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Chapter 4:  Energy to Support Life

Nuclear energy is incomparably greater than the molecular energy  
which we use to-day. The coal a man can get in a day can easily do 
500 times as much work as the man himself. Nuclear energy is at  
least one million times more powerful still. If the hydrogen atoms in a 
pound of water could be prevailed upon to combine together and 
form helium, they would suffice to drive a 1,000 horse-power engine 
for a whole year. 

Winston S Churchill, in the Strand Magazine (1931)
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 Escalating stages in the liberation of life
Energy for plants

The surface of the Earth is warmed when the Sun shines on it, but as soon as 
night comes, the flow is reversed and the Earth cools by radiating its heat into 
space. The atmosphere blankets the surface, and the heat stored during the 
day  in  the  rock  helps  to  maintain  the  surface  temperature.  Whenever 
temperature  falls,  chemical  changes  slow  or  stop,  including  those  that 
constitute the mechanisms of any form of life. When the Sun shines and it is 
warm, plant life can absorb energy by photosynthesis, so that it grows while 
also  converting  carbon  dioxide  in  the  atmosphere  into  oxygen.  This  is 
summed up in the following equation:
energy + carbon dioxide + water → carbon/hydrogen (vegetable) + oxygen.

But at night this energy supply is cut off. In the winter the effect is even more 
pronounced and the plant may have to die back and wait for the warmth of 
spring.

Energy for animals
However, that is only the beginning of the story of life, because evolutionary 
biology has always striven to find new ways to compete more effectively. If it 
could take on board the products of photosynthesis by plants, that is food, 
and  combine  it  with  oxygen  when  required,  it  could  effectively  run 
photosynthesis  in reverse and recreate the energy.  Such a versatile  energy 
store would act as a battery, storing the Sun's energy to maintain life during 
the night and in the winter: 

vegetable matter + oxygen → energy + carbon dioxide + water.
Within a few hundred million years and with plenty of room to experiment, 
that  is what Darwinian evolution learnt to do.  Forms of life using energy 
from food no longer needed to sit immobilised in the sun all day, but could 
move around – migrate by land, sea or air in search of the best source of 
vegetable food and the most pleasant climate. Life could now use its heat 
source, its energy battery, to keep its temperature optimised, night and day, 
throughout  the  year.  This  food-powered  animal  life acts  as  a  biologically 
stabilised  combustion  engine  –  a  pretty  smart  job  compared  to  the  ill-
controlled combustion of vegetation that occasionally catches fire in the open 
environment.  This sketch of metabolic life has omitted fish,  birds and the 
many forms of parasitic life that hitch a lift at different levels. However, the 
story of how the energy flows is not upset by these additions.

Like  plant  life,  animal  life  needs  energy  for  growth  and  biological 
maintenance.  By  consuming  food  as  fuel,  animal  life  enjoys  energy  for 
transport  and  other  motor  skills  that  are  denied  to  plants.  Energy is  also 
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available for competition between packs of animals of the same or different 
species. From sport and friendly competition to fighting and war, this is the 
essence of classical Darwinian selection, but today it is understood that this 
principle applies further   �  in fact, in the competition between life forms at 
every level. For instance between viruses and their hosts, each player evolves 
to find defences against attack by its adversaries. Imagine such a war game in 
which one adversary never changes strategy, but the other is alive to change 
and so evolves new strategies of defence and attack. The living player will 
always find a way to evade the attacks, however long that takes and however 
powerful the adversary; and he will find a way to attack his more powerful 
adversary successfully, too. Initially individuals may not win but in the end 
the selection of a winning strategy is guaranteed. This is the story that  is 
explored in Chapter  8,  with  radiation cast as the powerful but changeless 
adversary, and  living tissue in the role of the weaker, but artful, defending 
player that has learnt to survive.

External energy for humans
The advance that lifted mankind above the other animals was the Promethean 
step discussed in Chapter 2. In this the energy stored in plant growth could be 
harvested and used now, not just inside, but outside the body, still reversing 
photosynthesis, but in the process of combustion, ie fire. However the safety 
built  into  the  oxidation  of  vegetation  within  the  body is  then  no  longer 
available.  Mankind  had  to  use  his  brain  and  introduce  safety  rules  for 
himself. 

This was a turning point and the beginning of safety through careful thought. 
From then on, safety was seen to be a matter not only for nature but also for 
conscious decision-making and discipline, handed down to later generations 
as an important ingredient of education. Initially this took the form of oft 
repeated cautionary tales told to children. In recent centuries these appeared 
in books that wove entertainment with instruction that was then more easily 
remembered. 

Illustration 17 shows a page from an English translation of the well-known 
nineteenth  century German  children's  book Der Struwwelpeter.  While  her 
mother  is  out  of  the  house,  the  child,  Harriet,  disobeys  her  mother's 
instructions and plays with the matches, accidentally setting her clothes on 
fire. As the pictures relate, she is then burnt to death to the dismay of her pet 
cats, who are left weeping while only her shoes remain. With these dramatic 
details, children remember the dangers of fire and their parents' instructions.
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Illustration 17: "Harriet and the Matches" from Der Struwwelpeter 
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A further change in mankind's engagement with energy came at the start of 
the historical era when he discovered that a vast store of the product of many 
millions of years of photosynthesis lay fossilised in the Earth, both in the 
form of coal, and also as oil and gas. There was an abundance of energy in 
this  carbon battery – and we have been gorging ourselves on it ever since, 
while also increasing in population at an unsustainable rate. The most recent 
expression of this excess is the glee of politicians and industry at the prospect 
that even more gas can be accessed by fracking whilst ignoring the release of 
yet more carbon into the environment.

Energy production that damages the environment
Left  to  itself,  nature usually metes  out  harsh treatment  when such excess 
occurs in the animal kingdom – mass death through disease or starvation is 
normal,  a horrific outcome to anyone with a belief  in the  sanctity of life. 
However, the sanctity of individual life has no role in evolution. Through the 
exhortations of religion, a belief in rights and the pressure of law, mankind 
has hoped that he might retro-fit the sanctity of life to nature as a principle – 
but that is an illusion. In good times he is inclined to forget that if he does not 
study and make the right decisions, nature – known as the  Grim Reaper in 
earlier times – will take those decisions for him without regard to the fate of 
individuals. 

If we are to stop exploiting the carbon battery, where might we find a source 
of energy to replace it? The question is as momentous as the one that we 
faced in prehistoric times when we adopted fire for our own use. The answer 
is nuclear, but society worldwide will have to address some misconceptions 
before it is likely to accept that. 

