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1 Purpose and outline 

This paper briefly outlines the major supply dynamics in the electricity industry, looking at both the 
international trends and what has happened in South Africa, with a focus on new energy (wind and 
solar) and on the marginal costs of supply and uptake rates of different technologies.  The paper 
focuses on what has occurred and does not present predictions related to future dynamics. 

The existing and anticipated marginal costs of supply for both peak and base load generation 
capacity are major determinants of future choices related to the generation of electricity at both the 
national and local levels. 

The paper is a companion paper to one that focuses on understanding the patterns of demand for 
electricity in South Africa with a focus on South African metropolitan areas (Briefing Paper 1).  A 
third paper looks at the implications of both demand patterns and supply trends for the future of 
the electricity industry at the city level in South Africa, and a fourth at critical issues facing cities. 

2 South Africa’s electricity supply system in brief 

Generat ion mix 

Eskom has a nominal installed generating capacity of between 42 090 MW 1 and 44,281 MW2. The 
vast majority of this is coal-fired (35 721 MW nominal)3. Eskom estimates that it consumes 130 Mt 
of coal per annum4. Koeberg nuclear power station has a nominal capacity of 1 860 MW and hydro 
capacity is 600 MW plus 1 400 MW from pumped storage. Gas/liquid turbine peaking stations have 
a nominal capacity of 2 409 MW.  

Reduced per formance o f  Eskom’s aging generat ion f l ee t  

Recently, the performance of Eskom’s plant has fallen dramatically. This was the primary reason for 
the loadshedding experienced by the country in recent times. The fall-off in plant availability is now 
rather deep. In 2010, plant availability stood at 85% but by 2014, it had fallen to 75%. The drop off 
in demand provides space to undertake further planned maintenance but the backlog will take a 
while to address, more particularly since a large proportion of Eskom’s generating plant, largely 
installed in the 1970’s and 1980’s is coming to the end of its design life.  

Eskom’s t ime frames for  decommiss ioning  

Although poor maintenance is a factor in reduced plant performance, Eskom’s generating plant is 
also aging. Planned timeframes for decommissioning of the existing fleet of coal-fired plants is given 
below (Figure 1).  

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!Eskom!Annual!Report!Fact!Sheet!2015.!
2!A!Department!of!Energy!Presentation!Regulatory!Regime!within!the!Electricity!Supply!Industry!17!September!
2013!
3!3!Eskom!Annual!Report!Fact!Sheet!2015!
4 A!presentation!by!Johan!Bester,!Eskom!GM!Fuel!Sourcing,!Primary!Energy!Division!2012!
http://www.fossilfuel.co.za/conferences/2012/Johann_Bester.pdf!.!By!way!of!comparison,!Sasol’s!Secunda!complex!is!the!next!
biggest!consumer!with!42Mt/annum!!
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!
Figure'1:'Eskom'coal2fired'plant'decommissioning'plan'

!
Eskom’s coal fired generating power plant decommissioning schedule is given below (Figure 2). 

!
Figure'2:'Eskom'coal'decommission'schedule'

The impact  o f  coal  suppl ies  and pri ces  on e l e c tr i c i ty  generat ion costs  

South Africa has, in the past, been able to generate cheap electricity on the basis of low-cost (and 
low-quality) coal available close to or at its power stations. However, there is some uncertainty as to 
predictability and cost of future coal supplies for a variety of complex and inter-related reasons that 
are described in Annex 1.  Consequently, coal availability together with its location, quality and cost, 
all pose risks for increasing the cost of generating electricity from coal-fired power stations going 
forward. 
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This is significant because coal costs make up close to 30% of Eskom’s total operating costs.5 If coal 
prices were to increase by 50%, for example, then operating costs would increase by 15%.  

Coal risks are prominently reported in Eskom’s annual reports. Misalignment between the demand 
and supply of coal (as a result of delayed commissioning of new plant) cost Eskom R8 million in the 
2014/15 financial year in terms of a take or pay agreement with a supplier, representing 16% of 
Eskom’s primary energy cost for that year. Eskom reported that poor quality coal results in 
inefficient energy production, placing further strain on generating plant and negatively affecting 
Eskom’s environmental footprint, and that coal-related energy losses continued to occur at Tutuka 
and Matla power plants due to poor coal quality. 

Recently OECD has severely restricted the financing of coal-fired power stations.6 

Impli cat ions 
While South Africa’s electricity generation has been historically cheap, primarily as a result of the 
availability of low-cost coal, there are a number of factors that have contributed to the recent 
significant increases in the cost of generating electricity from coal in South Africa.   

3 Understanding the costs of supply 

3.1 Marginal versus average costs 

Average costs are the total costs of an electricity supply system (for example, Eskom’s generation 
fleet) divided by the sale of electricity to get a c/kWh average cost. These costs include operating 
costs, depreciation and financing costs.  These are backward looking actual costs, and are called 
average historic costs.  

Marginal costs are the costs of adding additional generation capacity to the system. There are two 
basic types of marginal cost – the short-run marginal cost of supplying the next unit of electricity and 
the long-run marginal cost of adding additional electricity generating capacity.  

The short-run marginal cost of an existing wind generation facility is very low (running costs are very 
low compared to the capital costs) whereas the short-run marginal cost of a peaking OCGT plant 
using diesel, run over a short period to meet peak demand, is very high (the cost of the diesel).     

The long-run marginal cost is the cost of adding additional capacity by, for example, building a new 
wind farm or a new coal-fired power station. 

When the long-run marginal cost (also known as the average incremental cost) is higher than the 
average historic cost, then the average history cost will increase over time, and vice versa. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5!The!cost!of!supplying!coal!to!South!Africa’s!coalRfires!power!stations!constituted!29%!of!operating!costs!in!
2014/15!(23%!excluding!the!takeRorRpay!agreement!in!which!no!coal!was!supplied.!Primary!energy!costs!(Coal)!=!
R51.5!billion!less!9.5!billion!from!IPPs!in!2014/15!for!121.7!Mt!=!R345!per!ton.!!This!included!an!R8!billion!take!or!
pay!fee:!As!a!result!of!construction!delays,!contracted!coal!could!not!be!delivered!to!Medupi,!as!its!stockyard!was!
not!ready!to!receive!the!coal,!leading!to!a!cost!of!R8!billion!in!terms!of!the!takeRorRpay!coal!supply!agreement.!!
Average!cost!net!of!this!take!or!pay!agreement!=!R279!per!ton!(Eskom!Annual!Report!2015.)!
6!http://www.theguardian.com/environment/2015/nov/18/oecdRcountriesRagreeRtoRrestrictRfinancingRforR
overseasRcoalRpowerRplants!(Accessed!24!November!2015)!
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It is important to know both the short-run and long-run marginal costs of a system, and to take 
these into account in electricity investment and pricing decisions in order to create incentives for the 
efficient allocation of scarce capital and efficient use of electricity. 

Base load versus peaking costs 
The short-run variable costs are driven primarily by the cost of fuel. The efficient price should be set 
equal to the relevant economic cost, which depends on the state of demand relative to supply at a 
point of time. If there is spare capacity (off-peak, or in periods of high reserve margins), then the 
relevant cost is the short-run marginal cost which ought to be approximately close to the variable 
element in the fuel cost). If demand is tight (at the peak times), the short run marginal cost will be 
much higher. Meeting capacity has a particularly high price if done with generating capacity that has 
a high capital cost and only utilised during the limited time periods when the capacity constraint 
exists. Over-investing in base load generators (as was done in the 1980’s) results in stranded assets 
that are then mothballed. This represents a deadweight loss and is highly inefficient.  Inflexible base 
load generators ought to generate only base load electricity. If they are also employed to meet 
electricity demand during the brief peak usage, they provide expensive electricity averaged across all 
periods. 

At some point the scarcity price during the hours of tight demand justifies investment in new 
capacity. Peaking plant such as gas turbines are much cheaper on a per kW capacity basis than 
thermal generators but, since they only run for a few hours in a day, their capital costs per kwh can 
still be very high. Efficient pricing is key to determining the most efficient generation mix. 

