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Many times, we are called to make decisions, but when the topic is too complex or too lengthy to analyze, we tend to make the best guess we can, effectively rolling the dice. 
Our energy involves an enormous size of infrastructure and it takes decades to implement changes. As a result, when we need to make decisions related to energy, throwing the dice can have serious consequences. We need to start with a broad view and then narrow it down, making sure that details are properly analyzed before we formulate any decision. This is not a crap game, although it is becoming one because there are many people approaching energy related decisions based on emotions, ideologies, guessing, conflicting business interests or even politics. 








Here is an example of making simple energy decisions by throwing the dice: Lets look at the high efficiency light bulb.

Originally it was thought that since this efficient light bulb converts less energy into heat and more energy into light it would be more efficient and hence save energy, which means saving fuel, which means less CO2 to our atmosphere. This is correct as the high efficiency light bulb provides all these benefits. Although the heat not produced in the winter causes our furnace to run a bit longer.
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BUT Surprise… That is only part of the story. The high efficiency light bulbs contain mercury which is toxic and poisonous. While our original incandescent light bulbs were harmless if thrown in the garbage, these efficient light bulbs should be classified as HAZMAT.

What now? Instead of throwing CO2 to the environment we throw  mercury. Is that an improvement? In Germany they started collecting the light bulbs and treating them as HAZMAT. This means that special containers have to collect them and a sealed factory has to be built and operated to collect the mercury.  Of course all these consume energy and produce CO2.  The Germans are now trying to figure out if there is a net gain in energy or the CO2 savings.       

Last year during our civic elections meeting at the College some ideologues were distributing high efficiency light bulbs to make the point of environmental responsibility. Just thinks about it. We are having people that have no idea what they are talking about, yet they are trying to tell us what is the right thing to do.  We just cannot throw the dice in energy issues    Science = knowledge, Ideology = coercion
If we want to get it right, there must be a Science game without tossing the dice. Ask yourselves: Who wins if we get it right?  It is we, the public. Yet I have noted a significant and growing gap between raw scientific facts and popular beliefs for all the energy technologies that we have. From Coal to the so called renewable. How then can we make correct decisions? The trouble is that fearful ideas and ideologies spread faster than scientifically valid ideas – usually because the truth is long and complex and cannot be summarized in a marketing slogan. 
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The largest information gap that I have noted is in nuclear energy. It seems to be between Radiation Science and popular perceptions of the dangers of nuclear power.  On the one side I see people living happily all their lives in a relatively high radiation environment and on the other I see people being afraid of relatively very low doses of radiation.  
I see 90,000 people in Fukushima being evacuated allegedly to be protected from a radiation field which, simple arithmetic tells me that, it is lower than the natural background radiation that we have in  several other populated parts of the earth.
I see on the one side people worried to get within 10 km from  Chernobyl and on the other side I find that some people are working for 20 years  now inside the “sarcophagus” (the concrete enclosure around the accident site) where radiation levels can be classified as suicidal.

I see in Japan on the one side preventing the evacuees from returning to their lives at home and on the other I see people exposed to 15 times as strong radiation fields to build up their immune system. I see others absorb comparable amounts of radiation bathing in “Radium Hot Spring”
I see a lot of people that want to ignore the fact that humanity is living and evolving while bathing in a continuous pool of radiation. They Ignore that every second in our lives, each one of us, experiences 1,000 disintegrations of atoms in our body each of which emits radiation.
Finally but not lastly, I see people installing granite counter tops in their kitchens (that almost triples the background radiation here) yet they are concerned about radiation clouds dispersed from Japan.
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The question that I am asking is why there is such a large gap in our knowledge of radiation? Who has contributed to it and what are the consequences? This I will attempt to summarize here.
CULTURE

The first point that I like to touch upon is the concept of culture. When we talk of culture we normally refer to various countries, how they think, the vocabulary they use, their history, the values they share etc. But the same elements and concept of culture can also be extrapolated to include people grouped not by nationality but as a province, as a city, as an industry, or even as a company.  All together culture forms the focusing points that define the values and hence direction of the group.
As an example let us analyze and compare the focusing points of the cultures of academics, bureaucrats and business.
ACADEMIC



BUREAUCRATIC         
           BUSINESS
Collegiality



Process correctness            Competitiveness
Good facilities


Procedures


Investment

Receive funding


Provide funding


Minimize taxes

Prestige



Regulations


Marketing

Tenure



Tax incentives

     Cost/benefit/profit

Disengaged from public
Eluding the public

Public sensitive 
Theoretical thinking

Rigid thinking

        Practical thinking

Academic Excellence

Centers of Excellence          Goal to strive for  
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There does not seem to be such a thing as “a wrong culture”. There are only different cultures each of which is developed to cope with the challenges it is experiencing in the environment in which it is surviving.