The burning of coal, oil and gas release carbon dioxide into the atmosphere, 
and the combustion of waste, biofuels and biomass do the same. In fact, to 
make matters worse, because of the  dioxide, the amount of carbon dioxide 
released is greater than the weight of carbon burnt by a factor 44/12 = 3.7. 
Our atmosphere is incredibly small and although it extends upwards from the 
Earth's surface for several miles, it is very thin, just one kg above each square 
centimetre, which means it does not take much to pollute it. Illustration 1 on 
page 2 shows how every year since the start of the Industrial Revolution, the 
concentration  of  carbon  dioxide has  risen  far  above  values  for  the  past 
160,000  years.  A  basic  description  of  why  this  increases  the  global 
temperature is  given in Chapter  3 of  Radiation and Reason  [see  Selected 
References on page 279, SR3]. Today, six years after that book was published 
the  concentration  has  risen  to  400  parts  per  million  (ppm)  and  there  is 
significant evidence that the average temperature, particularly in the Arctic, is 
rising. Table 1 shows how the concentrations of other greenhouse gases have 
also risen.
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Concentration 
(ppm) pre-1750

Concentration 
(ppm) 2013

Lifetime in the 
environment

Carbon dioxide CO2 280 395.4 100-300 years

Methane CH4 0.722 1.893 - 1.762 12 years

Nitrous oxide N2O 0.280 0.33 121 years

Table 1: Atmospheric concentration of the most significant greenhouse 
gases. IPCC data from http://cdiac.ornl.gov/pns/current_ghg.html 

Methane is of particular concern because its greenhouse properties are more 
pronounced  than  those  of  carbon  dioxide.  Although  it  is  oxidised  in  the 
atmosphere in 12 years on average, its concentration has risen by a factor of 
nearly three, and much of that increase has occurred in the past 50 years [see 
also Illustration 1 on page 2]. Significantly, there are large stores of methane 
under pressure in the cold of the Arctic in the form of methane hydrates on 
the seabed along the continental margins. These may become unstable as the 
ocean warms,  which  would  result  in  the  methane  being  released  into the 
atmosphere. Methane is also stored in the soil under the Arctic permafrost, 
and warming increases the likelihood of a positive feedback in the climate 
system that releases this too [1]. The most recent reports from 2013 and 2014 
suggest  that  these  mechanisms  may  be  acting  faster  than  previously 
supposed. There is evidence that methane is released in explosive events in 
Siberia  and that  its  concentration is  rising much faster  in  the  Arctic  than 
elsewhere [2, 3, 4].

The magnitude of the global warming effect is uncertain, but it will probably 
not be known precisely until it is too late. The uncertainty relates partly to the 
methane story,  and partly to the role of  the oceans and how fast they are 
acidified  by  absorbing  atmospheric  carbon  dioxide.  This  book  is  not 
concerned with the Earth's climate directly, but it is the expectation of climate 
change  that  makes  its  message  urgent,  and  the  consensus  of  the 
Intergovernmental  Panel  on  Climate  Change  (IPCC)  supports  that 
expectation [5]. There is every reason to pursue nuclear energy to reduce any 
impact of anthropogenic climate change. This is an appropriate use of the 
Precautionary Principle: the extent of global warming is still uncertain and 
there is no down side to this policy of taking the precaution now [6]. This may 
be seen as an effective mitigation policy, although it may well take more than 
a century for the atmosphere to begin to reach a new equilibrium, if there is 
one.

http://cdiac.ornl.gov/pns/current_ghg.html
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Energy without harm to the environment
If we are to avoid nature's solution by catastrophe, we will have to start some 
serious thinking about how life is lived and organised. This should go deeper 
than simply replacing all fossil fuels. We should study all the disciplines that 
enable us to live on a crowded planet, instead of lazily engaging in substitute 
understanding  by  simply  accepting  the  consensus  opinions  offered  by 
specialised committees. Generally these are not concerned to see how their 
different perspectives fit  together as a consistent whole. It is unlikely that 
such  consultant  opinions  played  any  part  in  the  prehistoric  decision  to 
domesticate fire! 

Today,  a  decision  to  opt  for  nuclear  technology  should  be  informed  by 
evidence and education,  and seen as much more clear-cut  than the earlier 
decision in favour of fire. There is essentially no danger to a vast deployment 
of  nuclear  power  to  replace  carbon fuels  limited  only by the  speed  with 
which the required education can be provided. But without the education, 
democratic  mechanisms  make  starting  such  a  major  change  difficult.  If 
civilisation is not to be overwhelmed by climate change, the choice may lie 
between  a  loss  of  democracy  for  everybody  and  a  new  crash  course  in 
science for many.

We have used energy to cook food, improve diet and extend life expectancy 
through housing and better health. The wear and tear on the human body has 
been reduced by mechanised transport by water, rail, road and air. In the case 
of water and rail, there were many fatal accidents in the early days, but it was 
not until the second half of the nineteenth century that the democratic voice 
was raised in the name of safety. By the time that mechanised travel by road 
became possible, more safety was demanded in all aspects of life. 
It was important that, rather than banning a new technology, the necessary 
education and training was provided, as earlier in the case of fire. Technology 
has always made some places dangerous, but we all learn not to go there, 
children included. Scare tactics similar to those used later for road traffic (and 
today for nuclear energy) were deployed by conservative groups to stop the 
introduction of railways as early as 1839, as shown in Illustration 18. In the 
case  of  road  traffic,  what  actually  happened  in  the  nineteenth  century is 
interesting. In the UK a series of restrictions was enacted culminating in the 
infamous Red Flag Act of 1865. This reduced the permitted pace of steam 
engines on the highway to walking pace, and required that a man should walk 
in front carrying a red flag. The  anti lobby who pressed for legislation was 
concerned about accidents to pedestrians and frightening the horses, so they 
said. 
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Illustration 18: A poster of 1839. A NIMBY (Not In My Back Yard) 
scare about a new threat at the start of the railway era.
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Later  the development  of  the  internal  combustion engine and the  need to 
compete with industries in France and Germany provided strong incentives to 
reconsider  these  restrictions.  With  hindsight  we  can  see  that  modern 
prosperity with its reliance on road transport would hardly have been possible 
if the Act had not been repealed in 1896, even though safety concerns persist 
to this day. The public know that safety restrictions on their own would give 
insufficient  protection  in  the  event  of  a  head-on  smash.  Drivers  accept 
personal responsibility to maintain their vehicles to an agreed safety standard 
and stick to careful driving practices that prevent accidents. 
Today, everybody accepts that as speeds are reduced, traffic accident rates 
fall. But there is no call for all road traffic to move at a speed  As Low As 
Reasonably Achievable because that would take us back to the Red Flag Act. 
The case of road traffic is interesting – when it began, there was a powerful 
rail lobby anxious to protect their interests. Similarly today, there are large 
fossil-fuel interests who have no reason to object to nuclear technology being 
kept in check by stringent safety regulations – except, of course, in clinical 
use for their personal health when radiation doses, thousands of times higher, 
are welcomed by everybody.
If  they had realised  in  time,  the  shipping  companies  with  their  luxurious 
ocean liners might have challenged the safety of air travel in a similar way. 
But  they  did  not  see  the  threat  coming,  and  air  travel  was  introduced 
gradually by the airlines. The romantic era of travel by sea with its ability to 
handle  thousands  of  passengers  must  have  seemed  immune  to  a  few 
aeroplanes with a handful of daring travellers. But, by the time the shipping 
companies realised that their business was threatened, it was too late.

