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Google search: pros and cons of nuclear energy (no pros)
How the public and decision-makers
react ?
“….. whatever is done, safety cannot
be completely guaranteed
And what about human error ?
How can they be sure they have
thought of everything?

If a big accident would be as serious
as they seem to think, there is no
reason for using nuclear energy
rather than something else "

A bit of history:
a distrust in the peaceful use of nuclear
energy from the very beginning

Nuclear energy encountered a strong opposition from the
very beginning: nuclear weapons versus nuclear energy
Dr Jekyll and Mr Hyde: is there an evil alter-ego inside
a good person?
Dr Jekyll wanted to find out

‘Vote for those in favour of Euratom’
On 12 January 1957, in the French Communist
daily newspaper L’Humanité, referring to the
debates in France on Euratom, the cartoonist
Louis Mitelberg attacks the threat of the military
use of nuclear energy

US nuclear field exercise conducted with live troops maneuvering on land:
unjustified, dangerous experiments (troops shown are 9.7 km from the blast)
Nevada Test Site: during the
1950s, the mushroom clouds
from 100 atmospheric tests
could be seen for almost 160
km becoming a touristic
attraction in Las Vegas (a
further 828 nuclear tests
were carried out
underground)

Around 18000 members of
the U.S. Air Force, Army,
Navy and Marines
participated
The military's main interest
was how the average
soldier would deal
physically and
psychologically with nuclear
effects on the battle field

NSTs Ground-zero nuclear
explosions
(http://www.ctbto.org/specials/te
sting-times/19-july-1957-five-atground-zero/)
The test was part of the
'Operation Plumbbob' - a test
series of 24 nuclear detonations
and 6 “safety tests” carried out
between April and October 1957

Nuclear energy: new ideas for lasting peace and prosperity…
From war to ECSC (1951), EEC and EURATOM (1957)

An extraordinary novelty: the JRCs

“Atom for Peace” conference in Vienna,1958

• Established 1957
• 6 sites
• 3000 staff (75% scientists)
• 42 large scale infrastructures
• 120 databases and more than 100 models
• 1000 research partner organisations
• 40-50% of scientific papers are among the top
25% most cited worldwide
• In 10 key scientific fields, JRC is ranked among
the 15 best research organisations in the world

Euratom came into force in 1958, the year of the Atomium
http://www.periodictable.com/Is
otopes/026.58/index.p.full.html

Numerology: 58 has a focus on building a secure foundation for the future

In the 1950s faith in scientific progress
was great and a structure depicting
atoms was chosen for the 1958
Brussels World's Fair (Expo 58)
The Atomium, with its 102 metres
high, depicts nine iron atoms in the
shape of a body-centered cubic unit
cell magnified 165 billion times
But.. which isotopes? Is 58Fe actually
present?

Today’s serious challenges: climate
changes, overpopulation and
increasing electricity demand

Word population, energy demand
and environmental impact -2005 data

25% of the world’s population has no electricity (2005 data)
World energy consumptions are expected to grow by 50% in 2050

Climate changes: targets, expectations, facts and unknown
cliff edge effects
To meet the 2015 Paris Agreement to
keep global temperature increases
“below 2°C”, coal power needs to be
phased out by 2030
75% of today's electricity is generated
by burning fossil fuels (coal, oil and gas)
35-40 billion tons of CO2 are released
each year

Coal-fired power
plants produce
almost 40% of global
electricity but
generate per unit of
electricity twice as
much CO2 as gas

CO2 emissions are expected to increase
almost linearly in the next 30 years
Cliff edge effects are unknown

Cliff edge effect in climate changes

Cliff edge effect (e.g. IAEA glossary for nuclear safety):
an instance of severely abnormal (system) behaviour caused by an
abrupt transition from one (system) status to another following a small
deviation in a (system) parameter; and thus a sudden large variation in
(system) conditions in response to a small variation in an input

Our planet is vulnerable… and mankind too: today's towns
are polluted by fine particulates/CO2 not visible to the eye
London: the Great Smog of 5-9
December 1952
Sulphurous smoke and airborne
pollutants from the use of coal and
transportation
For five days, the Great Smog
paralyzed London and crippled all
surface transportation
About 4000 died prematurely in the
immediate aftermath of the smog
Experts agree in an estimated 800012000 fatalities. 100000 more were
made ill because of smog's effects on
the human respiratory tract

