420 MW of solar PV. Annual 
installation limits for PV and wind are set to start in 2021 at the total capacity awarded in round 
4 for each technology. Each year thereafter, the annual installation limit increases by the portion 
of capacity awarded in the final expedited round (590 MW for PV and 618 MW for wind) until 
2030, when the limits are no longer imposed (Ireland and Burton, 2018), on the basis that national 
capability to build new capacity can in principle be increased at this historical rate annually, as 
required. For the period after 2030, we assume that the capability for long-term capacity 
expansion will be developed in response to whatever is required by the IRP. Annual new build 
limits are therefore applied as in Table 1. 

Table 1: Annual new build upper limits on renewable energy 2020–2030 (GW) 

Technology 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Wind 1.36 2.04 2.73 3.41 4.09 4.77 5.45 6.13 6.81 7.49 8.17 
Solar PV 1.40 2.00 2.59 3.18 3.77 4.36 4.95 5.54 6.13 6.72 7.31 

  

3.2.4 Committed coal builds 
The IRP 2018 assumes that the coal IPPs Thabametsi and Khanyisa (1000 MW is assumed in the 
plan, although these plants are only 863 MW) will be built and will come online in 2023–2024. 
The economic impact of building these plants is thus not analysed by the IRP. We do not force 
any technologies into SATIM except the REIPPPP round 4 projects which have already reached 
financial close. The coal IPPs remain unpermitted and have not yet reached financial close. The 
plants therefore are not chosen by the model unless they form part of the least-cost investment 
plan, and have to compete with other options, including renewable energy options. Previous 
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studies have shown that these plants are not least-cost. For instance, Ireland and Burton (2018) 
showed that the coal IPPs would raise costs in the electricity sector by R20 billion in present value 
terms, a finding supported by the DoE’s own analysis (R23 billion). Unsurprisingly, in this 
analysis the plants are not chosen by the model in either scenario. 

3.2.5 Coal costs 
We have used the Energy Research Centre’s coal supply model which has station-specific coal 
supply options and costs, based on Dentons (2015), Steyn et al (2017) and Burton et al (2018). 
The costs per power station can be seen as box plots in Figure 3, in 2015 ZAR per ton and ZAR/GJ 
over the lifetime of the existing contracts.10 The charts show the range of contract costs per station. 
The boxes show the 25-75th percentile range of costs across the contracts supplying the stations. 
The horizontal line shows the median costs of coal to the station and the vertical lines show the 
full range excluding outlier contracts (shown with dots). A single horizontal line means that the 
station in question is supplied from a single tied mine/contract (Lethabo, Matimba, Matla, 
Medupi) or with lower volumes of coal being brought in to the station (e.g. Duvha).  

 

 
Figure 3: Existing coal costs (in ZAR per tonne above, and ZAR per GJ below) to coal power 

stations in SATIM 

                                                        
10  The costs are weighted by volume in the model. 
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The cost of new coal supply to plants after the dedicated mines reach their end of life, or existing 
short and medium term contracts expire, is given in Table 2 

Table 2: New coal supply costs 2015 R/GJ (Durbach et al, 2017) 

 2020 2030 2040 2050 
Central Basin 33 37 39 39 
Waterberg 22 24 25 25 

 

3.2.6 Battery storage 
Battery storage technology cost and performance parameters are presented in Error! Reference s
ource not found. and are based on Lazard (2017), representing utility-scale grid connected 
lithium-ion batteries. Learning on capital costs are based on the average of the projections made 
by (BNEF, 2017; IRENA, 2017; CSIRO, 2015; EIA, 2017; Apricum, 2017) as shown in Figure 4 . An 
exchange rate of 13.59 USD:ZAR is used as per the IRP 2018. The proportional learning rates 
from the industry cost reduction projections are applied to the initial 2017 Lazard parameters 
to 2030, not the total USD/kWh cost shown in Figure 4. A total installed capital cost reduction 
of 70% is expected in 2035 from 2015 levels. 

Table 3: Input assumptions of typical utility scale lithium-ion battery storage project in 2017 

Power 
rating 
(MW) 

Storage 
duration 
(hours) 

Usable 
energy 
(MWh) 

100% depth 
of 

discharge 
cycles/day 

Project 
life 

(years) 

Installed 
system 

capital cost 
(USD/kWh) 

Fixed 
maintenance 

cost (% of 
CAPEX/annum) 

Efficiency: 
round trip 

(%) 

100 4 400 1 15 483 0.6 % 89 % 

 
Figure 4: Utility-scale lithium-ion battery cost projections 2015–2035 (USD/kWh) 

3.2.7 Compliance with the Air Quality Act and Minimum Emission 
Standards 

The minimum emissions standards (MES) are the legislated maximum emission limit values for 
all existing and new (as defined) power stations, in terms of the List of Activities published under 
the National Environmental Management: Air Quality Act, no 39 of 2004. They are supplemented 
by an air emission licence (AEL) issued by the relevant licensing authority, usually a district or 
metropolitan municipality, to various facilities, which cannot operate without an AEL. Emissions 
from such facilities must at least meet the MES, unless, as described below, a postponement of 

400

265

185

130 120

0

50

100

150

200

250

300

350

400

450

500

2015 2020 2025 2030 2035

Pr
oj

ec
te

d 
Ba

tt
er

y 
Co

st
 ($

/k
W

h)

CSIRO Base EIA Navigant BNEF Apricum Average (Excl EIA)



Least-cost integrated resource planning and cost-optimal climate change mitigation policy 20 

ENERGY RESEARCH CENTRE 

compliance has been successfully obtained (which is reflected in the AEL). Stricter emission 
standards may also be included in AELs. The purpose of the AEL is to provide permission to emit 
particular pollutants within limits to a license-holder. In the case of Eskom, the licences set out 
these limits in terms of three pollutants: particulate matter (PM), sulphur dioxide (SO2) and oxides 
of nitrogen oxides (NOx), measured in mg/Nm3.  

The MES has both ‘existing plant’ and ‘new plant’ standards. The former had to be met by 1 April 
2015, and the latter by 1 April 2020 (although termed ‘new plant’ limits, all plants must meet the 
2020 limits, unless a postponement has been granted).  

Table 4: Compliance timeframes and release rates by pollutant under the Minimum Emission 
Standards (Naledzi/Eskom, 2018) 

MES compliance timeframe Max release rate (mg/Nm3) 
 PM SO2 NOx 

April 2015 100 3500 1100 
April 2020 50 500 750 

 
To meet the MES, Eskom can implement various technologies to limit pollutant emissions. For 
PM, this includes existing electrostatic precipitators (ESPs), or else fabric filter plants (FFPs), or 
a high frequency power supply (HFPS) and flue gas conditioning (FGC) (either with sulphur, 
ammonia or brine injection (Eskom BID, 2018). For NOx, the implementation of low-NOx burners 
is required. Finally for SO2, flue gas desulphurisation (FGD) technology is required (either wet 
or dry FGD). Eskom has since applied for, and been granted, postponements for compliance with 
both the 2015 and 2020 MES. The AQA allows for a maximum of five years of postponement, 
and Eskom can apply for more than one postponement. However, exemptions from the MES are 
not legally permissible, and thus ongoing postponements to compliance would not be allowed 
(Steyn, Burton & Steenkamp, 2017).  

In this context, modelling Eskom’s compliance with the MES is necessary to understand what the 
costs of compliance are likely to be, and what the implications will be of these costs for the 
decommissioning schedule of the fleet, since given the cost of compliance, it is very likely that 
Eskom will choose to retire some plants rather than retrofit them. The IRP 2018 states that: 

the decommissioning schedule is linked to Eskom complying with the minimum emission 
standards in the Air Quality Act No. 39 of 2004 in line with the postponements granted to 
them by the Department of Environmental Affairs (DEA). A number of Eskom power 
plants (Majuba, Tutuka, Duvha, Matla, Kriel and Grootvlei) requires extensive emission 
abatement retrofits to ensure compliance with the law. Failure to comply is likely to result 
in these plants becoming unavailable for production, which could lead to the early 
retirement of some of the units at these plants. (DoE, 2018)  

However, our assessment of the capacity that is being retired is that the IRP assumes a 50-year 
life for power stations and retires them accordingly (i.e. that the IRP does not link 
decommissioning to compliance), as per the discussion on decommissioning above, where 
12.7GW of capacity is retired by 2030.  

The reference and least cost mitigation scenarios includes modelling compliance for the stations 
found in  

. The stations (or units thereof) must either retrofit to meet the new plant MES by 2025 or retire. 
We have excluded the stations that retire by 2025 (Hendrina, Komati, Grootvlei, Camden) or 2030 
(Arnot and Kriel), though we note that they may not be compliant over the period 2015–2020 
with either the MES or their respective AELs. The assessment of the specific technology 
interventions required at the stations that we do retrofit/retire is based on Eskom’s own assessment 
of whether the station is compliant with the new plant standards (see   
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Appendix B: Implementation of compliance with the MES) or if it will require further capital 
expenditure. We have excluded borderline stations from capex (Duvha and Lethabo on NOx), 
which may underestimate the costs of compliance for those stations (Kendal and Matimba meet 
the 2020 standards for NOx according to Eskom).  

Table 5: Parameterisation of pollutant abatement options per station for compliance  
with new plant MES (2015 ZAR)11 

Plant AQ 
technology 

already 
installed 

Technology investment Capex  
(ZAR/kW) 

Opex  
(ZAR/kW) 

Water 
tariff 

(R/m3) PM10 NOx Sox 

Duvha FFP to 
units (1-3) 

FFP (3 units) n/a - 
borderline 

Wet FGD 8798 318 2.70 

Kendal ESP +FGC FFP (3 units) n/a - 
compliant 

Semi-dry 
FGD 

8325 308 21.66 

Lethabo ESP +FGC FFP (3 units) n/a- 
borderline 

Wet FGD 8798 318 0.65 

Majuba  FFP n/a - compliant LNB (30%) Wet FGD 8798 318 0.65 
Matimba ESP +FGC FFP n/a - 

compliant 
Wet FGD 8798 318 1.75 

Matla ESP+FGC FFP LNB (30%) Wet FGD 8798 318 3.29 
Tutuka ESP FFP LNB (30%) Wet FGD 8798 318 3.64 
 

The modelled costs per abatement technology are based on de Wit (2013) and are shown in Error! R
eference source not found..  

Table 6: Pollutant abatement technology options and costs (de Wit, 2013) (2015 ZAR) 

Pollutant Abatement technology  
(% removal efficiency) 

Capex  
(R/kW) 

Opex  
(R/kW) 

Comparison of 
efficiency - fossil power 

generation 
(Ecofys,2006) 

Water use 
(l/kWh) 

PM Fabric filter plant 2 609 162   
NOx Low NOx burner (30%) 804 8   
SO2 Wet FGD (90%) 6 189 156 0.015 0.21 
SO2 Semi-dry FGD (90%) 5 716 146 -0.0078 0.14 

 
In total, the total capital costs for compliance per station across all pollutants are as shown in 
Table 7. 