Externalising the power to think
People have been much exercised by the uses and abuses of energy, but they 
have had less concern about the consequences of externalising their mental 
powers. In recent decades they have happily handed over many tasks in their 
amorous affair with the electronic computer. Do they feel less threatened by 
its power than by the power of the nucleus? Is this because society has not 
yet  had  an  existential  accident  with  computers?  The  protection  against 
different forms of computer virus seem fundamentally weak when compared 
to the physical and biological protection against a nuclear accident. Perhaps 
the power of computers has seemed better hidden than nuclear power. But we 
may come to regret that, by spending time worrying about nuclear, we have 
neglected  the  safety  of  another  power,  our  ability  to  think  and  solve 
problems,  that  once  was  exclusively  ours,  and  that  we  increasingly sub-
contract to silicon. Is this lack of vigilance just a matter of laziness, or an 
inability to imagine a disaster unless of a type that has already occurred? 



68    Chapter 4:  Energy to Support Life

 Energy for excitement and risk
Need for fun and stimulation

The human reaction to real danger is not simply one of horror and dread. 
Quite the reverse: to make available the extra emotional energy to engage 
successfully  in  dangerous  situations,  evolution  has  provided a  sense  of 
excitement as a reaction to danger. It was important to the survival of early 
humans that  this sense of excitement or courage should be a positive and 
enjoyable  experience,  without  any  deep  rationalisation.  Entertainment  by 
excitement  is  a  basic  human  need;  it  exercises  the  adrenalin  reaction  in 
readiness for a personal face-to-face encounter with real danger. Gladiatorial 
combats, mediaeval duels, back-street cock fighting, bull fights and boxing 
bouts,  all  these  provided  the  ingredients  of  competition  that  excite  an 
audience, and the greatest excitement comes in a contest between the most 
powerful,  the  champions.  Safety,  the  protection  from exposure  to  actual 
danger, has improved for almost all humanity in the past century, thanks to 
the  application  of  science.  Nevertheless  the  appetite  for  excitement  is 
undiminished  especially  when  it  can  be  enjoyed  vicariously  from  the 
reassuring safety of an armchair. Such is the nature of sport for much of the 
population.

Modern  technology  has  provided  the  means  to  offer  stimulating 
entertainment all day and every day – at its most exciting in the form of 24-
hour news,  for  which the  outcome is  unknown in advance.  Modern news 
media  exist  by  sharing  the  excitement  and  thrill  of  speculation.  Any 
suggestion  that  a  duel  has  an  entirely  predictable  outcome  is  a  most 
unwelcome  development  for  those  whose  business  is  selling  stories  that 
excite. The exciting high that news generates is not related to any desire to 
understand. The tsunami of the Great East Japan Earthquake of March 2011, 
the  biggest  of  modern times,  was shown lifting up cars,  boats,  ships  and 
whole buildings, and carrying them far inland. The LPG store at Ichihara was 
shown destroyed and on fire. These dramatic pictures played to worldwide 
attention, as no other event could do, except the terrorist attack on the Twin 
Towers in 2001. From a bar stool with a drink amongst friends, or from a sofa 
with family at home, the excitement of an unfolding powerful physical on-
screen event with undisclosed outcome trumps any human contest or even a 
historical  epic,  like  that  of  Krakatoa  in  1883,  the  largest  explosion  ever 
recorded on Earth.  There  is  nothing logical  about  this  reaction to danger, 
although it was necessary in primitive times as nature's way to make the task 
of coping with real danger seem both positive and welcome, when in the cool 
light of reality it is neither. Humans want to believe in dangers, especially if 
they do not affect them personally, simply to provide such excitement. This is 
why the world is reluctant to give up the story of Fukushima and accept that 
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in large part it is false.
The effect of news

Although an essential feature of nature, nuclear energy is frequently depicted 
as man-made. The accident at Chernobyl (1986) was unseen by the world, 
shrouded by the largest cover-up that the Soviet Union could mount in its 
dying days. Among earlier nuclear accidents, the Windscale fire (1957) was 
much smaller and largely covered up too. Three Mile Island (1977) produced 
no dramatic pictures for the media. The action was hidden from view, inside 
the reactor, the problem was contained and there was no disaster in the streets 
to cause excitement. But Fukushima Daiichi (2011) was different. Everyone 
saw the video of the reactors, apparently being overwhelmed by the wave and 
the explosions at the plant; the cameras pictured the abandoned streets after 
the evacuations and reported the panicked pronouncements of politicians, the 
emptying supermarket shelves,  the planes filled with frightened foreigners 
running for home,  and the men enveloped in protective suits  and helmets 
arriving by bus. There was no shortage of fear, for the people themselves had 
seen  the  pictures;  a  fire-storm  of  reports  about  workers  struggling and 
reactors spewing fed on one another, day after day. The workers certainly had 
a rough time, and at home their families were frightened for them; in many 
cases  they  had  lost  homes  and  relatives,  missing  presumed  dead,  in  the 
tsunami. But soon things got even nastier for them, and their employers too, 
as a whirlwind of blame broke over the news reports. The supposition that in 
the event of an accident somebody must be at fault, and should be called to 
account,  is an easy one to make, even when invalid. But the resources of 
nature available to create mayhem are unlimited and it  is  unreasonable to 
think that they cannot overwhelm any man-made defence, as the earthquake 
and tsunami of March 2011 did.

And  something  did  not  ring  true  in  the  extreme  accounts  of  the  nuclear 
accident at Fukushima Daiichi. Nature seemed to be reading from a different 
script. Was this a tragedy?  Hamlet  with no death? Nobody was reported to 
have died from radiation, but somebody should have asked why not, as the 
death  toll  remained  firmly  at  zero.  Pursuing  the  question  and  getting  an 
answer  is  not  difficult.  In  fact,  technically,  it  is  quite  straightforward and 
simple to understand. However, the answer is unexpected to most people, for 
it calls into question assumptions that they have lived with all  their lives. 
Learning new truths can be a positive experience, but it is hard to accept that 
what you previously thought to be true is in fact false. Here in these chapters 
there is sufficient explanation that the reader can decide for himself whether 
the tragedy that did not happen at Fukushima Daiichi was a lucky fluke or 
that nuclear radiation is not such a threat to life, even in an extreme case like 
this.
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How much does this  matter? Many of the problems facing mankind need 
energy, and surmounting misconceptions about radiation may be an important 
task in the early twenty-first century so we should ensure that we get a factual 
answer.
As  for  the  media,  they  are  in  the  business  of  engaging  with  personal 
excitement and encouraging the collective behaviour that leads from rumour 
to panic, and so selling copy. In the reporting of Fukushima they certainly 
succeeded in doing that.  Evolution ensures that people should be alert for the

Illustration 19: Diagram comparing probabilities 
shown as circular areas.
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unexpected, although in their modern affluent lives this appears to happen 
less often and this worries them. Today the threat of nuclear war still 

speaks to the current state of the world, a voyeuristic, tourist filled 
culture where catastrophe is viewed as entertainment by increasingly  
desensitised  masses.  The  iconic  mushroom  cloud  ...  serves  as  a  
metaphor for larger societal issues such as global warming, nuclear  
power,  industrialisation and pollution. Issues that seemingly breed  
adopted  apathy,  where  individuals  can  do  little  but  stand  by  and  
watch. 