3.2 Comparing costs across technologies – levelised costs 

The International Energy Association (IEA) uses the internationally accepted metric of the Levelised 
Cost of Electricity (LCOE) which provides a fair basis to compare the costs of creating a new unit 
of electricity generation capacity across different technologies that have different cost components 
and load factors7.  Levelised costs take into account not just the cost of generating a marginal MWh 
of electricity, but also the upfront capital and development expense, the cost of equity and debt 
finance, and operating and maintenance fees8. The LCOE could also be described as the Net Present 
Value (NPV) of the energy produced (kWh) or the lifecycle cost per kWh. Put another way, it is the 
minimum price that an electricity producer requires in order to break even. It also takes into account 
load factors.  

3.3 Cost structures for different generation technologies 

The typical contribution of different costs to the LCOE for different technologies is shown in the 
table below:9 

 

 

 

 

 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7 http://www.nrel.gov/analysis/tech_lcoe.html  
8!http://www.prnewswire.com/news-releases/wind-and-solar-boost-cost-competitiveness-versus-fossil-fuels-
300154606.html!
9!Source:!IEA!(2010)!using!a!10%!discount!rate!(cost!of!capital)!with!carbon!taxes!taken!into!account.!
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Amongst traditional base load technologies, nuclear is weighted towards being driven by capital and 
coal fired power plants sit somewhere in the middle.  As discussed elsewhere, Eskom’s fuel costs are 
relatively low compared to the above table.  

The above table provides a basis for a rough calculation of what the capital-intensive technologies 
such as renewables and nuclear might render as a LCOE. While a projected LCOE will provide a 
rough guide to likely costs of electricity at a particular point in time, understanding the components 
making up the LCOE of a particular generating technology (typically categorized into capital, fuel 
and operating costs) gives an insight into risks.  For example, at one extreme, onshore wind LCOE 
is primarily affected by the capital costs whereas the LCOE of open-cycle gas power plants is 
particularly sensitive to the price of gas. Load factors and the timing of generation are also important 
factors affecting the LCOE. 

It is important to note that the LCOE of coal can change substantially in the context of carbon taxes 
or other carbon pricing mechanisms. South Africa has reasonably well developed policy in this 
regard and the introduction of a carbon tax is expected in 2016. A fuller description of the 
prospective carbon tax is set out in Annex 2.  

3.4 Project risks and costs 

There is often a difference between expected and actual costs for the construction of new electricity 
generating capacity. When costs are quoted it is important to understand what costs are being 
referred to (expected or actual).  The difference arises from contingencies arising between planning 
and execution. The way projects are structured, the choice of technology and the size of projects all 
have an influence on the degree of variance between these two costs.    

Cost r i sks assoc iated with e l e c tr i c i ty  generat ion 
Cost overruns for large-scale electricity infrastructure are a global phenomenon.  In a peer reviewed 
paper addressing this question using a sample of 401 electricity projects built between 1936 and 2014 

  Capital Costs Fuel Costs O&M  
   Fuel CO2 Tax/Price   
 Coal  23% 27%   
  42% 50% 8%  
 Coal (excl 

Carbon) 
57% 32% 11%  

 Gas  67% 11%   
  16% 78% 5%  
 Gas (excl 

carbon 
20% 76% 6%  

 Nuclear Includes refurbishment, waste treatment and 
decommissioning after 60 years 

 

  75% 15% 9%  
 Onshore Wind 

87% 
  

13% 
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in 57 countries, the authors found that cost overruns amounted to 66% of the original project 
budget with nuclear projects suffering a mean cost escalation of 117%.10 

Choice  o f  t e chnology 
In a follow up paper, the same authors found that certain technologies were more prone to costs 
escalations and overruns that others (Table 2).11 
 

Table'2:'Summary'cost'overrun'data'for'electricity'projects'by'source'

!
!

!
Figure'3:'Average'cost'escalation'and'frequency'of'cost'overruns'for'electricity'infrastructure'projects'

Hydroelectric dams and nuclear reactors have the greatest amount and frequency of cost overruns 
and solar and wind projects seem to present the least construction risk. 

Projec t  s ize  
Flyvbjerg proposed an “iron law of megaprojects”.12 His research shows that about 90% of 
megaprojects experience cost overruns, the same proportion take much longer to build than 
budgeted and only 10% deliver on their promised benefits. Put together, success on all three criteria 
is one in a thousand.  Success, he states, is so rare that, at present, it can only be studied as small-
sample research.  There are important consequences. Underestimating costs and overestimating 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10!Sovacool,!Benjamin;!K,!Gilbert,!Alex!&Nugent,!Daniel!R!Risk,!innovation,!electricity!infrastructure!and!construction!cost!
overruns:!Testing!six!hypotheses!http://www.sciencedirect.com/science/article/pii/S0360544214008925!
11!Sovacool,!Benjamin;!K,!Gilbert,!Alex!&Nugent,!Daniel!R!An!international!comparative!assessment!of!construction!cost!
overruns!for!electricity!infrastructure!http://www.sciencedirect.com/science/article/pii/S2214629614000942!
12!Flyvbjerg;!Bent!R!!What!You!Should!Know!About!Megaprojects!and!Why:!An!Overview!
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2424835!
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benefits, as is typical for promoters of megaprojects, means that the project goes ahead despite it 
being neither financially nor economically viable once cost-overruns are taking into account. These 
projects also crowd out smaller more incremental projects that would have rendered better returns 
once the real costs and benefits of both types of projects are compared. The widespread practice of 
underestimating costs and overestimating benefits makes it difficult to decide which projects deserve 
consideration. What we get are not the best projects but those that look the best on paper. In 
general terms, the projects that look best on paper are in fact the worst projects in terms of cost 
overruns, benefit shortfalls, and risks of non-viability. 

Projec t  s tructure 
South Africa’s experience with mega-projects is consistent with international experience. Eskom has 
managed its own design and build program for two large new coal-fired power stations, Medupi and 
Kusile. Both have experienced significant delays and budget overruns.13 

On the other hand, South Africa’s privately financed renewable energy programme, delivered 
through a series of competitive bid windows, has result in commissioning projects on time and at 
their tendered prices. Prices have also reduced significantly through the successive bid windows.  

Although renewable energy projects are far simpler than traditional megaprojects due in part to their 
modular character, they do point to the fact that smaller incremental approaches to investing in 
electricity generating assets provide more reliable and predicable outcomes. While this imposes a 
limitation on the size of a single project, the number of projects is scalable and increased capacity 
can be realized quite quickly. South Africa’s renewable energy procurement programme has 
demonstrated that a competitive bidding process in a context of institutional certainty can raise a 
large amount of private capital (through both direct investments and debt), allocate construction 
risks to the private financiers  and supply electricity to the grid at an efficient cost. 

4 International trends in uptake and costs of electricity 

The world is undergoing an energy transition. This is very clear from recent published research done 
by the International Energy Agency, an organization with a traditionally conservative approach. 14 

4.1 Coal’s dominance is changing 

At present, coal is still the dominant source energy but it dominance varies significantly between 
countries as reflected below (Figure 4)15: 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13!See,!for!example,!http://eandt.theiet.org/news/2015/sep/hinkleyRinvestors.cfm!(accessed!24!November!2015)!
14!The World Energy Outlook 2015 (WEO-2015)!http://www.worldenergyoutlook.org/weo2015/!!
15!Michael!Liebreich,!State!of!the!Clean!Energy!Industry!BNEF!Regional!Summits!2015!
http://about.bnef.com/presentations/liebreichRstateRindustryRkeynoteRbnefRemeaRsummitR2015/!!
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!
Figure'4:'Dependence'on'coal'2'G20 

  

4.2 A rapid increase in investment in new energy 

Bloomberg report rapid increases in the investments into new energy (Figure 5). 