Table 7: Total capex costs per station for compliance across all pollutants (2017 ZAR) 

Station Total overnight capex 
(billion 2017 ZAR) 

Duvha 29.5 

Kendal 40.5 

Lethabo 36.5 

Majuba dry 16.1 

Majuba wet 16.1 

Matimba 39.3 

Matla 38.7 

                                                        
11  See 

 
Appendix B for a full explanation of assumed compliance technology requirements based on Eskom pollutants per 

station. 
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Tutuka 39.4 

Medupi 33.0 

Total 289.2 

 

3.2.8 Water costs 
Station-specific water costs are used as given in Error! Reference source not found.. 

Table 8: Water tariffs (ZAR/m3) per power station for 2018/2019 (2015 ZAR) (DWS)12 

Power plant Total tariff  
(ZAR cents/m3) 

Consumption  
tariff 

Catchment manage-
ment area charge 

Water resource 
infrastructure charge 

Camden 780 195 2.32 583 
Grootvlei 65 62 2.32 0 
Komati 525 48 2.32 475 
Arnot 50 48 2.32 0 
Duvha 270 17 3.57 249 

Hendrina 525 48 2.32 475 
Kendal 2166 550 2.32 1 614 
Kriel 833 165 2.32 666 

Lethabo 65 62 2.32 0 
Majuba 65 62 2.32 0 
Matimba 175 171 3.82 0 

Matla 329 137 2.32 190 
Tutuka 364 116 2.32 246 

3.2.9 Carbon constraint for the electricity sector 
This study does not impose a carbon constraint on the electricity sector in the reference scenario. 
In the least-cost mitigation scenario, we impose a constraint of 7.75 Gt CO2-eq on the entire 
energy system. This results in an allocation of 2.27 Gt C02-eq for the electricity sector for the 
2021–2050 period. The IRP 2018 imposes two types of carbon constraint: i) in the form of a 
carbon budget of 5.47 Gt CO2-eq over three ten-year intervals (DoE, 2018: 29), which is 
substantially higher than the 2.27 Gt CO2-eq constraint of the least-cost mitigation scenario 
analysed here; and ii) an emissions limit defined by allocating a generous proportion of the overall 
PPD to the electricity sector. In reality, because of the revolution in the cost of renewable energy 
technology, no case in the IRP reaches the second constraint in any particular year, and all the 
IRP’s cases remain close to the first constraint (<6 Gt over the period 2021–2050). Results 
reported below from the reference scenario suggest that there is a risk that not constraining 
emissions more stringently in the IRP, and in the context of an economy-wide analysis, could lead 
to a suboptimal national outcome in terms of mitigation. 

Table 9: Emissions-reduction constraints used in the ‘IRP 6’ scenario  
from IRP 2018 (DoE, 2018: 29) 

Decade Budget in Mt CO2-eq 
2021–2030 2 750 
2031–2040 1 800 
2041–2050 920 

                                                        
12  Department of Water and Sanitation http://www.dwa.gov.za/Projects/WARMS/.  
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3.2.9.1 Method for assessing a higher ambition contribution to the Paris Agreement 
As described previously, the low-PPD budget is unlikely to be a sufficient contribution to limiting 
warming to the Paris Agreement target of ‘well below’ 2oC; in particular, to limit warming to 
below the 1.5oC target requires global net zero emissions by around 2050. However, the point at 
which more ambitious mitigation may start to have deleterious effects on the South African 
economy has never been explored. In addition to this, recent changes in key drivers (specifically 
the cost of renewable energy technologies, and changes in the coal price) have significantly 
changed the economics of mitigation in South Africa. The analysis in this work therefore explores 
the effect on the electricity price and on economic growth rates of various GHG emissions 
budgets.  

We have taken the low-PPD budget of 9.5Gt CO2-eq for the energy and industrial sectors between 
2020 and 2050 as the starting point of our assessment. By lowering the budget in incremental 
steps of 500Mt, we were able to explore the mitigation response of different sectors – in particular 
the electricity sector but also other sectors, as well as any potential tipping points for the economy. 
We have taken the electricity price as a proxy for impacts on the economy (and also to assess the 
behaviour of the electricity sector under increasingly stringent emissions budgets), and then 
directly analysed economic impacts for a narrower range of emissions constraint. 

Figure 5 below shows the evolution of the electricity price for different emission constraints. The 
overall price path is very different from the tariff analysis in IRP 2018, which rises steadily to 
2050. By comparison, the price path here rises steeply to 2025 (on account of the cost of 
retrofitting existing coal plants to control air pollution, and the construction of Medupi and Kusile 
and other new capacity), and then declines towards 2050 as new plant becomes cheaper and more 
expensive older coal plants retire.  

The different electricity price trajectories are driven by a combination of factors in each scenario. 
These include the quantum of new capacity investments, the savings from retiring instead of 
retrofitting the coal plants for MES compliance), and savings from reduced coal use at coal 
stations results in a dynamic price path variation between the scenarios. 

As Figure 5 reflects, imposing a more stringent GHG budget on the entire energy system has a 
relatively limited impact on electricity prices between 9.5Gt and 8Gt, in particular to 2040, 
although the difference grows post-2040. However, at 7.5Gt and below, the electricity price 
follows a significantly higher trajectory in general over the entire modelling period (despite being 
lower in the 2029 to 2035 year range). This indicates a possible tipping point for the electricity 
sector in terms of its ability to absorb further mitigation action.  



Least-cost integrated resource planning and cost-optimal climate change mitigation policy 24 

ENERGY RESEARCH CENTRE 

 
Figure 5: Effect on the electricity price of various GHG emissions budgets 2015 ZAR/MWh above 

and indexed to reference scenario below 

Observing the relative contributions to mitigation from different sectors in Figure 6, it is striking 
that almost all mitigation occurs in the power sector, followed by a much smaller contribution 
from the refineries sector. In the refineries sector most of the mitigation results from lowered 
output from synthetic fuels plants, and a higher proportion of liquid fuels are imported. 
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Electrification of transport occurs in the reference case (due to falling costs of electric vehicles) 
and thus there is minimal additional mitigation from the transport sector under an emissions 
constraint.  

 

 
Figure 6: Sectoral mitigation (cumulative 2020 to 2050 CO2-eq) burden under different GHG 

constraints compared to reference case 

As a next step, we assessed a series of more narrow increments of 100Mt and explored the effects 
of different GHG budgets between 7.5 and 8 Gt on both the energy sector and the economy. In 
this assessment of these sensitivities, we use the linked energy and economy-wide model 
SATIMGE.  

The results of the sensitivity analysis to GHG emissions budgets on the economy are presented 
in Figure 7. At 7.5Gt, the impact on the economy by 2045 is a 16% reduction in GDP compared 
to the reference scenario. We consider this to be beyond a reasonable growth impact scenario for 
South Africa to handle as a developing country. By exploring the region above 7.5 Gt mitigation 
effort, we found that a GHG budget of 7.75 Gt has a far lower negative effect on the economy in 
SATIMGE, with a reduction in GDP of 4% by 2045 compared to the reference scenario.  

 
Figure 7: GDP impact of varying greenhouse gas emission budgets  

– deviation relative to the reference scenario 
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From this sensitivity analysis we proceed to use a GHG budget of 7.75Gt as a high ambition 
scenario for South Africa’s contribution to limiting warming to ‘well below 2oC’ as per its 
commitment to the Paris Agreement. The analysis shows that South Africa can increase its 
ambition at relatively low cost to the economy, at under two years of additional economic growth. 
It is possible that proactive supportive policies (including industrial policies) and further 
technology developments could erase this difference. Further research needs to be undertaken to 
assess the extent to which the modelling framework may over- or under-count costs to the 
economy under a high-ambition scenario. For example, the current modelling framework 
excludes the benefits of reforming fossil fuel subsidies and does not include the costs of 
environmental externalities such as water and air pollution and impacts on human health, nor 
therefore the benefits accruing to the economy of lower fossil fuel use. Many elements of a large-
scale economic transformation away from fossil fuels and towards new technologies cannot easily 
be captured in the CGE framework (for example, the development of new sectors, or further 
flexibilities such as behaviour changes and consumer preferences, or the relationship between the 
utilisation of capital and labour into the future). These should be explored to assess more fully the 
cost differentials in high ambition scenarios. 

3.2.10 Decommissioning of the existing fleet 
The massive changes in the economics of the power sector in the last few years, coupled with the 
cost of retrofitting existing power plants to control air pollution, raise the possibility that early 
retirement of some or all of the coal fleet may be economically desirable. This possibility is 
confirmed in Steyn et al (2017). The IRP 2018 modelling does not evaluate this possibility, but 
assumes that the existing fleet will run for a pre-determined 50 years. In addition to the steeply 
declining cost of alternatives, the decline in maintenance spending over the last few years (Paton, 
2018), declining performance of the fleet, and the rising costs of coal implies that this is an 
oversight that underestimates supply risks to the system (as stations will possibly retire sooner 
than expected) or raises costs (as the plants remain on the system sub-economically).  

Unfortunately, it is not possible in the TIMES modelling framework to analyse the environmental 
retrofits along with endogenous retirement of the fleet, but based on Eskom’s announced closures 
of some of its older stations, we have retired several power plants exogenously, i.e. we have 
retired them in a given year as an input to the model, since they are already closed or Eskom has 
announced their closure). These include units at Grootvlei, Hendrina, and Komati which are 
already either in cold storage or no longer running as of 2018.13 Doing so avoids underbuilding 
replacement capacity in the scenarios analysed below. The IRP only includes decommissioning 
from 2021 onwards as portrayed in the IRP 2018’s Figure 27 (DoE, 2018: 62), which could have 
the effect of underestimating the need for new capacity, and is not consistent with what is already 
happening in the electricity sector.  

                                                        
13  This is consistent with earlier work that showed that retiring these stations would be a net saving to the electricity 

system (Steyn et al, 2017; CSIR, 2017).  
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Figure 8: Assumed decommissioning schedule of coal stations in IRP 2018 (DoE, 2018) 

We have staggered the closures in the pre-2022 period as in Table 10. 

 

 2018 2019 2020 2021 2022 

Arnot    1  
Komati 5 3 1   
Hendrina 3 2 2 2 1 
Grootvlei 2 2 1   

 

Table 10 The number of assumed decommissioning of Eskom station units in pre-2022 period 

We suggest that in the future, the IRP endogenously retires coal-fired power plants and makes 
available updates and consistent decommissioning plans from Eskom. Furthermore, the IRP states 
the largest driver of new capacity requirements in the period to 2030 is the decommissioning of 
the coal fleet, rather than load growth. Page 54 states that: 

Up to the end of the first decade (2030), the new capacity requirement is driven primarily 
by the decommissioning of existing coal-fired plants. The total installed capacity around 
2020 will be about 50 GW. Assuming there will be no commissioning of new plants or 
decommissioning of existing plants, the earliest need for new capacity will be post 2030, 
based on high load growth. With decommissioning in line with the information in Appendix 
B, the earliest need for new capacity will be around 2025. This is a clear indication that the 
new capacity requirement driver in this decade will be decommissioning. 

