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Nuclear Power is Essential for National Progress 

Kemm K.R; Kenny A.R; Lloyd P.J; Louw L.M; Prinsloo D.A; Serfontein D.E. 

 

1. Social Perspective 

1.1 Development of Standard of Living 

In April 2014 South Africa was able to look back twenty years to the historic elections 

of April 1994 and to reflect on the changes evident in society.  Certainly considerable 

changes and progress had taken place in the country and society, which presented 

itself as the national panorama of 2014. 

Successful societal changes then spurred calls for even more progress in the 

decades to come.  A fundamental international measure of national advance and 

progress is the expansion of the nation’s Gross Domestic Product (GDP). 

Socially South Africa needs a great deal more electricity to fuel the GDP growth 

aspirations of the government, but also to satisfy the social aspirations of people 

generally.  [1] 

If one examines the changes in society over the last 20 years it is clear that a rapidly 

expanding middle class has developed, and is still expanding rapidly. [1] 

This trend is expected to continue, and in fact to accelerate.  Technology advance 

generally has the tendency to cause an even greater social acceleration.  For 

example; consider cell phone technology.  Note the expansion of cell phone banking 

systems in East Africa and elsewhere on the continent. [1] An apparent rural 

community will rapidly move to adopt a modern technology which offers personal 

convenience the moment that it is available and affordable, such as cell phone 

banking; leading to an alteration in consumer buying patterns.  Such a rural 

community then gains access to online shopping and to commercial links with urban 

friends and relatives who then purchase goods for them, after getting paid by cell 

phone and then carry the goods to the rural area.  This results in further expansion of 

the extent of the consumer market for urban goods, directly to rural areas. 

Such scenarios all collectively lead to a rapid increase in the demand for electricity.  

Neighbouring countries are likely to follow an even steeper electricity growth curve. 

(IMF 2014) [2] They are likely to follow South Africa’s growth example even more 

rapidly, particularly since South Africa’s trade influence and role model status, as the 

proving ground, will promote such an acceleration of technology adoption and 

consequent demand for consumer goods and services. (Business Report 2014) [3] 

Some unsophisticated rural communities situated far from power lines, can operate 

with off-grid electricity and can exist with an intermittent electricity supply, functioning 

on the principle that some electricity is better than nothing.  This implies that they 

could profitably use renewable energy options like wind and solar and just adapt to 
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the intermittent nature of the supply pattern.  Such intermittent supply could, for 

example, power pumps, to pump water to storage tanks.  Other beneficial uses, 

based on an intermittent supply will also develop. 

The general national political outlook implies a rapidly increasing demand for 

electricity.  Note: the world approximately doubled its electricity consumption over 

the last 25 years; there is no reason to believe that the next doubling will not happen 

even faster than that.  In fact the electricity consumption of the Africa region should 

accelerate even faster than that since it is moving from a lower base. 

Certain clear growth indicators are already visible, such as the development of the 

metropolitan, urban and rural property markets. 

Dr Dirk Prinsloo, a specialist in property planning and development has contributed 

the perspective as presented in section 1.2 [4] 

1.2 Electricity Demand – Property Indicator 

Despite negative perceptions and the lowering of credit ratings, all South African 

metropolitan areas, as well as most of our large cities and towns, are showing good 

growth in the property sector.  The combination and accumulation of such growth is 

critically dependant on the availability of a reliable and affordable supply of 

electricity.  It is irritating and inconvenient to families when power failures occur.  

However it is especially the commercial property sector which is the hardest hit by 

power failures, load shedding and rising electricity rates.  Such electricity problems 

then also naturally place a further burden on the consumer, as cost increases are 

passed down the value chain. 

In the light of this pressure on the commercial sector it is crucial to understand the 

future national property growth prospects, especially in our urban areas; and 

therefore then to gain an indicator of the future projected demand for more electricity. 

The South African population stood at 54 million people in 2014, representing close 

to 16 million households.  Of these households some 85% were already users of 

electricity in 2014. [Peters D, Minister of Energy, Dept of Energy Budget Vote, South 

African Parliament]. [5] 

As in the rest of Africa, South Africa is experiencing an unprecedented growth in 

urbanisation.  By mid 2014 South Africa was just more than 63% urbanised.  It is 

expected that this level will increase to 68%-70% by 2025-2030. 

The impact of future urbanisation will be as follows: 

The population is projected to increase to ±59 million people by 2021 and 

consequently the urban population will increase from 32.5 million to close to 40 

million people. [6] 
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Metropolitan population growth will remain above 3% compared to a national 

average of just more than 1.4%.  More than 2.2 million extra people will migrate to 

Gauteng; and more than 600 000 to Cape Town. 

Crucial to all growth prospects in the property sector is the fact that a much higher 

economic growth rate will be required for the GDP of the country.  The growth rate 

for 2014 of 1.4% was much lower than the 2.7% expected earlier in the year.  

However, a realistic GDP growth rate of above 3% per annum should be targeted by 

2018-2020.  Electricity demand for housing will however be determined by growth in 

the number of households, as well as in different sectors of the urban environment. 

The most important demographic change in South Africa over the last 20 years has 

been the increase in the middle segment of the market, represented by the LSM 5-7 

group.  This segment of the market represented 31% of the total market in 2002 and 

53% in 2013 adding more than 3.5 million households to the segment.  The LSM 8-

10 sector increased from 16% to 25% adding an extra 1.7 million households in this 

category.  The extra spend implied by these changes equals more than R60 billion 

per annum and also implies a higher demand for electricity because of more 

household goods purchased, plus technology items like cell phones and also a 

generally higher quality of life style.   

South Africa is amongst the top six countries with the highest number of shopping 

centres.  The national shopping centre floor space has increased from ±200 000 

square metres in 1970 to over 22 million square metres in 2014.  This represents an 

increase of more than 10% per year.  Based on a projected continued increase in 

urbanisation and on the growth in the middle sector of the market, the shopping 

centre industry is expected to grow continuously and substantially through to 2021-

2025. 

The retail sector will further be influenced by an increase in motor car ownership, 

growth in the middle segment of the market, international retailers entering the 

market and the planning of major urban mixed use nodes.  All of this will contribute 

to a much higher demand for electricity. 

The office market for the supply of A and B grade office space has increased from 8 

million square metres in 1994 to 16.8 million square metres by the end of 2014.  This 

represents an annual growth rate of almost 4% over a 20 year period.  This statistic 

is a very good indication how important the finance, real estate and business 

services sectors are as main economic contributors (± 23% of total GDP) to the 

South African economy. 

All our metropolitan areas, and large cities, have major business nodes where 

commercial property development will occur.  Some of these nodes, like Sandton 

and Rosebank, benefit from further major capital investments such as the Gautrain.  

A number of important new nodes will play major roles in the further development of 

major property projects.  Important illustrations of such new projects are: Waterfall 

Business Park in Midrand; the Zendai/Heartland development in Modderfontein; 
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Menlyn Main development in Pretoria; the Umhlanga/Gateway/Conubia node in 

Durban; Lanseria developments; Steyn City north of Johannesburg; and many other 

similar developments planned across the country. 

The process of urbanisation, leading to continued commercial property development 

in existing as well as in new nodes, will place major pressure on existing energy 

resources.  The entire property expansion described here excludes the completion of 

other major energy, transport and logistics projects over the medium term which will 

also hopefully boost the growth potential of the economy. 

South Africa is in a very unique position in which both the developed and developing 

economic forces operate within one country.  To create better opportunities, living 

conditions, employment and education for its entire population, the country is 

undoubtedly in need of a much higher GDP growth. A sufficient supply of electricity 

is the back bone of a rapidly growing country. This state of affairs is expected to 

continue to exist for at least the next 20 years. 

2. Economic Perspective 

2.1 Electricity Supply – The Economic Reality 

It has been made clear from sociological growth patterns, economic and status 

aspirations, plus the associated statistical indicators that a significantly increasing 

supply of additional electricity will be needed urgently.  Furthermore such a supply 

must be inexpensive and reliable and is a very necessary factor in the general 

formula to stimulate required economic growth.  Mr Leon Louw, Executive Director of 

the Free Market Foundation has contributed the following opinions. [7]  

Over some years now, the national electricity shortage issue has been a topic of 

discussion in the newspapers, but also in business passageways and boardrooms. 