!
Figure'5:'Investments'in'new'energy'

!
The increase in solar investments is particularly noteworthy. 
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4.3 Costs of new energy 

The IEA produces updated Projected Costs of Generating Electricity on a 5 yearly cycle and has just 
released its report for 2015.16  

A recent Bloomberg New Energy Finance global study shows the following pricing trends for 2015. 
There are considerable variations between regions and within technologies: 17 

Table'3:'LCOE'for'new'Energy'(2015)'

Technology Region 2015 H1 2015 H2 
Onshore Wind  $85/MWh $83MWh 
 UK  $85/MWh 
 Germany  $80/MWh 
 China  $77/MWh 
 USA  $80/MWh 
Crystalline silicon PV solar  $129/MWh $122/MWh 
 China  $109/MWh 
 USA  $107/MWh 
Coal-Fired Americas $66/MWh $75/MWh 
 Asia-Pacific $68/MWh $73/MWh 
 Europe $82/MWh $105/MWh 
 UK  $115/MWh 
 Germany  $106/MWh 
 China  $40/MWh 
 USA  $65/MWh 
Combined Cycle Gas Turbine    
 Americas  $76/MWh $82/MWh 
 Asia-Pacific $85/MWh $93/MWh 
 EMEA $103/MWh $118/MWh 
 UK  $115/MWh 
 China  $113/MWh 
 USA  $65/MWh 
Biomass incineration   $134/MWh 
Nuclear Americas  $261/MWh 
 EMEA  $158/MWh 

 

Generating costs continue to vary greatly from region to region, reflecting influences such as the 
shale gas boom in the US, changing utilisation rates in areas of high renewables penetration, the 
shortage of local gas production in East Asia, carbon prices in Europe, differing regulations on 
nuclear power across the world, and contrasting resources for solar generation. 

While the graph below shows the wide variation of the LCOE for different technologies, the main 
value of the graph is the wide variation within a single technology. Solar PV installed in Northern 
Europe would be half as effective as a similar installation in a sunny country.18 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
16 https://www.oecd-nea.org/ndd/egc/2015/!!
17 http://www.prnewswire.com/news-releases/wind-and-solar-boost-cost-competitiveness-versus-fossil-fuels-
300154606.html 
18!World Energy Council:  Cost of Energy Technologies 2013 https://www.worldenergy.org/wp-
content/uploads/2013/09/WEC_J1143_CostofTECHNOLOGIES_021013_WEB_Final.pdf!
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Figure'6:LCOE'of'difference'energy'sources'

4.4 Investment in new energy versus fossil fuels 

According to Bloomberg New Energy Finance in a report for the  Frankfurt School-UNEP Centre19 
renewables (excluding large hydro) attracted US$242.5 billion in new investment in 2014 (split 
between $168.9 billion in utility scale finance and $73.5 billion for small-scale projects), up 17% 
from $209.5 billion in 2013. The increase in capacity added went up by a nameplate capacity of 103 
GW, up 20% compared to the 86 GW commissioned in 2013. This also demonstrates the fall in 
prices in just a year. The 2014 investment went to 49 GW in wind, and 46 GW in solar PV. These 
renewable technologies increased their share of the new power capacity added worldwide last year, 
from 40% to 48%. Figure 7 shows the position. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
19!http://apps.unep.org/publications/pmtdocuments/RGlobal_trends_in_renewable_energy_investment_2015R
201515028nefvisual8Rmediumres.pdf.pdf!!
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Figure'7:'Renewable'power'capacity'as'percentage'of'total'(cumulative)'

Note:  The proportion of total cumulative power capacity accounted for by renewables rose from 13.8% to 15.2% and renewables’ share of 
overall global generation climbed to 9.1%, from 8.5% in 2013 (a consistent 0.6-0.7% annual growth of share of global generation since 
2008). Source Bloomberg New Energy Finance  

Total gross investment in fossil fuel generation in 2014 was $289 billion, higher than the renewables 
figure for the same period, but some of that investment simply replaced fossil fuel capacity being 
retired (very little renewables are near scheduled retirement yet). The growth in investment is 
reflected in Figure 8. 

 
Figure'8:'Energy'investments'

Note: Nominal values. Renewable energy total excludes large hydro and investment made at financial close. Fossil fuel investment counted in 
the year when capacity was commissioned Fossil fuel is gross investment in coal, gas and oil capacity. A capacity retirement of 3.3%/annum 
for coal (2.5%/annum for coal in all countries where fossil capacity is net positive and 4%/annum for gas. Source: Bloomberg New Energy 
Finance  

In terms of global net generation capacity increments fossil fuel generation is estimated by 
Bloomberg New Energy to be $132 billion and so less than $242.5 billion committed to renewables 
(excluding large hydro). The comparison should be treated with caution. The investments in fossil 
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fuel power plants do not take into account the investments in mining coal or extracting gas, or the 
transport and storage of the fuel. 

4.5 Trends in new energy costs – the influence of technology and scale 

According to Ramez Naam, if current rates of improvement hold, solar power will become 
incredibly cheap by the time it’s a substantial fraction of the world’s electricity supply because 
electricity costs are now coupled to the ever-decreasing price of technology. This thinking is based 
on the fact that solar PV costs have been reducing by about 16% for every doubling of capacity 
(Figure 9).20 

 
Figure'9:'Solar'price'reductions'versus'scale'of'production'(actual'experience)'

4.6 Embedded new energy:  grid versus socket parity – definitions and implications 

Dramatic falls in the price of renewables is making them a viable alternative to traditional sources of 
electricity on a cost per kWh basis. Solar PV installation prices are now below onshore wind. In 
2013, the world installed 36.5 gigawatts of new solar photovoltaic capacity, compared with 35.5 
gigawatts of wind power making global installed solar PV reach 134 GW, enough to generate just 
under 1% of the world’s electricity.21 

Another study done by the International Renewable Energy Agency, estimates that the installed 
costs for utility-scale solar have decreased to a global average of around $0.09/kWh ($90/MWh), 
meaning that electricity from large-scale PV is beginning to compete with fossil fuel-fired electricity 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
20!http://reneweconomy.com.au/2015/howRcheapRcanRsolarRgetRveryRcheapRindeedR76844!!
21 http://cleanedge.com/reports/Clean-Energy-Trends-2014  
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costs in some parts of the world.22 When it does so, solar PV would have reached grid parity (Figure 
10). 

!
Figure'10:'Cost'and'value'of'projects'by'type'

Note: The size of the diameter of the circle represents the size of the project. The center of each circle is the value for the cost of each project on 
the Y axis. Real weighted average cost of capital is 7.5% in OECD countries and China; 10% in the rest of the world.  
Deutsche Bank estimates that unsubsidised rooftop solar electricity is now between $0.13 and 
$0.23/kWh below the retail price of electricity in many markets globally23. Matching the retail price is 
also known as socket parity.  

The fall in PV panel prices is such that the panels themselves are no longer the main expense of an 
installation. Instead, “Balance of System” costs also known as the soft costs account for 50-70% of a 
rooftop solar system in the United States. Soft costs include installation labour; permitting, 
inspection, interconnection, marketing and other costs (margin, financing costs, and additional fixed 
administrative and other transactional costs)24. But these costs are double the equivalent in Germany 
where rooftop PV is more developed for a number of reasons25 including local permitting and rules 
relating to feed in tariffs. More accommodating local permitting and increased total market size 
means that soft costs can also be made to fall alongside PV panel costs.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
22 International Renewable Energy Agency: Renewable Power Generation Costs 2015 (January 2015) 
http://www.irena.org/documentdownloads/publications/irena_re_power_costs_2014_report.pdf  
23Deutsche Bank’s 2015 Solar Outlook  https://www.db.com/cr/en/concrete-deutsche-banks-2015-solar-outlook.htm!!
24 Feldman: David, Friedman, Barry & Margolis, Technical report to National Renewable Energy Laboratory 
http://www.nrel.gov/docs/fy14osti/60401.pdf October 2013  
25 https://emp.lbl.gov/sites/all/files/german-us-pv-price-ppt.pdf  
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5 South Africa’s trends in costs and uptake of new energy 

5.1 Competitive bidding for new energy in South Africa - REIPPPP 

The only independent power procurement done at any significant scale in South Africa is the 
Renewable Energy Independent Power Producer Procurement Programme (REIPPP) by an entity 
drawing skilled staff from Treasury’s Public-Private Partnership (PPP) Unit. 

Since November 2011 more than 6 327 MW from 92 renewable energy projects have been awarded 
in five bidding rounds covering 77 projects covering solar PV, onshore wind, biomass, small hydro, 
CSP and landfill gas. This represents a total investment of R192 billion of which R53 billion is direct 
foreign investment. Already more than 37 of the projects have reached commercial operation date, 
contributing about 1 827MW of renewable capacity to South Africa’s generation mix26. 