However, the IRP does not consider earlier decommissioning of coal plants that is already taking 
place, does not account for lower availability of Eskom plant as a risk to supply, nor examine 
economic retirement of coal plant. All of these create risks related to sufficient and secure supply 
of energy in the period to 2025 and could fundamentally alter the need for new build.  
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Figure 9: Existing coal capacity (with Medupi and Kusile expected unit commissioning) in SATIM 

4. Reference case results 
Peak demand in 2050 totals 65 GW and total installed capacity in 2050 is 229 GW including 
battery storage (Figure 10). The installed capacity is made up primarily of wind and solar PV (161 
GW), and a small contribution from existing coal (9 GW) and pumped storage (3GW). Investment 
in new battery storage technology begins in 2026, growing to 53 GW by 2050 to complement 
variable renewable energy technologies. Wind, solar, and batteries provide the least-cost option 
for South Africa’s electricity future.  
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Figure 10: Installed generation capacity, reference case 2015–2050 (GW)  

By 2030, renewables (wind, solar, micro-hydro, and biomass) produce 42% of electricity, and 
this increases to 90% by 2050 (wind and solar together contribute 38% and 88% in 2030 and 2050 
respectively). The higher demand forecast illustrates the important role of full sector analysis: in 
the reference case, large scale electrification of transport takes place. By 2050, 66% of private 
passenger vehicle activity is from electric vehicles, and 63% of road freight (primarily through 
the use of electrified light commercial vehicles). Transport demand for electricity accounts for 
10.8 TWh and 40 TWh in 2030 and 2050 respectively.  

The supply of electricity from coal power stations declines over the scenario horizon. This is due 
to the scheduled retirement of coal stations over time and supply is also lower over the period due 
to earlier retirement of some stations or units which are not economic to retrofit to meet the MES 
and which retire early.  
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Figure 11: Electricity generation by source, reference case, 2015-2050 (TWh) 

The reference scenario includes large-scale retrofitting of Eskom power stations to meet the 2020 
MES (‘new plant standards’) by 2025. As discussed in Section 3.2.7 this study allows all stations 
that are scheduled to retire before 2030 to avoid meeting the 2020 plant standards (as per Eskom’s 
stated intentions and the latest regulations). For the remainder of the fleet, plants must either 
implement the technology options to meet the 2020 new plant MES or else retire over the period 
to 2025. The results show that the least-cost option is to retrofit most of the fleet to comply with 
the 2020 plant standards. However, here we have implemented the retrofits over the period to 
2025 (in line with postponements that Eskom has already received or is already requesting).  

The scenario results show a total of 18 GW of plant retrofits across the fleet over the period to 
2025. A total of 31 units are retrofitted out of a possible 42 across the fleet. All stations available 
for retrofitting are partially or fully retrofitted14 except Majuba, which is fully decommissioned 
by 2025.15 Table 11 shows the results of the SATIM model reference scenario and the number of 
units retrofitted for compliance with the MES.  

The retirement of Majuba highlights an important consideration. The station is retired rather than 
retrofitted due to its higher coal costs; but the costs of coal at Majuba are likely similar to the 
costs of recent contracts as Eskom competes to procures coal during a period of very high export 
coal prices and declining volumes from its tied mines. Since coal costs will continue to increase, 
it is worth exploring the fuel cost tipping point for each station to be retrofitted or retired. With 
better oversight of future maintenance needs and coal costs, it is plausible that some stations 
should retire rather than be retrofitted. 

                                                        
14  We run SATIM using linear programming, and not mixed integer programming; therefore the scenario does not 

distinguish between stations at a unit level.  
15  This is accounted for by Majuba’s high costs of coal; the station does not have a tied mine and its coal supply 

costs are amongst the highest on the system. An important area of further assessment would be to analyse the 
point at which coal cost increases would make environmental retrofitting of each station uneconomic.  
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Table 11: Results of MES compliance per station 

Station 
Number of units 

retrofitted 
Retrofitted/ retired 

Duvha 6 Fully retrofitted 
Kendal 6 Fully 
Lethabo 6 Fully 
Matimba 6 Fully 
Majuba 0 Retired 2025 
Matla 5 Partially 
Tutuka 2 Partially 

 
The remainder of the coal fleet is also sensitive to coal cost assumptions, even without any 
emissions constraints imposed on the scenario. While Medupi runs at maximum capacity factor 
(80%) to 2050, Kusile (with higher coal costs) starts to run at a much lower load factor from 2040 
onwards, running at only a 41% load factor to 2050.  

The high penetration of RE in the electricity sector results in a reduction in emissions over the 
period. Energy and industrial emissions fall from 422 Mt CO2-eq to 238 Mt by 2050, again, 
without any emissions constraint applied to the scenario. In industry, there is little change in the 
mix of energy carriers, namely coal and electricity. Coal continues to be a primary source of 
process heat and emissions in industry, and grows over the period with increased industrial 
growth. As mentioned above, transport electrifies substantially, although some fossil fuel use 
remains. On the supply side, Sasol’s Secunda CTL plant retires between 2040 and 2045. Although 
the electricity sector does not fully decarbonise over the period, the carbon-intensity of the 
electricity sector declines dramatically, from 891g CO2-eq/kWh in 2020 to just 81 g CO2-eq/kWh 
by 2050. Emissions for the electricity sector for the period 2021 to 2050 total 3.6Gt CO2-eq, 
which is considerably lower than any of the IRP cases (which all remain above 4.9 Gt over the 
same period). The most stringent emissions constraint in the IRP (the ‘carbon budget’ approach) 
constrains emissions to 5.5 Gt over the same period. Clearly, since the actual emissions budget 
achieved in an economy-wide model for an unconstrained least-cost scenario is so much lower 
than this, this constitutes a significant over-allocation of emissions space to the electricity sector. 
This will become more apparent below in the mitigation scenario. 

 
Figure 12: Total direct greenhouse gas emission from energy (2015-2050) in the reference scenario 
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4.1.1.1 Sensitivity on MES suspension of compliance 
Recent regulations released by the Department of Environmental Affairs have suggested that 
stations that retire by 2030 will not have to be compliant with the new plant MES, and can instead 
apply for a once-off ‘suspension of compliance’. Such a suspension depends on the provision of 
detailed decommissioning plans (amongst other things). Already, Eskom implicitly applies this 
rule to Camden, Hendrina, Komati, Grootvlei, Arnot, and Kriel. The sensitivity here explores this 
suspension of compliance for two further stations: Duvha and Matla. These stations are the next 
two stations due to retire post-2030 (with Duvha completely offline by 2035 and Matla by 2034 
if a 50-year life is assumed), have relatively lower cost coal, and Duvha ranks better in terms of 
air pollution relative to the rest of the fleet.16 We  explore the option of suspending the compliance 
requirement on these two stations but require them to be offline by 1 Jan 2030. The results show 
that there is evidence to support the suspension of compliance for Duvha and Matla alongside 
earlier retirement of the stations by 2030. The sensitivity results show that suspending compliance 
reduces costs and GHG emissions (but increases emissions of other pollutants). As there is no 
expenditure on retrofit requirements for these two stations, the electricity price is lower in this 
scenario.  

 
Figure 13: SATIM electricity price comparison with full MES compliance versus suspension of 

Duvha and Matla MES compliance 

The suspension of compliance on Matla and Duvha requires the stations to come offline by 2030, 
which results in the need for more new capacity relative to the reference scenario by 2030 and 
through to 2035. However, this only brings forward the construction of new renewable energy 
capacity. This is highlighted in Figure 14, showing that the total RE and storage capacity is the 
same between the two scenarios by 2035.  

                                                        
16  A comparison of the studies by Holland, Pretorius, and Sahu (Holland, 2017; Pretorius et. al. 2017; Sahu, 2018) 

was done by ranking the stations from those studies that we model with MES retrofit requirements. All studies 
agreed that of the stations requiring MES compliance, Duvha and Matla ranked well compared to the other 
stations.  
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Figure 14: Total installed capacity of RE plus batteries in reference and Duvha and Matla 

suspension scenarios 

Greenhouse gas emissions for the energy system in this sensitivity are shown in Figure 15 . There 
is an overall emissions savings of 136Mt CO2-eq relative to the reference scenario due to the 
earlier retirement of Duvha and Matla.  

 

 
Figure 15: Emissions in reference scenario with full MES compliance compared to  

MES suspension for Duvha and Matla 

5. Results: least-cost climate mitigation 
5.1 Energy system results 
In this scenario the linked energy-economy model is run with the same labour and capital supply 
and productivity growth forecasts as the reference scenario but with the 7.75 Gt emissions budget 
applied over the period to the energy system. In this scenario, the impact of the carbon budget on 
the energy system feeds back into the economy-wide model through the electricity price and the 
total investment requirements in the energy system. This affects economic growth which in turn 
impacts demand for electricity. The result is a total demand for electricity of 312 TWh in 2030 
and 542 TWh in 2050. This is a slightly lower than the reference scenario owing to the impact on 
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GDP growth (see section 5.2), but only marginally so at 7 TWh difference to the reference. Peak 
demand for electricity is similar to the reference scenario at 65 GW in 2050. 

 

 
Figure 16: Annual generation of electricity by technology in the least cost mitigation scenario 

As with the reference scenario, all new electricity generation capacity is a combination of wind, 
solar PV, and battery storage. Total installed capacity is 113 GW by 2030 and 240 GW by 2050. 
The installed capacity is 11 GW higher than the reference case by 2050 despite the lower 
electricity demand, and renewable energy technologies (wind, solar, micro-hydro, and biomass) 
provide 62% of electricity generated by 2030 and 99% by 2050 (wind and solar together make up 
57.3% and 96.3% by 2030 and 2050 respectively).  
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Figure 17: Total system generation capacity for the least-cost mitigation scenario 

Compared with the reference scenario, there is an accelerated investment in renewable energy in 
the medium-term – particularly as more coal capacity comes offline in the 2020s or is run at lower 
load factors. There is still coal capacity available in the long term from Kusile and Medupi (but 
not Majuba), but Kusile operates at a 55% load factor and Medupi at 75% load factor from 2026. 
Neither station generates electricity from 2040 onwards, though they remain available to the 
system.  

Coal capacity is lower in this scenario owing to more stations retiring instead of being retrofitted 
for compliance with the MES (see  

Table 12). In total, 11GW of coal capacity is retrofitted, compared to 18GW in the reference 
scenario.  

Table 12: MES compliance in the least-cost mitigation scenario 

 

 

In this scenario Kendal station is not retrofitted at all and retires by 2025 along with Majuba. 
Lethabo, Matimba, Matla and Tutuka are partially retrofitted and partially retired. Due to the 
lower capital cost expenditure on retrofits and earlier retirement of coal plants, the electricity price 
is lower in the medium term compared to the reference scenario. The electricity price is higher in 
the long term compared to the reference case as higher investment in renewable energy and 
storage capacity is required to meet the emissions constraint. The higher investment in RE plus 

Station 
Number of units 

retrofitted 
Retrofitted/ 

retired 

Duvha 6 Fully 

Kendal 0 Retired 

Lethabo 2 Partially 

Matimba 5 Partially 

Majuba 0 Retired 

Matla 5 Partially 

Tutuka 2 Partially 
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batteries is needed to replace retiring coal capacity, Medupi and Kusile post-2040, as well as the 
renewable capacity installed in the 2020s (when the capacity becomes due for replacement in the 
2040s). 

