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Setting the Context (Part 1) 
Science, Society and Policy Today 
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“The science says to wear a mask.” 

“Today’s new science says to wear a mask.” 

“The science says to wear a mask properly.” 

“The science says to wear a proper mask.” 

“The science says to wear a mask, unless …” 

“Dr. Tam asks us to wear a mask.” 

“The government says to wear a mask, when …” 

“The government says to wear a mask, or else …” 

“The COVID-19 rebellion a complex issue”  Ottawa Citizen Nov 30, 2020 
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Science is about facts and evidence.   
So what’s the problem? 

The language of science.  The nuances and caveats of the scientific method, theory, 
hypothesis, consensus, probability, likelihood, uncertainty often get “lost in translation”. 

Science and risk acceptance. “ Vaccine x is effective (enough) and safe (enough).” 

Science and activism.  “The scientific evidence shows that nuclear energy is the 
safest/most dangerous form of energy generation.” 

Science and motivated reasoning.  “We believe there is (no) definitive scientific evidence 
linking climate change to human activity.” 

Science and social license. “Despite the regulator’s ruling approving the project, 
community x opposes the building of the wind farm/nuclear plant/pipeline for fear of it’s 
negative impacts.” 

Science and social media. “Doctor a/b believes that the government is taking the 
right/wrong approach to the pandemic.” 

Science and public good conflicts.  “We are following the advice of our public health 
experts and are shutting down our workplaces, our schools and our borders.” 

 
…  and so on. 
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Setting the Context (Part 2) 
Nuclear Energy* Today 

 

* Nuclear Power refers to Electricity (Power) 
generated from Nuclear Energy (Heat) 



6 

Nuclear (Fission) Energy Today 

• ~440 nuclear reactors worldwide in ~ 30 countries. ~10% of 
global electricity generation, ~400 GWe installed.  

• Canada has 19 reactors providing ~17% of the country’s 
electricity, ~ 60% in Ontario. 

• ~50 reactors under construction worldwide, primarily in Asia, led 
by China, India and Russia.  

• New Builds in Asia are largely on budget and on schedule. 

• The refurbishment of Ontario’s CANDU fleet, at >$25B, is the 
largest clean-energy project in North America. 

• Data show that nuclear energy is among the lowest GHG 
emitting, most affordable, most scalable and safest (including 
accidents) energy source. 
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Nuclear (Fission) Energy Today 

... but 

• Some nuclear nations are exiting nuclear energy, e.g. Germany, 
Belgium, Switzerland, Taiwan. 

• US is seeing nuclear plants in unregulated markets shutting 
down before end of their operational life because they are no 
longer economical. 

• First-of-Kind New Builds, primarily in US and EU are over budget 
and over schedule. 

• TMI, Chernobyl and Fukushima accidents continue to shape 
public perceptions of risk. 

• Public polling shows persistent high levels of Nuclear Energy 
hesitancy. 
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Nuclear Energy: Alternate Futures 

Future 1: 

Nuclear energy’s role in meeting world climate change goals will 
reduce, as the industry struggles to achieve significant new build 
capacity due to several factors, with global installed capacity by 2050 
reducing as existing fleets reach the end of their operational lives. 

 

Future 2: 

Nuclear energy’s role in meeting world climate change goals will grow, 
with nuclear energy contributing 25% of global electricity supply by 
2050, by adding 1000 GWe new nuclear (World Nuclear Association). 
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Today’s Nuclear Power Plants are Very Expensive to Build 

• moderated, pressurized water 
• Gen III (passively safe) now 

entering market 

• Economies of scale 
• GWe+ per unit 

• Defence in Depth 
• As Low as Reasonably 

Achievable (ALARA) 

• National electricity grids  
• Reliable Baseload 

• First-of-a-Kind 
• Production Learning 
• Supply Chain performance 

• Beyond equity markets 
• State backed financing 
• Domestic vs International  

Markets 

• Time to license 
• Time is money 

Technology 

Size 

Fleets 

Markets 

Financing 

Safety Schedule 

New Build 
Cost Drivers 

Cost 
Metrics 

• Construction Cost 
• Discount Rate 
• Overnight Capital Cost 

Nuclear 
Power 
Economics 

• Very expensive to build 
• Very inexpensive to operate 
• Very long plant lifetimes 