[8] 

It has also been discussed at shopping malls and in supermarket queues by 

housewives, students, and everybody else. 

Cartoons appear in newspapers, and electricity jokes do the rounds on inter-office 

emails. 

Much of this comment skims over the surface of what is really a very serious national 

problem, affecting the entire economic growth of the country.  This is turn affects job 

creation and general social stability. 

When the lights go out in a suburb, it is instantly noticeable and immediately leads to 

irritation and inconvenience.  This invariably leads to local newspaper comment the 

next day. 

Families suffer inconvenience.  Instead of a housewife cooking the supper she had 

planned, the family then telephones for a home delivery of pizza.  Such an action 

changes an economic buying pattern.  Pizza sales go up that night, while beef or fish 
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that was planned for dinner is not eaten, so a replacement of those items is not 

purchased in the next few days.  Such a buying pattern change may seem small and 

rather inconsequential, but it is symptomatic of a much larger problem. 

When scheduled rolling blackouts occur over industrial areas they may not be 

immediately publically visible, and don’t produce much super-market queue 

discussion, but they produce much more economic damage.  Whole production lines 

stop operating, for hours if not days.  The line operators still have to be paid in full 

but the line produces zero income. 

As the famous economist Milton Friedman said: “There ain’t no such thing as a free 

lunch.”  What this means in this case is that the idle production line operators still get 

paid by the general public.  At some point, if the blackouts persist, the extra costs to 

the production company are passed on to the general public, as higher prices, or in 

some other way, not immediately visible. 

If electricity supply to major operations such as mines or huge operating plants, such 

as steel foundries are disrupted, it is frequently then not just a case of resuming 

production when the power comes back on. 

Major operations have to go through a large restart sequence which can take a day 

or more.  So the economic damage can be much greater than just the duration of the 

electricity cut. 

Even less visible to the public, but much more severe, are the major boardroom 

decisions taken in the light of threats to a stable electricity supply. 

A company may be planning to expand its plant to the tune of hundreds of millions 

but may decide to defer the decision for a couple of years, due to electricity supply 

uncertainty.  Such a decision may or may not be reported in the press, and if it is it 

will be on the business pages, and so will not forcefully strike the average voter. 

Yet a higher level impact on the macro economy is one in which a foreign or 

domestic company is planning to build a major industrial plant in South Africa but 

then decides to build the plant in another country such as South America or the far 

east instead, due to electricity supply uncertainty. [8] 

Such decisions have a major impact on the general economic growth of the country, 

and therefore on general employment and social stability. 

The overall point is that a shortage of electricity supply on a national scale is far 

more serious for the entire social fabric of the country than having to order in pizza 

because your home kitchen has no power. 

The publically visible effects of electricity blackouts really are just the very tip of a 

very large iceberg.  If this problem is not addressed very seriously and urgently right 

now for the longer term, then the real magnitude of economic damage to the nation 

will only strike, with a major hammer blow, in a few years time. 
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Major base-load electricity supply expansion is not optional, it is an urgent necessity. 

Claims by other researchers that South Africa will need much less electricity in the 

future than initially projected are plain and simply incorrect. [9] 

2.2 Electricity Options 

It is not socially or economically desirable for an image to be created that induces 

large numbers of people to migrate to urban areas, or to inner city areas, with a false 

hope of an easily improved lifestyle.  Therefore we need to look at grid-based power 

and off-grid power.  Note: We must look at off-grid power usage as being profitable, 

and not just as a social hand-out.  If it is just a social/political hand-out then no price 

is too high to pay, when a vote-seeking government is spending taxpayers’ money. 

Renewable energy can be used in stand-alone applications: such as in rural settings, 

or in specific industrial applications.  Where so used it must be profitable.  Therefore 

the economics must be real - i.e. don’t hide the real costs in social cloaks. 

For on-grid power the supply must be reliable and affordable, to induce businesses 

to expand and to start up. 

So the philosophical questions arise: 

1. What does electricity cost 

2. What does nuclear power cost 

3. What do wind & solar power really cost 

4. Contributions of gas turbines and pumped storage 

5. What does it cost the country not to introduce additional nuclear, rapidly 

For significant energy production expansion, nuclear is inevitable. 

A brief expansion of these philosophical questions is as follows:  

 

1. The cost of South Africa’s electricity is primarily determined by the cost of coal-

fired power, due to its large dominance.  So coal-fired electricity costs become the 

benchmark.  But the nation’s supply of coal is all clustered in the far north east of 

the country as is shown in Section 3.1.  So the further the electricity is transmitted 

from the coalfields the more it cost, in real terms, at the point of sale. 

 

2. Interestingly the cost of nuclear generated electricity is currently less than the cost 

of most of the coal-fired electricity, so it really is ‘carrying coals to Newcastle’ to 

move coal-fired electricity to the Koeberg area, as is currently done. [10] 

 

3. Wind and solar power are now far more expensive than coal or nuclear and 

furthermore represent a very small percentage of the total power.  Certainly not 

enough to power any industrial operations.  So let us be realistic; the Cape 

provinces need large scale reliable power, and the only option is nuclear.  Wind 

and solar are also so intermittent and unpredictable that to base industrial 
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operations on such sources is to take a huge risk.  See the solar and wind output 

graphs as presented to Parliament in September 2014. (Fig 1). [11] 

 

4. Both the current gas turbines and the pumped storage systems should not really   

be viewed as sources of electrical generation. Gas turbines were originally 

constructed as fast reaction load fillers, which were only intended to be used 

intermittently for a very few hours in a week.  They were never intended to be 

used on a continuous basis.  The gas-generated electricity costs about ten times 

more than coal-fired electricity. Pumped storage schemes are not sources of 

electricity; they are actually large-scale batteries, in effect.  During off-peak 

periods of the day electricity is used to move water ‘uphill’ to a higher point of 

gravitational potential.  During periods of high electricity demand the water is then 

allowed to run ‘downhill’ again to drive electricity producing turbines.  So, as with 

the gas turbines, the pumped storage schemes are gap-fillers and are not 

intended as sources of continuous supply. 

 

5. In view of the geographical position of the country’s coal; plus the dilute and 

intermittent nature of wind and solar power; plus the gap-filler intent of current 

gas and pumped storage power, it leads one to the inescapable conclusion that 

considerable large scale nuclear power is required, and that it must feed into the 

country from the south. 
 

 

Figure 1: Erratic and Cyclical electricity output of wind and solar generating plants in South 

Africa for July 2014. (Graph from Ref [11]) 
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2.3 Life Cycle Cost of Coal and Nuclear Power 

When one refers to a national electricity supply as being ‘the lifeblood of the country’ 

it really is an accurate analogy. 

 

Very much like the human blood supply, the electricity must reach across the 

country, splitting into multiple lines, and flow in a continuous uninterrupted fashion. 

 

What is of ultimate importance is the price of the electricity, as it reaches consumers 

anywhere in the entire system. 

Therefore when technology planners start to consider technology options for the 

production of electricity, right at the start of the planning process, the ultimate selling 

price is placed into the fundamental equations. 

This was done in the case of the choice of a nuclear power option for South Africa. 

The entire design of the nuclear power option was based on ensuring that the 

nuclear electricity selling price was of the same order as that of the price of coal 

generated electricity. 

When examining a technology which is going to be functional over the next 100 

years it is essential to view the entire life cycle cost, so that the real impact on the 

economy as a whole can be assessed. 

There have been all sorts of silly and irresponsible comments made in public by 

individuals and some of the media, about what the price of nuclear electricity will be 

in the future.  Much of this comment is based on emotional guess work and does not 

refer to the many years of professional study and modelling carried out by the teams 

of South African professionals, who have studied electricity generation in depth. 

Detailed work on the life cycle costs of coal and nuclear generated electricity was 

carried out by Dr Dawid Serfontein at North West University [12] and aspects of this 

work are presented in Section 5. 

3. Electricity Production – Geographic 

 

3.1 Distribution Over Large Distances 

There is a popular misconception amongst the public at large that if an electrical 

circuit is connected up then electricity just flows all over the circuit connections 

equally. 

In other words the popular misconception presumes that it makes no difference 

where you wish to add an additional connection, all points of contact are equal and 

the same amount of electricity can be drawn off from any point. 