 
Figure 18: Electricity price comparison for reference and least-cost mitigation scenarios 

Figure 19 shows there is a general decline in emissions from 2015 onward, but this trend 
accelerates from 2020. The power sector contributes the largest mitigation effort, as discussed 
above – with fewer coal units operating overall and those that do run operating with lower load 
factors and result in an electricity carbon intensity of just 8 g CO2-eq/kWh by 2040 and zero by 
2050.  

There is also a significant mitigation contribution from coal-based synthetic fuel production as 
these CTL facilities are offline between 2035 and 2040, compared to 2045 in the reference 
scenario. The CTL facility also reduce their production levels over their lifetime. Lower demand 
for liquid fossil fuels for transport (driven by lower GDP and higher electrification of transport) 
results in emissions savings relative to the reference scenario. As in the reference scenario, 
transport is largely electrified and thus most of the emissions savings would come from upstream 
power sector emissions savings.  

Although the rate of growth is lower for the industrial sector relative to the reference scenario, 
and despite higher uptake of fuel switching to electricity, coal remains the lowest-cost supply 
option for heat in the industrial sector. In the long term the industrial sector becomes the largest 
source of emissions from energy in South Africa – the majority of these from process heat 
requirements, particularly from boilers.  
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Figure 19: GHG emissions in least-cost mitigation scenario with carbon intensity of electricity 

5.2 Economy-wide results 
Including an emissions constraint of 7.75 Gt CO2-eq has a small negative impact on real GDP 
with the real GDP level being 4.2% lower by 2050 (Figure B (a)). This translates into a 0.14 
percentage point decline in the average growth rate and implies that the level of real GDP 
experienced under the unconstrained least cost scenario in 2050 would be delayed by between 
one and two years. The lower level of GDP is the result of the higher electricity investment 
requirement, which results in lower available funds for investment in other sectors; as well as a 
higher electricity price. Total electricity investment is 11.6% higher under the 7.75 Gt CO2-eq 
scenario, while the electricity price is 3.4% higher by 2050 (Figure B (b)). Employment is 4.1% 
lower (1.84 million job-years in 2050), in line with the lower real GDP level. 

  
Figure 20: a) Real GDP; b) Electricity investment and price 

Lower levels of activity are experienced across all sectors of the economy in the 7.75 Gt CO2-eq 
scenario with the largest declines in activity taking place in the mining and manufacturing sectors. 
Mining and manufacturing GDP is 4.6% and 4.3% lower by 2050. The largest declines within the 
manufacturing sector occurs within the non-metallic minerals, metal products and motor vehicles 
sub-sectors, which are typically energy-intensive users. The differences in employment are the 
largest in the services sector, which is the largest employer in the country. Employment in the 
services sector is 1.32 million job-years lower in the 7.75 Gt CO2-eq scenario. The next largest 
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differences are in the manufacturing and other industry sectors which employ 237 000 and 
165 000 fewer workers than in the reference scenario. Employment losses are largest amongst 
higher educated workers (i.e. Grade 12 and higher levels of education). 

 
Figure 21: Sector GDP in the reference, and in the least-cost mitigation scenarios 

6. Future work and study limitations 
This section briefly outlines areas for future work and limitations of the study. Future research 
questions should examine the following: 

• Further analysis on the potential efficiency measures and technology and fuel-switching 
options in the industrial end-use sectors. Given the large contribution to GHGs by the end of 
the modelling period, emission reductions technologies and policy packages are needed to 
support mitigation in the industrial sector.  

• Endogenous retirement of coal power plants with environmental retrofits. At this time, 
TIMES is not able to endogenously retire the retrofitted plants in SATIM. 

• A sensitivity analysis on suspension of MES compliance on further power plants, and an 
assessment of the costs and benefits of such a strategy in terms of externalities and health.  

• Gas price versus battery prices sensitivity analysist to assess trade-offs between the uptake of 
gas versus batteries for flexible supply 

• Given uncertainties around battery costs, South Africa should also continue to explore a suite 
of options to supply flexibility to the grid. Our results show that gas-to-power may no longer 
be a competitive supply option when battery cost reductions take place in line with industry 
expectations. The contribution to electricity from gas has been low (10–15% of electricity 
demand in 2050) in other modelling studies (Burton et al. 2018; Wright et al., 2018), though 
none have excluded gas entirely from the long-term future of the power sector. A response 
that reduces the risks for future power generation coming from uncertainties around future 
costs of large-scale batteries would include the prioritisation of continued exploration of new 
options for handling very high penetration levels of VRE generation. This could include 
flexible demand options (Ireland, 2018), regional import options, and demand-supply 
balancing technologies, or ‘power-to-X’ systems (Lund et al, 2015; JRC, 2015). 

• Further model development related to non-fossil fuel sectors and their value chains (for 
example, better representation of the battery value chain in the economic model would alter 
the overall economic costs incurred by a rapid switch away from coal in the electricity sector).  



Least-cost integrated resource planning and cost-optimal climate change mitigation policy 39 

ENERGY RESEARCH CENTRE 

7. Conclusion 
This study has examined the implementation of a least-cost scenario for South Africa’s electricity 
sector to 2050. The findings have implications for the Integrated Resource Plan (IRP) 2018 that 
is currently being updated by the Department of Energy. Firstly, the study reiterates earlier 
findings that future supply will come primarily from wind and solar PV. Renewable energy plus 
flexibility provides the least-cost pathway for the electricity sector. No new coal or nuclear power 
plants feature in South Africa’s electricity future, and their inclusion would require subsidies from 
consumers (Burton et al 2018; CSIR, 2017; CSIR 2018; Ireland & Burton 2018; Steyn et al, 2017).  

Secondly, this study has also shown that a large-scale procurement programme for battery 
technology to provide storage capabilities for variable renewable energy should be pursued in 
South Africa.  

Third, retrofitting stations for compliance with the minimum emission standards (MES) is, for the 
most part, the least-cost option for the electricity sector (due to the relatively higher costs of new 
technologies in the period 2020–2025). It is cost-optimal to retrofit Eskom’s coal-fired fleet to 
meet the new plant standards by 2025 rather than retire them, except in the case of Majuba. There 
are potential cost and greenhouse gas emissions savings if compliance with the new plant 
standards is suspended for some stations (e.g. Duvha and Matla) and they are instead retired early. 
We propose that the Department of Environmental Affairs considers suspending compliance 
requirements for the best performing (in terms of pollutants) stations and in exchange Eskom 
agrees to retire the stations by 2030 at the latest. For the remainder of the fleet, Eskom should 
commence retrofitting the stations for compliance with the MES, subject to ongoing cost 
assessments (e.g. coal costs per station, which may alter whether a station should be retrofitted or 
retired).  

Finally, this study has examined the effects on the electricity system, the energy system and the 
economy of a more ambitious climate change mitigation policy. We have 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 without significant impact on the 
economy, and that therefore South Africa can afford to be more ambitious in its mitigation policy. 
Reducing emissions below the level of the low-PPD by 2050 can therefore be achieved through 
rapid decarbonisation of the electricity sector and fuel switching. A well below 2oC compatible 
pathway is possible with only a 4% reduction in GDP in 2050 – translating to a delay of between 
1 and 2 years in absolute terms in achieving the same economic growth level in 2050. The IRP 
2018, which currently allocates more than 5Gt of greenhouse gases to the electricity sector, should 
therefore significantly reduce this allocation in line with an economy-wide, least cost allocation 
of emissions space to different sectors.  
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Appendix A: Description of the ERC’s TIMES and 
ESAGE models 

 

The South African Times Model (SATIM) 

Originally created for the Long Term Mitigation Scenarios, the South African Times Model 
(SATIM) is a full economic sector energy-systems model that undergoes continual development. 
SATIM is based on TIMES (a successor to MARKAL) which is a partial equilibrium linear 
optimisation model developed by the International Energy Agency. 

The model includes economic costs, emissions, and a range of sector-specific constraints that can 
be applied at a point in time or cumulatively. A user interface provides a framework for both 
structuring the model and scenarios, and for interpreting results.  

The SATIM model is fundamentally ‘sectoral’, in that it organises the demand for energy by 
economic sector and characterises the demand for energy in a sector by the energy services 
required by that sector. SATIM is therefore a full-sector TIMES model that includes both the 
supply and demand side of the South African energy system. SATIM can be run using linear or 
mixed integer programming to solve the least-cost planning problem of meeting projected future 
energy demand, given assumptions such as the retirement schedule of existing infrastructure, 
future fuel costs, future technology costs, learning rates, and efficiency improvements, as well as 
any constraints such as the availability of resources. The model has five demand sectors and two 
supply sectors, which can be analysed individually or together. The demand sectors are industry, 
agriculture, residential, commercial, and transport, and the supply sectors are electricity and liquid 
fuels. SATIM allows for trade-offs between the supply and demand sectors, and it explicitly 
captures the impact of structural changes in the economy (i.e. different sectors growing at 
different rates), process changes, fuel and mode switching, and technical improvements related to 
efficiency gains (Altieri et al. 2015). 

SATIM, however, does not endogenously account for the feedback from the economy as sectors 
and consumers respond to changes in energy prices, and as the economy responds to energy 
investment requirements. By not accounting for this feedback, it is likely that SATIM will over- 
or under-estimate energy demand when used independent of an economic model. 

The level of detail for a sector depends on the relative contribution of the sector to total 
consumption and on how much funding has been historically received for developing that sector 
in the model. Thus, the model for the Transport sector is quite detailed but that of the Agricultural 
sector is quite simplistically represented in SATIM, because in South Africa the Agriculture 
sector accounts for relatively small energy consumption and low emissions. 

In SATIM, services supplied to each of the five sectors are driven by technologies that require 
energy, with the quantity of that energy supply depending on the efficiency of the technology. 

Useful energy is an exogenous model input disaggregated by energy carrier, for each demand 
sector. Final energy demand is determined endogenously using the assumed efficiencies of the 
least cost demand-side technologies selected by the model. The two supply sectors and primary 
energy sources must meet the sum of these demands, with the model optimizing the mix of supply-
side technologies to meet the demand for final energy at least cost. 

The SATIM model includes a number of parameters and general assumptions broadly covering, 
for each sector: (a) the structure of the sector and its energy services as it impacts on the demand 
for energy; (b) the establishment of base year demand for energy in the sector; (c) technical and 
cost parameters of the technologies available to satisfy the demand for energy services currently 
and in the future; (d) the projection of future demand for energy services. 

SATIM can be broadly summarised as follows: 

o Bottom-up (end-use) energy systems optimisation, similar to the national Integrated 
Energy Plan (IEP) 
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o Full economic sector representation allowing resource and emissions trade-offs 
between demand and supply 

o Captures full economy energy emissions (excluding land use, land-use change and 
forestry) allowing the modelling of carbon taxes and carbon budgets. 