Clay Lipsky [7]

Separating high from low risks in life
To help reach a more stable view, individuals should distinguish the 
long odds on some of the risks that they worry about. For other risks 
with short odds, they should react by working towards solutions, even 
when the problem is global. In life everyone is a player – there are no 
real parts for spectators, however excited.
In  Illustration  19  many such  risks  are  compared  in  terms  of  the  average 
lifetime risk for an individual. For a start, the lifetime risk of death, somehow 
and at sometime, is 100%, and this is drawn as a large circle at the top with 
black outline.  Some risks of  death are  drawn as red circles with areas  in 
proportion; the ones in green are not risks of death but other probabilities 
shown for comparison.

It is not possible to show all such risks in this way because some of the areas 
would be far too small to see. So a small area of the upper circle is shown 
magnified a thousand times. Within it some probabilities of death in the range 
1 in a thousand to 1 in a million are shown magnified. These causes of death 
in this second circle are unusual today and are compared with the chance for 
three people at random being born on consecutive days in the year.

But the probability of some causes of death are less than one in a million and 
their  circles would not  be visible,  even on this  expanded scale.  So in the 
lowest black circle of the diagram probabilities have been magnified a further 
thousand times, making a magnification of a million. This is used to illustrate 
that,  for  all  the  people  in  the  world  in  1945,  the  chance  of  dying  from 
radiation-induced cancer from the bombs at Hiroshima and Nagasaki was less 
than the chance that two people at random having been born on February 29, 
the leap day. The chance of being killed by radiation at a nuclear power plant 
is 50 times smaller still. It is indeed hard to comprehend how small these 
risks are compared to other serious hazards that beset us.

Personal experience can be used to put the significance of these numbers into 
further perspective. Everybody knows someone who died of cancer or heart 
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disease. Perhaps you knew, personally, someone who died in childbirth. But it 
is unlikely that you knew someone who died in a plane accident or any of the 
accidents described by the smaller circles.  Even the largest nuclear risk is 
seen to be minute compared with any of the conventional hazards shown. In 
fact it is partly because nuclear accidents are so very unusual and unfamiliar 
that they are newsworthy and carry extra dread – rationally, that is perverse.

Energy as frightening
Any source of energy able to replace carbon combustion has to be large and 
powerful to do the job – and such a powerful agent naturally overshadows 
any  personal  human  effort.  Such  power  may  feel  intimidating,  but  this 
primitive  reaction  is  mistaken.  It  is  not  size  and  strength  that  determine 
whether an agent is dangerous; it is the relationship that we have with it, in 
particular whether it is understood and trusted. So we expect a flu virus to be 
more of a threat than an elephant, especially if we take the trouble to study 
the elephant and get to know it. In general people are likely to feel threatened 
by size  and  energy,  whatever  the  technology,  but  it  can  be  countered  by 
sympathetic  education  if  that  leads  to  familiarity  and  confidence  –  like 
learning to drive a powerful car or watching others who are adept at doing so. 
Just imagine, if you had never been driven at speed in a car before, it would 
be an alarming experience.

Safety in a natural 
disaster

A  mix  of  personal  training  and 
devolved individual judgement can 
be very effective  in  mitigating the 
effects of natural disasters too. The 
earthquake and tsunami that struck 
northeastern  Japan  on  11  March 
2011 are an example. A long history 
of  major  earthquakes  has  ensured 
that  Japanese  building  codes are 
rigorously  enforced,  and  on  this 
occasion  the  quake  itself  caused 
remarkably little damage. Everyone 
living  in  Japan  has  learnt  about 
earthquakes  and  what  they  should 
do.  Consequently  they  are  calmer 
and  more  able  to  cope  when  one 
hits  than  would  be  the  case  in 
another  country  The  earthquake 
triggered  well-practised  actions  by 

Illustration 20: Photograph of 
Tsunami evacuation route 
instruction seen in the pavement 
[WWMA photo., Dec. 2013].
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the  population  in  anticipation  of  the  tsunami  and  the  after-shocks  that 
followed.  Such instructions  of  what  to  do are  to  be  found everywhere  in 
Japan – Illustration 20 shows a simple example seen in the street. At the time 
of the quake, there were 500,000 people in the region that was subsequently 
inundated [8, p. 41]. In the half-hour delay before the tsunami arrived almost 
everybody found  their  way to  higher  ground  or  another  place  of  refuge. 
Schools were evacuated quickly following well-rehearsed plans. Inevitably 
many of those who got caught by the tsunami were the elderly who were 
unable to react so quickly. As of Sept 2012, 15,870 deaths were recorded with 
2,184 still  missing.  It  was  an  extraordinary accomplishment  that  96% of 
those endangered by the unprecedented inundation were saved in such a short 
time. On previous occasions when a major tsunami had occurred in Japan, the 
death toll had often been higher, but experience had taught the importance of 
training  and  individual  action.  Such  preparation  is  effective  at  giving 
confidence and in making relatively unusual phenomena more familiar to the 
population through practice and discussion. 

Personal and national engagement with safety 
However, when it came to the release of radioactivity the reaction was quite 
different:  nobody  knew  what  to  do  or  what  to  expect.  The  danger  was 
unfamiliar  and its  consequences unknown to almost  the entire population. 
The necessary education and personal confidence were absent at all levels in 
society. In Japan and around the world, the collapse of confidence that ensued 
was  in  sharp  contrast  to  the  total  absence  of  fatalities  –  or  even  serious 
casualties – due to the radioactivity itself. This near panic would not have 
happened if the population and the authorities had had a similar personally-
informed awareness as they had when faced by the earthquake and tsunami.

What happened is seen by the Japanese people and their leaders as a failure 
of  both  Japanese  institutions  and  individuals  [9].  However,  only  the 
occurrence of the exceptional earthquake and tsunami were peculiar to Japan. 
The absence of personal confidence in radiation and all nuclear matters is an 
educational shortcoming that is equally serious in every country – a failure 
that  springs  from  a  distaste  for  learning  about  a  matter  that  is  thought 
unpleasant.