Competitive Levelized Cost of Electricity 



10 

Nuclear Energy:  polarized societal perspectives 

Nuclear Energy …  

is safe is dangerous 

is economic  is too expensive  

is clean is dirty 

has effective 
safeguards 

enables nuclear 
weapons 

is high technology is obsolete technology 

releases harmful radiation 
releases low/safe 
levels of radiation  

has no acceptable solution 
for nuclear waste  

has a viable solution 
for nuclear waste 

(Industry) Proponents (Activist) Opponents 

• Is nuclear energy worth the risk? 
• Do benefits outweigh risks?   
• Are there preferable alternatives? 

has low risk of an 
accident 

inevitably will have nuclear 
accidents 

The science and 
evidence is on 

our side 

The science and 
evidence is on 

our side 

enables renewables is no longer needed, given 
renewables 
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Nuclear Energy Today: Nuclear Power 
Plant Decision Life-Cycle (40-80 years) 

Decision 
Characteristics  

• Episodic decisions, 
separated by large time gaps 

• Context can change 
dramatically between 
decisions 

• Focus on risks versus 
benefits 

• Slow, complex, expensive, 
uncertain 

New Build 

Refurbish 

Decommission 

Dispose of 
Nuclear Waste 

Implement 

Operate 

Global 
Disruptions 

Changing Norms, 
Policies, Politics 

Changing 
Markets 

S&T 
Advances 

Is it Safe? 
Is the Business 

Case viable? 

Yes it is.   No it is not. EA 
License to Site 

License to Build 
License to Operate 

… 
License to Operate 

 

License to Refurbish 
License to Operate 

--- 
License to Operate 

Yes it is.   No it is not. 
Yes it is.   No it is not. 

Yes it is.   No it is not. 

Yes it is.   No it is not. 

Proponent Opponents 

Proponent Regulator 

If Yes 
If Yes 

If Yes 
If Yes 

If Yes 

Is it Safe? 
Is the Business 

Case viable? 

Yes it is.   No it is not. 
Yes it is.   No it is not. 

Yes it is.   No it is not. 

Yes it is.   No it is not. 

Yes it is.   No it is not. 

Proponent Opponents 

Proponent Regulator 

If Yes 
If Yes 

If Yes 

If Yes 

If Yes License to 
Decommission 

License to Dispose 
of Nuclear Waste continued… 
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Nuclear Energy – a new Risk-Benefit Calculus? 
Ionizing Radiation  

• is naturally occurring. Nuclear power plants 
release a very small fraction of these normal 
background levels. 

Safety  

• UN studies estimate that the total number of 
deaths attributable to ionizing radiation from all 
nuclear accidents at ~ a couple hundred.  Taking 
into account all risks to human life in the life-cycle 
of the generating technology, nuclear is the safest 
means of electricity generation. 

Waste 

• Nuclear waste has very low volume compared to 
(toxic) waste from all other forms of energy 
generation.  It is the only generating technology 
where waste costs are internalized.  Geosphere 
disposal provides effective barriers. 

GHG Emissions  

• Nuclear’s life-cycle CO2 equivalent emissions are comparable 
to those of Wind and lower than Hydropower and Solar. 

Land Use 

• Nuclear’s land use (including fuel/resources mining and 
generating footprint) is 1-3 orders of magnitude smaller than 
for renewables. 

Human Health 

• it is estimated that nuclear power has saved millions of lives 
and $T’s to national health care systems through avoidance of 
air pollution from fossil fuel emissions. 

Resource efficiency 

• Nuclear’s life-cycle requirements for structural materials are 
by far the lowest of all low-carbon technologies. 

Affordability 

• All generating technologies require outlays for distribution, 
transmission and backup required due to variability in 
generation.  System costs are not included in LCOE and rise 
non-linearly as % share of variable renewables rises.  Nuclear 
can help mitigate these costs. 

Flexibility 

• Nuclear energy’s ability to provide heat and electricity offers 
the potential to reduce GHG emissions outside the electricity 
sector. 

Water use 

• All electricity generating options consume water 
over their life-cycle.  Conventional nuclear power 
consumes large quantities during operation. 