This is not true.  Any electrical wire exhibits the property of resistance to electrical 

flow.  Therefore, the further you are away from the source of the electrical energy the 
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less electrical power can be drawn off.  In other words the further away you are from 

the point of generation of the electricity the more expensive the electricity is. 

In the case of the total electrical circuit of a small system such as a conventional 

house, the electrical resistance of the wiring is sufficiently low as to be ignored for 

usual day to day considerations.  In other words if you plug a heater into the wall 

socket in the bedroom, or in the kitchen, it is assumed to make no difference to the 

cost of the electricity used, even though the mains supply is coming into the house 

nearer to the kitchen.  This cost assumption is incorrect, although in the case of a 

conventional house the differences are so small as to be insignificant. 

In the case of the electrical distribution network of a whole city, the electrical losses 

due to distribution are not insignificant.   

In the case of the entire country, they are very significant. 

So using electricity in Pretoria, which has been transmitted from the power stations 

in Mpumalanga, is much cheaper than using the Mpumalanga power in Cape Town. 

It is illustrated in Fig 2 just how significant these distances are in the case of a large 

country like South Africa.  Note that the distance from Pretoria to Cape Town is the 

same as Rome to London. 

Figure 2: Illustration of distance from the coalfields to the Western Cape and Eastern Cape 

 

 

 

 

 

 

 

 

 

 

 

 

It is therefore important to consider where, geographically speaking, South Africa’s 

primary energy is located. 

  

 

Distance of Pretoria to 

Cape Town same as 

Rome to London 
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3.2 Sources Available for Electricity Production 

Any electricity generated has to originate from some primary source of energy which 

has to be plentiful and inexpensive.  It is then necessary to harvest the primary 

source which can consist of mining or collection.  The mined or collected resource 

then has to go through a process of actually turning it into electricity, at the correct 

useable voltage, and in such quantities that it is practical for its final purpose. 

Primary sources of energy for South Africa can be considered to be: 

 Coal  

 Nuclear (Uranium and Thorium) 

 Hydro 

 Wind 

 Solar (Photovoltaic for electricity) 
 
3.2.1 Coal 

 
South Africa is blessed with a large amount of coal.  Most other African countries are 
not in this fortunate position and this fact should be borne in mind when considering 
South Africa’s economic and political influence in the continent. 
 
Fortunately and unfortunately, virtually all of South Africa’s coal is concentrated in 
coalfields in the north east of the country, in Mpumalanga and KwaZulu Natal (See 
Fig 2).  ‘Fortunately’ from the point of view that the group of large coal-fired power 
stations are relatively close to one another and so can benefit one another from an 
industrial collaboration point of view.  Site engineers readily trade advice from one 
site to another, and spare parts are rapidly exchanged between sites to optimise 
overall performance. 
 
On the other hand the concentration is ‘unfortunate’ in the sense that coal-fired 
electricity has to be transmitted to centres far away from the cluster, to such places 
as Durban, East London, Port Elizabeth and Cape Town.  This is costly.  It is also 
strategically dangerous. 
 
As the size of the South African economy increases so the electricity supply risk to 
these centres increases.  If something goes wrong with long range electricity supply 
lines then whole cities or regions can be without power. 
 
Coal-fired power stations cannot be built near cities like Durban or Cape Town 
because it is not economically viable to transport coal over such distances. 
 
See Figure 3 which indicates where the various Eskom power stations are located. 
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Figure 3: Illustration of the cluster of large coal power stations in the north east 
                                           (Illustration produced by Eskom) 
 

 
 
 

Illustration produced by Eskom 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2.2 Nuclear 

South Africa is fortunate in having one of the largest supplies of uranium in the world.  
South Africa has enough uranium to supply South Africa for centuries, and to allow 
for major export. 
 
South Africa also has the richest thorium mine in the world. 
 
At this stage uranium is extensively used for nuclear power, but thorium promises to 
become an important nuclear fuel.  Considerable international development work is 
currently being carried out on thorium.  This includes South African thorium 
development. 
 
Thorium is found in the northern part of the Western Cape.  Uranium is found largely 
in gold fields. 
 
However, the geographic distribution of the uranium and thorium in South Africa has 
virtually no implications for the price of nuclear-generated electricity, the reason 
being that so little nuclear fuel is used in a nuclear power plant that transport costs of 
fuel are negligible. 
 
As a rough indicator, consider this analogy: If Koeberg nuclear power station were 
run on coal it would use approximately six train loads of coal per day.  In fact, it uses 
a volume of nuclear fuel equal to only one truck load of uranium fuel per year. 
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South Africa currently exports nuclear fuel feed material in the form of a uranium 
oxide known commercially as ‘yellowcake,’ due to its yellow colour, and its 
appearance which looks like compacted custard powder.  When uranium prices are 
quoted internationally they are quoted: per pound of yellowcake. 
 

3.2.3 Hydro 

South Africa has a few large hydro generating stations. (See Fig 3)  However, the 
prospects for the development of many more hydro sites are not great because 
South Africa does not have abundant water supplies situated in convenient places 
for hydro.  Note that to generate hydro power a significant height difference is 
needed between the water supply at the top of a hydro generating plant and the 
outlet at the bottom; so a water supply with a large ‘fall’ has to be found. 
 
Furthermore, a continuous major flow rate is required. 
 
In addition, major hydro sites should not be far away from where the electricity is 
needed. 
 

3.2.4 Wind  

On viewing a wind atlas of South Africa it is seen that much of the wind potential is 
on the coast.  This is due to temperature differences between the ocean and the 
land, which gives rise to winds.   There are also some inland areas which are good 
sites for wind power.  They are typically hilly areas with undulating ground which 
gives rise to temperature differences and so leads to winds, such as some areas in 
the Western Cape. 
 
Low winds do not generate electricity because there is not enough energy in the 
wind to turn the giant turbine blades. 
 
However, it is also the case that when winds get too strong they also do not generate 
electricity either, because the turbine closes itself down to protect itself against 
damage which may result from the turbine rotating too fast.  So there is an optimal 
band of wind speeds which are ideal for electricity production. 
 
The single largest drawback of wind power is that the wind is intermittent. (See Fig 1)  
Winds are also highly unpredictable over time cycles of weeks, months and years.  
Winds can also drop to near zero speed over large areas; which means that whole 
wind power installations can, at times, produce zero or near zero output. (See Fig 1)  
Therefore an alternative source of power, such as gas, has to be available on 
permanent standby.  Providing a permanent standby power supply is very 
expensive. 
 
Wind power can be ideal for stand-alone applications, or for areas far removed from 
the national grid.  However, caution should be exercised in assuming that wind 
power can meaningfully contribute reliable power, or even a meaningful quantity to 
the national grid as base-load power. 
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3.2.5 Solar  

Solar power falls into two broad categories: which are; the two ends of the light 

spectrum.   

Red end solar power relies on the heat wavelengths to warm a target.  The target 
can be roof mounted solar water heaters which operate without any need for 
electricity.  Other solar heat systems are CSP, meaning Concentrated Solar Power.  
These CSP systems rely on mirrors to concentrate sunlight on a point target so that 
the target can be heated.  
 
Such a target can be a container of salt which melts to a hot liquid salt and so can be 
pumped to a heat exchanger to extract the heat. 
 
Blue end solar power relies on the high energy blue and UV parts of the solar 
spectrum.  At the high energy end of the spectrum the light carries enough energy to 
knock electrons out of atoms and so electricity can be produced directly. 
 
This is called photo-voltaic or PV solar power.  Typically the collectors are large 
arrays of silicon wafers, electrically connected together.  They produce Direct 
Current (DC) which often has to be converted to standard Alternating Current (AC), if 
you want to operate standard appliances. 
 
Roof-top solar heaters are fine for supplementary water heating on houses and 
similar. 
Worldwide, CSP systems are still seen as very experimental and in development 
phase.  Their primary merit will probably turn out to be stand-alone dedicated 
functions in areas of strong, reliable sunshine, such as a glass production plant 
which only needs to operate during daylight hours. 
 
The main drawback of solar power is that it is so intermittent.  One only gets solar 
power when the sun shines. (See Fig 1)  Even then, optimum output is only obtained 
for about four hours around midday, for the rest of the day only much lower solar 
intensities are available, since the sun is low in the sky.  Cloud cover, and even dust 
in the air dramatically reduce solar output. 
 