Limitations of the existing model is that at present: 
o no demand response is implemented: if elastic demand is used a price elasticity is 

required for each end-use. 

Figure A1 depicts the primary SATIM model components while Table A1 summarises the 
economic demand sector representation. Of note is the importance of the base year energy balance 
which provides the calibration reference for the model’s supply and demand assumptions. 

 

 
Figure A1: A schematic summary of the South African Times Model (SATIM)  

Table A1: Summary of economic sector representation in SATIM and their main drivers 

Sector Disaggregation Driver 
Agriculture By end use: e.g. irrigation and traction. Agriculture GDP 
Residential High, medium and low-income households: electrified and non-

electrified 
Population, Household-
income, electrification rate 

By end use: e.g. cooking, lighting. 
Commercial By end use: e.g. lighting, HVAC. Total GDP, building stock 
Industrial By sector: iron and steel, pulp and paper Sectoral Value Added 

By end use: thermal fuel or electricity (e.g. compressed air, cooling, 
pumping) 

 

Transport By sector: air, freight and pipeline Transport GDP, Population 
and household category and 
income By end use: e.g. freight rail and road (light, medium, heavy) 

By end use: e.g. Passenger: Cars, SUV, Bus. 
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e-SAGE 

ESAGE is a dynamic recursive computable general equilibrium (CGE) model for South Africa 
with a detailed electricity and petroleum sector which includes the different technologies used to 
produce electricity and petroleum. The CGE model is based on a social accounting matrix (SAM), 
which captures all transactions and transfers in the economy, and with the rest of the world, at a 
specific point in time thus providing useful insights on the direct and indirect linkages within the 
economy.  

Behavioural equations in the model capture the decision-making process of agents and allow them 
to respond to changes in the system such as the implementation of a new government policy. This 
behaviour of industries and households is governed by rational expectations (Thurlow 2004). 
Structural equations or closure rules ensure macroeconomic consistency between incomes and 
expenditures within the model and are used to describe the functioning of the economy. These 
include the behaviour of exchange rates, investment, government savings, prices and quantities 
of factors of production.  

The dynamic recursive nature of the model allows for an assessment over time as investment is 
turned into capital within the model in a putty-clay fashion, i.e. investment in period t is turned 
into capital and allocated to sectors in period t+1. The sector capital allocation is determined by 
the initial share of aggregate capital income; the capital depreciation rate; and period t sectoral 
profit-rate differentials. While not a forecasting tool, CGE models are useful for developing a 
consistent baseline accounting. A key feature of the e-SAGE model is that non-energy industries 
can react to energy price changes during the between period by shifting their investments to less 
energy-intensive capital and technologies, the ease of which is specified exogenously (Alton et 
al. 2014).17  

The model, initially developed for the National Treasury by the United Nations World Institute 
for Development Economics Research, is based on the generic static and dynamic models 
described in Lofgren et al. (2002) and Diao and Thurlow (2012); and is a descendant of the class 
of CGE models introduced by Dervis et al. (1982). The ESAGE model used within the linked 
modelling framework is updated and maintained within the ERC and is currently based on a 
detailed energy version of the 2012 SAM. More information on the ESAGE model and 2012 SAM 
can be found in Arndt et al. (2016) and van Seventer et al. (2016). 

The extended 2012 SAM consists of 67 activities and 55 commodities (see Annexure A for a 
detailed list of activities and commodities). It includes 4 categories of labour which distinguishes 
between skill level (determined by education). Skills levels are classified according to primary 
(<Grade 8), middle (Grade 8-10), secondary (Grade 11-12) and tertiary (> Grade 12). To further 
highlight the differences between the energy and non-energy sectors capital is disaggregated 
between energy and non-energy capital. Households are divided into 15 representative household 
groups and represent the quintile income distribution in rural farm, rural non-farm and urban 
households. Other institutions: government, enterprises and the rest of the world are also 
represented. Key taxes in South Africa (i.e. personal and corporate income taxes; sales taxes; 
activity taxes; import duties) are also represented in the SAM. 

SATIM-eSAGE 

SATIMGE combines the ERC’s South African TIMES (SATIM) model, a bottom-up integrated 
energy systems model, with eSAGE model, a recursive dynamic computable general equilibrium 
(CGE) economy wide model for South Africa, based on the standard IFPRI CGE model. Both 
models are calibrated to the 2012 social accounting matrix and energy balances for South Africa. 
The reconciliation of the SAM with the energy balance in physical units requires some 
adjustments to the SAM in a ‘hybridization’ process. 

                                                        
17  Energy is considered an intermediate input and the interaction between intermediates and factors is governed by a 

Leontief production function. To decrease the rigidity of using a Leontief production function, there is ‘response 
elasticity’ that governs the amount sectors are able to change in their energy inputs per unit of output based on 
energy prices. 
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Given an initial growth projection for the demand sectors and household income, which are 
translated into projections for demand in energy services (e.g. process heat in cement, tonkm, 
etc.), SATIM is used to compute the least-cost energy technology mix that meets the demand for 
energy services over a planning horizon extending to 2050. In the electricity sector, the investment 
(capital growth and expenditure on power plant construction), share of electricity production by 
technology group (via the electricity sector production function), and changes in average 
electricity generation cost are passed on to the eSAGE. In other productive sectors, the production 
functions are adjusted to reflect technology change (efficiency gains and fuel switching) observed 
in SATIM. This results in a new growth trajectory for the economy. Activity-level and household 
income changes observed in eSAGE are then passed onto to SATIM, which is run again in the 
next iteration. 

After around 5 iterations, the energy utilization (and associated CO2 emissions) in both models 
are relatively closely aligned and internally consistent in terms of demand, price and 
technology/fuel mix. The Technology mix, the technology investment schedule, and CO2 
trajectory are obtained from SATIM, and the GDP, welfare and income indicators associated with 
each of the energy/climate policy scenarios are obtained from eSAGE. (Merven et al 2016). 
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Appendix B: Implementation of compliance with the 
MES 
SATIM model implementation of the AQA MES for Eskom’s coal fleet: abatement 
technology selection method. 

The National Environmental Management: Air Quality Act 39 (2004) requires existing stations 
to comply with the more stringent ‘New Plant’ Minimum Emission Standards by 2020. Allowing 
for a 5 year postponement from the legislated year, stations which are reported to commence their 
retirement before or shortly after 2025 as detailed in the IRP (2018) were therefore excluded from 
further consideration. 

Table B1: Stations which are excluded from further investment in air emissions abatement 
technology 

Station Intended decom date# 

Arnot 2021/2022 
Camden 2020/2021 
Hendrina 2020/2021 
Komati 2024/2025 
Kriel 2026/2027 
Grootvlei 2025/2026 

 
Coal power stations which were deemed candidates for investment in abatement technology are 
listed below along with the technology investment required. 

Table B2: Stations for which investment in air emissions abatement technology is required by 2025 

Station Available 
Capacity (GW) Units AQ technology 

already installed 
AQ technology investment 

PM10 NOx SOx 

Duvha 2.9 5 FFP to units (1-3) FFP (3 units) n/a Wet FGD 
Kendal 3.8 6 ESP+FGC FFP (3 units) n/a Wet FGD 
Lethabo 3.5 6 ESP+FGC FFP (3 units) n/a Wet FGD 

Majuba-DRY 1.8 3 FFP n/a LNB (30%) Wet FGD 
Majuba-WET 2.0 3 FFP n/a LNB (30%) Wet FGD 

Matimba 3.7 6 ESP+FGC FFP n/a Wet FGD 
Matla 3.5 6 ESP+FGC FFP LNB (30%) Wet FGD 

Tutuka 3.5 6 ESP FFP LNB (30%) Wet FGD 
Medupi 4.3 6 FFP, LNB n/a n/a Wet FGD 

 FFP: Fabric Filter Plant; ESP: Electrostatic Precipitator; FGC: Flue Gas Conditioning; LNB: Low NOx Burner; FGD: Flue Gas 
Desulphurisation 
 

The selected abatement technology investment is based on a consideration of: 

1) technology already in place (Eskom,2018); and 

2) exemption in lieu of pre-existing emissions compliance (Table  and Table ). 

Thus, for example, Low NOx Burners with 30% removal efficacy was therefore selected as the 
lower cost technology which would meet the requirement for NOx emissions compliance. 

Similarly, FFP technology, reported by Eskom (2018) as the technology of choice, was included 
where PM reduction was necessary. 
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Table B3: Average particulate matter emissions reported by Eskom (Patel, 2012) 

Station Current limit Average 
Emissions  

Priority Compliance 

Tutuka 250 150-220 High Fabric filter plant retrofit 
needed. Aim to achieve 

compliance by 50mg/Nm3 
limit by 2020, but not with 100 

mg/Nm3 limit by 2015, if 
capacity allows outage time 

for retrofits. 

Grootvlei 250/200 
Apr2012: 175/150 

70-300 

Kriel 225 80-250 
Matla 150/175 100-200 Medium-high 

Duvha 4-6 75 50 Lower Fabric filter plant retrofit 
needed. Should achieve 

compliance with 50 mg/Nm3 
by 2025, if capacity allows 

time for retrofits. 

Lethabo 75 60-70 
Kendal 75 60 

Matimba 75 50 
Arnot 50 <50 No need for 

reduction 
Already compliant with 2020 

standard – no need for 
retrofit. Camden 50 <50 

Majuba 50 <50 
Duvha 1-3 50 <50 
Hendrina 50 <50 
Komati 100 Unlikely Station to be decommissioned 

in the 2020s – not feasible to 
retrofit 

Minimum Emission Standards: 1 April 2015: 100 mg/Nm3; 1 April 2020: 50 mg/Nm3   

Table B3: Average NOx emissions reported by Eskom (Patel, 2012) 

Station NOx emissions (mg/Nm3)  Priorities and Comments 
Kriel 1212 Technology required to achieve compliance is being 

assessed. Will not be compliant by 2015. Compliance 
by 2020 can only be achieved if capacity allows outage 

time. 

Majuba 1127 – 1157 
Matla 942 – 1034 

Tutuka 538 – 924 
(538 mg/Nm3 at 430 MW) 

Lethabo 777 – 835 Average emissions are close to 750 mg/Nm3 limit and 
no exceedances of ambient limits. Are retrofits needed? Duvha 754 – 774 

Arnot 661 – 887 Will comply with Existing Plant Standard, but not with 
New Plant Standard. Already have Low NOx Burners, 

and stations are old. Grootvlei 733 – 871 

Komati 1006 – 1039 Station decommissioning starts in 2020s –retrofits not 
feasible Camden 839 – 1012 

Hendrina 879 – 984 
Kendal 449 – 576 Comply with New Plant Standard. No retrofits required. 