Beijing: first red alert on 8
December 2015
vehicles were ordered off
the roads and schools and
factories closed
All large-scale outdoor
activities were cancelled

Chinese government has
limited coal consumption to
1100 GWe by 2020 (but still
–government says- 80% of
electricity will be produced
with fossil fuels up to 2030
and decrease only after)
993 micrograms/m3 in Beijing on 12 January 2013 (compared
with World Health Organization guidelines of no higher than 25)

World Health Organization:
3.7 million deaths per year triggered by fine
particulate/CO2 pollution

Around 2050, climate changes are expected to
cause approximately 250000 deaths per year

Nuclear fission: a clean, safe and
extraordinarily efficient form of energy

Efficiency of energy sources: nuclear contains million
times the energy equivalent of other sources

Impact on land-use

More than 800 wind turbines (capacity factor 35%) per 1000 MW
GE 2.5-MW model: 378 tons of weight
Foundations: 35000 tons of cement / 60 truckloads (Lafarge) for
each wind turbine

Comparison of energy efficiency (based on volume/mass)

More than 800 wind turbines per 1000 MW
GE 2.5-MW model: 378 tons
Foundations: 35000 tons of cement / 60
truckloads (Lafarge) for each wind turbine
Estimation of US coal exports: shipping coal from Seattle -Cherry Point terminal

A comparison of emissions (gCO2/KWh) and waste generated
by type of energy source

Waste strategy: needs to improve communication
every 30 years radioactivity
decreases by a factor 2

So, what does it change IF we take an Uranium atom from a mine
(half-life of billions of years), split it in a reactor and put the fission
products back in a man-controlled, stable, sort of Uranium mine
(i.e. a repository) ? Note that we have now 10% of two atoms, i.e.
0.2 atoms with half-lives thousands of years shorter !! 

For comparison:
Impact of wind farms on environment:
More than 800 wind turbines (capacity factor 35%) per
1000 MWe
One single windmill: 1.5 -2.5 MW: 350-378 tons of weight
Foundations: 35000 tons of cement (60 truckloads Lafarge)
In total more than 3000000 (3 millions) tons of cement
for a wind farm equivalent to 1000 Mwe
Think about the change in terms of hydrology of the land!

Clean energy consumptions in China and energy systems’
performance (capacity factors)

Design-life extensions are cutting by half costs of nuclear
energy

Design-life extensions (up to 20 years) are reducing
by more than half the total costs of nuclear energy

2017 Association's Nuclear Fuel
Report (reference scenario) by 2035:
140 reactors closing
224 coming online
90 percent of US plants have
renewed their licences extending
their operation to 60 years.
Further licence’s renewals are
expected (80 years)

Security of supply and stability of prices

Thorium selfsustaining fuel
cycle from
existing
uranium/
plutonium cycle

Thorium has a
much higher
abundancy,
equally spread
over the planet
+ sustainability
guaranteed by
«fast-breeder»
reactors

Nuclear in the EU and in the world: a foresight exercise
(ArteTV 2015- le dessous des cartes)

Change in energy demand, 2016-40 (Mtoe)

China
fossil-fueled electricity in 2015 (predominantly from coal ): 73%
Low-carbon sources (including nuclear) meet 45% of increase in
global demand (wind 9.1% installed capacity delivered 4% in 2016)
Nuclear capacity will double in a decade (10% in 2030)

Nuclear share: 27% of EU’s electricity in 2017
EU-28, POWER REACTORS (PRIS-IAEA, March 2018)
Under Construction
Operational
Permanently Shutdown
Total Electricity Prod. (2017)
Nuclear Electricity Prod. (2017)
Nuclear Share (2017)

:4
: 126
: 91
: 3,078 TWh
: 786 TWh
: 25.5%

EU-28, RESEARCH REACTORS (RRDB-IAEA, March 2018)
PLANNED
UNDER CONSTRUCTION
OPERATIONAL
TEMPOR. SHUTDOWN
EXTENDED SHUTDOWN
PERMANENT SHUTDOWN
UNDER DECOMMISSIONING
DECOMMISSIONED
TOTAL

:2
:1
: 37
:1
:1
: 14
: 30
: 125
: 211

EDF 2014: Origine de l'électricité en France: 82,2 % nucléaire, 13,6 %
renouvelables (dont 7,9 % hydraulique), 1,6 % charbon, 1,3 % gaz, 1 % fioul et 0,3
% autres.