Solar electricity is expensive.  Large scale solar is also untested in South Africa.  For 
example, the dry dusty local conditions will quite possibly create a dust problem on 
solar panels far greater than anything encountered in countries such as Spain.  
Many solar PV systems need constant cleaning of their collectors and so are not as 
operationally simple as many protagonists of such systems imply. 
 
The optimum solar areas of South Africa are mostly so far away from existing power 
lines that they are essentially unusable. 
 
Solar will not produce meaningful reliable base-load grid electricity. 
Solar power utility will probably turn out to be a case of taking production plants to 
where the solar is, rather than feeding solar power to urban or industrial areas, over 
very long distances. 
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3.3 Nuclear – The Realistic Option 

As is shown in Fig 2, South Africa is approximately the same size as the whole of 

Europe.  This comparison is borne out by a calculation of the total numbers of 

square kilometres in each case. 

It is also the case that most of South Africa’s electricity is generated from the 

coalfields, which are all clustered in the far north east of the country. 

For substantial economic growth, which is a social necessity and not an option, 

considerably more electricity needs to be generated in the coming decades. [6] [7]  It 

would be strategically very unwise to keep producing more and more base-load 

electricity generated only from the area of the coalfields. 

It is essential to produce considerably more high-volume base-load in the Cape 

regions, feeding into the nation from the south-up, so to speak. 

Solar and wind electricity are extremely small in quantity and are very intermittent 

and therefore cannot be planned as substantial reliable base-load power. (See 

Figure 1). 

There is little prospect of additional large-scale hydro power, and even less prospect 

of additional hydro located in the south near industrial growth points. 

So the inescapable conclusion is that a large expansion of the existing nuclear 

power capacity of the country is required.  South Africa not only has the uranium to 

expand our position as a world nuclear fuel supplier, but also has the nuclear 

technological expertise to become a significant world player in the nuclear power 

market internationally. [13] 

4. Nuclear Power Perspective 

 

4.1 A Public Projection 

The government has set a target to double electricity production by 2035 – this is a 

correct strategy. [6] 

The government has set a target of constructing 9600MW of additional nuclear 

power – this is a correct approach - in fact it is actually probably too little. 

There is a vociferous anti-nuclear fraternity, not only in South Africa but worldwide.  

One has to question their real motives, and also to ask if their opposition is now not 

based on outdated thinking. [14] [15] [16] 

Let us look at the anti-nuclear ‘attack points’ which are regularly projected to the 

media. 
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Let us face it, government decisions about nuclear power are not just taken on 

technology and economic grounds; much public emotion is involved.  Most of this 

emotion is based on really wrong facts. [17] [18] This scenario is an international 

phenomenon. 

Opposition to nuclear power falls into five categories.  They are: 

 Catastrophic accident 

 Leaking reactors - not safe to live near one 

 ‘Unsolved’ waste problem 

 Nuclear is very expensive 

 Nuclear is very complex - far too complex for Africa 

(This list is in random order and is not an order of precedence). 

Let us briefly examine these categories: 

4.2 Catastrophic Accident 

It is claimed by some people that nuclear reactors can suffer a catastrophic accident 

and release huge amounts of nuclear radiation which can kill and harm many 

thousands of people; and destroy vast tracts of land. 

It is then further advocated, by these people, that nuclear power be prohibited 

entirely as a result of the potential catastrophic scenario. 

Such a fear is not valid.  History has proven that nuclear power is very resilient. [18] 

People who make extreme catastrophe claims frequently project falsehoods, or 

make mistakes in three important areas. 

i) Nuclear reactors are far more resilient to accidents than generally 

projected. 

ii) The nature of nuclear radiation and biological effect is not understood, 

or is misrepresented. 

iii) The difference between the terms ‘radiation’ and ‘contamination’ is 

confused. 

Now expanding on the above three points: 

Nuclear power has been operational in the world for some 60 years now; it is not a 

new phenomenon.  Furthermore, taking all nuclear power plants into consideration 

there is now some 15 000 reactor-years of accumulated nuclear power plant 

operating experience, to use as a reference. [19] 

In all of this time, nuclear power has shown itself to be by far the safest form of the 

production of large quantities of electricity (see Kenny [17]).  In all of this time there 

have been three significant nuclear power plant incidents, which were projected 

worldwide as major nuclear accidents.  In fact only one of the three was really a 

nuclear accident, and then not a major one. 
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The three were: Three Mile Island (1979); Chernobyl (1986); and Fukushima Daiichi 

(2011). 

4.2.1 Three Mile Island 

This incident happened on 28 March 1979. 

In the case of Three Mile Island (TMI) in the United States, initially there was a 

failure in a non-nuclear secondary system, followed by a valve stuck in the open 

position in the primary system.  Reactor coolant started to leak out. 

This was then compounded by the initial failure of plant operators to realise what 

was happening.  Ambiguous control room indicators, and in particular a hidden 

indicator light, led to an operator manually overriding an automatic emergency 

cooling system of the reactor.  This led directly to the malfunction of the reactor, and 

the consequent major damage to the reactor. [20] 

No catastrophic radiation release occurred.  In fact, from a nuclear radiation 

perspective, the situation was so safe that the US president at the time; President 

Jimmy Carter, was flown in by helicopter to walk around the grounds of TMI to 

demonstrate to the public that it was absolutely safe.  Carter also went inside the 

reactor building and toured the control room. 

To the owners of TMI the incident was a financial disaster, because the reactor was 

wrecked, putting the whole power unit out of operation.  But there was no nuclear 

disaster.  In fact, nobody was killed by radiation and nobody was injured.  A very 

small amount of radiation was released at one point which was of no consequence.  

The amount was not above the legally defined limit for the population.  Concerning 

such limits see Kenny [17] 

During the TMI incident and in all the years subsequently, no adverse nuclear 

radiation effects of any sort were detected in the surrounding community as a result 

of the major malfunction in the reactor.  Comprehensive studies were carried out for 

years. [21] 

At the time the world media, with great fanfare, labelled TMI as a major nuclear 

accident.  It was not. 

4.2.2 Chernobyl 

The Chernobyl nuclear power plant was built in the period of the former Soviet 

Union.  Decisions of the Soviet Union authority were such that the plant was 

designed and built in a way which was not permitted in the West at the time. 

For example: the reactor was designed with what is known as a ‘positive void 

coefficient.’  All reactors in the West were designed to a ‘negative void coefficient.’  

The difference is that in the positive coefficient case the reactor produces more heat, 

and so produces more electricity, but is inherently unstable under certain conditions. 
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In the case of a negative coefficient design the reactor produces less heat and 

therefore less electricity, but is much more stable. 

To put it bluntly, the Soviet Union designed for optimum output and not optimum 

safety.  At the time the Soviet system did not have the oversight pressure of a free 

press and independent nuclear regulator, to cause the reactor designers to alter the 

ratio of economic output versus safety. 

Another factor in the construction of Chernobyl was that no nuclear containment 

structure was built around the reactor.  At the time such a containment structure was 

a legal requirement in all Western reactors. 

The function of a reactor containment structure is to keep radiation within the 

structure should it accidentally escape from the reactor.  In the case of Chernobyl 

there was nothing but a weak, non-airtight, surrounding building enclosing the 

reactor.  It could not contain any smoke or gas when the accident occurred.  The 

escaping smoke and gas carried radiation. 

Chernobyl can be classified as a nuclear accident for the community because 

radiation was released. [22] 

What happened (very briefly) is that a special cooling test was carried out after 

midnight, when a lesser-experienced team was on duty.  It had been intended to 

carry out the test before midnight when the more experienced team was on duty but, 

against expectation, the national grid needed extra electricity so the reactor was kept 

running producing power until that shift went off duty at midnight.  The out-going shift 

left the reactor core in an unusual configuration and did not adequately brief the 

incoming shift.   

For the purposes of the test the incoming shift was under the command of a senior 

engineer who had the reputation of being a person who expected instant obedience 

and no argument.  When some early problematic signs showed themselves, 

operators did not say anything, assuming that the senior engineer had everything 

under control.  When reactor activity started to increase rapidly at 01h23 on 26 April 

1986 during the test, the team operating ‘by the book,’ instead of trying to 

understand the physics of what was happening, initiated an emergency shutdown.  

Due to the unusual configuration that the reactor was in by that stage, this action had 

the effect of switching off crucial cooling systems.   

