
Nuclear power
is safe, clean, economic and sustainable

Over fifty years, it has proved to be clean and economic, 
often providing a country’s cheapest electricity. It is 
sustainable indefinitely since there are such vast amounts 
of uranium and thorium in the Earth’s ground and oceans. 
It has been a great success and now provides 14% of 
the world’s electricity. But it should have been a greater 
success, providing more electricity. It should now be the 
obvious choice for new power stations around the world.  
But this is not the case in many countries, and the reasons 
are completely irrational and based on wrong perceptions. 
Nuclear, which is in fact very safe, is perceived to be 
dangerous; it has the least waste problem of any energy 
source yet is perceived to have an insoluble waste problem; 
it is very economic yet is perceived to be very expensive.

First consider safety. The unrivalled safety record of 
nuclear power was confirmed in a spectacular way in 2011. 
Yet once nuclear power had proved itself to be far safer 
than all alternatives, including coal, gas, hydro, wind and 
solar, it was denounced by certain governments, notably 
Germany as being unsafe.

Safety, like all aspects of electricity generation, must be 
considered over the full energy cycle, which includes 
the mining of ores for fuel and structural materials, the 
processing of the fuel, construction and manufacture, 
operation, waste disposal and decommissioning. Figure 1 
below shows the number of accidents in the energy sector 
between 1969 and 2000 that killed five people or more.

Worldwide there is a renewed interest in nuclear power, 
and so one can expect an acceleration in the volume and 
pace of nuclear power construction in the immediate 
future.  This implies that there will be more international 

trade and exchange in nuclear power construction, the 
fabrication of assemblies, fuel fabrication, maintenance 
system development and all that which naturally goes with 
a nuclear power industry.

Domestically in South Africa a spectrum of companies 
must become involved in the construction and fabrication 
of nuclear assemblies and components.  These companies 
need to be able to view a future with enough production 
volume to make it worth their while to invest in the 
production infrastructure required to produce goods to the 
required nuclear standards.

For this scope of activities a broad spectrum of co-operation 
is required.
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was massive disruption to people’s lives caused by forced 
evacuations.  But the number of people who were killed by the 
radiation was zero, and the number of people likely to be killed 
in future is also zero.  No harm to human health has ever been 
seen below 100 mSv (millisieverts) and the worst radiation dose 
received by any Japanese citizen was 23 mSv. Most people in 
the affected zone received 1 mSv or less (Natural background 
radiation is about 2.5 mSv a year, on average.)

So the “nuclear disaster” at Fukushima in 2011, like the “disaster” 
at Three Mile Island in the US in 1979, did not kill anybody, and 
will not kill anybody.

And it should not have happened at all. The 2011 tsunami 
was the worst on record but not the worst in history.  Japanese 
geologists had told of worse tsunamis in the last thousand years. 
All Japanese reactors should have been designed against them, 
which would have been very easy to do: simply mount diesel 
generators and fuel tanks on plinths higher than any tsunami 
water level of the last thousand years.

Impact of irrational decisions

Yet once nuclear power had demonstrated to the entire 
world its inherent safety at Fukushima, the German 
government, in a fit of political madness, decided to phase 
out its nuclear power stations. In Germany, nuclear power 
was the cheapest, cleanest and safest source of electricity, 
providing about 25% of the total. By 2013 eight out of 17 
reactors had been shut down, and the remaining are due to 
be shut down by 2022. There has been a hugely expensive 
attempt to replace them with wind and solar power. The 
inevitable result has been a dramatic increase in electricity 
prices.  The real price of household electricity rose 61% 
from 1978 to 2012, and in 2013 reached 0.26 Euro/kWh 
(R3.15/kWh).  Up to 800,000 Germans cannot pay their 
electricity bills and are forced into “energy poverty”.  
German industries, such as ThyssenKrupp the steelmaker, 
Norsk Hydro the aluminium producer, Aurubis the copper 
producer, and GEA with its zinc plant are shutting down, 
reducing operations, or relocating to other countries 
because of the rising electricity prices and increasingly 
insecure electricity supply.  Because solar and wind are so 
unreliable, Germany is having to build a large number of 
new coal stations to make up the shortfall from the nuclear 
shut-down.  In August 2012, Chancellor Angela Merkel 
opened a new 2,200 MW coal station near Cologne.  By coal 
standards it is “clean” and “only” emits about 13 million 
tons of CO2 a year.  The german nuclear phase-out has 
led to no reduction in greenhouse gases but rather a slight 
increase.  The german nuclear phase-out has been bad for 
the environment, bad for industry, bad for the economy, 
bad for stable electricity supply and disastrous for the poor.