There is no man-made structure that cannot be overwhelmed by nature, and 
investing  in  an  attempt  to  ensure  100%  safety  is  a  waste  of  resources, 
whether a sea wall  against  a  tsunami  or an ideal  nuclear  reactor.  For  the 
nuclear  case  it  would  be  cheaper  and  more  effective  to  invest  in  public 
education and some understanding of why nuclear technology is safe. That is 
what  has been done so successfully over the years in Japan as protection 
against earthquakes and tsunamis. Regrettably, the Japanese people and their 
authorities have not seen how to apply this lesson to their nuclear experience. 
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They have joined in a blind worldwide technical rush to increase physical 
safety at nuclear power plants, either in anticipation of a popular loss of nerve 
or in the expectation that safety standards would be raised even higher. 

Such work is very expensive, but does it reassure? Unfortunately, the sight of 
such  large-scale  protective  measures  being  taken,  in  any  context,  only 
confirms in the public mind that there must have been a miscalculated danger 
in  the  first  place.  The  conclusion  is  then  reached  that  the  public  were 
previously inadequately protected, for which they blame the authorities. This 
raises the further thought – and then the rumour – that the danger might still 
not be adequately estimated, even after  such new protection is made. The 
result  is  a  lack  of  confidence  that  expands  and  feeds  on  itself.  The 
miscalculation  appears  in  the  media  with  accusations  of  incompetence  or 
cover-up, although that was never the cause of the problem. The real cause 
was  a  total  inability to  handle  the  public  perception  of  what  happens,  or 
might happen in such an accident. But in Japan since 2011 there is nothing to 
suggest that these lessons have been understood. 

Another accident similar to Fukushima is unlikely, but should one happen, 
there would again be no major health impact from the radiation. Any panic or 
significant economic impact would be caused by a failure of training and 
public  information,  unrelated  to  radiation  safety  –  as  in  2011.  With  the 
appropriate preparation and trust, there would be no serious consequences, as 
would have been true in 2011 if the Japanese authorities had only read the 
reports  from Chernobyl  and  shared  the  information  with  the  people  in  a 
programme of public education [10,  11].  This criticism is  aimed not  just  at 
Japan  but  at  every  country  that  panicked.  The  lesson  of  Fukushima  is 
universal  and it  has  not  been helpful  that  each nation has  internalised its 
reaction, allowing it to become a matter for local political controversy and 
debate.

Education and democracy
In  the  usual  way that  history  develops,  the  next  major  accident  will  be 
different from the last, so for any lessons learnt to be useful they should be 
seen in the broadest terms. If human life on Earth is to be sustainable for ten 
billion people or more with the benefits and aspirations needed for political 
stability, we will have to cooperate more than in the past. This will not work 
effectively unless  individuals  feel  personally  and  democratically engaged. 
Future economic progress that provides stability and jobs for an increasing 
population depends on science and its applications, as it has since the start of 
the Industrial Revolution. Confidence and informed decision-making will not 
be forthcoming unless the science is adequately understood by sufficient of 
the population to engender trust. Without trust, democracy does not function 
effectively and society becomes unstable. 
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The present habit of authorities faced with scientific questions is to call upon 
experts  to  whom  understanding  is  subcontracted  –  this  is  ineffective.  It 
provides  neither  the  right  broad  answers,  nor  does  it  build  trust.  Only 
personal  understanding  built  on  deep  education  and  spread  through  the 
population, however thinly, can do that. Without such foundations decision-
making is  easily influenced by groups built  around those who are  simply 
frightened,  do  not  understand  the  science  or  have  lost  confidence  in  the 
authorities. Over time such groups build up funds and staff with their own 
careers  and  mortgages.  These  then  have  a  personal  interest  in  fomenting 
distrust for as long as funds continue to roll in to the group.

 A Babel of disciplines and conflicting interests
Education in different logical voices

The  various  disciplines  involved  in  making  decisions  about  energy  and 
nuclear radiation are strangers to one another. They are all open to study, but 
in a traditional education young people are rarely brought up to establish any 
personal  confidence in  more than a few of  them.  This  compartmentalised 
understanding then persists for the rest of their lives – and that is only for 
those few with an educational background of any relevance at all. This is an 
unfortunate  omission  in  the  structure  of  education,  because  these  various 
disciplines  are  remarkably  different  and  there  is  a  need  for  people  to 
understand how they relate to one another in the areas where they overlap. 
This is  a  call  for  an appreciation of the different  perspectives of  physical 
science,  medicine,  biology,  social  and  economic  science.  Each  may  be 
coherent and logical in its own sphere, but reconciling them with common 
sense is important.

None of the disciplines is a  no-go area to anyone ready to study and reach 
their own conclusions. Each field has its own intellectual ethos and reasons 
for it. But there are other more questionable pressures at work too – like the 
perceived  need  to  defend jobs,  career  status  and  professional  territory,  to 
maintain budget allocations and to realise a return on previous investment.

Physical science and linearity
In the basic physical sciences the universe is portrayed as surprisingly simple. 
The descriptions that turn out to be correct are often symmetrical and seen to 
be  more  beautiful  than  the  alternatives:  being  correct  in  physical  science 
means  being  able  to  describe  with  a  few  fundamental  principles  and  to 
predict, unfailingly and precisely. Admittedly there is no reason why physical 
science and mathematics should have such power, but as time goes on there 
are ever fewer situations in which they do not deliver. 
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Symmetry is  an  important  paradigm in  the  account  that  physical  science 
gives  of  the  physical  world.  An inflated party balloon forms  itself  into a 
perfect sphere, and so too does a soap bubble. The material of the balloon and 
the film of a bubble are symmetrical and uniform. If that is not quite true, the 
difference  in  shape  can  be  calculated  from  the  extra  rubber  around  the 
entrance pipe of the balloon or the weight of the drip of excess liquid hanging 
on the lowest point of the bubble. The near-perfect shape is delightful to child 
and scientist alike. In fact symmetry is a big subject and sometimes a curious 
one.  Are  left  and  right  the  same,  only  different?  Similarly,  forward  and 
backward in time? What about different places or different times? 

Uniqueness is another paradigm. In physical science a well-defined question 
usually has a single unique answer which is distinguished by its economy of 
expression  –  mathematical  physicists  see  this  as  beautiful.  A  particular 
problem has just a single answer, but this is not true in biology, and in fact, 
uniqueness and symmetry play little part  in most other disciplines. So the 
question  is  whether  the  same  is  true  of  every  principle  that  is  highly 
significant in physical science and mathematics. In particular, does linearity, 
an important (though not universal) principle in mathematical physics, apply 
in biology, in particular to the health effects of radiation?