Initiating an automatic shutdown was the wrong thing to do and the nuclear reaction 

then accelerated rapidly (because the reactor design was based on a positive void 

coefficient).  The inexperienced operators did not realise what was happening.  

There was rapid heating in the core, and an explosion. 

Note that there was not a nuclear explosion; there was a gas explosion which blew 

out of the reactor and caused the relatively flimsy roof to give way. 

A fire then developed in the reactor debris which vented smoke and gas, carrying 

radioactive particles, out of the damaged building.  It was this radioactive smoke 
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plume which was, some hours later, detected over Sweden.  This led to the world 

finding out about the Chernobyl accident. 

Troops, firemen and airmen were sent in by the Soviet authorities of the day to do 

what they could to douse the fire, and to contain material being emitted. 

Including the troops and all associated containment activities carried out in the 

immediate aftermath, the total death toll from Chernobyl to date is less than 60 

people. [23] 

At the time, some anti-nuclear groups were predicting tens of thousands of deaths.  

This did not happen. 

Some groups still predict many thousands of premature deaths, in due course, 

supposedly due to long term effects of radiation from Chernobyl.  The World Nuclear 

Association has shown that the premature death of even a few dozen people from 

Chernobyl is unlikely, let alone thousands. [24] [25] 

4.2.3 Fukushima 

The Fukushima incident which occurred in March 2011 was caused by the largest 

tsunami on record in Japan.  The tsunami arrived at the Japanese coast just under 

an hour after the largest recorded earthquake in Japan had occurred out at sea. 

The earthquake and associated tsunami killed some 19 000 people in Japan.  There 

was widespread devastation to property, such as airports, oil refinery, schools, 

hospitals, roads, railways etc. 

The Fukushima Daiichi nuclear power station was also struck.  The Fukushima 

nuclear power station was designed to survive a strike from both an earthquake and 

a tsunami, but not one quite as large as struck that day. 

It is interesting to note that the Fukushima nuclear plant survived the earthquake.  

The shaking earth alerted the reactor’s sensors and the reactors shut down correctly. 

Had there been no giant wall of water, nearly an hour later, then that would have 

been the end of the matter.  It was the wall of water of the tsunami which did all the 

damage. 

When a reactor closes down in emergency mode, most of its heat-producing action 

stops immediately.  However, some small amount of the heat generation, of the 

order of 5% remains.  An analogy is that when a wood fire is doused the fire 

disappears, but hot and warm glowing coals can last for some time after the dousing. 

In the case of a nuclear reactor like Fukushima, this residual heat (known as decay 

heat) needs to be removed over a period of some days to a couple of weeks. 

This is done with cooling pumps which pump water around the nuclear reactor core 

and then through heat exchangers, much like the radiator cooling circuit of a motor 

car. 



21 
 

In the case of Fukushima the pumps were run on municipal electricity coming in to 

the plant from conventional power lines running to the power station, bringing in a 

standard industrial supply of electricity. 

The wall of water of the tsunami washed these power lines away, so the electrical 

supply to the cooling pumps was cut. 

At this stage this was not a problem, because such an eventuality had been foreseen 

and designed for.  Diesel engines kicked in to drive the pumps.  Some diesel fuel 

was inside the Fukushima building.  The diesel system worked...for a while. 

Then the diesel system needed to draw more fuel from the diesel storage tanks, 

which were standing outside. 

At this point the drama started to escalate because the tsunami had come over the 

nuclear plant’s protective wall and had washed away the outdoor diesel fuel tanks.  

Subsequent Japanese government investigation into the accident identified the 

positioning of these diesel fuel tanks as a poor management decision. 

The diesel engines ran out of fuel.  The plant design had allowed for this too, and the 

cooling system switched over to battery power, supplied from a large set of 

emergency batteries. 

But nobody had anticipated that the batteries would be needed so soon, because of 

the loss of diesel fuel.  Battery supply was designed to last for only a few hours.  

Also, the plant emergency plans had anticipated that by this point there would be 

external help arriving from police, fire departments, the military and so on.  None 

came, because those emergency units that were functional went elsewhere, and the 

roads were impassable anyway. 

The result was that soon the reactors started to overheat, as the batteries ran out of 

power and the cooling system slowed and then stopped. 

Even though the decay heat of reactors of this size is only some 5% of the normal 

operating heat; that is still enough to cause core damage and potential core 

meltdown, if it is not effectively removed for some days, and probably for a couple of 

weeks. 

The heat produced inside the reactors was such that a steam pressure started to 

build up.  Engineers then took the decision to deliberately open valves to release the 

steam from the reactors.  This venting caused the internal water level to drop, and 

the metallic fuel elements then projected above the water.  A chemical reaction with 

the hot exposed fuel elements then produced hydrogen gas, which was released 

together with the steam. 

Hydrogen is lighter than air so it rose to the roof of the building where it later 

exploded, blowing off a section of the roof. This is the main visual event which was 

captured by TV cameras, and broadcast to the world. 
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It was later found that the exposed fuel elements did actually melt, which had been a 

much feared possible occurrence.  Nothing of consequence happened because of 

the melting. [18] [26] 

4.2.4 Conclusion 

 

The three nuclear power plant incidents which captured world attention all occurred 

in old nuclear plants.  In all three cases human error and confusion played a 

significant role.  However, notwithstanding this, in both the case of TMI and of 

Fukushima nobody was killed or injured from nuclear radiation. 

 

In the case of Chernobyl, less than 60 people were killed from nuclear radiation and 

this death toll can probably be essentially 100% blamed on the fact that Soviet Union 

reactors were built to substandard safety considerations and also without 

containment vessels. [22]  A strong containment vessel (which was a requirement in 

Western reactors) should have held all the radiation within the containment building, 

at worst leading to the deaths of a few people who may have been trapped inside the 

containment area at the time. 

 

What these three internationally known nuclear incidents actually collectively show is 

that under the extreme conditions of nature’s impact, plus engineering failures, plus 

human error, these three large nuclear power plant’s failures actually resulted in little 

to zero nuclear damage to people and property. [18] [20] [26] 

 

Right from the start of the nuclear power industry the engineering planners and 

designers have been induced to design with a Maximum Credible Accident scenario 

in mind.  Very few other industries have this approach.  The general safety attitude of 

the nuclear industry has paid off. [17] 

 

The likelihood of a major nuclear power accident releasing significant amounts of 

radioactive material is extremely remote.  Although such an accident is a very 

remote possibility, such accident scenarios are still a constant consideration in 

nuclear power plant design.  

 

4.3 Radiation Leaks 

There is a constant and totally irrational fear amongst the public worldwide that a 

nuclear power station emits a constant leak of nuclear radiation, during day to day 

operation. 

This is totally untrue.  There is no leak of radiation from a nuclear power station. [27] 

There are only two places in an entire nuclear power plant where there is nuclear 

radiation.  One is in the centre of the nuclear reactor itself, the nuclear core, and the 

other is from spent fuel which is removed from the reactor and then stored in the 

building or in some onsite enclosed facility before being moved to a final long term 

repository. 
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All other parts of a nuclear power plant are conventional and non-nuclear, such as 

the turbines, pumping systems, control rooms and so on. 

The nuclear core is under water, and is very securely contained.  In addition, the 

whole reactor is inside a containment building which is airtight.  Should any radiation 

ever get out of the reactor itself it would be contained within the containment 

building.  The containment building itself is designed to withstand a substantial 

accident such as an internal explosion, and all sorts of spillage scenarios.  Note that 

in the case of Fukushima a small amount of radiation was intentionally vented from 

the containment system. (See section 4.2.3). 

When spent fuel is removed from a reactor it is kept underwater, to protect operators 

from the radiation.  In due course it is stored inside secure radiation-proof containers 

inside the containment building.  After some years the fuel, in radiation-proof 

containers, can be moved to other buildings on site. 

There is no waste water or solid waste which comes out of a nuclear reactor into the 

conventional waste stream.  Any radioactive waste, of any form, is very formally 

removed from a nuclear power plant in sealed containers which are taken to a 

nuclear waste repository. [28] 

In the case of South Africa the national nuclear waste repository is at Vaalputs in the 

Northern Cape.  Vaalputs is one of the best nuclear repositories in the world and has 

been operational for over 25 years. 