Alternatives energy sources

Mother Nature has made solar, wind and nuclear power very 
good for certain applications and very bad for others. The 

Continual safety improvements

Since 2000, nuclear has continued to improve its safety record 
over all other energy sources.  In these years thousands of people 
in total have been killed in accidents in coal, gas, oil, hydro 
and wind. Almost all of these accidents have been ignored by 
the media whereas every tiny incident in nuclear power makes 
headlines.

Fukushima

The most dramatic vindication of nuclear safety came in 2011. 
For years opponents of nuclear power had warned us of the 
catastrophic consequences of a bad nuclear accident. On 11 
March 2011 in Japan, precisely such a bad accident happened. 
The worst earthquake and tsunami on record, which means over 
the last 150 years or so, struck the north east coast of Japan. 
About 16 000 people were killed by the natural disaster. 13 old 
fashioned Japanese nuclear reactors received its full destructive 
blast. All of them shut down safely to “hot shutdown”, which 
means that all fission stopped. But at one station, Fukushima 
Daiichi, which had six old boiling water reactors, designed in the 
1960s, things went badly wrong after that.

Three of its reactors were running at the time.  They all shut down 
safely. But when a nuclear power reactor at 100% power shuts 
down, it still produces about 5% power because of the heat from 
the radioactive fission products.  This heat must be removed over 
several months. This is easily done by pumping water through 
the reactors. But, at Fukushima, the tsunami drowned the power 
supply to the pumps. They stopped. The reactors overheated 
and were severely damaged, releasing radiation.  Another unit, 
which was shutdown but had fresh spent fuel in its cooling pond, 
overheated for the same reason. Four units were badly damaged.
What was the result of this extreme nuclear accident? There 
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Figure 1: Accidents in the energy sector that killed 
five people or more between 1969 and 2000.

The single such accident in nuclear power was at Chernobyl 
in 1986, caused primarily by a very bad reactor design that 
would not have been allowed in the West.
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or the French EPR, or modern Russian or Japanese designs), 
nuclear capital costs will come down and down.  This is already 
happening in China, with nuclear capital costs estimated at $3/
watt or less.

Sustainability

Nuclear power is sustainable indefinitely, for millions of 
years.  This is because of the enormous amounts of uranium 
and thorium on our planet.  Because uranium is so cheap, the 
mining houses have barely bothered to scratch the surface in 
prospecting for it, and so figures for the estimated recoverable 
reserves are but a tiny proportion of the real reserves on earth.  
The oceans contain dissolved uranium, and the Japanese have 
already shown how to extract it; and at the right price (about 
$200/lb) it would be commercial.  Since uranium extracted 
from the sea will be replaced by rivers and undersea volcanoes, 
this will be for practical purposes a renewable energy source.  
Breeder reactors, already proven, can multiply the effective 
reserves 50 times over by converting unusable nuclear materials 
(“fissionable”) into usable materials (“fissile”).  Thorium is 
four times as abundant as uranium, and in many ways is a better 
nuclear fuel.  We shall never run out of nuclear fuel.