We  should  explain  what  linearity means.  For  example,  linearity  usually 
applies  to  the  way  that  waves  behave,  like  the  sound  waves  from each 
instrument in an orchestra. Although these are sent out into the concert hall 
all on top of one another, they seem to act quite separately, allowing the ear 
to  distinguish  the  waves  from each  instrument,  as  if  the  others  were  not 
present.  This  is  not  a  special  ability of  the  ear  –  it  applies  to  everything 
affected by the sound, unless the sound is actually distorted. When a number 
of causes and their respective effects add together in this way, the behaviour 
is linear, and then apparently complicated things become much simpler to 
calculate,  easier  to visualise and think about.  It  makes the physical  world 
describable, like a structure of LEGO bricks, put together piece by piece. 

But  even in  physical  science,  not  everything is  always  so easy;  there  are 
many cases where linearity does not apply, for instance to the turbulent flow 
of  liquids  and  gases  where  following the  relationship  between cause  and 
effect is  much harder.  The atmosphere, and so the weather,  involves such 
turbulent flow, and these non-linear aspects make predictions more difficult. 
So scientists welcome linearity when it applies. Indeed much of mathematical 
science is concerned with searching for ways to see behaviour in linear terms, 
either  exactly  or  as  a  series  of  converging  approximations  which  make 
calculations and predictions possible. But scientists need always to keep a 
sharp eye open for situations in which cause and effect are not related in this 
way. Pretending that something is linear when it is not is just wrong and can 
lead to dangerous misconceptions – as in the health effect of radiation doses.
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Linearity. If a cause  X has an effect  x when applied to a system, and a 
cause  Y has  an  effect  y,  then  what  happens when causes  X and  Y are 
applied together, that is X+Y? If the effect is x+y, the effect is linear, and 
the responses to X and Y are independent. If the effect is anything else, the 
response is non-linear. Simple but very powerful, as it turns out.

Special case: If the response is linear, cause X+X will give effect x+x; and 
X+X+X,  will give effect  3x; etc., and then the cause-effect relation is a 
straight line, as sketched in Illustration 21 on page 79. But it is a mistake 
to think that linearity is just about the dependence of an effect on its cause 
being described by a straight line rather than a curved one. 

Suppose the occurrence of lung cancer is linearly related to its causes. If X 
is  smoking  as  a  cause  and  Y is  radiation  as  a  cause,  then  the  cancer 
resulting from both together would be the cancer caused by smoking plus 
the  cancer  caused by radiation – that  is  x+y.  But  the  analysis  of  lung 
cancer  in  populations  exposed  to  smoking  and  radiation,  in  particular 
radon, the radioactive gas in the air, shows that this is not true. According 
to  the  data  available,  smoking  on  its  own  is  about  25  times  more 
carcinogenic than not smoking, and only in the case of smokers is there 
any evidence for extra carcinogenesis due to radon. So these causes of 
cancer are not independent, and so non-linear . 

Conventional  analyses  of  radon,  smoking  and  lung cancer  use  the  so-
called  Linear No-Threshold (LNT) model. This is a non-linear method 
called relative risk. The data do not show linearity and these analyses fail 
although they falsely conclude that  radon is  responsible for much lung 
cancer. This is discussed in more detail in Chapter 6.

Why  does  basic  physical  science  so  often  enjoy  the  benefits  of 
symmetry, uniqueness and linearity? The answer to this philosophical 
question is unknown. It is no answer to point out that, otherwise, the 
physical world would be more irrational and harder to describe. The 
world might indeed be inexplicable and unpredictable. In fact many in 
the  world  do  not  understand  science  and  see  exactly  such  an 
inexplicable world. Such people have to build confidence exclusively 
on  a  foundation  of  trust  and  belief,  and  that  may  be  fragile  and 
inflexible in the event of change. That is the reason to protect young 
children: their judgement and confidence lacks the stability that comes 
with education and experience. Without confidence the world can seem 
frightening.  Engineering  and  technology  are  built  upon  the 
predictability  of  the  world,  and  exploit  it  through mathematics  and 
physical science whenever possible. Naturally, technology inherits this 



78    Chapter 4:  Energy to Support Life

logicality and simplicity, and to scientists and engineers the physical 
world often seems less  dangerous  and more predictable  as a  result. 
Therefore scientists should explain and share, as best they can, while 
respecting that others may doubt the confidence that physical science 
provides. 

Biology, medicine and the logic of evolution
Although all of its components are simple and physical at an atomic level, 
life has not been designed using the principles of physical science in the way 
that the design of a car, bridge or electronic chip might be. It is not simple, 
symmetrical or unique, but is designed to survive and thrive within a certain 
range of conditions. Life is a product of evolution, and whenever conditions 
change  the  design  gets  modified  too,  otherwise  it  is  liable  to  suffer  a 
disadvantage. Actually, it does not get modified in the way that a computer 
gets updated by downloading a suitable patch: rather, it effectively modifies 
itself. As Darwin demonstrated, the design of each species and sub-species 
evolves locally to match the particular history of survival threats that it has 
recently experienced. This means that scientific logic, as understood in the 
biological and medical sciences, looks very different from that in the physical 
sciences. Each life form is a solution to a local problem and has no general 
reality at other times or places, unlike the prescriptions of physical science 
which  apply  at  all  times  and  in  all  places  throughout  the  universe.  The 
solution to a biological problem of survival, rather than being remarkable for 
its  simplicity,  as  a  physical  science  answer  might  be,  is  likely  to  be 
remarkable for its complexity.

These differences stand out strongly in a description of the effect of radiation 
on life.  This happens in two stages: in the first,  the radiation disrupts the 
atoms and molecules of which the living tissue is made. This is a matter for 
physical science and is typically linear – the initial damage is in proportion to 
the energy absorbed in the living tissue, as sketched in Illustration 21. The 
second stage is the story of how that tissue responds to the trail of broken 
molecules, if  it  is  alive – this is a biological  question concerned with the 
ability of cellular life to survive an attack. This is not at all linear, as will 
become  clear  in  Chapter  8.  In  fact  the  assumption  that  the  net  effect  of 
radiation  is  linear,  just  because  the  initial  damage  is  linear,  is  the  basic 
mistake  responsible  for  the  mishandling  and  misery  of  the  Fukushima 
accident  –  and  of  Chernobyl  before  that.  It  is  the  crux  of  the  message 
discussed in this book.
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So  the  basis  of  the  physical  sciences  and  of  the  medical  and  biological 
sciences  look  sharply  different  for  good  reasons,  but  few  scientists  are 
familiar with both types of discipline. Consequently, physical scientists and 
engineers, though able to follow the physical behaviour of radiation, treat the 
behaviour of living tissue with great caution, it being quite unfamiliar. Most 
medical scientists are quite unfamiliar with quantum mechanics, where the 
fundamentals of nuclear physics are played out, though they are respectful of 
its powerful effects. In clinical medicine the priority is the well-being of the 
patient,  and  that  comes  before  concern  for  the  environment.  Certainly 
clinicians are not eager to explain that the radiation dose to be used is tens or 
even thousands of times higher than any dose received in the environment – 
that might upset the patient and discourage them from accepting treatment 
that is clearly in their best interest. So many clinicians distance themselves 
from discussions of radiation doses in the environment, although they have 
been improving health and saving lives using moderate and high radiation 
doses ever since Marie Curie pioneered such work a century ago.