Matimba 499 – 560 
Minimum Emission Standards: 1100 mg/Nm3 by 2015; 750 mg/Nm3 by 2020    60  
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Appendix C: Further model documentation 
Transmission and distribution representation and costing 

In SATIM the centralised bulk electricity transmission system is modelled as a single node and 
sized to meet the projected peak electrical demand in each year. The cost of replacement and new 
transmission lines and transformers are costed as a single R/GWpeak value based on Eskom 
integrated annual reports – central transmission losses are also modelled according to Eskom 
integrated reports (Eskom, 2018). Distribution systems are sized and invested in within each 
economic sector according to their respective peak demands - their energy losses (technical and 
non-technical) are modelled on aggregate per sector and aligned with NERSA (2012). Separate 
transmission costs or typologies are not modelled individually per generation technology (such 
as individual RE collector stations as in the IRP2018) and are accounted for as a whole as above 
- the exception to this is for Inga hydro imports using an HDVC line which does not affect the 
rest of the model. 
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Foreword

South Africa must navigate the risks and benefits of a 
global low-carbon transition

Patrick Dlamini 
Chief Executive Officer and Managing Director  
Development Bank of Southern Africa

In 2017, South Africa earned R61 billion ($4.2 billion) in revenues from exporting coal. 
Domestic coal resources provided 91% of South African electricity, as well as a major 
portion of transport fuel and chemical output. More than 100,000 people are employed 
in the mining, electricity generation, logistics, and synthetic fuel sectors related to the 
extraction, development and export of this natural resource.

In early 2018, Cape Town was in the midst of an extreme drought. The city was days away 
from running out of water, with 4 million Capetonians subjected to severe water restric-
tions. The severity of the drought made news headlines across the world and brought 
attention to a most unwelcome consequence of a warming world. 

“If people around the world, specifically South Africa, ever thought that climate change is 
just a fable or a fiction, we in South Africa as regards Cape Town are now seeing the real 
effects of climate change,” President Cyril Ramaphosa warned. 

South Africa faces competing pressures. On one hand, the threat of climate change to 
its water supply, agriculture, coast lines, and infrastructure, and on the other, the threat 
to the country’s economy of policies in other countries that reduce demand for South 
Africa’s carbon heavy natural resources, such as coal. The country is not alone in facing 
these pressures, nor are the effects and choices faced by South Africa independent of 
what is happening elsewhere in the world.

Internationally, policy and technology are evolving quickly. South Africa is already taking 
the threat of climate change seriously. The country was among the 181 signatories to the 
2015 Paris accord which required countries to submit carbon mitigation plans – its aim is 
to peak emissions by 2025 before plateauing for ten years and then declining after 2035. 

Meanwhile, new policies such as the Integrated Resource Plan for the electricity sector 
will take account of the cost declines that continue to make electricity from low-carbon 
technologies less expensive than coal in many countries around the world, including South 
Africa.

But for as long as South Africa depends on coal and other commodities for a large part of 
its exports, the impact of climate change-driven transition on the country’s economy may 
be more dependent on the actions of our international partners than our domestic policy.
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How fast will major consumers of our coal, such as India, try to reduce their emissions? 
What opportunities will arise in new technologies for minerals mined in South Africa? 
Which industries should be prioritised as long-term, sustainable sources of jobs in 
a more prosperous South Africa? None of the choices that we face are without risk, 
which is why high-quality independent research and analysis as we find in this report is 
so valuable in helping government policymakers, investors and industry plan for South 
Africa’s transition pathway. 

For me, one of the most striking findings from this report is that South Africa faces 
“transition risk” approaching R1.8 trillion ($125 billion) in present value terms if the 
world achieves a path consistent with the Paris targets. With much of this risk appar-
ently due to fall on the public balance sheet, such transition risk could strain the public 
finances, jeopardise the sovereign credit rating and the government’s ability to pursue 
a progressive social agenda. It would be irresponsible of us not to investigate these 
risks more thoroughly.

For DBSA, this report is very timely as climate change mitigation and adaptation (and 
the energy transition) are increasingly becoming embedded in our core strategic objec-
tives. As well as identifying specific risks to our balance sheet and those of other large 
corporates, the report also identifies a series of policies that government might adopt 
to reduce the impact of the risk to the whole country. As one of the major funders 
of municipalities and state-owned enterprises, DBSA will work with government to 
assess these findings. 

At DBSA, we believe that the low carbon transition is a major opportunity for South 
Africa. That’s why in October 2018, we announced the Climate Finance Facility (CFF) to 
catalyse financing from public and private sector sources for investment in sustainable 
development both in South Africa and across the rest of the African continent. 

As is evident from this report, the transition is upon us and will cost us dearly. We 
need therefore to engage in the proactive pursuit of a path that seeks to contain the 
costs of the transition, one focused on alleviating the plight of the most vulnerable 
parts of society: workers and communities directly affected.
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Preface

The transition to a low carbon economy should be a 
just transition, one that leaves no-one behind 

Rémy Rioux 
CEO of Agence Française de Développement (AFD) 
Chair of the International Development Finance Club (IDFC)

Ever since the world’s nations committed in December 2015 at the COP21 in Paris to limit 
global warming to well below 2°C and to pursue the efforts towards the 1.5°C goal, the 
energy transition has continued to gain momentum in many parts of the economy with the 
help of technological shifts, reduced renewable energy costs and ambitious public policies. 
The development finance community in particular is leading the way, with the majority of 
development institutions having committed in December 2017, at the One Planet summit 
in Paris, to align their financial flows with the Paris agreement.

These climate objectives require widespread and unprecedented efforts as highlighted by 
the recent IPCC Special Report on Global Warming of 1.5°C. But it is a scenario which gov-
ernments and companies should factor into their planning and strategies. Indeed, such a 
transition will induce economy-wide transformations; some sectors will gain while others 
will inevitably bear financial, economic and social difficulties. Understanding, anticipating, 
and managing these difficulties is a responsibility naturally incumbent upon governments 
as they seek to maximize social welfare and economic stability. It is also an endeavour that 
the financial community has recently taken onboard, since the Financial Stability Board 
of the G20 issued in June 2017 a series of far reaching recommendations to analyse and 
communicate on climate-related financial risks.

Agence Française de Développement (AFD) is a development institution committed to 
being 100% compatible with the Paris Agreement. We provide financing, expertise and 
research to assess and manage transition risks. Financial stability is key for an orderly 
transition to a low carbon world, but more importantly still, inclusive policy debates are 
needed throughout the process. How to navigate through the low carbon transition is 
paramount to all actors, whether they are set to lose or to gain from it. Helping these par-
ticular companies, sectors, and countries navigate the difficult transition ahead is both an 
economic, environmental and social imperative. The transition to a low carbon economy is 
only possible if it is a just transition, one that leaves no-one behind and that leverages the 
many economic and job opportunities that a green transition offers.

We are all countries in transition towards sustainable development. This is the message 
of the Sustainable Development Goals adopted in 2015 at the United Nations. How to 
achieve them by 2030? The International Development Finance Club, of which both AFD 
and DBSA are members, offers a way forward. This network of 24 national and regional 
development banks share a similar vision of promoting low carbon and climate resilient 
futures, poverty reduction, an inclusive, fair and equitable design of the globalized econ-
omy. They are the largest provider of public development finance globally, totaling more 
than $4 trillion in assets, with commitments above $850 billion per year, of which $220 
billion in green and climate finance. 
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Going forward, this in-depth country case study of South Africa, carried out by Climate 
Policy Initiative, and commissioned by AFD, and the Advisory Finance Group of the World 
Bank, is an important stepping stone in this collective effort. It is aimed to contribute to 
the on-going energy debate in the country and to the wider discussion around climate-re-
lated policy options. 

South Africa is a country with huge potential in renewable energy as well as in low carbon 
transition-driven export sectors. It is also a country dependent on coal resources for a 
significant part of its energy needs and export activity. This low-cost energy resource has 
played an important role in South Africa’s industrial and economic growth. This compet-
itive advantage is not however without risks. As this report shows, fossil fuel exporting 
countries such as South Africa have a lot to gain by considering the consequences for their 
national budgets, companies and workers of the world moving away from coal, and plan-
ning ahead accordingly.

My hope is that this analytical work can contribute to the ongoing conversation among 
policymakers in the country on how best to manage these risks and opportunities. AFD 
stands ready to support the South African government and its many partners in the coun-
try in this endeavour. 
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Executive summary 
Climate Policy Initiative (CPI), with the support of 
Agence Française de Développement and the Advisory 
Finance Group of the World Bank, have examined 
the risks to the economy of South Africa – and its 
government, municipalities, companies and financial 
institutions – from a global economic transition to a 
low-carbon economy.1 

A global low-carbon transition could reduce the 
demand and price for assets including carbon-inten-
sive fossil fuels such as coal and oil. Infrastructure 
that supports higher carbon activities including rail, 
power plants or ports built around fossil fuel industries, 
may have to be replaced or retired early. Companies, 
investors and workers could be hurt by lower prices and 
reduced demand for certain products. Governments 
may face reduced revenues, for example from lower tax 
receipts, while their expenditure increases for financial 
assistance to industries and workers in transition. 

“Transition risk” is widely regarded as the risk that 
the value of assets and income are less than expected 
because of climate policy and market transforma-
tions, such as the switch away from coal-fired power. 
However, the analysis in this report not only quantifies 
the downside risk of South Africa’s transition, ie the 
negative impact on assets and revenues, but it also 
attempts to forecast some of the potential benefits of a 
transition, such as the impact of a lower global oil price 
that is passed through to consumers. 

Trade-offs associated with a low-carbon transition are 
particularly acute in South Africa, a country with high 
levels of unemployment2 and inequality3 and an ambi-
tious development agenda.4 South Africa’s exposure 
to coal mining as a source of export revenues, as a fuel 
for domestic power generation and as a key employer 
in certain provinces presents significant transition risk 
that is mirrored in many other resource exporting coun-
tries.5 Conversely, South Africa could gain via lower 

1 For this study we define a 'low-carbon economy' as one that is consistent with 
a scenario that keeps temperature rises well below 2°C above pre-industrial 
levels (2DS), as agreed at the 2015 Paris climate convention. Other recent studies 
suggest that risks to South African coal exporters could be significant even in 
scenarios which fall short of Paris targets

2 According to Statistics SA, the formal unemployment rate has not dipped below 
20% since the end of apartheid in 1994.

3 World Bank report, Republic of South Africa Country Diagnostic, An Incomplete 
Transition: Overcoming the Legacy of Exclusion in South Africa (2018), South 
Africa remains 'the world’s most unequal country'

4 South Africa’s National Development Plan aims to eliminate poverty and reduce 
inequality by 2030. Source: https://www.gov.za/issues/national-development-
plan-2030

5 What does 'peak coal' mean for international coal exporters? (DIW Berlin, Climate 

oil prices, through new markets for minerals used in 
low-carbon technologies (eg, platinum and manganese) 
or through the creation of new jobs in industries that 
are more resilient to, or would even benefit in, a low 
carbon world, compared to today.6

This report outlines the measures that South Africa and 
its partners can take to reduce climate transition risk, 
avoid potential economy-damaging risk concentrations 
and in so doing, reduce the costs associated with the 
decarbonisation of the South African economy. More 
generally, this analysis can serve as a template with 
which to identify and evaluate the financial risk of a 
low-carbon transition for a variety of countries. Well 
managed and less concentrated risk can facilitate the 
transition and lower its cost in countries across the 
world.