Food for thought

Every energy technology, without exception, including solar 
and wind, produces “deadly” waste that lasts for millions of 
years.  School science shows why this is so and why it is not a 
problem.  A “deadly” material is one that can kill under the right 
conditions.  But every element in the world can kill under the 
right conditions.  Oxygen, nitrogen, lead, chrome, cadmium, 
copper etc can all kill.  Every element, unless it is radioactive, 
lasts forever - until the end of time.  We are all now breathing 
in oxygen atoms that were breathed out by Julius Caesar and 
Tyrannosaurus Rex.  Under the bonnet of your car is a lead 
battery.  The lead is toxic and lasts forever - for billions of 
years.  There is no plan for a repository to store this lead until 
the end of time and no plan to recycle it until the end of time.  
Does this mean that the lead battery in your car threatens future 
generations?  Of course not!  We shall just manage the lead 
responsibly from generation to generation.  

nuclear force is the strongest force in nature, which means 
that a small amount of material can produce a large amount 
of electricity very reliably, with minimum disruption to the 
environment.  Solar and wind are the opposite, being very 
dilute and intermittent, excellent for a wide range of small 
applications but extremely expensive and environmentally 
disruptive for large scale electricity supply.  This is why solar 
and wind, over thirty years, have been a complete failure in 
providing grid electricity around the world.

Electricity supply may be roughly divided into three categories:

	 1.		Small	scale	supply.
A small amount of electricity, typically stored in a battery, can 
dramatically improve the lives of people not connected to the 
electricity grid by powering lighting, radio, TV, cellphones, 
computers and small appliances in schools, clinics and 
households.  For such use solar and wind are excellent, and 
nuclear is useless.

	 2.		Grid	electricity:	peaking
This is to provide large amounts of electricity for short periods 
of time, at short notice, during peak demand.  For this solar 
and wind are useless (because they are so unreliable) and so 
is nuclear power (because it takes a day or more to start up a 
nuclear power reactor).  Gas turbines are good but expensive 
(because in South Africa they run on diesel).  Pumped storage 
is good too, and more economic, with high capital costs but low 
running costs.

	 3.		Grid	electricity:	Baseload
This is to provide bulk electricity 24 hours a day, 365 days 
a year.  The electricity must be reliable or else it is useless 
(or indeed worse than useless). For baseload electricity supply, 
wind and solar are useless, because they are so unreliable.  
Nuclear is excellent, the most economic, clean, safe and 
sustainable source.

Nuclear energy production costs

France, which gets over 75% of its electricity from nuclear, has 
about the lowest electricity prices in Europe.  Denmark, which 
has the world’s highest fraction of wind power, has about the 
highest prices in Europe.  Figure 2 shows the production costs of 
electricity from different energy sources in the US.  These do not 
include capital costs (which are difficult to compare for plants of 
different ages).

Despite the energy revolution in the US in the “fracking” of shale 
gas, which has seen a dramatic decline in gas prices, gas is still 
far more expensive than nuclear power for electricity generation.

Nuclear tends to have higher capital costs than coal but there 
is no inherent reason for this.  In the past, nuclear plants have 
been plagued by regulatory delays and the fact that every plant 
was a one-off, of a unique design, and therefore very costly.  
With proper management of regulation and with a program 
of standardised designs (such as the Westinghouse AP100, 

0.00

5.00

10.00

15.00

20.00

25.00

US Electricity Production Costs (cents/kWh)
Source: Ventyx Velocity Suite

Oil

Gas

Coal

Nuclear

Figure 2 Electricity production costs in the US.

3

US Electricity Production Costs (cents/kWh)



Nuclea r  Power  i s  s a fe ,  c l ean ,  economic  and  sus t a inab le

The nuclear advantage

Nuclear power also has the huge advantage that it can be sited 
anywhere, unlike coal, hydro, solar or wind, which is especially 
important in South Africa. A typical large Eskom coal station 
burns about 16 million tons a year, far too much for the coal to 
be transported any distance. So the coal stations must be built 
at the coal fields, which are all in the north east interior of the 
country. But South Africa has a growing demand for electricity 
in the coastal regions, such as Cape Town and Durban. Because 
nuclear fuel is so tiny in mass (Koeberg, at 1 800 MW capacity, 
uses about 40 tons of fuel a year), it is easy to transport and 
so nuclear stations can be located wherever they are wanted, 
which is typically close to centres of demand and cooling by 
sea water.