Euratom associated
countries:
Ukraine 54%
Switzerland 38%

Germany until March 2011 obtained one-quarter of its electricity from nuclear energy, using 17 reactors
Following the Fukushima accident in 2011, eight reactors were shut down immediately with nine reactors to be phased
out over the coming decade (still 6 remaining reactors to be closed down before 2021)

Decommissioning: a temporary issue (essentially for
Gen-I and Gen-II plants)
Maintenence, replacement of equipments, Long Term Operation (LTO) and
design-life extensions are minimizing the need of decommissioning

90 percent of US plants have
renewed their licences extending
their operation to 60 years.
Further licence’s renewals are
expected (80 years)
https://analysis.nuclearenergyinsider.com/exelonapplies-first-80-year-bwr-license-arc-moltex-join-newbrunswick-smr-cluster

2017 Association's Nuclear Fuel
Report (reference scenario) by 2035:
140 reactors closing
224 coming online

EU-28, POWER REACTORS (PRIS-IAEA, March 2018)
Under Construction
:4
Operational
: 126
Permanently Shutdown
: 91
Total Electricity Prod. (2017)
: 3,078 TWh
Nuclear Electricity Prod. (2017) : 786 TWh
Nuclear Share (2017)
: 25.5%
EU-28, RESEARCH REACTORS (RRDB-IAEA, March 2018)
PLANNED
:2
UNDER CONSTRUCTION
:1
OPERATIONAL
: 37
TEMPOR. SHUTDOWN
:1
EXTENDED SHUTDOWN
:1
PERMANENT SHUTDOWN
: 14
UNDER DECOMMISSIONING
: 30
DECOMMISSIONED
: 125
TOTAL
: 211

Three Mile Island, the scene of the worst US commercial
nuclear accident
Human errors
by biased &
badly trained
operators
(reconverted
from the
Navy)

Carter: an
embarrassed (BS)
Navy nuclear
engineer

”events here would cause basic changes”
Thousands of people evacuated the area
(fearing bombs-like fallout?)

The Cherokee abandoned
containment building was
used for the Abyss movie set

The Fukushima accident (2011 Tōhoku earthquake and
tsunami)
Hydrogen explosion (unavailability of coolant and formation of hydrogen because of fuel degradation)

2011 Tōhoku earthquake and tsunami
15,896 deaths (6,157 injured and 2,537 people
missing)
A report from 2015 indicated 228,863 people were
still living away from their home in either temporary
housing or due to permanent relocation
A March 2018 agency report listed 121,776 buildings
totally collapsed, with a further 280,923 buildings
"half collapsed", and another 726,574 buildings
partially damaged

Understanding of severe accident (beyond-design) phenomenology
and safety improvements: no evacuation needs for the EPR
40 years of EURATOM-funded research has allowed the understanding and the modelling of
the accident phenomenology for all nuclear tecnologies e.g. Russian-designed VVERs,
BWRs, CANDUs and PWRs
The EPRs (under construction in Finland, France, China and UK) is the design which has
most benefitted of accident research
Containment
designed to
withstand loss of
coolant

TMI would have
not happened in
an EU PWR
(which is using
a « forgiving »
steam generator
with a much
larger thermal
capacity)

TMI operators did not even
know the reason of two
explosions in the
containment…

Enhanced safety-oriented nuclear innovation: the "run-away
safe" concept
Competitive economics, minimized wastes,
proliferation resistance and safety are at
the basis of GEN IV technologies
https://www.youtube.com/watch?v=oTKl5X72NIc#t=86

However not all GEN IV systems
implement the "walk-away safe" concept,
i.e. a key safety goal: no need of offsite
evacuation plan
MIT technology review:
https://www.technologyreview.com/s/602051/failsafe-nuclear-power/

http://www.newyorker.com/tech/elements/a-new-way-to-do-nuclear

•
•
•
•
•
•
•
•
•
•
•
•

50MW MSR
Thorium fueled
built in a factory
Fast breeder
Liquid fuel /core
High burn up
High-temperature Brayton cycle (45-50%
efficiency)
Low pressure primary system
30 years operation with no refuelling
Low proliferation risks
SA/hydrogen-free
Intrinsically safe/ stable operation
"perfecting nuclear fission”:
https://www.youtube.com/watch?v=5HL1BEC024g

2040: Target for the deployment of Gen-IV Fast Neutron
Reactors with Closed Fuel Cycle

Fast breeder reactors could
use the full potential of
fission energy for several
thousands of years,
minimize wastes and
improve proliferation
resistance

Thorium-fuelled molten-salt modular reactors (sustainable
source of power, inherently safe and proliferation-resistant)
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Is the fear for radioactivity justified?
Is the difference between high and
low doses understood?