Also, this does not mean that each group does not have its own independent thinkers. The problem is that within a group we have a polarization process that makes all in the group think alike.  Critical thinking is very dangerous to one’s career.   





The nuclear world in the early 30’s was the property of academics  doing theoretical research. Later on government owned organizations were developed to do the engineering work. Consequently, the nuclear industry developed into a culture that was a mixture of bureaucratic/academic elements with priorities to excellence, collegiality, blind adherence to process, funding, rigid thinking and insensitivity to public needs. In the examples that I will give later, you may recognize these characteristics again and again. Because values determine decisions. Had the nuclear industry been more sensitive to public opinion and feelings, and had it employed more practical thinking, instead of sticking to the rigidity of process, today we would not likely have all this conflicting information that has created the enormous gap and unreasonable radio-phobia in the public’s mind.
The bureaucratic/Academic culture of the nuclear industry could produce excellent systems, processes and equipment and as long as various governments   guaranteed the financing of projects, everything was going fine. When the governments started getting out of this business, the nuclear industry proved to be incapable of selling or explaining itself.
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ANTI NUCLEARS

I just refuse to call them environmentalists because I believe that they conveniently have high-jacked this word to serve their purpose. Every one of us is and has the obligation and duty to be concerned about our environment. 

These idealists discovered the fact that the nuclear culture believed in their technology and did not waste their time to fight back misinformation. Hence, they could say anything they wanted with impunity.  Most of them were not scientists, and those few that were scientists were indoctrinated with ideologies. ANTI NUCLEAR or anti anything is a dogma,  an ideology not a science based argument.

In the 70’s we saw the rise of Pseudo-Intellectuals that distributed fear mongering. They did research in a biased way, by selecting only data that supported the dogma they were advancing. Then they became paid speakers and hence membership fees and donations started coming in giving them incentive to expand  and the rest became history. A plethora of misinformation was floated about. Although the nuclear industry wants to blame the so called environmentalists, they have felled themselves to recognize that their inaction allowed the antinuclear movement to grow, leaving the population unprotected vulnerable and increasingly misinformed.

I would catalogue more responsibility to the nuclear industry’s inaction than to ideologues actions. 












7
INSENSITIVTY TO PUBLIC’S NEEDS

The people involved are brilliant scientists and engineers but they have failed the public in the social areas. Here I will give you some :






1) They failed to see nuclear power from the public’s perspective and as a result they did not simplify their explanations to make their technology better understood. It has been more important to them to be exact and accurate in every detail.
2) They introduced unnecessarily a vocabulary that compounded the public’s fear and misunderstanding. Words that describe  “criticality”  or “sarcophagus” could have been chosen so that they don’t frighten the public. 
3) They introduced about 200 units for radiation. Each one has its own purpose and meaning but this does not help the public mind to place radiation into perspective.
4) Their International Commissions have been using for the last 40 years unrealistic safety criteria based on arbitrary recommendations that include extreme safety values.  Only now, post Chernobyl and Fukushima, has the industry realized the impact of such  regulations. 
 Let me try to expand on some of these topics: 
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Radiation - what we know 
 Radiation is the transfer of energy from one body to another. The frequency (and hence the amount)  of this energy varies and so does the name we give to the radiation: music emitted from a radio, infra red rays, cell phone waves, visible light, UV rays,  isotope rays, microwave, X-rays, other medical diagnostic rays, the sun’s rays  etc.  All are forms of radiation. 
***We know that at HIGH DOSE RATES, radiation (or Energy transfer of any kind) causes damage. A person that uses earphones too loud for long periods of time suffers more damage that getting an X-ray. A hit on the head with a piece of pipe transfers more energy than a slap in the face and hence the damage that is caused is greater.  So Very High energy dose rates of radiation do cause damage and likely death. 
***We also know that humanity has evolved on this earth exposed to low levels of radiation called “background radiation”. This includes the sun, cosmic rays, the earth, the rocks, the water and the air. As a result we can be confident that radiation at levels comparable to background radiation levels cannot be damaging. Otherwise, we would no longer be here.
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***We also know that background radiation on the surface of the earth varies. For example, a region of France has background radiation 30 times higher than what we have here. In Sweden it is 10 times higher, in Iran 280 times and in parts of Brazil 350 times. Yet, these people do not die right and left from cancer.  Studies  have shown that they actually have  the same rates of cancer.