As the REIPPPP matures, project funding and ownership structures are also changing through 
better understanding of the risk of different projects, increasing competition and economies of scale 
benefits. Larger operators, often foreign utilities or specialist developers who have access to funding 
on concessionary terms or investors with patient capital are beginning to dominate. The allocation 
of the projects across the main technologies is given in Table 4. 

Table'4:'Number'of'projects'and'capacity'by'technology'and'bid'window'

BW1 BW2 BW3 BW3.5 BW4 Cumm 
Capacity 
MW 

# of 
Projects 

Capacity 
MW 

# of 
Projects 

Capacity 
MW 

# of 
Projects 

Capacity 
MW 

# of 
Projects 

Capacity 
MW 

# of 
Projects 

Capacity 
MW 

# of 
Projects 

Onshore Wind 649 8 559 7 787 7   1 362 12 3 357 34 
Solar PV 627 18 417 9     813 12 2 292 45 
Solar CSP 150 2 50 1   200 2   600 7 
Landfill Gas     18 1     18 1 
Biomass     17 1     42 2 
Small Hydro   14 2     5 1 19 3 

1 425 28 1040 19 1457 17 200 2 2 205 26 6327 92 
 

5.2 Unit costs of solar and wind 

As is evident from the table below27, the fully indexed average price (Rand/kWh) reflected in the 
Power Purchase Agreement with Eskom has fallen at each bidding round. The cumulative effect is 
dramatic (Table 5). 

Table'5:'Unit'costs'by'technology'and'bid'window'(c/kWh)'

BW1! BW2! BW3! BW3.5! BW4!
Onshore!Wind! 1.36! 1.07! 0.78!

!
0.68!

Reduction!from!previous!Round!
!

21.32%! 27.10%!
!

12.82%!
Total!Decline!from!BW1!

!    
50.00%!

Solar!PV! 3.39! 1.96! 1.05!
!

0.82!
Reduction!from!previous!Round!

!
42.18%! 46.43%!

!
21.90%!

Total!Decline!from!BW1!
!    

75.81%!
CSP! 3.2! 3! 1.74! 1.62!

!Reduction!from!previous!Round!
!

6.25%! 42.00%! 6.90%!
!Total!Decline!from!BW1!

!   
49.38%!

! 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
26!http://sastela.org/wpRcontent/uploads/2015/10/DoERREIPPPPRforRSouthRAfrica.pdf!!
27!Ibid!
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Over and above the significant decreases in prices offered by the REIPPPP, the quick build process 
to commercial operating date is a significant feature. The REIPPPP has opened the door to 
independent power producers in the South African electricity system, which has led to cascading 
opportunities for additional independent power procurement. It is anticipated that similar 
procurement programmes will be run for gas, co-generation and coal in 2016.  

5.3 Rooftop solar uptake in South Africa 

The residential sector is relatively under-developed both in terms of the installed capacity and the 
size of typical installations. Some municipalities such as City of Cape Town, Nelson Mandela Bay 
and eThekwini have developed their own regulations to respond to customers wanting to invest in 
rooftop solar. 

Current estimates (April 2015) of embedded PV installations in South Africa amounts to 36.5MW28.  

 
Figure'11:'Rooftop'solar'PV'uptake'in'South'Africa 

Of these, most installations are in the Western Cape and Gauteng: 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
28!Ballack,!Carel!Rooftop!solar!and!own!generation!takes!off!in!SA,!June!2015: 
http://www.ee.co.za/wpRcontent/uploads/2015/06/EnergizeRRERVolR3Rjune15Rp64R66.pdf!!
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Figure'12:'Rooftop'solar'PV'uptake'in'South'Africa'by'Province 

 

Having started from a low base, it has shown growth due to a combination of Eskom load-shedding, 
higher prices for grid electricity. Most growth is at larger commercial, agricultural and industrial 
customers whose consumption is high during daylight hours. Equally, these opportunities extend to 
municipalities with a load profile that matches PV’s generation profile.  

Currently, the standards, grid requirements and metering costs make these investments expensive at 
a residential level but this is set to change with the introduction of smart metering and NERSA’s 
publication of the Embedded Generation rules. 

6 Other relevant supply-side dynamics in South Africa 

6.1 Marginal costs of Eskom’s Medupi and Kusile coal-fired power plants 

Eskom is building two large coal-fired power plants, Medupi and Kusile. Both of these plants have 
experience significant delays and cost overruns. Firstly, there a delay in the decision to go ahead with 
the plants in the first place. Eskom was well placed in 2000 to have gone ahead and self-funded new 
capacity – Eskom’s annual profits grew from R2.2 billion to R5 billion between 2001 and 2006.29 
However, the Energy White Paper, published in 1998, proposed breaking up Eskom and allowing 
competition and private investment for generation, thus discouraging new investment. A cabinet 
memorandum in 2001 stated that in order “to ensure meaningful participation of the private sector 
in electricity in the medium term Eskom is not allowed to invest in new generation capacity in the 
domestic market.” 30 Eventually, in October 2004, the Minister of Public Enterprises announced that 
Cabinet had authorised Eskom to take responsibility for at least 70% of new generation capacity 
requirements and plans to break up Eskom and to introduce an electricity market were abandoned. 
Other delays included a Cabinet decision in 2003 to authorise the Department of Minerals and 
Energy to go out on open tender to obtain new generation capacity for the country. This whole 
process was delayed and lead to an abandoned bidding process for approximately 1,000 MW of 
open-cycle gas turbines due to Eskom’s concerns around regulatory risk. Inadequate planning or 
multiple plans played a role. Eventually, a decision on a smaller scale Medupi was taken anticipating 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
29!Newbery,!David!&!Eberhard,!Anton!South!African!Network!Infrastructure!Review:!Electricity!April!2007!
http://www.gsb.uct.ac.za/files/SAElectricityPaper08.pdf!!
30!Department!of!Minerals!and!Energy!Cabinet!Memorandum!April!2001.!
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commissioning by 2011 but in 2006, a decision was made to double capacity to the current six units. 
Similar decisions on Kusile followed.  As in the 1980’s Eskom has a considerable amount of capacity 
under construction. Now, as then, the build programme is both delayed and over budget31.  

Eskom carries the construction risk, with severe consequences for costs as a result of accumulated 
(and additional) financing costs on much larger capital amounts as well as suffering from the loss of 
sales that would otherwise have been generated had the projects been delivered on time. 

Nersa estimated in 2012 that Medupi, with a 4 800MW total capacity, would have a levelised cost of 
electricity (or a tariff on a stand-alone basis) of 97c/kwh32. Due to delays and further cost overruns 
Medupi’s, LCOE is certainly higher than that and Kusile, of similar size, might even supply 
electricity at an even higher rate depending on its coal supply contract. Yelland estimates a LCOE 
for Medupi of 110 c/kWh in 2012 and Eberhard an LCOE for Kusile of 130 c/kWh in 2015. 

6.2 New Coal IPPs 

The forthcoming coal baseload IPP programme is to be made up of smaller projects, each less than 
600MW and collectively representing 1 600 MW of capacity. This has been made subject to a price 
cap for electricity supplied to the grid by these coal fired generators at 82c/kWh.33 These projects 
will be entirely privately funded. While proceeding on the basis of the 82c/kWh is uncertain, it 
demonstrates the excessive capital costs associated with the construction of both Medupi and Kusile 

6.3 The benefits of local peaking capacity 

The greater the distance between the generator and load, the greater is the current loss. If there is no 
congestion these losses can be small, but losses increase dramatically when electricity cables are 
more congested. This means not only that we have to burn more fuel to generate the same amount 
of useful energy which means that one has to over-invest in the power generation capacity of any system 
with a preponderance of remote generators34.  

In addition to the question of location, there is the important issue of power factors. Maintaining 
grid reliability in an alternating current environment requires synchronisation of voltage and 
current. Current (amps) must oscillate with voltage in precisely the same way.  If they differ, a 
system produces less power. The ratio of actual power to theoretical power is the “power factor,” 
and typically runs between 85-95%. As power factor falls, generators still make the same amount of 
power and burn the same amount of fuel, but less gets to the load, so the effect is to lower system-
wide fuel efficiency. Several factors cause current to shift out of phase with voltage and grid 
managers correct this. The most effective way to correct is with power plants that are sited near the 
load and use spinning generators that can maintain constant frequency but independently shift 
current and voltage to offset grid degradation. Most thermal power plants spin at an rpm rate that 
enables this to be done. 