Comparison of doses from nuclear accidents and nuclear
medicine

Low and high doses: a totally different scenario
Terrestrial natural
radioactivity by
Potassium, Uranium and
Thorium made life
possible on Earth
(50% of the heat given
off by the Earth)

The human body is radioactive: 10% of the dose from
natural sources comes from our own body!
The number of nuclei decaying per second is very high (10000
per second) but at the same time the ratio of nuclei decaying
is infinitesimally small (approximately 10-24)
This because of the Avogadro’s number (which represents for
example the number of water molecules in 18g of water). It
has a value of N=6.022 x 1023 i.e. 602 thousand billion
billions. The number of atoms in the human body is about
10000 times higher than this
A curious parallel: what about the number of molecules
of Julius Caesar's last gasp?
What are the chances you just inhaled a molecule which
Caesar exhaled in his dying breath? The answer is that, with
probability better than 99 percent, you did just inhale such a
molecule
(http://maddenation.com/archives/2004/01/02/caesars_last_breath.php )

We live in a radioactive world and we daily breathe, eat and
use radioactivity
From our own body: between 5,000 to 10,000
radionuclides (atoms) decay each second in our body (only
counting potassium-40 and carbon-14 which are the two
most significant contributors)

Typical Radiation Doses (From Various Sources)
Watching television

0.01 mSv/year

Air travel (roundtrip from Washington to Los
Angeles)

0.05 mSv

Medical chest X-ray (one film)

0.1 mSv

Nuclear medicine thyroid scan

0.14 mSv

Full set of dental X-rays

0.4 mSv/year

Mammogram (four views)

0.7 mSv

Average annual exposure living in the United
3 mSv/year
States
Average annual exposure from breathing radon
2 mSv
gas
Nuclear medicine lung scan

2 mSv

Nuclear medicine bone scan

4.2 mSv

Nuclear cardiac diagnostic test (technetium or
Tc-99m)

10 mSv

Abdominal CT scan

10 mSv

Various PET studies (18F FDG)

14 mSv

Tobacco products (amount for a smoker's lungs
53 mSv/year
from 20 cigarettes a day)
Cancer treatment (tumour receives)
https://www.nucleonica.com/Applet/NaturalRA/Button5/page5.html

50,000-80,000 mSv

“Scientifically proven” benefic effects of radiation
Therapeutic Effects of
Radon:
https://www.gasteiner
-heilstollen.com/en/
In Bad Gastein’s
“Heilstollen” the radon
concentration is up to
100,000 Bq/m3 (thousand
times higher than limits
imposed by current
legislation)

Currently some 75,000 patients are
treated annually in German and
Austrian radon spas mostly for
painful inflammatory joint diseases
such as rheumatism, arthritic
problems, Morbus Bechterew,
psoriasis, gout, chronic bronchitis,
asthma etc.
Following a three week treatment
period, beneficial effects are
claimed to last for periods of six
months or more. Treatment
involves intakes of radon in high
concentration by drinking or
bathing in radon water

The IRSN “calculette de dose”: https://expop.irsn.fr/

EC official- 2 flights per month- routine x-rayseating seafood five times per week

A radon-addicted guest of the Gasteiner thermal bath 

Public in brick house- no flightsroutine x-rays- 5 cigarettes per day

A worker of the Gasteiner thermal baths might be exposed to
doses higher than those of workers of the nuclear industry

Radiation protection: the debate on the LNT model and the
ALARA concept. Does it apply to nuclear energy?

Excess relative risk (ERR):
Proportional to the rate of
disease in an exposed
population divided by the
rate of disease in an
unexposed population

Inappropriate use of the LNT model and of the ALARA concept
largely increase nuclear regulatory costs
https://radiationeffects.org/
Accurate Radiation Information (SARI)
Charter: The objective of this group is to monitor for
and counter nuclear/radiological misinformation that
could adversely impact the world’s ability to respond
effectively to nuclear and radiological challenges, to
the end point of saving lives
Mission: To help prevent unnecessary, radiationphobia-related deaths, morbidity, and injuries
associated with distrust of radio-medical
diagnostics/therapies and from nuclear/radiological
emergencies through countering phobia-promoting
misinformation spread by alarmists via the news and
other media, including journal publications