4.4 ‘Unsolved’ Waste Problem 

It is often claimed by critics that the storage of nuclear waste is an ‘unsolved 

problem.’  This is plain and simply not true. [28] 

There is a science element to the storage of nuclear waste, plus a political element.  

It is the political element which is ‘unsolved,’ not the science element.  The political 

element consists of gaining public acceptance for the science solutions.  But the 

public understands so little about the science that confusion often reigns. 

To make matters worse, anti-nuclear activists intentionally compound the problem by 

projecting scary images to the public. 

The science of handling nuclear waste is well understood in South Africa. 

In fact, South Africa has successfully stored low level nuclear waste for over a 

quarter of a century.  High level waste disposal is awaiting a political decision as to 

its final handling.  In technology circles in South Africa the storage of high level 

waste is not viewed as a major problem. [28] 

Concerning the storage of nuclear waste; Prof Philip Lloyd of the Energy Research 

Unit of the Cape Peninsula University of Technology, writes as follows: 

Nuclear radiation can be hazardous.  There is no doubt about that.  One of the early 

radiation researchers, double Nobel prize-winner Marie Curie, died of bone-marrow 
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cancer caused by excessive exposure to nuclear radiation.  But it cannot all be bad, 

because nuclear radiation is also used to cure cancer.   

Artificial nuclear radiation helps to keep us healthy. Dentists X-ray our teeth to see if 

anything needs fixing; doctors send us off to radiologists to see if we have broken a 

bone or are developing cancers.  Manmade radioactive sources account for about 

20% of all the high-energy radiation we receive.  Natural sources account for the 

rest. 

The challenge of disposing of nuclear waste is therefore the challenge of making as 

certain as possible that the 20% manmade contribution does not increase 

significantly. To help us achieve this, we classify nuclear waste into two classes: 

Low-level waste is material which is made up of items which have been 

contaminated with radioactive material, or which have become radioactive through 

exposure to neutrons.  This waste typically consists of things like protective shoe 

covers and clothing, wiping rags, mops, filters, equipment and tools which were used 

in a radioactive area.  The radioactivity may be short-lived, in which case the items 

are stored until the radiation has died away, when they can be treated as ordinary 

waste.  Usually, however, this is not possible - the radioactivity is too long-lived.  In 

this case the waste is sealed in drums and sent to a low-level storage site.  Care is 

taken to ensure that the material in the drums does not result in dangerous levels of 

radiation on the outside of the drums. In South Africa, there is a nuclear waste 

repository site at Vaalputs in the Northern Cape. If drums reaching Vaalputs emit too 

much radiation, they are sent back to the source to be repackaged before being 

accepted for burial. 

High-level waste is made up of material that has been in the heart of the reactor.  It 

may be spent fuel, or waste produced by processing the spent fuel.  It usually 

contains some radioactive material which is very long-lived indeed, but most of the 

radioactive material is relatively short-lived.  The short-lived radioactivity makes high-

level waste very dangerous when first produced.  Indeed, it is usually so radioactive 

that it has to be cooled. Spent fuel, for instance, is first placed in a pond which looks 

very much like a swimming pool.  The water is circulated through the pond to take 

away the heat that the waste generates.  After a few years, most of the short-lived 

radioactivity will have died away. The waste can then be kept in a sealed cask, with 

any heat being removed by natural air cooling.  After a few more years, it is cold 

enough to be sent for permanent disposal, without any fear that it will overheat. 

So it is the high-level waste which presents the real challenge. There is a parallel 

between a nuclear “fire” and an ordinary fire. In both cases the ash remains hot for 

some time after the fire has gone out.  In both cases, if you wait long enough, the 

risk of overheating diminishes to negligible levels. But critics of the nuclear industry 

complain that it is not merely the risk of overheating, but the risk that the long-lived 

radioactive material will escape into the environment. So let us consider this risk. 



25 
 

First, we need to recognize that long-lived radioactivity is not very dangerous.  All the 

natural radiation to which we are daily exposed is long-lived, for example.  It was 

formed when the matter from which the earth is made was first produced, around 5 

billion years ago. It is still with us.  So, long-lived radiation is not inherently 

particularly hazardous. 

But there is still a nominal risk that the long-lived nuclear waste could escape into the 

environment. If that happened, it would increase the radiation to which we are 

exposed.  As long as it is stored in casks, there is a theoretical risk that it could get 

out. One could think of ways in which this might happen. Probably the media 

favourite is terrorists opening the flasks to steal the waste, with which they then 

threaten to poison our cities. Yes, it is a possibility, but why you would want to try to 

poison our cities with long-lived, low-level radiation is rather a mystery.  At the end of 

World War 2, two Japanese cities, Hiroshima and Nagasaki were devastated by two 

nuclear bombs.  They were poisoned with quite high levels of radiation. Today they 

are thriving metropolitan areas. [25] There are much more effective ways of 

poisoning cities than with nuclear waste! 

One can argue that storage in casks may not be perfect.  There is a small but finite 

possibility of some “black swan” event which may occur and result in the opening of 

the casks and releasing the nuclear devil.  So we need to put the waste somewhere 

where it is really unlikely that it could escape.  The best place seems to be deep 

underground.  Indeed, this is a solution which the Swedes have developed.  They 

have developed a waste repository deep in a geologically stable region, and are 

confident that any waste stored there will be undisturbed for a few thousand years.  

Of course, the critics will say that you cannot prove that it will be undisturbed, and 

they will be right - but they are asking the wrong question.   

The question is whether anyone would find enough value in the waste to make it 

worthwhile to open a repository to reach it.  The answer to that question is “No!” 

A further question is whether we can make a structure that will remain intact for a 

few thousand years.  Here the answer is an equally positive “Yes!”  If the Egyptians, 

with their ancient technology, could build a pyramid which has lasted 5000 years, 

then we must surely be able to do at least as well. 

One of the beauties of nuclear waste, compared to other wastes produced by the 

energy industry, is the relatively small volume.  A 1000 MW nuclear power station 

will produce about 27 tons of high-level waste per year.  A 1000 MW coal-fired power 

station will produce about 850 000 tons of ash per year, some 30 000 times as 

much. So the challenge of storing even the high-level waste is a relatively small one.  

One could afford to spend quite a lot to make a small store which is very, very 

secure. 
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4.5 Cost of Nuclear Power 

 

4.5.1 Nuclear Compared to Coal 

There are frequent and loud claims made in public that nuclear power is very 

expensive.  In the media one frequently sees inaccurate claims to the effect that 

nuclear is expensive and so will lead to an increase in the electricity price.  This is 

incorrect logic. 

For example; currently electricity produced by Eskom’s nuclear power station, 

Koeberg is about the cheapest in South Africa, certainly cheaper than most or all of 

the coal-fired electricity. [10] 

In Europe, France has the highest percentage of nuclear powered electricity, at 

nearly 80% yet has amongst the cheapest electricity in Europe.  In contrast, as the 

German percentage of wind power has increased, so their electricity price has 

soared. [29] 

So claims that nuclear electricity is inherently expensive are just not true.  An 

extensive examination of the price of nuclear generated electricity, compared to coal-

generated electricity, was carried out by Dr Dawid Serfontein at North West 

University. [12] Some comment by him is presented in Section 5 below. 

4.5.2 The Concept of Cost 

Leon Louw, Executive Director of the Free Market Foundation makes the following 

points about the concept of cost, related to the nuclear programme. 

The cost which is important to the public and to the economy, is the cost at which 

electricity will be sold, when any nuclear plant is up and running.  Any sensible target 

would therefore be to ensure that current nuclear power planning aims to produce 

electricity at a competitive price to South Africa’s other sources of electricity; which is 

primarily coal, plus relatively minor contributions from others.  Nuclear is currently 

about 5 or 6% of the national mix. 

The ‘cost’ which is frequently quoted in the media, relating to nuclear power, is the 

varying opinions of people as to what the price tag of the construction and fabrication 

process will be. 

Clearly the professional engineers and financial experts who developed the 

fundamental specifications for the nuclear power programme in the first place built 

the anticipated selling price into their calculations from the beginning.  It is also well 

known that the lifetimes of modern nuclear plants are about three times those of 

solar or wind systems and so an entire lifecycle costing has to be carried out to 

arrive at a comparable answer for the cost of the electricity which will be produced. 