As  a  result  the  effect  of  radiation  on  life  has  been  treated  with  unusual 
caution, even amongst scientists on both the physical and biological sides. 
This has suppressed the spread of a scientifically robust account, transparent 
and easy to understand for all concerned. Such an account should be written 
and explained. Instead, the story has appeared confused, for the political and 
historical reasons discussed in Chapters 9 and 10. 

On the biological side, a unanimous joint report was published in 2004 by the 
French Académie Nationale de Médecine and Académie des Sciences [12] that 

Illustration 21: A sketched graph showing the linear way in 
which the immediate damage from radiation depends on the 
instant radiation dose.
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set  out  a  full  academic  case  for  a  complete  change  in  the  regulation  of 
radiation.  However,  this  was  written  in  professional  language  and  never 
reached the public. As a result it has been effectively suppressed and not yet 
acted  upon.  Following  the  Fukushima  accident,  international  professional 
opinion is pressing anew for public scientific and legal standards that accord 
with modern radiobiology [13]. 

General public and common sense
Most members of the public are nervous about nuclear power and radiation. 
They are  aware  that  it  involves  a  very  powerful  agent  that  they  do  not 
understand and so they suspend their common sense and confidence, thinking 
that they would not give them useful guidance. That is unfortunate. They are 
worried by the connection to nuclear weapons, but this is wrong  – just as 
associating  a  log  fire  with  the  explosion  of  dynamite  because  both  are 
chemical processes would be wrong. 

Such misunderstandings have persisted for 70 years and public apprehension 
of nuclear technology has been exploited in international  politics to apply 
diplomatic pressure to regimes in various ways. As the decades go by, the 
number of states which have sufficient resources to build a nuclear weapon 
but  have  not  done  so  continues  to  rise.  Weapons  technology is  far  more 
demanding  and  expensive  than  civil  nuclear  power  (access  to  which  is 
internationally available), and the leaders of most countries have realised that 
it would be a waste of resources and valuable manpower to develop a weapon 
capability [SR4].  While  super-powers  attempt  to  dictate  who may eat  the 
forbidden  fruit  of  nuclear  technology,  the  public  remain  ignorant  of  the 
science and do not know whom to trust, particularly in those countries with a 
living memory of being on the front line, like Germany and Japan. In other 
countries, the public have recently understood that civil nuclear power may 
be a means to mitigate climate change and so they support the use of nuclear 
power as the least bad option. But others oppose it, remembering how much 
they were frightened by the threat of military and political nuclear forces at 
the time of the Cold War and seeing no reason to repeat that experience.

Universally, people are curious to know more and are ready to discuss the 
issues,  preferably with  someone whom they trust,  even  while  disagreeing 
with them. They refer belief and disbelief  in nuclear power, as if it were a 
religion. They seek someone to trust on the subject, while they learn to look 
at the evidence themselves and come up with their own judgement – at least 
that  is  the  hope,  and,  anyway,  the  only  sure  way  to  build  confidence. 
Education and trust are critical and it  is noticeable how young people are 
more open, not having personally experienced the threat of the Cold War. But 
they should think it out again for themselves, and they need the opportunity 
for open discussion.
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Parents take particular  care over risks to children, and it  is important and 
natural  that  they  do  so.  However,  authorities  should  not  respond  with 
radiation regulations that are more protective for children, unless it is shown 
that they are at greater risk. The question whether children are at more or less 
risk  than  adults  from a  given  radiation  dose  is  a  biological  and  medical 
question,  not  a  family  one.  If  family  concern,  which  is  quite  properly 
exercised  by  parents,  becomes  confused  with  the  biological  judgement, 
caution gets piled on top of caution, without limit. Such multiple caution has 
been responsible for children near Fukushima not being allowed outside to 
play in low radiation environments, when it would clearly have been in their 
interest to do so.

In some respects, children are more at risk than adults and in others, less. 
Around Chernobyl,  some increase in thyroid cancer amongst children was 
caused  by the  ingestion  of  radioactive  iodine,  whilst  adults  were  largely 
unaffected. On the other hand, the immune system that protects against pre-
cancerous  cells  is  in  general  more  vigorous  in  young  people  including 
children. It is older adults with their weak immune system in their declining 
years  that  are  most  susceptible  to  cancer.  Cancer  among young people  is 
newsworthy because it is relatively unusual, but among the elderly it is not 
considered remarkable. 

It does not seem appropriate that regulations should be pre-loaded with extra 
medical concern for children without clear evidence. Parents will show extra 
concern for their children anyway, as they should – but that is family care. 
Regulations that adopt a parental role can result in overly worried parents and 
overly protected children. In any case, public policy and regulations have to 
be built on trust which can only come with education. When this fails,  as 
happened in Japan, children get kept in doors instead of going out to play.

Committees that ensure caution
Politicians have the task of matching energy with other elements of public 
policy to the satisfaction of the electorate and the requirements of industry. In 
this they may be watched over by a parliamentary committee whose numbers 
might include an economist and several lawyers but rarely anybody with the 
scientific  confidence  to  reach  their  own  independent  judgement  of  the 
choices to be made [SR9]. They work with models of human behaviour and 
resources,  shaped  by  inherited  historical  views  and  pressures  from  the 
electorate.  Faced  with  a  more  challenging  technical  question  they  look 
elsewhere for authority and guidance from experts. If these are not available 
and the committee lacks confidence, an international body may be consulted. 

Such a structure fails to make the required timely decisions in four respects.

• Emergency  decisions  may  be  needed  in  a  day  or  two,  but  such 
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committees can take years to reach a conclusion [14,  15], even when 
useful and timely conclusions can be drawn in a few days from early 
data and some basic knowledge [SR8]. Curiously, nobody remarks on 
the unnecessary delay and its serious effects.

• The  remit  and  membership  of  an  international  committee  are 
focussed  in  one  technical  direction.  They  are  prevented  from 
responding to a broad crisis that stretches beyond the span of their 
terms  of  reference.  For  instance,  the  United  Nations  Scientific 
Committee  on  the  Effects  of  Atomic  Radiation  (UNSCEAR), 
established in 1955, is concerned with the effect of radiation itself. It 
is  unable  to  respond  to  the  social,  psychological  and  educational 
consequences  of  the  radiological  regulations,  as  applied  at 
Fukushima,  for  example.  The  economic  and  climatic  effects  of 
closing power stations and burning imported fossil fuel are beyond 
the committee's scope too. It was nobody's job to comment on the net 
response to Fukushima. That, not the effect of the radiation, was the 
human disaster.