Radiation Limits to Innovation - Dr. Robert Hargraves on “Effect of Low Level Radiation”:
thousands of papers illustrate that the LNT model is wrong…

The use of the LNT model in nuclear medicine

(Health Physics Society: http://hps.org/hpspublications/articles/Benefitsofmedradexposures.html)
The Linear-No-Threshold (LNT) model
assumes, in the absence of evidence, that the
rate of cancer at low doses can be extrapolated
from observations at high doses (Hiroshima and
Nagasaki epidemiological data)

Health Physics Society: benefits versus risks of nuclear
medicine (risks are assessed with the LNT model)
A case study
With a conventional (non-nuclear) pre-operation evaluation of
the disease, a thoracotomy is ordered in 81 percent of the cases,
with 41 percent of these being futile (meaning that the
procedure is not successful in removing the diseased tissue and
therefore cannot possibly be curative)
Through a PET (positron emission tomography), thoracotomy is
ordered in only 65 percent of cases reducing futile interventions
to only 21 percent. Surgical-related mortality is reported as 6.5
percent

Considering 2192 lives saved with an effective dose of 7 mSv the
LNT model would predict 61 excess cancer deaths each year
Thus the net benefit in terms of lives saved is 2192 - 61 = 2131
per year. It is important to recall that the lives saved are actual
lives saved, whereas the lives lost from the 7 mSv exposure are
theoretical lives lost (i.e. fatal cancers predicted by extrapolation
of the LNT model down to this low-dose level. Data for the LNT
model begin at doses above 100 mSv)

Use of radiation in medicine saves hundreds
to thousands of lives every year
The entirely theoretical risks (fatal cancers)
predicted by the LNT model are orders of
magnitude smaller

More facts about the effects of high doses and the risk of low
doses….

In addition to greenhouse effects, people living near coal-fired power
plants are exposed to higher radiation doses than those living near
nuclear power plants because of the radioactive elements released in
coal ash (Coal Combustion - ORNL Review Vol. 26, No. 3&4, 1993)

Atomic weapons
tests conducted
in the 1950s and
1960s all
together are
estimated to
have put some
1000 times more
radioactive
material into the
atmosphere than
the Chernobyl
accident

At TMI average individual doses to about 2 million people
(estimated to 0.01 mSi) were equivalent to a tenth of the
dose received on a return flight between Europe and US

The collective radiation
background dose for natural
sources in Europe is about
500000 man-Sieverts per year;
The total dose from Chernobyl is
estimated at 80000 manSieverts, or roughly 1/6 as much
(roughly 1/10 if including doses
from nuclear medicine)
Chernobyl (high doses) health effects
were less than 50 deaths onsite,
6000 thyroid cancers with about 10
deaths and possibly 4000 people with
shortened lifespan over 70 years
(undetectable against natural level of
cancer)

Facts about natural and medical doses

Average value in
India is 6 mSi/year

The dose of one scanner image is
equivalent to the average dose
received in a year by the most exposed
nuclear workers (following the
application of the ALARA principle)

Natural radioactivity and
medical imaging are the main
sources of radiation exposure
of European citizens
A typical annual exposure of a
Citizen due to the radioactive
discharge from a nuclear power
plant is 1000 times lower than
a single typical scanner image
Over about half of the EU
territory, radon concentration
in homes gives rise to a
radiation dose that would result
from a scanner of each Citizen
leaving in these homes every 3
years

Smokers' lungs receive doses even larger than those received by
astronauts (and much larger than "Fukushima exclusion zone" doses)
In Fukushima a 20 km exclusion zone around
the plant was enforced on the basis of a rate of
20 mSv per year i.e. the current EU annual "safe"
limits for nuclear workers inside a plant (50 mSi
for US workers).
On earth there are several places giving a dose
much higher than the one in the Fukushima
exclusion zone. These places are for example
Guarapari beaches in Brazil (up to 175 mSv per
year), Ramsar hot springs in Iran (250 mSv per
year =80 times the world average), Paralana Hot
Springs in Australia, Yangjiang Hot Springs in
China, Karunagappally in India, etc….
TED

http://ed.ted.com/featured/HQg9hUhC#review

Studies on people living in these areas have shown a significantly higher presence of the CD69 gene responsible for the
production of lymphocytes (white blood cells in vertebrate immune systems) and natural killer (NK) cells (which gives credit
to the hormesis theory: adaptive response and beneficial stimulation of low doses
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3834742/ )