***We also concluded recently that radiation levels up to 100 mSv/yr does not seem to cause damage.  This is based on studies going on for years starting from Hiroshima survivors, to Taiwan cobalt rebar victims of the 80’s to Chernobyl and all the groups that have had some extra radiation exposure.
***The body of knowledge is evolving. For example one body of scientists in Europe have launched a project that will try to prove or disprove this 100 mSv/year limit. At the same time several scientists from around the world reported proof that low level radiation is actually beneficial since it trains and strengthens our immune system to repair more effectively any damaged cells.  
Research is continuing in this topic. But if you wonder how high is high and how low is low, just give me a couple of minutes.
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You probably remember all the noise that was made quite justifiably about 30 years ago, about the Chernobyl accident. Well I am sure that you will be surprised to know that today if you were to spend a 1 week vacation on the Guarapary beach in Brazil, you would get a background radiation equivalent to spending two years in Pripyat (the town closest to Chernobyl) Just think about it.  One week vacation in Brasil=2 years in Chernobyl
Despite this knowledge, the nuclear industry still defines radiation danger to be anything above zero (0), an arbitrarily chosen level based on the ALARA hypothesis (As Low As Reasonably Achievable). 

Why I called it unreasonable above.  Well look at it another way, just because if some one falls from a 10 storey building will break all the bones in his body, then should we go at once and eliminate all staircases, steps and all sidewalks because a drop or jump of any size is dangerous. Or because at high driving speeds people have been killed then we should set all our speed limits to ZERO km/hr.  Here we have a clear demonstration of the cultural traits of excellence (in safety), procedures and rigidity.
If the industry had practiced more practical and less rigid thinking and excellence, the knowledge gap would have not been as large and a lot of the human suffering for example of the public at Fukushima today could have been avoided. instead the people  were evacuated and sent to a landscape, devastated by the earthquake and the tsunami and now they are told that they cannot return due to radiation.
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Radiation Units- Lets go bananas
When nuclear experts are talking about radiation fields they  use Grays, Curries, Bequerels, Roetgens, Rads, Rehms, Sieverts, and of course each one of these can be expressed in kilo (1000), megas (1,000,000), gigas (1,000,000,000), milis (0.001), or micros (0.000.001). Then you have the duration of the exposure in seconds, hours, days, years and lifetime.  There are more than 200 different ways to express radiation. Some units do have a special meaning to the specialists, but this does not help the general public other than to confuse them to the extreme?
Suppose we develop our own unit based on the radiation emitted by the potassium K-40 contained in one banana.  This is 0.1 micro-Sievert per banana, (see Wikipedia potassium-40) assuming that potassium remains in our bodies for an average of 30 days (as per EPA) before discharged. Then, our background radiation of 2.4 mSv/yr becomes equivalent to eating 66  bananas per day.
Using the same scale, exposure to background radiation I can give you a table for relative comparison of the GAP with a unit that makes sense to you. 
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                                                                            mSv/yr      bananas/day

Background radiation average in Canada          2.4                 66   
France’s Haute Provence:                                   88              2,411
Ramisar in Iran is equivalent                             700           19,000 
Guarapary in Brazil                                             790           21,643
NY Central Station and Senate buildings              5                137
Fukushima high radiation zone 0.1 Sv/yr        100             2,740
Fukushima mid radiation zone 0.05 Sv/yr         50             1,370 
Fukushima low radiation zone 0.01 Sv/yr         10                274   

Chernobyl  (20 years later) fields equivalent to 270 banana/day

Breast x-ray equivalent to 146 bananas/x-ray

Taking a flight equivalent to eat
ing 80 bananas/hour




Radiation that can cause sickness 1,000 mSv   or 333,000 bananas


Radiation that can cause death     4,000 mSv or 1,333,000 bananas 
From the evacuees of Chernobyl so far (33 years later) we have had about 140 people died from radiation or radiation induced cancers and we also have some 10,000 evacuees died from fear induced suicide, depression and alcoholism. 
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Now the same thing seem to be taking place in Japan. From the Fukushima accident we have had ZERO deaths due to radiation, 20,000 deaths due to the earthquake and tsunami, and now 90,000 evacuees.  I propose that these people don’t suffer from radiation they suffer from fear and intense radio-phobia. The Japanese Government here is not wrong, it simply complies with International Radiation Protection recommendations which the nuclear industry has developed.  


All these are just few examples to highlight the consequences of a  bureaucratic and academic nature in the nuclear culture. This culture has been enough to produce a competitive technology. The lack of business practicality culture and human sensitivity has created the great gap that I see between scientific reality and public perception. This gap places at risk right now 90,000 lives. 
The best evidence that we have for this thesis is the rapid progress achieved by France after they privatized their nuclear industry and the Government became a partial shareholder. Similar success has been achieved by bureaucratic/academic teams joining private companies in other countries, like in USA.
In Canada, our Federal Government recently sold AECL to a private consulting company SNC. This provides hope for integrating in Canada all the focus points of an academic, bureaucratic and highly capable AECL with those of the business focus culture of an expert architect engineering company.