• When  a  committee  has  to  answer  a  question,  the  judgement  of 
individuals,  however  able  they may be,  gets  compromised  by the 
need  to  reach  a  consensus.  This  averaging  obstructs  change, 
especially  where  members  lack  knowledge  and  confidence.  The 
larger the committee, the greater this effect is, so a large international 
committee is very unlikely to recommend more than glacial change – 
the speed of decision is slow and each step change piecemeal. In the 
rare  case  that  a  committee  chairman  is  able  to  overcome  this 
tendency, then he himself would have been a better and faster source 
of opinion.  The likelihood that  such a committee would rethink a 
basic  attitude,  in  this  instance,  towards  nuclear  radiation,  seems 
regrettably small.  So even with much goodwill,  the  guidance that 
politicians  receive  is  heavily  weighted  to  the  status  quo and  can 
evolve only on a time scale of many years. Few people make this 
point but it can be otherwise, given leadership. The part played by 
Richard Feynman as a member of the Rogers Commission on the 
Challenger Disaster was an exceptional example [16]. The report was 
published  five  months  after  the  accident  in  January  1986  with 
Feynman's  contribution,  a  triumph  of  clear  investigation  in  the 
tradition of Sherlock Holmes [17].

• Over time,  a committee can become institutionalised with its  own 
traditions  and  self-interest  that  reduce  its  readiness  to  consider 
change and make it slow to respond to any new challenge.

These shortcomings of expert committees act against the public interest, and 
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the large number concerned with radiation safety are no exception. But major 
change can only be expected when a sizeable fraction of the population sees 
that energy policy is headed in the wrong direction. The price of a successful 
democracy  is  that  people  should  understand  the  decisions  they  make. 
Otherwise  democracy is  a  loose cannon,  with decisions based on random 
unexplored ideas. How long would it take to accomplish such an educational 
challenge? We have to press hard for it – there is no other way. Certainly, 
children and young people engage with the subject easily and discussion is 
very lively, though many of their teachers start with misconceptions that date 
from when they themselves were educated. The science is not difficult – the 
hard part is building trust and confidence, and, as with so many other aspects 
of human activity, that comes best through personal enthusiasm and face-to-
face contact.

The  public  can  show  themselves  to  be  brighter  than  media  presentation 
suggests. The speed with which the ban on smoking was adopted and spread 
around the world gives room for hope. So too does the way in which the 
Japanese  people  have  learnt  to  live  with  the  dangers  of  earthquakes  and 
tsunami. Given proper education and trust, they will respond, but so far this 
has not happened for nuclear radiation. 

Industry and its search for business
The nuclear  industry has  an  interest  in  presenting a  justified  view of  the 
contribution  that  nuclear  energy  can  make  to  future  energy  supplies. 
Unfortunately its voice is often seen by the public as compromised by an 
involvement in the technology that built nuclear weapons in the past, and by 
financial  self-interest  in  the  present.  Weapon  development  for  national 
defence programmes in the Cold War period was frequently hidden within 
projects advertised as energy production – and that has not been forgotten. 
Although  today's  power  plants  are  designed,  built,  regulated  and  run  by 
international, not national, concerns, most individuals in the industry feel that 
they have no voice and that the public at large sees their personal opinion as 
compromised, and so they keep silent on the main issue. In addition, although 
they are naturally the best informed on the physics and engineering hazards, 
they rarely have any knowledge at all of what modern radio-biology has to 
say about the health impact of ionising radiation. 

Wider  industrial  interests,  that  is  management  and  shareholders,  are  not 
concerned  to  question  the  basis  of  safety regulations.  Their  interest  is  to 
secure profitable long-term business for the investment they make, in spite of 
the  changes  to  regulations  and  the  financial  restrictions  imposed  to  fix 
concerns  expressed  by  politicians  and  the  press.  To  protect  its  financial 
future,  industry  is  always  ready  to  build  or  decommission  whatever  the 
market will pay for, even if the price is unacceptably high when eventually 
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charged to the consumer's utility bill,  as it will  be. The cynical politician, 
faced with groups of professionally organised demonstrators, may think that 
the impact on the consumer will be sufficiently far in the future. 

Many environmentalists have engaged in some serious thinking, as expressed 
in  books  and  films  [18,  SR6,  19]  and  have  now joined  the  call  to  expand 
nuclear power as soon as possible. The rump of anti-nuclear demonstrators 
are not  well  informed and prefer  slogans to any discussion of medical  or 
scientific facts [20]. The politicians should realise that the demonstrators are in 
retreat, their case being unsupported by sustainable evidence; and the media 
who like a debate to be two-sided should appreciate that pitching fear against 
science is not two-sided – it is irresponsible.

Overseeing and applying regulation of nuclear radiation safety is itself an 
extensive  responsibility.  Those  who  have  built  careers  and  status  in  this 
international business, with authority handed down from the United Nations, 
do not take kindly to studies that demonstrate this activity to be over-egged or 
quite unnecessary on its current scale. Naturally they resist vigorously any 
radical change that would upset the present structure, most of them preferring 
to stick with a religiously observed faith in a conservative view of safety. The 
cost of this safety provision is an unjustifiably heavy burden for which the 
consumer pays in one way or another. Those few in the safety business who 
have kept up to date with the science, not just the regulations, ought to be in a 
position to guide and contribute towards the re-education required.

Historical view 
In retrospect, much of the development of nuclear technology was tainted by 
the spirit of the time. The political and military pressures of the Cold War 
period had a pronounced effect on the way nuclear energy was viewed and, 
unfortunately,  that is still  true today.  Published papers in the best journals 
should be  seen  as  trustworthy,  although under  exceptional  conditions  this 
may be compromised. In the period in which massive numbers of nuclear 
weapons were accumulated on both sides during the Cold War, some senior 
scientists yielded to the extreme pressure: a story that is told in Chapter 10. 
Their concern became the established view that nuclear radiation is injurious 
to health, although this is untrue. A broader historical account is given in the 
book by John Mueller [SR4].

Other fauna and flora
But  there  are  others  with whom we share  the  planet  and  whose  interests 
should be respected. After the Chernobyl accident, it was generally supposed 
that with genetic changes, if not high death rates, plants and animals would 
be  severely  affected  in  the  evacuated  region  around  the  remains  of  the 
reactor.  They have  been  affected,  but  in  a  quite  different  way.  They are 
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radioactive,  but  spared  the  human population,  they seem to  enjoy a  new 
freedom [21, SR7]. The evacuated area around Chernobyl has become a  de 
facto nature reserve with many species re-established and thriving. Evidently 
the wildlife is better off now, radioactive and without humans, than it was 
before the accident, not radioactive but hemmed in by humans. There are two 
lessons here: firstly that the human race has monopolised the planet at the 
expense of other forms of life; secondly, that the prevailing view that nuclear 
radiation as deadly is  simply wrong.  This is  surprising:  Chapters 5 and 6 
provide more insight into the nature of radiation and further evidence of its 
effect on life; Chapters 7 and 8 explain the science that protects life from 
radiation.
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