Several significant findings emerge from the evaluation 
of transition risk in South Africa, which are summarised 
here and are explored in depth throughout the report. 

Finding 1: The cumulative impact on South Africa 
of a global low-carbon transition over the period 
of our analysis (between 20137 and 2035) could 
be more than $120 billion in present value terms

South Africa faces transition risk of more than $120 
billion in present value terms between 2013 and 2035.8 
The analysis shows that these risks will accumulate 
slowly in the coming years before accelerating in the 
mid-2020s. Unless the government takes action to mit-
igate these risks, they could jeopardise South Africa’s 

Strategies and IDDRI, 2018). Source: https://www.iddri.org/sites/default/files/PDF/
Publications/Catalogue%20Iddri/Rapport/201809-GlobalModelingReport-Iddri-
Coal_FINAL.pdf

6 Studies such as 'Green Jobs: an estimate of the direct employment potential of a 
greening South African economy' (IDC, DBSA and TIPS, 2011) have concluded that 
there is significant potential for job creation by decarbonising the South African 
economy. Experience in other countries indicates the potential for job creation in 
the wind and solar industries (https://www.seia.org/blog/solar-installer-fastest-
growing-job-america)

7 We started our analysis from 2013, the year we had last analysed stranded assets 
in the coal sector to understand how global climate action had shifted business 
as usual between then and the start of the project. A more challenging question is 
how much key actors in South Africa have caught up with changes in policy and 
market conditions.

8 The figure represents downside risk from the sectors we have selected. The total is 
likely to be higher, given knock-on impacts of the risks on sectors that we have not 
studied (eg, the impact of lower employment in the coal sector on consumption 
in other sectors). Similarly, upside risks could also be higher, depending on the 
trajectory of global decarbonisation, for example, the use of platinum in hydrogen 
fuel cells could partially offset its declining use in diesel engines or more than 
offset it, depending on the relative market share of different electric vehicle 
technologies.
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Table ES-1: Climate transition value at risk by sector

POTENTIAL 
TRANSITION 
IMPACT/RISK

DIFFERENCE IN NET PRESENT VALUE OF 
FUTURE CASH FLOWS BETWEEN BAU AND 
2DS OVER 2018-2035 (USD BILLIONS)9

ISSUES
NEGATIVE 
IMPACT

POSITIVE 
IMPACT

NET IMPACT 
(POSITIVE IN 
BRACKETS)

Potential impacts/risks arising from international trends outside of South African government control

South African 
coal exports 83.7 - 83.7

Policy in countries such as China, India, Europe and the US, to reduce coal 
use to comply with a 2DS, will disproportionately affect internationally 
traded coal. As a result, both the volume of coal sold and its price will fall, 
impacting miners and export-oriented infrastructure

Global oil 
markets 8.3 45.5 (37.2)

Lower global oil demand will lead to lower oil prices. Provided that today’s 
system of fuel price regulation persists, consumers will see most of the 
benefit, while some energy industry players – in particular, the producers of 
synthetic fuels – would lose out.

Global metals 
and minerals 
markets

0.5 0.5

Some risk to platinum market as demand for diesel vehicles reduces. 
Longer-term upside potential (not reflected) in fuel cell vehicles 
(platinum), batteries (manganese); potential longer-term downside from 
decarbonisation of the steel industry (iron ore).

Potential impacts/risks arising from domestic policy action to mitigate transition risk or contribute to global mitigation efforts

Domestic 
power indus-
try and its 
coal suppliers

Max 4.0bn negative 
impact but could be 
positive depending 
on performance of 
Medupi and Kusile 

stations

4.0

Government policy currently envisages coal generation capacity peaking in 
the early 2020s10 but achieving a global 2DS could require that South Africa 
accelerate retirements of existing capacity and invest in cleaner sources.11

Closure of plants before the end of their economic lives could result in a net 
cost to the country if the strategy is implemented in a way that negatively 
affects Eskom.

Domestic oil 
products and 
coal to liquids 
industries 

27.4 - 27.4

Government is considering new fuel industry investments in upgrading 
existing refineries and new capacity, while there are no plans to shut the 
highly emitting coal-to-liquids production.12 
One of the world’s largest single sources of CO2 emissions13, Secunda 
would need to close in a global 2DS, although currently the cost of all 
replacement options would be higher than continuing to run the plant.

Other 
Impacts

A range of gains including 
adaptation ($1bn) and losses

Global efforts on carbon mitigation should reduce incremental physical 
climate risk and hence adaptation costs.14 Government action to reduce 
national carbon emissions will impact other emissions intensive sectors, 
including steel and cement production, as well as other areas of the 
economy, including agriculture.

Total Impact 123.9 46.5 77.4

9 The Rand equivalent figures, translated at the ZARUSD exchange rate of 14.47 as of the end of 2 January 2019 are South African Coal Exports: R1.2 trillion negative impact; Global 
Oil Markets: R120 billion negative impact and R660 billion positive impact (R540 billion); Global Metals and Minerals Markets: R7 billion; Domestic power industry and its coal 
suppliers: R58 billion; Domestic oil products and coal to liquids industries: R396 billion; Other: R14 billion.

10 Draft Integrated Resource Plan (Department of Energy, 2018). Downloaded from http://www.energy.gov.za/IRP/irp-update-draft-report-2018.html
11 World Energy Outlook [WEO] 2017 (International Energy Agency, 2017). Sustainable Development Scenario and impact on power sector (Annex A pg 683 for South Africa data)
12 South Africa’s NDC (downloaded from https://www4.unfccc.int/sites/NDCStaging/Pages/Party.aspx?party=ZAF) includes a reference to CCS for Secunda. However, we assume 

that the modelling only requires this in the event of South Africa reaching the ambitious level of its targets. Sasol’s recent investments in coal mining life extensions (https://
www.sasol.com/media-centre/media-releases/sasol-opens-shondoni-colliery-part-r14-billion-investment-south-africa) suggests that it plans to operate the Secunda plant for at 
least the period covered in this study.

13 Source: https://www.iol.co.za/news/fall-in-line-on-climate-change-sasol-told-1176349 
14 We estimated the benefit from higher global climate ambition (and therefore, reduced adaptation costs) in a 2DS at only $1 billion over 2018-2035. The benefit after that point 

rises sharply. We discuss the estimate of this potential benefit in chapter 5 of this report.
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investment grade sovereign rating, which would cause 
further losses.

The largest share of risks come from factors that are 
beyond the control of South Africa itself, including 
changes to global coal and oil markets that will be 
driven by changes to global demand. Nevertheless, pro-
active government responses to those risks beyond its 
control can help to mitigate the impact. As summarised 
in table ES-1, some transition risks have both potential 
negative and positive impacts on different parts of the 
economy, while other shifts in global demand could be 
positive for South Africa.

Finding 2: Much of the risk and potential impact 
(approximately 75%) is due to factors, policies, 
and events, beyond the control of the South 
African government, while nearly 50% has 
already been realised

Since CPI’s last global coal analysis based on data from 
2013 and the start of the work on this project in 2017, 
the world made significant progress in reducing green-
house gas emissions, including commitments to the 
Paris accord. Meanwhile, the risk profile and valuation 
of fossil fuel energy assets have fluctuated, affected by 

Figure ES-1: Sources of risk in a climate transition (2013-2035)
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factors including those related and unrelated to climate 
policy commitments. These factors include technolog-
ical change (falls in the cost of wind and solar power 
generation and lithium ion batteries), new energy 
market regulation (new forms of market design which 
value energy system flexibility and support higher 
penetrations of renewables) and geopolitics – all factors 
beyond the control of South Africa or its government.

Future expectations for “business as usual” coal con-
sumption, and by extension internationally traded coal 
volumes, have declined significantly as a result of these 
changes. 

For South Africa, as illustrated in figure ES-1 on the 
previous page, the result is that by 2017 as much as $60 
billion of the value that the country could have expected 
to earn from its coal resources based on 2013 business-
as-usual (BAU) forecasts, had already been lost. That 
is, by 2017 nearly 60% of the transition value at risk was 
already factored into revised long-term forecasts for 
the development of the seaborne coal sector.15 A further 
$29.4 billion of value (another 27% of the total) could 
be lost to South Africa if global coal exports and other 
markets adapt to a low-carbon transition consistent 
with keeping global temperature rises “well-below” 2C 
above pre-industrial levels.

Coal exports currently provide profits, royalties and tax 
receipts for South Africa when the revenue from selling 
the commodity exceeds production costs. Revenues 
from coal sales also pay back the sunk capital invest-
ment in mines and the rail and port infrastructure 
that is needed to get the coal to the market. If a global 
low-carbon transition prompts a fall in coal export 
revenues, not only might miner profits and government 
taxes be wiped out, there may not be sufficient cash to 
pay back original investments in mining and infrastruc-
ture. The debt defaults that might result could cascade 
through the economy.

Beyond the value at risk driven by international policy 
and markets, South Africa faces decisions about how 
it will meet its own emissions targets. While it has 
taken important recent steps to clarify the direction 
of its power sector16, the future of oil refining and the 
synthetic production of fuel from coal and gas remains 
considerably more uncertain. Our analysis suggests 

15 The extent to which the impact on valuations of this shift (between 2013 and 2017 
business-as-usual forecasts) have been 'priced in' or taken into account by equity 
investors, lenders, companies and governments varies. In practice, the extent 
of the incremental risk to financial assets and financial flows surveyed in this 
document will depend on the extent to which this shift is already incorporated.

16 Ibid. Department of Energy (2018)

that there is an additional $31.2 billion of value at risk 
in South Africa based upon the decisions to accelerate 
the retirement of these assets.17 How these policies are 
financed and the level of support available from inter-
national partners will all shape the effect that South 
Africa’s domestic low carbon transition will have on the 
economy and its citizens.

Finding 3: The public balance sheet in South Africa 
would explicitly face only 16% of the downside 
risk in South Africa with investors facing the rest. 
However, there are several channels through 
which business strategy, policy and financial 
distress may further distribute the share initially 
borne by investors – often as contingent liabilities 
to the national government 

How risk is distributed through the South African 
economy is as important as the absolute level. 
Concentration of risk in one sector, industry or on one 
company could lead to a collapse that could send shock 
waves across the economy that magnify the overall 
impact. Alternatively, dilution of this risk among many 
groups, particularly foreign investors who have inter-
nationally diversified portfolios and investor bases, 
reduces the likelihood of sector or company collapse 
and broader economic contagion. 

The direct or explicit distribution of risk is a function 
of ownership, contractual arrangements, historic and 
current policy, taxation and royalties, and business 
relationships. Companies and the national government 
have the greatest risk-bearing capacity. However, 
companies will seek to protect investors by passing risk 
onto the supply chain, consumers and workers.