In conclusion

Sixty-four new nuclear power reactors are in construction 
around the world and another 160 are on order or in planning. 
Most of these are in Asia and Eastern Europe. Western Europe 
and the US are lagging, purely because of irrational and 
ideological reasons, such as have been most vividly shown in 
Germany. South Africa should be rational, and choose nuclear 
power as the safest and cleanest source of energy we know, and 
as the best producer of economic, reliable electricity.

Solar power produces toxic wastes, such as cadmium and lead, 
that last forever.  Wind power does the same.  Neither is much 
of a problem.  But nuclear wastes are even less of a problem 
because they are tiny in mass and become less dangerous with 
time. They are easy to store safely, presenting no danger to man 
or the environment.

Myth, fallacy and the Green agenda

In Europe, the USA and elsewhere, for reasons of green ideology 
and political fashion, billions of dollars have been invested 
in “renewable” energy, especially wind turbines, for grid 
electricity.  The result has been, without exception, calamitous.  
To see why, you have only to look at the graphs of electricity 
production from various energy sources in the UK that are put 
out by NETA (New Electricity Trading Arrangements).  They 
can be found at www.bmreports.com  Britain has over 4 000 
wind turbines with a total capacity of over 6 000 MW but the 
graphs show their total production ramping up and down in a 
wild and unpredictable way, and often producing less than 50 
MW in total.  It is a complete fallacy that “the wind is always 
blowing somewhere” (meaning blowing strongly enough to 
produce useful energy).  

A graph of the combined wind power production of Ireland, the 
UK, France, Spain, Germany, Austria and Denmark shows the 
same pattern.  Their combined wind capacity is over 65 000 
MW and they cover a wider geographical spread than South 
Africa, yet the wind production ramps up and down in the same 
wild way, and on 3 September 2010 the total production was 
2,000 MW.  Some other generator, nearly always a fossil fuel 
one, and usually a gas turbine, has to ramp down and up to 
match the violent fluctuations of the wind.  This means that it 
runs inefficiently, using more fuel than it would use in steady, 
efficient operation and so releasing more carbon dioxide.  It is 
another fallacy to say that a kWh of wind power displaces a 
kWh of fossil power.

The characteristics of wind power for grid electricity 
are:  gigantic size (you need huge machines to capture the 
dilute energy); coercion (nobody would choose to buy wind 
electricity because it is so expensive and unreliable, so they 
have to be forced to buy it); huge operating subsidies enforced 
by government (nobody would invest one cent in a wind farm 
without them); very high direct costs and very high external 
costs (including damage to human health and the environment); 
massive, wasteful, inefficient use of the Earth’s resources 
(wind turbines use ten times more concrete and steel per kWh 
than nuclear stations); the killing of eagles and other large, 
endangered raptors; and extreme unreliability.

The load factor, or capacity factor, of a power plant shows how 
much electricity it actually produces compared to its theoretical 
capacity. If a plant has a nameplate capacity of 100 MW but 
over a period produces 70 MW on average, its load factor 
is 70%. The table below shows the load factors of wind and 
nuclear in various countries.
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 Wind Nuclear
Denmark 23.0 -
France 20.4 77.7
Germany 17.0 83.3
Portugal 22.7 -
Spain 23.3 84.2
Sweden 20.3 77.3
UK 24.0 75.2
USA 24.1 93.2

Table 1.  Load Factors (Capacity Factors) 
for Wind & Nuclear in Selected Countries

Average %: 2005 – 2009.  “Electricity Outlook 2011”.  IEA
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