Nuclear energy needs a new communication from the
scientific community ?
After Fukushima accident, many foreign nationals were evacuated
from Tokyo, thereby getting a much greater dose of radiation from
flights then what they would have received by staying. A comparison
of risks (radiation vs. cities' air pollution) would have suggested to go
instead into the Southern regions of Fukushima
Personnel working in intercontinental flights double the average
annual natural dose (2.4 mSv) -a passenger of a London-New York
flight receives a dose equivalent to a panoramic dental radiography
(dose rate is 100 times higher than at sea level)
Sizeable population groups receive on Earth 10-20mSv (4-8
times the annual dose)
Several NASA
astronauts
received up to
520 mSv
(1mSv per
day) i.e. more
then 3 times
the average
dose received
by the
"Fukushima
50s" workers

The total radioactivity released in the Pacific
Ocean following the Fukushima accident
represents the natural radioactivity of 3 km3
of seawater (i.e. equivalent to 1-2% of the
natural radioactivity of the sea which was
closed to fishing (600 km2 –in 2015)

TMI accident
caused milk
contamination by
radioactive iodine
… however if you
make a smoothie
with a banana
(using a perfectly
uncontaminated
milk) you have a
beverage which is
roughly 50 times
more radioactive
that TMI's milk

Current “science-based” waste strategies say that the nuclear industry generates 54 grams of
radioactive waste per person (not too convincing for the “Not In My Backyard” opponents)
Of these 54 grams, 90% is short-lived waste (every 30 years we have half of it) while 10% is longlived waste (half-lives of thousands of years)….
So, what does it change IF we take an uranium atom from a mine (half-life of billions of years), split
it in a reactor and put it back in nature (now we have 10% of two atoms, i.e. 0.2 atoms with halflives of thousands/millions of years) ??? 

High doses absorbed by the Indian population and (unrelated)
low cancer occurence

The variation in the occurrence of cancer types between different parts of the world gives some
indication of the proportion of cancers that could be prevented by modifying specific harmful
lifestyle or environmental factors
Removal of HPV (Human Papilloma Virus) infection would substantially reduce the burden of cervical cancer;
smoking and indoor and outdoor air pollution explain over two-thirds of lung cancer incidence. Yet, for many
cancers, the causes remain largely unknown. Only 5–20% of all prostate, colorectal and breast cancers could be
prevented by better diet, increased physical activity, or reduced alcohol consumption

Indian women
exposed to high
terrestrial doses

Anglosaxon
white-skin
women

Public acceptance of nuclear energy
today:
good acceptance in countries with
“trust” towards decision-makers

Eurobarometer 2006-2009 (before Fukushima): mixedfeelings on national nuclear capacities

Pros and cons of nuclear energy: a
cognitive conflict between people who
know and people who don’t know?
Or something else?

Nuclear experts in
favour or against ?

.... Or rather nuclear experts
who know what they are
talking about and those who
don’t ?
To have a full understanding of
all aspects of the complex
nuclear energy system is not
an easy task
Training and education in this
sector is getting critical

Public support and understanding of science decreases in
the EU: is this because of a “misuse of science”?

Spending on research and
development in 2015 (% of GDP)

Misuse of science: « this bus runs with clean natural gas » i.e.
emitting 50% less CO2 than coal
How high are methane emissions from shale
gas?
Satellite data have been used to assess global and
regional trends in atmospheric methane between
2003 and 2012
In a detailed comparison across the USA for the time
periods 2006–2008 and 2009–2011 (before and
after shale gas began in earnest) atmospheric
methane concentrations rose dramatically in many
of the major shale-producing regions

https://www.eeb.cornell.edu
/howarth/publications/f_EEC
T-61539-perspectives-on-airemissions-of-methane-andclimaticwarmin_100815_27470.pdf

Advertising “not to coal and nuclear energy”, an example of
biased communication?