The allocation of risk in South Africa may change once 
various parties react to the risk of loss in the value of 
their assets. Where the risk is not yet priced into listed 
securities, companies that are alert to climate transi-
tion risk may seek to sell them to those who are not yet 
considering this risk.18 While coal mining companies 
will seek to recover the shortfall in export revenues by 
increasing sales to domestic customers such as Eskom, 

17 This figure is calculated based on the costs associated with the early closure of 
certain power plants and the Secunda coal to liquids plant (eg, stranded asset, 
accelerated decommissioning costs) plus the incremental cost of replacing the 
products (electricity or fuels) produced by the existing assets with a “cleaner 
alternative”. The details of this analysis are discussed in chapter 6.

18 Recent sales or planned sales by major international commodity houses (eg, 
Total, Anglo American and South32) to local players may reflect asymmetry of 
information / attention on the question of climate-related financial risks between 
those two groups.
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in practice, the ability to do so may be limited. Instead, 
workers and key counterparties such as Transnet 
Freight Rail will be forced to bear this risk, with inves-
tors bearing the remainder. Some mine owners may 
decide to close assets before the end of their economic 
lives. Mine closures will hit communities and workers 
through job losses, reduced economic activity and the 
loss of funding from companies for social infrastructure. 
Municipalities where assets are located may suffer the 
greatest impact, but the spread of transition risk will be 
broader. Lower national taxes will reduce transfers to 
municipalities, curtailing their ability to provide services 
and to pay their obligations. 

As with municipalities, many companies will not have 
strong enough balance sheets and may appeal for 
government assistance. National government could 
find itself faced by sharply increased costs due to 
either bailouts or decommissioning costs following 
bankruptcy.

Government may find itself obliged or expected to 
absorb the impact of the transition in other ways. 
Government may support workers who lose their jobs 
or provide funding for unemployment benefits and 
retraining, or to provide finance and assistance to strug-
gling municipalities to attract new job-creating invest-
ment. However, its capacity to provide this support 
could be constrained by lower tax revenues and an 
increase in non-performing loans and an erosion of the 
capital bases at state-owned financial institutions such 
as the Development Bank of Southern Africa (DBSA) 
and the Industrial Development Corporation of South 
Africa (IDC).

Our analysis, as summarised in figure ES-2 below, found 
that after these implicit transfers, the distribution of 
transition risk could become markedly more concen-
trated on national government, with the latter’s share of 
the cumulative risk facing South Africa almost tripling 
from nearly 16% to more than half.

Figure ES-2: Implicit transfers of climate transition risk
EXPLICIT RISK IMPLICIT RISK TRANSFER CONTINGENT LIABILITYSOURCES OF RISK
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Finding 4: The current South African system of 
incentives for new capital investment favour some 
existing industries that are exposed to transition 
risk, rather than new sectors that may create 
more sustainable sources of jobs and economic 
growth. Currently planned investment decisions 
could add more than $25 billion to the country’s 
transition risk. 

The South African government uses a range of incen-
tives to attract investment in the country, including 
fiscal incentives, government or SOE-led procurement 
and access to debt and equity finance from state-
owned financial institutions. However, new investments 
in assets such as mines, infrastructure and refineries 
could add to the transition risk faced by companies, 
investors and the government if lower future revenues 
under a 2DS are insufficient to cover the investment 
cost and losses and/or defaults ensue. Our analysis, 

Table ES-2: Future investments that could increase transition risk above the level in our analysis

ASSET
SIZE OF INVESTMENT 
(USD BILLION) STAGE OF INVESTMENT

Rail lines – Expansion of Mpumulanga – Richards Bay line to 97.5 mtpa 0.620 Planning

Rail lines – Waterberg expansion to 24 mtpa 0.121 Planning

Rail lines – International links (Swazilink, Botswana link) 0.422 Pre-feasibility studies

Coal IPPs (Thabametsi and Khanyisa) 2.823 In financing discussions

Coal mines – Limpopo 1.424 Range: from construction to feasibility

Coal mines – Mpumulanga 0.525 Range: from construction to feasibility

New oil refinery 10.026 Procurement being designed

EMSEZ industrial zone (Limpopo) 10.027 Planning

Total potential investments 25.8

Source: Transnet, University of Cape Town, Wood Mackenzie and CPI analysis

19 Ibid DIW Berlin et al (2018)
20 We have estimated this from Transnet disclosures on historic investment in exoanding the capacity of the line whose capacity currently stands at 81 mtpa. The actual figure 

could be higher or lower depending on the results of planning and feasibility studies
21 We estimated this figure based on disclosures on total project cost and percentage completion from Transnet’s Annual Financial Statements 2017 (Annexure B to the Report of 

the Directors). Downloaded from: https://www.transnet.net/InvestorRelations/AR2017/Transnet%20AFS%202017.pdf
22 CPI estimates of Transnet’s potential share of equity in Swazilink and the extension of the Waterberg line to Botswana, assuming the assets are mostly debt-funded.
23 Rand estimates taken from 'An assessment of new coal plants in South Africa’s energy future: the cost, emissions and supply security implications of the coal IPP programme'. 

(Ireland G, Burton J, 2018)
24 Cost estimates taken from Wood Mackenzie database of coal assets and projects. CPI analysis suggests that new mining assets in Limpopo commissioned after 2023 (and 

therefore, with investment decisions taken in the next few years) would deliver a negative NPV in our 2DS.
25 Cost estimates taken from Wood Mackenzie database of coal assets and projects. CPI analysis suggests that new mining assets in Mpumulanga commissioned after 2023 (and 

therefore, with investment decisions taken in the next few years) would deliver a negative NPV in our 2DS
26 Source: https://www.reuters.com/article/us-safrica-refinery/south-africa-eyes-brics-partners-to-build-new-10-billion-refinery-idUSKBN1DL108
27 Source: https://www.thesouthafrican.com/china-south-africa-limpopo-coal-concern/ 

supported by recent research from IDDRI, suggest that 
these investments could be avoided with limited impact 
on security of supply of coal19, power or fuel. 

New assets, mines and infrastructure could add to 
the transition risk faced by companies, investors and 
the government, if lower future revenues under a 2C 
scenario are insufficient to cover the investment cost. 
As shown in the table below, we identified further 
investments that would add more than $25bn to the risk 
that the South Africa could face in a global low-carbon 
transition. 

If this sum was instead invested in industries or assets 
that are more resilient to transition risk, or benefit from 
a low carbon transition, it could spur a more sustainable 
source of jobs and economic growth.
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Finding 5: The South African government can still 
mitigate much of this risk, provided that it plans 
in advance to develop the fiscal, financial and 
policy tools required to shift transition risk away 
from parties without the capacity to bear it and to 
capture transition-related upside

The timing of government action to mitigate transi-
tion risk will be critical, especially given the country’s 
limited fiscal space after recent downgrades left the 
country close to losing its investment grade sovereign 
credit rating28, the fast-deteriorating financial position 
of Eskom and resulting deterioration in the reliability 
of the electricity supply. Close power plants and fuel 
production assets too fast and the cost of generating or 
procuring replacement power and fuel could limit the 
government’s ability to spend on social programmes 
and have a significantly negative impact on the workers 
and their communities. Act too slowly and continue 
to provide finance to new infrastructure predicated 
on a rise in future coal exports and the country could 
suffer a rise in debt downgrades and defaults when the 
expected export demand does not materialise. 

28 We explain the significance of the sovereign rating in box 2, chapter 3.3. In chapter 7 we 
discuss the potential impact of transition risk on that rating 

By first incorporating transition risk assessment into the 
planning of government, state owned enterprises and 
state owned financial institutions, policymakers will be 
better informed when developing long-term emissions 
abatement strategies for key emitting sectors, such 
as coal mining, synthetic fuel production and cement 
making. They will also be better prepared to make the 
most of the benefits that a global low carbon transition 
could bring, particularly a net benefit of more than $40 
billion from lower oil prices.

Lower oil prices could dampen the effect of falling coal 
exports on the balance of payments. A more proactive 
policy could use the benefit of lower oil prices to offset 
risks from other sectors. For example, national govern-
ment might choose to increase taxes on oil products29, 
diluting the benefit to consumers but reducing its own 
risk. Additional fuel tax revenues could be redistributed 
to parties struggling to bear the negative effects of the 
transition and/or retained to offset any pressure on 
the sovereign credit rating, as illustrated in figure ES-3 
below.

These recommendations are set out in table ES-3 on the 
next page.

29 This would likely require an alternative design to the current planned carbon tax, as 
discussed in chapter 5

Figure ES-3: Taxing the gains from a lower oil price could halve transition risk to the public balance sheet
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Table ES-3: Key recommendations for the South African government

RECOMMENDATIONS KEY ACTIONS

1. Take stock of the rapidly changing market for 
South African commodity exports and adapt 
development and financing plans accordingly.

Adopt a consistent approach to transition risk across South African government and public 
enterprises
Develop fiscal and financial tools to manage risk
Consider capturing oil price windfall to offset and manage risks
Consider publishing government transition risk analysis

2. Avoid or delay new investments that could 
add to South African climate transition risk 
exposure, shift capital allocation to sectors 
more resilient to transition risk or benefiting 
from the transition.

Reconsider new investments that could add another $25.8 billion to transition
Projects for reconsideration include planned IPPs, coal export rail and port infrastructure, and 
a new oil refinery
Introduce climate transition risk assessments for access to public sector procurements and 
finance from state-owned banks
Prioritise incentives for investment in sectors which are resilient to or benefit from the global 
transition (eg, renewable energy, EVs, batteries, fuel cells and related minerals, including 
platinum and manganese). 

3. Make risk allocation explicit to reduce 
unmanaged risks and improve the efficiency of 
managing those risks.

Clarify responsibility for $38 billion of climate transition risk where the bearer of the risk is 
currently unclear or not explicit
Develop and publish credible plans for managing these unallocated risks

4. Manage the timing and speed of climate 
mitigation actions and commitments to avoid 
compounding shocks to the economy.

Develop long term plans to manage the acceleration of transition risks in the early to 
mid-2020s
Initiate scenario planning for early retirement of at-risk assets, including Eskom power plants 
and Transnet rail lines
Develop R&D plans to create new technological options, for emissions abatement (eg, 
including CCS for Secunda, electric vehicles in the transport sector). 

5. Plan for transitions to manage risk to 
vulnerable parts of the South African economy, 
such as workers and some investors.

Establish a transparent planning process for at-risk sectors, with earmarked transition funds 
and a gradual phase out
Involve all interested groups in planning, including companies, trade unions, local 
governments, and the financial sector

6. Shift some risks from that national public 
balance sheet to other parties, possibly 
including sub-national governments, to 
increase risk bearing capacity.

Explore allocation of risks and revenues, particularly between different government levels, to 
maximise risk capacity
Continue with proposed restructuring of Eskom with the aim of putting its finances on 
a more sustainable footing and hence manage material contingent liability to national 
government 

7. Work with international development finance 
institutions and other international financiers 
to address items 4, 5, and 6 within the 
international context.

Work with international partners to balance global and South African risks and opportunities
Seek assistance with financing solutions, underwriting, technical assistance, and potential 
carbon trades to leverage South African mitigation options
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