It is also clear that the fabrication of nuclear plants will take a number of years and 

so the ‘cost’ will be spread out over the construction period.  What is also self-

evident is that a large number of companies, domestic and international, will be 
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involved in the construction process.  Efficient costing would make maximum use of 

competent companies, which would provide the best return on the investment. 

It is poor project management, duplication and inefficient management, which are 

the largest wasters of the financial resources.  If large scale finances are routed to 

private companies to contribute their respective skills and products to the primary 

project, then that is the best way for the finances to be utilised. 

Many South African companies are right now able and willing to become involved in 

the proposed major nuclear build project.  It would be wise to give them the chance 

to competitively offer their services. 

4.6 Complexity of Nuclear Build 

Another public misconception is that the building of nuclear power stations is 

extremely complex and possibly beyond the ability of South African industry. 

Such a view is totally unrealistic.  While the construction of a nuclear power station is 

complex, it is no more complex than the building of a major coal-fired power station; 

an oil refinery; an aircraft; a SASOL complex; and many other industrial operations 

which South Africa handles perfectly competently. 

The construction of a nuclear power plant does require adherence to a strict code of 

quality assurance.  This is well known and well understood by local industry.  South 

Africa has operated a nuclear power station for thirty years, and a nuclear reactor for 

fifty years.  The concepts of building, operating and modifying nuclear assemblies 

and components are well understood by South African technology professionals. [30] 

Nothing in the construction and fabrication of a nuclear power station is beyond the 

capability of South African industry, working in collaboration with foreign partners. 

5 Nuclear Power Costs 

5.1 New Generation III Nuclear Plants 

Both the government’s IEP and the IRP Update energy planning documents [31] and 

[32] lay excellent foundations for South Africa’s energy future, as they assembled 

comprehensive sets of data and sophisticated computer modelling tools. However, 

there are a number of serious flaws in both reports, which skewed their results to the 

point that their implementation would impact negatively on South Africa’s energy 

security and economy. Results were especially skewed against nuclear power in that 

the flaws caused a substantial overestimation of the ‘The Levelled generation Cost of 

Electricity’ (LCOE) of nuclear power, and substantial underestimations of the LCOEs 

of coal, wind and solar power. Therefore several of the planning scenarios in these 

government reports unfairly recommended that Government’s planned construction 

programme for 9600 MW of new Generation III nuclear power plants should be 

delayed, scaled down or even scrapped. 
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There is an increasing global demand for clean energy in order to achieve social and 

environmental justice for a growing and developing global population. Nuclear power 

plants are one of the obvious candidates to supply this demand since the technology 

is well established and nuclear plants can supply clean and dependable base-load 

power.  

The New Generation III and IV nuclear reactors are also postulated to be some of 

the safest machines on the planet, as their accident risks have been estimated to 

have been reduced by roughly a factor of 100, compared to the older Generation II 

nuclear plants built decades ago. This reduces their postulated accident insurance 

costs, which is the largest component of nuclear external costs, to far below the 

external health costs of coal plants.  

However, nuclear plants are more capital intensive than most other power plant 

types, e.g. the Overnight Capital Cost for constructing 1 kW of nuclear generation 

capacity is slightly more than double that of a coal-fired power plant. Generation III 

nuclear plants have, however, economic lifetimes of 60 years, compared to only 30 

years for coal and 20 to 25 years for wind turbines and PV solar panels. Nuclear 

plants can also achieve load factors in excess of 90%, compared to only about 85%, 

30% and 20% for coal, wind turbines and PV solar plants respectively.  However in 

calculating the capital costs it should also be borne in mind that current Government 

plans aim for a localisation content of the order of 50%, so many costs should be 

calculated at South African labour and production rates and not using expensive 

foreign rates which are just converted by means of the currency exchange rate. 

The LCOE as a function of the pre-tax Weighted Average Cost of Capital (WACC%), 

as well as the pre-tax Rate of Return, as a function of the electricity selling price, 

were compared for a new Generation III nuclear plant and a new pulverized coal 

plant with Flue Gas Desulphurization (FGD), built in South Africa. All external costs 

were included and all monetary amounts are expressed in 2012 South African Rand 

(R).  

For each plant two cases were examined; the Expected Case and the Pessimistic 

Case. 

This was done to counter accusations that only favourable figures may be used at 

times, by some people, to influence the outcome. 

5.2 External Costs of Nuclear Power 

 
A very high cost estimate of $1.6 Trillion per accident for the cost of a Fukushima-

style nuclear accident, with very large releases of radioactivity, was tentatively 

accepted, while it was at the same time pointed out that this estimate is 

unrealistically high.  In fact evacuation costs contributed about 80% of this cost 

estimate. The very large extent and long durations of such evacuations appear to be 

driven by irrational public fears of radiation and is out of sync with the much smaller 

estimates from the scientific literature of the actual health costs resulting from 

adverse health effects of ionising radiation.  In reality at Fukushima zero people were 
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killed or injured by nuclear radiation, and the UN showed that no negative effects are 

expected in the future. [26] 

However, even these very high assumptions of nuclear accident costs resulted in 

negligible external health costs for Generation III nuclear reactors. These 

calculations were based on simulation results from literature that suggest that the 

risk of such serious nuclear accidents for Generation III (and Generation IV) nuclear 

plants have been reduced by roughly a factor of 100, compared to the older 

Generation II nuclear plants. This reduction in risk was achieved by means of the 

introduction of inherent passive safety features. From this it was estimated that if the 

global nuclear fleet were to be replaced by Generation III nuclear plants the global 

nuclear accident rate would diminish from the current: one very serious accident in 

roughly 25 years, to only one accident in roughly 2500 years. Based on this 

drastically reduced accident risk, the levelled cost of the nuclear accident risk 

insurance for Generation III reactors was estimated to be R0.01/kWh in order to 

allow for a reasonable return on the insured risks.  

The current US nuclear waste fee of $0.001/kWh was translated to an equivalent of 

R0.008/kWh for South Africa, which was added to the nuclear environmental levy, 

which resulted in a total environmental levy of R0.018/kWh for the present 

simulations. 

5.3 External Costs of Coal Power 

 
The main external costs of coal power are health costs, i.e. the costs from death and 

morbidity due to the adverse health effects of poisonous chemicals released in the 

smoke of coal-fired power stations. To this was added the cost of postulated global 

climate change due to global warming, assumed to be caused by the release of CO2. 

A rough estimate of R0.26/kWh was calculated for the external cost of coal. This 

estimate suggests that the R0.018/kWh external cost of Generation III nuclear is 

about 14 times smaller than that of coal power.  

5.4 Input Assumptions for the Expected Cases for Nuclear and Coal 

 
Except where indicated otherwise, all input data for both the coal and nuclear plants 

were taken directly from Table 18 of the IRP Update.[32] Since the details are 

explained in Serfontein (2014) [12], only the most important data are summarised 

here:  

For the Expected Case, the IRP Update’s Overnight Capital Cost for Generation III 

nuclear power plants of $5 800/kW-installed (i.e. R46 458/kW-Installed) was used. 

For coal it was less than half of that at R21 572/kW. 

The construction schedules used for single plants in a fleet were: nuclear, a 6 year 

schedule, and a 4 year schedule for coal. 
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For coal the Expected Case assumes the external cost to be only the full carbon tax 

of R120/ton CO2, which was announced by Government. This resulted in an external 

cost of only R0.11/kWh. 

5.5 Input Assumptions for the Pessimistic Cases for Nuclear and Coal 

 
The pessimistic case for nuclear tries to capture the first-of-a-kind risk that extremely 

unlikely construction actions could go wrong, resulting in very high overnight costs 

and extreme construction delays. For coal the Pessimistic Case assumes similar 

schedule overruns and uses the full external costs, as opposed to only the carbon 

tax of the Expected Case. The data from the Expected Cases was therefore modified 

as follows to create the Pessimistic Cases:  

 The nuclear overnight cost was increased from $5 800 to $7 000/kW-installed. 

 For coal the external cost was increased from using only the carbon tax of 

R0.11/kWh to the full environmental cost of R0.26/kWh, as described above. 

 The construction duration for single nuclear plants was doubled to12 years, 

and the 4 years schedule for coal increased to 8 years. 

The results show that at low WACC%, the nuclear LCOE is much lower than for coal 

and is also insensitive to high nuclear Overnight Costs and the construction schedule 

overruns of the Pessimistic Case. However, for high WACC% nuclear power is more 

expensive than coal power. 