The variability of load in a distribution system means that it is critical that some generation capacity 
is available that can instantaneously ramp up and down in response to changes in load. For the 
present, Eskom provides this capability to metros. As intermittent wind and solar becomes a greater 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
31!Steyn,!Grové!Are!we!Missing!an!Opportunity!to!Learn!From!History?!
http://www.gsb.uct.ac.za/files/BusinessDay_newspaper_article.pdf!
32!http://mg.co.za/article/2012R08R24R00ReskomRgrilledRonRpowerRprice!
33!http://www.miningweekly.com/article/ippRbodyRwelcomesRcoalRbaseloadRtenderRbutRcallsR1R600RmwRallocationRinsufficientR
2015R01R16!
34!Castens,!Sean:!How!hard!is!it!to!Integrate!Renewable!Energy!into!the!Electric!Grid?!
http://www.theenergycollective.com/seancasten/244736/howRhardRitRintegrateRrenewableRenergyRgrid!
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factor, distributors will increasingly need to take into account sudden increases or decreases in 
power output35. The result is to add complexity to grid operation. 

Some of the added complexity is not reflected in contractual relationships which tend to cover the 
energy charges in kWh. All kWh produced are not equal in their value to the system.  

• It takes fewer kWh of generation to serve a kWh of load if that kWh is generated near the load. 
• The ability to produce (or curtail) peak power output at a moment’s notice is valuable regardless 

of actual kWh generated. 
• 1 kWh from a generator that can boost the system power factor is worth more than 1 kWh to 

the system.  The reverse is also true. 
As such, location, dispatchability and generator technology (spinning turbines) can be more 
important than simply MWh measurements.  

6.4 Distribution grid design and embedded generation 

Rooftop solar installations that feed energy back into the grid can present problems in a distribution 
network that has been designed and operated to supply loads via centrally installed and dispatched 
generation. South African urban distribution network generally consists of an 11 kV medium voltage 
(MV) network supplying 400 V low voltage (LV) networks via distribution transformers. All power 
flows from the MV network to the LV network and were designed to keep voltage drops within 
acceptable limits. Reversing the power flow in the distribution network can create problems as they 
operate to curb the impacts of voltage drop, not voltage rise. Local generation (causing a voltage 
rise) may then result in the maximum voltage limits being exceeded. In general terms, South African 
domestic LV networks are able to absorb significantly less generation as compared to the maximum 
amount of load that it can supply. One cannot inject the same amount of power into the network as 
one is able to consume. Distribution networks generally experience maximum load in peak periods. 
Solar PV installation generate maximum output at midday. If the penetration of solar PV causes 
over-voltages (due to reverse power flow), this has significant ramifications.  

Clouds impact on PV output and a cloud passing over an area will cause PV output to drop and the 
distribution network suddenly has to fill in. Voltage variations are a key constraint in the amount of 
PV that can be connected before technical limits are violated. Phase allocation also has an impact on 
voltage variations. Management of phase allocations in the distribution networks in Australia, where 
the installation of rooftop PV is relatively high, has resulted in voltage imbalance problems36. 

The current technical standard has resulted in NRS 097-2-3 “Simplified utility connection criteria for 
low-voltage connected generators”37 providing distributors with guidance on the magnitude of 
rooftop PV that can be connected to LV networks without having to do detailed network 
simulations or field assessments. Although difficult to generalise, technical issues may arise when the 
local generation exceeds 20% of the maximum load and different solutions are needed when 
installed generation exceed these levels. Uncontrolled rooftop PV rollout runs the risk of voltage 
and power quality problems and has safety implications for technicians if PV installations are live 
during network faults and maintenance outages.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
35!Mackenzie2Hoy,'Terry:!Grid!risks!associated!with!wind!generation!March!2014!http://www.ee.co.za/article/gridRrisksR
associatedRwithRwindRgeneration.html!
36 Carter-Brown, Clinton: The impact of rooftop PV on distribution networks http://www.ee.co.za/article/impact-
rooftop-pv-distribution-networks-2.html May 2015!
37 http://pqrs.co.za/wp-content/uploads/2015/03/NRS-097-2-3-final-2014.pdf   
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Higher levels of rooftop PV than the 20% peak load requires a substantial reworking of the 
distribution grid on a technical level from passive distribution networks to active distribution 
networks with autonomous control. 

6.5 Transmission grid constraints for utility-scale supply additions 

In general terms, an electricity system is made up of generators that connect to a transmission 
network at high voltages which then delivers this electricity into various distribution networks with 
lower voltages. During transmission and in the step down of voltage there are losses along the way. 

By way of example, the Western Cape is geographically the most distant from Eskom’s main load 
centre in Gauteng. Peak capacity for the Western Cape is around 3 500MW38 and while Koeberg can 
supply 1 800MW if both units are up, transmission losses from electricity generated upcountry 
amount to 200MW, around 10% of the power actually delivered in the Western Cape. If any unit at 
Koeberg is out of service, as one will be in February 2016, then these losses increase to 500MW39.  
To contextualize, this loss represents about the same load that the Western Cape needs to shed 
during stage 3 load-shedding.   

The IRP 2010 allocates 17 800 MW for renewables. While most of Eskom’s existing generation 
capacity is geographically determined (sources of coal), solar PV is more flexible in respect of 
geographic location. Most of the existing 8,400 MW of solar PV capacity is in the “Solar Corridor” 
in the Northern Cape which has the best solar irradiation. At present, 6 400 MW is allocated to this 
Solar Corridor with another 2,000 MW distributed elsewhere in the country40. As project selection is 
determined by the price per kWh at the point of connection to the grid is so important in the bid 
process, solar PV bidders generally opt for areas with the highest irradiation and thus the best energy 
yields like the Solar Corridor. In the process, the bid criteria ignore the costs of additional grid 
infrastructure and upgrades, and transmission losses to the point of consumption. This results in 
grid congestion and additional costs.41  

The REIPPP programme does not spatially define the generation capacity allocations which is 
important not only in cost terms, but also for transmission grid planning, design and grid stability. A 
GIZ report42 examined different types of allocations including allocations including placing 
renewable energy projects closer to loads (where electricity is consumed as well as defined 
Renewable Energy Development Zones (REDZs)43. REDZ are geographical areas where in the 
medium to long-term wind and solar PV development will have the lowest impact on the 
environment while yielding the highest possible social and economic benefit.  

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
38!Eberhard,!Anton!The!Western!Cape!Power!Crisis:!Moving!beyond!the!blame!game,!March!2006!
http://www.gsb.uct.ac.za/files/TheWesternCapePowerCrisis.pdf!!
39Wilson,!Duncan!&!Adams,!Ivan:!!Review!of!Security!of!Supply!in!South!Africa:!A!Report!to!The!Department!of!Public!
Enterprises,!July!2006!
http://www.thepresidency.gov.za/electronicreport/downloads/volume_4/business_case_viability/BC1_Research_Material/dpe
_security_of_supply.pdf!!
40!Independent!Power!Producers!Procurement!Programme!(IPPPP)!An!Overview!As!at!30!June!2015:!https://www.ippR
projects.co.za/Home/GetPublication?fileid=2ff99f76R206cRe511R9431R2c59e59ac9cd&contentid=39cbf366R206cRe511R9431R
2c59e59ac9cd!
41!Smit,!Riaan!(Eskom)!Grid!connection!of!renewable!energy!IPPs:!Lessons!learned 
!http://www.ee.co.za/wpRcontent/uploads/2015/06/EnergizeRRERVolR3Rjune15Rp24R28.pdf!!
42!GIZ:!Analysis!of!options!for!the!future!allocation!of!PV!farms!in!South!Africa:!
http://record.org.za/resources/downloads/item/analysisRofRoptionsRforRtheRfutureRallocationRofRpvRfarmsRinRsouthRafrica!
43!http://www.csir.co.za/nationalwindsolarsea/docs/FAQs.pdf!!
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While the GIZ study concludes that the total levelised costs of renewable energy taking losses into 
account would be very similar if allocated taking spatial factors (closer proximity to loads) into 
account, it is convincingly argued44 that the geographic blindness of the current bid criteria is 
exacerbating current generation capacity constraints. The existing bid evaluation process results in 
bidders choosing the highest-yield locations at the point of connection to the grid and not those that 
are optimal for minimising grid congestion, connection delays, transmission grid upgrades and 
transmission losses. 