Managing the nuclear risk in Belgium:
free iodine pills in pharmacies

Why don’t we focus more on other more important risks?
Alcohol abuse is the cause of 88000 deaths per year only in the US

Vulnerability of nuclear energy as
compared to other human activities

Vulnerability of man-made activities:
some 85000 deaths in technological disasters every ten years
Banqiao hydro
dam in 1975,
China
170000
estimated deaths
(26000 from
flooding, 145000
from disease/
starvation)

The total lack of emergency response at the fireworks
factory in Enschede (2000, Holland) caused the
destruction of an entire neighbourhood (the
outcomes of the accident can be seen here -from min
3:50-6:25): https://www.youtube.com/watch?v=ydQarqlanQc)

The chemical (pesticide) plant in Bhopal
exposed 500000 people to poisoning gas and
other chemicals More than 7000 people died
within two weeks and another 8000 or more
have since died from gas-related diseases
(reliable non-governmental estimations)

Vulnerability of wind farms’ investments

tornado

Fire and explosion

https://www.youtube.com/watch?v=wfzgIxMEo8g

bird impact

Strong wind

The psychological irrationality of the
nuclear community has built an
incorrect perception of risks, strong
biases and a presumed « knowledge »
difficult to be challenged

Risk perception and evidence are different things

Embedding SS&H in Euratom work programmes will help in improving public acceptance ?
Public misperception of
nuclear energy is based on the
fact that “an accident at a
nuclear plant is not acceptable
because of the high
radiological risks”
Are these risks real ?

NB: Statistic published in 2010 i.e. before Fukushima

Where are the consequences of past accidents
as Windscale (0,02 MCi of I-131), TMI
(0.000018 MCi), Chernobyl (49 MCi?) and
Fukushima (2 MCi?) ?

The

The linear extrapolation of high-doses’ effects to the
potential effects at low-doses (and the related
predictions of mortalities) has shown to be wrong
Immediately after the Chernobyl tragedy (an organizational
error of the Soviet era) the Roman newspaper “Il Messaggero”
wrote “Chernobyl nuclear plant: 1,000,000 casualties”
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The bias caused by "loss aversion" (heuristics)…
.. and the critical attitude towards a challenge of knowledge
LOSS AVERSION (a cognitive bias

that arises from heuristics): the
negative psychological impact we
feel from a danger/loss is twice as
strong as the positive impact of a
gain of a similar thing
(http://ed.ted.com/lessons/the-psychologybehind-irrational-decisions-sara-garofalo)

The more knowledgeable people are,
the more polarised their attitudes
become
Thus telling people more… (about e.g.
genetically modified food or nuclear
energy) is more likely to generate
protest rather than support

the Monty Hall problem shows
people critical attitude towards a
challenge of knowledge, in this case
in the field of probabilities
(http://ed.ted.com/featured/PWb09pny)

Today’s decisions and consequences

Current and planned coal-fired “steam plants” in Germany
In April 2013 a NASA paper estimated that the use, on a world
scale, of nuclear power rather than fossil fuels had saved some
1.84 million air pollution-related deaths while saving the
emission of 64 billion tonnes of CO2 (Kharecha P. and Hansen J.
2013, Environmental Science and Technology) https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/2014001
7100.pdf )

Neurath coal-fired power plant operated by German utility RWE,
which stands near open-pit coal mines

In addition to greenhouse effects, people living near coalfired power plants are exposed to higher radiation doses
than those living near nuclear power plants because of
the radioactive elements released in coal ash (Coal
Combustion - ORNL Review Vol. 26, No. 3&4, 1993 https://www.nrc.gov/docs/ML1002/ML100280691.pdf )

Conclusions (1)
History
To generate Plutonium for bombs, the cold war has dictated technological choices
(Chernobyl, TMI and Fukushima-like plants) which are less “forgiving” in terms of
operational safety (these technologies require evacuation plans)
The little knowledge of radiation risks were initially the cause of exposure to high doses
(e.g. nuclear weapon tests) and a consequent excessive overestimation of low-dose risks
(heavy licensing and ALARA concept)

Since 1957 nuclear has been the first example of international cooperation (JRC under
EURATOM) able to spread knowledge and research, providing motivation for cultural
growth and technological development as well as limiting the risks of malevolent uses : a
nuclear plant is not a bomb but bombs can be made even without nuclear plants;
research and implementation of safeguards must be strengthened to cope with
increasing security issues
Nuclear energy, being an extremely complex technology, has promoted safety and
generated jobs, awareness and progress (also in non-energy sectors as medicine, space,
food industry, etc.)