In a well-functioning free market, all types of plant should receive the same interest 

rates on their capital investments. There should be no loading against nuclear 

because some public opinion perceives the technology as ‘more risky.’  

The results of the analysis show that nuclear produces much higher Rates of Return 

for low electricity selling prices, while the opposite is true above R0.88/kWh. Nuclear 

power already breaks even (i.e. produces the minimum acceptable return of 3% real) 

at an electricity selling price of R0.40/kWh, while coal will run at a loss until the price 

is increased above R0.73/kWh. The nuclear break-even price is thus a massive 45% 

lower than that of coal. This means that if electricity prices were to plummet due to 

e.g. unexpected competition from a new power technology, the owner of a nuclear 

plant would be in a much better position as he can cut prices much more drastically 

than coal and still make a profit. 
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5.6 Comparison with Wind and PV Solar 

 
Simulations of the cost of wind and PV solar power suggest that due to the very high 

intermittency costs of wind and PV solar, their power will be substantially more 

expensive than nuclear power. Wind and PV solar power also cannot produce 

anything near the amount of base-line power required to run large scale industrial 

operations.  (See Figure 1) 

5.7 Approach for Reducing the Cost of Electricity 

 
A strategy for the government to employ to reduce the longer term cost of electricity 

is to accept a low WACC% in order to stimulate economic growth by supplying 

cheap electricity. 

The low pre-tax real Rate of Return region between 3% and 5.6%, in which even the 

Pessimistic Nuclear Case generates power cheaper that the Expected Coal Case, 

and in which the Expected Nuclear Case generates power substantially cheaper 

than the Expected Coal Case, will probably not be attractive to private investors, 

interested only in maximising their profits and minimising their risk. It has been 

shown that the Expected Nuclear Case is a much cheaper source of electricity than 

the Expected Coal Case, provided that Government were to be prepared to accept a 

WACC% substantially below 9% real.  

Many countries, especially Germany, currently choose a politically expedient path 

and fight perceived Global Climate Change by subsidising low carbon renewable 

power sources, e.g. wind and PV solar, i.e. they sell the renewable power they buy 

from IPPs to consumers at a loss, which is then covered by the taxpayers. The 

South African REIPPP program currently subsidises PV solar and wind to a great 

extent. If, however, the South African Government were to fund the nuclear new-

build program by accepting real pre-tax WACCs on its investment in Eskom of below 

9%, this would still mean that Government is making a modest profit, which is more 

acceptable than suffering a loss through subsidising PV solar and wind.  It is 

interesting to note that Germany has returned to building new coal-fired power plants 

since wind has failed to achieve expected results. 

However, price resistance from the public suggests that Eskom will be boxed into the 

lower electricity selling price range, in which nuclear will be much more profitable 

than coal. Much more importantly, this figure also showed that coal starts to operate 

at a loss below R0.73/kWh, while nuclear remains profitable down to R0.40/kWh. 

This means that if oversupply of power were to occur and thus prices were to 

plummet, nuclear would strongly reduce Eskom’s risk of operating at a loss, 

compared to coal. 
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6 Distilled View of the Path Ahead 
 
6.1 Immediate and Intermediate Challenges 
 
Frequently when the electricity supply problems of South Africa are presented in the 

media, and in many public discussion forums, there is confusion between the short 

term and the intermediate term. 

The short term is a supply problem which needs urgent and drastic measures.  Such 

measures include using gas turbines for electricity generation on a continuous 

round-the-clock basis.  When the turbines were originally designed as emergency 

gap-fillers they were only supposed to operate a few hours a week.  They are very 

expensive to operate and produce very expensive electricity. 

These short term measures also include publicity campaigns urging business, 

industry and the population at large to save electricity.  Such a policy is not desirable 

as a longer term national goal. [13] 

There is a vast difference between ‘saving’ electricity which means don’t use it at all, 

and using electricity in the most energy efficient manner. 

The country needs to have a strategic goal of using much more electricity than 

currently used, but to use each kilowatt-hour more efficiently than before.  This is a 

sensible and profitable approach. 

The intermediate term challenge is how to build more power producing units to 

generate much more electricity than at present, but in the most cost effective way 

possible. 

South Africa needs to vastly increase its electricity production and consumption. 

6.2 Nuclear Power is the Answer 

It has clearly been shown in Section 4 that the five general categories of ‘nuclear 

problems’ as projected by the popular media and anti-nuclear groups, are in fact 

highly exaggerated, or plain and simply incorrect. 

Taking into account South Africa’s vast size and distributed major centres of 

consumption, there is no other practical large scale base load energy supply which 

can be built in the southern part of the country other than nuclear.  (See Figure 2) 

6.3 Media Confusion 

The popular media, often inadvertently, tends to project an incorrect picture, thereby 

making it difficult for the general population to make informed decisions. 

Common faults are: projecting wind and solar power output as their ‘nameplate’ 

capacities rather than indicating that wind typically only delivers a quarter of the 

nameplate figure, at random times, and solar does not produce power at night. [33] 
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Wind generating records, which are now being produced world-wide, indicate that 

wind often only produces half of the projected 25% under real operational conditions 

[29].  These realities are usually hidden from the public. 

Other media faults include constantly referring to nuclear as extremely dangerous 

when in fact it has the best safety record of all energy sources. For example, not one 

single person was killed or harmed by radiation during the Japanese Fukushima 

incident, yet it is constantly referred to as a ‘nuclear disaster;’ in the popular media. 

[18]. 

6.4 Nuclear Power Price and Cost 

Nuclear power is not expensive.  The so-called cost of electricity should really be 

measured as the price of the electricity per kilowatt-hour as sold to the public.  In 

Section 5 it was clearly shown that under reasonable international banking 

conditions nuclear-generated electricity is cheaper than coal-generated electricity. 

The project construction schedule must not be confused with the cost, or more 

correctly the price, as sold, of the final product, the electricity itself.  A surprising 

number of rather senior people in business don’t seem able to grasp these 

differences, which is a rather worrying indicator. 

A grocery hypermarket may be twice the size and complexity of a grocery 

supermarket but that does not mean that the hypermarket sells it products at twice 

the price of the supermarket. 

Other ‘cost factors’ frequently overlooked in public are issues such as the fact that 

nuclear power plants are designed for a 60 year lifetime whereas wind power 

systems are typically designed for a 20 year life cycle.  So in comparing the two one 

needs to start by taking three 20 year wind plant periods and then compare that cost 

to a single nuclear plant operating lifetime. 

Nuclear power also does not need a backup system on permanent standby for when 

the wind does not blow. 

Honest and accurate calculations and projections should be used when calculating 

the real cost of the electricity produced and then sold to the consumers. 

6.5 South African Nuclear Export 

South Africa is a highly competent country in the fields of manufacturing and 

fabrication, related to nuclear systems. [30] 

South Africa is one of the oldest nuclear countries in the world, with an established 

track record of competent experience. 

A clearly articulated government objective in the South African nuclear power 

expansion programme is for the country to play a significant role in exporting locally 

fabricated nuclear components and assemblies worldwide. 
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This is a correct objective and should be pursued right now with maximum vigour.  It 

is perfectly reasonable for the country to earn significant foreign income from nuclear 

exports while the local nuclear power stations are under construction.  Such income 

will offset the unrealistic ‘nuclear cost’ which is so often quoted in some newspapers 

in such a way as to appear as if it were a once-off payment carried out in one year. 

South Africa certainly does not have enough trained and skilled people on hand now 

to maximise the benefits to be gained from nuclear export, but that is one of the 

exciting challenges on hand.  The skilled job creation potential is enormous, with 

major implications for economic growth. [30] 

The South African Nuclear Energy Corporation (Necsa) is already exporting such 

locally manufactured nuclear assemblies, so the process has already started. [30] 

6.6 The South African Team 

South Africa possesses all the elements of the team required to build nuclear power 

plants.  Such a team includes not only the nuclear scientists and engineers, but also 

the bankers, economists, lawyers and diplomats who collectively make up such a 

team.  The nation also has the industrial experience to produce the required 

technological and construction inputs, and to supply the project management 

expertise required. 

Certainly there is not enough capacity in place, but with the correct domestic and 

international partnerships the building of nuclear power plants is not something to be 

feared. 

It is a vista to be welcomed. [34] 
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