A description of the national transmission grid is given in Annex 3. 

7 Implications for Cities/Metros 

The impact of the changes in the electricity supply system is likely to have profound impacts on 
local distributors, their financial and technical viability. 

7.1 Inevitable increase in new energy as a result of pricing trends 

New energy is now (or is fast becoming) cost competitive with traditional fossil-fuel based or 
nuclear generation on a LCOE basis which means that, over time, new energy will become a much 
more significant part of the generation mix. This is already happening in other parts of the world, 
has commenced in South Africa, and will continue and accelerate. 

Embedded PV could have a dramatic impact on the viability of both Eskom as the supplier of 
electricity to distributors and to the distributors themselves.  The chart below, extracted from a UBS 
report, shows the impact of unsubsidized embedded solar in Germany by 2020.  Residential 
customers, on average, could provide 29% of their own energy needs by 2020 and individually, a 
house with a 3kWh battery and a 4kW PV system could lower its electricity drawn from the grid by 
50-60% (Chart 37).!45 

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
44!Pierre!Potgieter,!Pierre!&!Yelland,!Chris:!!Renewable!energy!bid!selection!and!allocation!criteria!in!SA!flawed,!29!October!
2015!http://www.ee.co.za/article/renewableRenergyRbidRselectionRallocationRcriteriaRsaRflawed.html!!
45 http://reneweconomy.com.au/2013/ubs-boom-in-unsubsidised-solar-pv-flags-energy-revolution-60218 
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7.2 Embedded generation tipping points – opportunities and threats 

NERSA has published a consultation paper46 and the City of Cape Town has published guidelines 
on embedded generation and feed-in tariffs for electricity sold back into the grid.47 In order to 
qualify, customers are subject a monthly service charge, a different consumption tariff and a feed-in 
tariff slightly below Eskom’s standard time Megaflex tariff.  

The service charge is in consideration of having the grid available to export electricity into and to be 
able to draw on it and separates the cost of the two services provided, the provision of an electrical 
network and the energy charge. The service charge alters the calculation for the merits of solar PV 
installations which may need to be reconsidered having regard to the falling battery prices. For the 
immediate and medium terms future, embedded generation will largely be grid tied. 

The need for a service charge for grid services is an approach endorsed by the International Energy 
Agency48 who points out that solar PV effectively allows households with rooftop installation to get 
a “free ride” on the grid if they do not make a contribution to grid costs. How to price what is a 
suitable grid cost is more difficult but the IEA looks at the problem from a different point of view 
by reference to two households: 

• Household A does not install solar PV, pays $300 per year in fixed charges (assuming all 
fixed costs are passed through) and another $400 per year for the 4 MWh it consumes, to 
give an average retail price of $175/MWh; 

• Household B installs a solar PV system which produces 1.6 MWh for consumption on site, 
for a total cost of $280 (equal to 1.6MWh x $175/MWh). It also purchases 2.4MWh from 
the grid at cost of $540 per year (which includes the fixed charges of $300 plus energy 
consumed).  

On the basis described above, the solar PV household pays more than Household A. However, if 
the cost of the PV system drops to $160 (1.6MWh x $100/MWh), as illustrated in Household C, 
then only at this level is it equal to the variable cost that the PV system is displacing. This is 
described in the graphic below: 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
46http://www.nersa.org.za/Admin/Document/Editor/file/Consultation%20Paper%20on%20Small%20Scale%20Embe
dded%20Generation.pdf  
47http://www.capetown.gov.za/en/electricity/Elec%20tariffs%20201415/Schedule%20of%20Consumptive%20Tariffs.
pdf  
48!IEA!Renewable!Energy!Outlook!2013!(chapter!6!page!219)!
http://www.worldenergyoutlook.org/media/weowebsite/2013/weo2013_ch06_renewables.pdf!(!
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!
Figure'13:'Grid'and'cost'parity'

!
As such, taking the distribution grid as well as its maintenance into account, the cost of generation 
from solar PV systems would have to fall below grid parity to be competitive. 

7.3 Adjusting roles for national and local – base load and peak 

The capital-operating cost mix of the different generating technologies aligns to their technical 
generating characteristics.  Efficient utilization of existing capital in generating capacity requires that 
new energy, nuclear and coal (in that order) be fully utilized to meet base load generating 
requirements and that only after that, should gas turbines be brought online.  New energy sources 
only generate power when their source of primary energy is available (sun and wind), but nuclear 
and coal do not allow for easy ramping up and down. On the other hand, gas turbines (OCGT) are 
highly dispatchable. This implies a more important role of OCGT in future, which is particularly 
attractive in the context of low gas prices. 

The high variable running cost associated with gas can increasingly be set off against wind and solar 
PV generation that will come closer to yielding an equivalent load generation to a generation profile 
dominated by coal fired generators. The appropriate generating mix is a calculation of the LCOE of 
different technologies against the daily demand profile. 

Matching supply with demand in the day hours means overcapacity and wasting energy output at 
night.   Advocates for renewable energy say that by combining intermittent renewable energy, which 
is getting dramatically cheaper each year (see above), with open cycle gas turbines, provides an 
efficient least cost solution.  

A changing mix in electricity generation (between new energy and traditional sources), with an 
increased role for gas, has important implications for the national and local arrangements for 
generation.  

The above suggests that there may well be opportunities worth exploring for metro’s to undertake 
the job of procuring generating capacity themselves and more particularly, gas fired peakers. While 
the variable fuel cost from gas (piped or LNG) or diesel is much higher than that from coal, capital 
costs of gas fired generators are less than half of their equivalent coal fired generators. 
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7.4 Pursuing local options for procurement of generation 

Procurement of generating capacity for REIPP is done through Eskom although it is managed via 
the IPP Office under the auspices of the Department of Energy.49 A graphic representation of the 
contractual arrangements is as follows: 

!
Figure'14:'Contractual'arrangement'for'REIPP'

!
Metros procure almost all their electricity from Eskom.  For legacy reasons, Johannesburg’s City 
Power owns the Kelvin coal fired power station and the City of Cape Town operates its own 
pumped storage facility at Steenbras as well as two gas turbines at Roggebaai and Athlone. As 
discussed elsewhere, Metros are subject to Eskom’s time of use tariffs which results in differences in 
the price of electricity supplied by a factor of about 8.  Also, due to the relatively high proportion of 
residential customers, Metros supply relatively large amounts of electricity to their customer base 
during peak periods. 

8 Conclusions 

The changes in the supply of electricity is undergoing profound change which will dramatically alter 
the electricity supply sector. Instead of a pure dependence on the grid, industries, the commercial 
sector and private consumers will supplement or even displace grid electricity using alternative 
energy sources and energy efficiency initiatives including time of use demand management. 

All these, although small at the outset, begin to progressively make a significant impact on the way 
the electricity sector has operated up to the present time. Some of these changes are inevitable and it 
serves no purpose to devise ways in which the necessary changes can be avoided or even delayed. 

Briefing Paper 3 addresses the implications of the changes in both demand and supply for electricity 
arrangements in the cities in more detail, taking these factors into account.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
49 Public-Private Infrastructure Advisory Facility (PPIAF) “South Africa’s Renewable Energy IPP Procurement Program: 
Success Factors and Lessons“ http://www.gsb.uct.ac.za/files/PPIAFReport.pdf  
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Annex 1: The South African coal industry – some particularities 

The question of Eskom’s “coal cliff” has enjoyed recent attention but in order to appreciate the risks 
associated with this coal cliff, it is necessary to understand the relationship between the coal mining 
industry and Eskom itself. 

Eskom historically contracted with coal companies to build mine-mouth plants to utilise low-grade, 
cheap coal that is transported to Eskom’s power plants via a conveyer belt.  Domestic coal supply 
contracts have been long-term on either a cost-plus basis or at fixed price contracts. According to 
the IEA, in 2012, the cost of coal represented 27% of Eskom’s total operating costs reflecting 
Eskom’s relatively low fuel costs50.  