Conclusions (2)
Climate change, pollution, waste and decommissioning legacy
Current forecasts for the limitation of climate changes do not take into account world
population growth as well as the future higher energy demand (electrification of
transportation sector, etc.)
Nuclear is a strong contributor to the forward-looking climate change policy of the Energy
Union. Installed nuclear power in the world has prevented an average of 1.84 million air
pollution-related deaths and 64 gigatons of CO2-equivalent greenhouse gas emissions
that would have resulted from fossil fuel burning (2013 data)

In the energy mix, nuclear energy has the lowest impact in terms of materials throughput
while the perceived risks associated to the radioactive waste management are largely
overestimated (decay life time can be reduced with GEN IV technologies by a factor 1000)
Nuclear plant decommissioning strategies are influenced by interest groups and often
lead to unjustified costs (nuclear decommissioning is a well-known practice which, for at
least 80-90% of materials, has to be considered a fully routinely treatment of industrial
waste)

Conclusions (3)
Fear of radiation and low public acceptance
An integrated view of the risks in our societies shows a strong unbalance: all energy
sources represent some risks, but they are unequally assessed and minimized
Nuclear is the safest human activity with the lowest death toll
The complexity of several interconnected aspects of nuclear energy, e.g. neutronics,
thermal-hydraulics, materials & mechanics, radiation protection, etc. . makes difficult
even for experts to have a good global overview of real risks
Nuclear public-funded nuclear research has strongly focused on the reduction of risks
and devoted enormous efforts to study and mitigate all possible accident sequences:
while this has initially largely contributed to safety improvements (e.g. EPR design), has
sometimes focused on “segments” of potential accident sequences of negligible
probability and contributed to a “psychologically irrational approach” which has caused
public and decision-makers’ puzzlement
The application of the LNT model/ ALARA concept in the domain of low doses has
caused a heavy and costly regulatory environment and created fear towards nuclear
energy; also the concept of geological repository, largely contested by the public (Not in
my Back Yard), must be understood in the context of the risks related to the natural
radioactivity background

Conclusions (4)
Interest groups and “presumed knowledge”
Nuclear public distrust feeds the fear and lack of knowledge of decision-makers as well
as the interests of lobbies providing “replacement services”
It also provides arrows to “publicity-seekers” and increase the risk of political “nuclear
populism”
Public attitudes towards nuclear differ enormously in EU countries, with countries being
more supportive where there is higher “trust” for the political leadership/decisionmakers (EU Eurobarometers)
There is the need to inform decision-makers, honestly and independently, in order to
establish optimised, urgent energy mix strategies
Only strengthening the EU capabilities as well as the “education & training” efforts in the
nuclear sector, the current irrational trend could be seriously tackled
Nuclear phase-out decisions risk to further strengthen the anti-nuclear “presumed
knowledge” while potential challenges of this “ presumed knowledge” essentially
reinforce/polarise existing attitudes

Conclusions (5)
Some important aspects of the energy mix
Nuclear plant decommissioning strategies are influenced by interest groups and often
lead to unjustified costs (nuclear decommissioning is a well-known practice which, for at
least 80-90% of materials, has to be considered a fully routinely treatment of industrial
waste)
Solar and wind energy systems cannot cover the entire electricity base-load unless
significant energy storage infrastructures are available at (much) reduced costs (today’s
storage capacity is only a few percent of what produced)
In the EU, nuclear energy will remain the third energy investment in order to compensate
the low capacity factors of renewable energies

Solar and wind farms, because of their quick commissioning, are currently largely
deployed “as a bridge to nuclear energy” in countries where the effort to reduce CO2
emissions is paramount (e.g. China)
LTO is reducing the costs of nuclear by at least 1 third, besides GEN IV technologies are
predicted to have lower costs than current technologies especially for the use of modular
reactors

Conclusions (6)
Needs of innovation
The regulatory framework must be standardised and simplified; this will reduce costs,
improve safety and reassure public and decision-makers
There is the need to further strengthen anti-proliferation research to be able to fight the
malevolent use of nuclear energy
GEN III technology is extremely safe but it could be further improved to eliminate the
burden of evacuation plans (which would often be excessive measures causing further
misunderstanding between low and high-dose risks)

Innovative technologies (GEN IV), able to be inherently safe (run-away safe concept) and
guarantee sustainability, security of supply, almost zero-proliferation risks and orders-ofmagnitude-lower waste generation (waste burners), could be deployed on a large scale
in a short time (modular, fast-breeder, liquid reactors with “no need of evacuation
plans”)
You are still in time to attend nuclear-energy courses: doing so, you will contribute to
maintaining a good level of “education and training”: currently, in Italy and Germany
there are on average three (non EU) students per class

Nuclear is and will remain a strong pillar of a sustainable
future

Thank you!

Reactions?