Higher grade coal has been exported and this has been the basis of a symbiotic relationship between 
Eskom and the coal mining industry. The ability to export provides the returns on investment for 
new collieries. In this way, sales to Eskom of low grade coal at low prices are balanced by export 
quantities. The different grades of coal have not traditionally competed with each other. 

More recently, it has become possible to export lower grades of coal to new Asian markets, 
particularly, India. The beneficiation of low grade coal (via washing) increases its calorific content to 
export quality making Eskom’s prices for the coal less attractive. The problem with washing of low 
grade coal is that it reduces the calorific quality of what remains even below that which is required 
by Eskom’s fleet of coal fired power stations. 

At the same time, the Central Basin coal reserves in Mpumalanga are depleting and remaining 
reserves are now of a poorer quality compared to what has been mined to date. Contracted supplies 
from cost-plus mines are beginning to fall short of Eskom’s quality or quantity requirements 
meaning an increasing reliance on other types of contracting based on spot prices. More 
importantly, older coal mines with declining grades of coal appear to becoming uneconomic51. There 
is therefore a move to coal from the Waterberg region (where Medupi is being constructed) but 
replacing coal transported via conveyer belts with coal from the Waterberg that has to be brought in 
by rail changes the price Eskom will have to pay for coal. Cheaper coal from the Waterberg is offset 
by its transport costs52.  

In any event, there has been a substantial under-investment in the coal mining sector that confronts 
rising production costs. These alone force alignment of domestic and export prices. Other than 
Sasol’s own endevours to secure its coal supply for its Secunda synfuel plant53, very few new coal 
mining developments have happened since the beginning of the century.  

For the Waterberg to become a viable source of coal supply to Eskom’s power stations in 
Mpumalanga, substantial investment in the rail infrastructure is needed. If Transnet is to make the 
investment needed to increase rail capacity, then it would have to include infrastructure for coal 
destined for the export markets via the Richard’s Bay terminal (an underutilised facility). However, 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
50 IEA (International Energy Agency) 2014. The Impact of Global Coal Supply on Worldwide Electricity Prices: 
Overview and comparison between Europe, the United States, Australia, Japan, China and South Africa 
https://www.iea.org/publications/insights/insightpublications/ImpactGlobalCoalSupply_WorldwideElectricityPrices_F
INAL.pdf 
51 http://www.bdlive.co.za/business/mining/2015/08/21/optimum-pulls-plug-on-eskom-coal-deal  
52 The South African coal roadmap. Technical Report http://www.fossilfuel.co.za/initiatives/2013/SACRM-Technical-
Report.pdf  
53 http://www.miningweekly.com/print-version/sasol-nears-tail-end-of-r153bn-mine-replacement-project-in-secunda-
2015-05-06  
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this puts Eskom in direct competition for supply with export markets. Supplies from the Waterberg 
will come with an increase in costs beyond the R350/t it budgeted for in the IRP 2013 update.  
Eskom’s changing coal supply environment is set out below54: 

 

 
Proportion!of!short/medium!and!fixed/costRplus!contracts!!!!!!!!!Proportion!of!coal!transported!by!road,!rail!and!conveyor!
 
A significant change has occurred in the way that Eskom contracts its coal supplies. The graphic 
below extracted from an Eskom presentation shows the changing mix of Eskom’s contracted, 
committed and uncontracted coal requirements to 205055. 

!
Eskom takes the view that its coal pricing should be determined on a cost plus a ‘fair’ return. It is 
unclear what might constitute a far return. The price of delivered coal has a significant impact on its 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
54 Burton, J Winkler, H South Africa’s planned coal infrastructure expansion: drivers, dynamics and impacts on 
greenhouse gas emissions October 2004 http://www.erc.uct.ac.za/Research/publications/14-Burton-Winkler-
Coal_expansion.pdf 
55!Burton,!J!Winkler,!H!
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operating costs. Eskom calculated in 201356 that if the delivered cost of its short/medium term 
contracted coal supplies (30Mtpa) were to be R600/t (the export price equivalent), it would add 5% 
to its average operating cost.  While production costs for Waterberg coal are much cheaper, 
transport and beneficiation costs push delivered costs of coal from the Waterberg, according to 
Macquarie Bank57, to R410/ton. For the reasons described, Waterberg coal is likely to be subject to 
competition from export customers, particularly India. Under the most recent Multiyear Price 
Determination (MYPD3) tariff application, NERSA granted primary energy cost increases of 8% to 
2018 but unit costs of coal increased by 14% between 2012 and 2013. 

There have been calls to address the problem of competition from exports by making coal a 
“strategic resource”. However, doing so creates the risk that much needed new investment in coal 
mining does not take place. The falling price of coal on international markets and a glut of supply 
makes the coal sector a relatively risky proposition for investors in any event. This undermines the 
commercial basis to expand the rail infrastructure to the Waterberg.  

There is an additional point. Eskom’s contracts play an important role in transforming the coal 
mining industry with a target of procuring 64% of its coal supply from emerging miners. Eskom has 
set up a Mine Development Fund to provide capital to emerging miners. There have been significant 
transactions in the coal mining industry with complex cross holdings between traditional mining 
houses and BEE companies. As such, the government has conflicting interests: The objectives of 
transformation using Eskom as a vehicle (which requires market-based pricing of coal) and the cost 
of that supply which impacts on Eskom’s operating costs.  

Annex 2: Carbon taxes 

South Africa’s climate change mitigation policy, outlined in the 2011 National Climate Change 
Response White Paper defined a national Greenhouse Gas emissions trajectory range. It describes a 
“peak, plateau and decline” trajectory to 2050.  This informed South Africa’s conditional 
commitment  made during the Copenhagen climate summit which sees the country reducing 
emissions by 34% and 42% below a “business as usual trajectory” by 2020 and 2025 respectively to 
be followed by absolute decline from 2035 onwards.   

Much of what will be imposed on South Africa hinges on the 21st Conference of the Parties in Paris 
at the end of 2015. At present it would appear that the Paris Agreement will likely not include an 
agreed carbon budget based on notions of “fair shares” and instead, governments will put forward 
voluntary in the form of “Intended Nationally Determined Contributions” as South Africa has done. 
Countries have moved to a “bottom-up pledge” subject to informal review by the civil society 
organisations58.  

The above conditional commitment dependent as it is on support for finance, technology and 
capacity building from the international community does prescribe our national “carbon budget”. 
This has been taken up by the National Development Plan. Of the measures to be taken to achieve 
the carbon budget, a carbon tax is the most developed. The IRP 2010 includes a carbon limit of 275 
Mt of carbon-dioxide in its modelling which was carried over to the revised IRP2013 as a base in 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
56 Eskom ‘Securing coal resources for power generation’ Presentation to the Portfolio Committee on Public Enterprises, 
23 April 2013 https://pmg.org.za/files/130423securing.ppt 
57 Burton, J Winkler, H 
58!http://civilsocietyreview.org/wpRcontent/uploads/2015/10/CSO_summary.pdf!!
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addition to its “moderate” and “advanced” decline scenarios. Most of the IRP 2013 scenarios 
project that the electricity sector will retain its 45% contribution to our total carbon budget. 

National Treasury’s first published a discussion paper on proposed carbon taxes in December 2010 
and has since developed it further but implementation has been delayed. National Treasury takes the 
view that a carbon tax set at an appropriate level and phased in over time would provide price signal 
and certainty to both producers and consumers while also incentivizing efficiency at least overall 
cost to the economy.  In addition, practicalities favour a proxy tax base based on the carbon content 
of fuel inputs.  

According to National Treasury, economic modelling on the impact of a carbon tax has been 
undertaken which indicates that a carbon tax with broad sector coverage implemented gradually and 
complemented by effective and efficient revenue recycling will contribute towards significant 
reducing Green House Gas emissions but only have a marginal negative impact on economic 
growth over the short-term. Over medium to long term, a carbon tax will support the transition to a 
more sustainable low carbon economy and green jobs.  The tax has been designed to ensure that its 
overall impact when taking into account revenue recycling measures (exemptions and reduction in 
the electricity environmental levy) will, in the initial phases be revenue neutral, and also neutral on 
the price of electricity. National Treasury does point out that while designed to be revenue neutral 
from a macroeconomic perspective, but it will not necessarily be neutral for companies with 
significant emissions.  

In November 2015, National treasury published it Draft Carbon Tax Bill59. The mechanism for 
measuring carbon dioxide emissions is already in place with the National Environmental 
Management: Air Quality Act. It is understood that National Treasury is in the process of finalising 
Regulations to give effect to the carbon offset scheme. Draft regulations for these will be published 
in early 2016 and regulations with respect to the emissions intensity benchmark as required by a 
performance based tax based on inputs received from industry associations.  

An initial marginal carbon tax rate of R120 per ton of CO2 suggesting a tax in electricity prices of 
between 12c-14c/kWh. However, given the various tax free thresholds, the effective carbon tax rate 
will vary between R6 and R48 per ton CO2. Tax free exemptions in the initial phase to 2020 will 
range between 60% and 95% per cent of total emissions implying a carbon tax being imposed on 
only 5% to 40% of actual emissions during this period. The Department of Environmental Affairs 
and the National Treasury will ensure that the carbon tax is aligned with the proposed carbon 
budget system. 

Annex 3: South African’s transmission grid 

The function of a transmission system is to optimally and reliably transport the power from the 
source of generation to the location of the load. Eskom’s transmission grid has been built up in a 
highly centralised way around its generating assets. The development of the transmission network is 
a Nersa transmission licence requirement and as the transmission network service provider, Eskom 
plans the network according to the South African Grid Code that governs the investment in the 
transmission network overseen by Nersa. In its role as the Transmission System Planner as set out in 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
59!http://www.treasury.gov.za/comm_media/press/2015/2015110201%20R
%20Media%20Statement%20Carbon%20Tax%20Bill.pdf!
!
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Eskom’s Transmission License, Eskom is required to plan and augment the Transmission System in 
accordance with the Grid Code. Compliance is a term of Eskom’s Transmission license.  

The map below shows how the grid operates at present60:  

!

!
!
Transmission grid planning is a three phase process. As with generation capacity, it starts with the 
adopted Integrated Resource Plan that drive all new generation capacity development. Then, there is 
a Strategic Grid Plan that formulates long term strategic transmission corridor requirements based 
on a range of generation scenarios, and associated strategic network analysis using a 20 year planning 
horizon. Like the IRP itself, the Strategic Grid Plan is supposed to be updated every 2 years.  From 
this, the Transmission Development Plan presents transmission corridor requirements over the 10 
year forecasting period but updated annually and sets out the financial commitments required over 
the 10 year forecast period. IRP processes are focused on generation capacity planning whereas 
transmission planning is a largely spatial exercise. 

The current 2040 network study61 is aimed at adapting to the uncertainty of future load and 
generation. It has to compensate for the large anticipated decommissioning of coal plants in 2030 
and a shift to other forms of generation. The transmission planning process uses geographic 
information system (GIS) models to incorporate various generation, climate and other scenarios, as 
well as capacity and load models. In doing so, a Transmission Centroid Network model used which 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
60!Eskom:!The!Strategic!2040!Transmission!Network!Study:!The!Assumptions!Paper!Presentation!to!SIP!DEA!Meeting!the!Supply!
Mix!October!2015:!
http://www.savetheeaglesinternational.org.za/wpRcontent/uploads/docs/ESKOM_Strategic_Grid_Plan_2040.pdf!
61 Eskom: The Strategic 2040 Transmission Network Study: The Assumptions Paper Presentation to SIP DEA Meeting 
the Supply Mix October 2015:http://www.savetheeaglesinternational.org.za/wp-
content/uploads/docs/ESKOM_Strategic_Grid_Plan_2040.pdf 
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works on the basis of finding optimal routes and infrastructure locations before it considering 
existing infrastructure. In general terms, it works as follows62: 

 
R Municipal areas will be grouped together in “Network Areas” to undertake analysis of 

transmission grid requirements; 
R The Demand Balance (not Energy) calculations will be done for these Network Areas to 

determine the excess and deficit amounts and is done for each year between 2020 to 2040 to 
determine 
the change over this period; 

R Analysis will be done to connect “Excess power” areas to closest “Deficit power” areas to 
determine Power Corridor Requirements and it is done on a national and provincial basis as well 
as network Areas within Provinces basis.  

!
The Power Corridor requirements determine what transmission infrastructure and technology is 
needed. Once optimum routes are calculated, the existing network is overlaid onto it and planning 
happens in accordance to it. It also sets out voltage levels which, in turn, need to be compliant with 
plans at a Southern African Power Pool level.  

!
Eskom works with three scenarios namely: 

• the IRP base scenario: Coal is fixed at 2030 level set out in the IRP at 2030 and the balance 
is remains the same as in the IRP 2030 to 2040; 

• The Increased Renewables Scenario  in which the nuclear component with Renewable 
Energy base generation equivalent 

• The Increased Imports Scenario (IMPORT) which double imported power by 2030 and 
reduces coal and nuclear 

The three scenarios will be analysed to determine common backbone and what infrastructure will be 
able to quantify transmission impact of the different scenarios including possible timelines and 
phasing as well as to identify both negative impacts and potential opportunities that result from 
them. 

The country’s current transmission network is now roughly 35 to 40 years old and refurbishment is 
needed.  Refurbishment projects follow a Project Life Cycle Model which calls for investment 
justification, asset life-cycle management plans, and condition, criticality and risk assessment 
principles (CCRA). The outcome is a Transmission Development Capital Expenditure analysis 
covering capacity expansion and network strengthening, refurbishment and asset purchases. The 
existing ten-year transmission capital expenditure summary is shown below: 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
62 Eskom: The Strategic 2040 Transmission Network Study: The Assumptions Paper Presentation to SIP DEA Meeting 
the Supply Mix October 2015: 
http://www.savetheeaglesinternational.org.za/wp-content/uploads/docs/ESKOM_Strategic_Grid_Plan_2040.pdf!!
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Due to financial constraints, Eskom’s latest Transmission Development Plan (TDP) applicable for 
the 2015 – 2024 period, defer capital expenditure and has been rephased and reprioritised to keep 
available funding in mind. This means it will take longer to achieve the levels of network redundancy 
and reliability of supply as defined by the South African Grid Code. Eskom will only be compliant 
with the minimum network redundancy requirements of the N-1 code by 2022. Full N-1 code 
compliance is important as a sudden trip of one of the transmission lines  could lead to a very large 
generation outage that would exceed the outage of the largest unit in the South African system at 
present (Koeberg), and would therefore endanger system frequency stability. Since Eskom cannot 
rely on neighbouring countries in the event of a national black-out. Eksom will now only get to the 
lower end forecasts bottom of the IRP forecast in 2022 as seen by the graphic below63: 

!

 
 

It is worth noting that although the revised transmission development plan predicts a lower demand 
profile than the previous plan, Eskom still expects electricity demand to grow. The plan has been 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
63!Eskom!defers!transmission!development!plan!and!NR1!compliance!Energise!October!2014!
http://www.ee.co.za/article/eskomRdefersRtransmissionRdevelopmentRplanRnR1Rcompliance.html 
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designed to accommodate substantial renewable energy from the Northern Cape and new 
hydroelectricity imports from Mozambique.  

The overall budget of R163 billion remains the same with R146 billion required for capacity 
expansion. This includes building of 13 396 km of new transmission lines, 81 385 MVA of 
additional transformation capacity by 2024 but now 8 100 km of those new lines and 51 895 MVA 
of transformer capacity would only be rolled out after 2020. The balance of R17 billion is split 
between refurbishments, spares, servitude acquisitions and environmental and corporate costs but 
much of this investment has been deferred into the fourth multiyear price determination period, or 
MYPD4 from 2018 on.  

Deferral of the expenditure delays IPP integration that require new substations, For example, new 
capacity as provided for in the REIPPPP bidding round 4 onwards requires substantial 
strengthening of the transmission grid in the Northern Cape. Existing lack of capital to evacuate that 
capacity. Failure to address this puts the REIPPPP programme at risk. Connection concerns are not 
confined to REIPPPP programme. If the baseload coal, gas and cogeneration IPP programmes 
proceed, the required transmission infrastructure investment would need to be increased. 
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