Employment 

• Studies have suggested that nuclear provides 
more jobs per TWh of electricity generated than 
any other clean energy source. 
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Nuclear Energy and  
the Climate Emergency 
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Nuclear Energy and the Global Energy 
System Transition – Evolving Perspectives 
2015 Paris Climate Accord – A Commitment to Action. Variable 
Renewables will lead the way (no/little mention of the role of 
Nuclear Energy) 

 

2018 Clean Energy Ministerial launches Nuclear Innovation for a 
Clean Energy (NICE) Future initiative 

 

Intergovernmental Panel on Climate Change 2018 Report – all IPPC 
Scenarios require more nuclear power 

 

2019 International Energy Agency – a sustainable energy future 
needs all low-carbon solutions, including more Nuclear Energy 
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Nuclear Power in a Clean Energy System 
Nuclear power can play an important role in 
clean energy transitions. 
• Nuclear power today makes a significant contribution 

to electricity generation providing 10% of global 
electricity supply in 2018. 

• A range of technologies, including nuclear power, will 
be needed for clean energy transitions. 

• Nuclear energy plants contribute to electricity 
security in multiple ways. 

 
 

The hurdles to investment in new nuclear projects in 
advanced economies are daunting. 
• What happens with plans to build new nuclear plants will 

significantly affect the chances of achieving clean energy 
transitions. 

• The biggest barrier to new nuclear construction is 
mobilizing investment. 

• Challenges specific to the nature of nuclear power 
technology may prevent investment from going forward. 

Offsetting less nuclear power with more renewables 
would cost more. 
• Taking nuclear out of the equation results in higher 

electricity prices for consumers. 

Without nuclear investment, achieving a 
sustainable energy system will be much harder. 
• A collapse in investment in existing and new nuclear 

plants in advanced economies would have 
implications for emissions, costs and energy security. 

• Achieving the clean energy transition with less 
nuclear power is possible but would need an 
extraordinary effort. 

• With nuclear power fading away, electricity systems 
become less flexible. 

Lifetime extensions of nuclear power plants are 
crucial to get energy transition back on track. 
• Policy and regulatory decisions remain critical to the 

fate of ageing reactors in advanced economies. 
• Economic factors are also at play. 

Strong policy support is needed to secure investment 
in existing and new plants. 
• Countries using nuclear power need to reform their policies 

to ensure competition on a level playing field. 
• Securing investment in new nuclear plants requires policy 

intervention with the very high cost of projects and 
unfavorable recent experiences in some countries. 

• Interest is rising in advanced nuclear technologies that suit 
private investment such as small modular reactors (SMRs). 

• Continued activity in the operation and development of 
nuclear technology is required to maintain skills/expertise. 
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IEA World Energy Outlook 2020: Global Primary 
Energy Demand Projections (1 of 2) 
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IEA World Energy Outlook 2020: Global Primary 
Energy Demand Projections (2 of 2) 
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IEA World Energy Outlook 2020: Global Final 
Energy Demand Projections 
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Nuclear Power in a Clean Energy System 

 

 

 

 

Keep the option open. 
• Authorise lifetime extensions for as long as 

safely possible. 
 
Value dispatchability. 
• Design the electricity market to value system 

services that maintain electricity security.  
 
Value non-market benefits. 
• Establish a level playing field for nuclear power 

with other low-carbon energy sources.  
 

Update safety regulations. 
• Where technically possible, allow flexible 

operation of nuclear power plants to supply 
ancillary services 
 

Create an attractive financing framework. 
• Help mobilise capital for new and existing 

plants at an acceptable cost. 
 

Support new construction. 
• Ensure that licensing processes do not lead to 

project delays and cost increases that are not 
justified by safety requirements. 

• Support standardisation and enable learning-
by-doing across the industry.  

 
Support innovative new reactor designs. 
• Accelerate innovation in new reactor designs, 

such as small modular reactors (SMRs), with 
lower capital costs and shorter lead times and 
technologies that improve the operating 
flexibility of nuclear power plants to facilitate 
the integration of growing wind and solar 
capacity into the electricity system.  

 
Maintain human capital. 
• Protect and develop the human capital and 

project management capabilities in nuclear 
engineering.  
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Nuclear Energy and the Climate Emergency 

Nuclear Energy Priorities 

• Extend the life of the conventional nuclear fleet where possible 

• Deliver planned conventional nuclear New Builds with Gen III 
technologies 

…  and 

• Transition rapidly to New Nuclear Energy that 

• greatly reduces construction costs 

• uses simpler and safer designs 

• enables scale-up of Variable Renewable Energy 

• looks beyond grid-level electricity markets 

• reduces nuclear waste streams 
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Re-Imagining Nuclear Energy 
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New Nuclear Energy: Innovation Goals 

Fourth-Generation Reactor Technology  

Small 
Modular 
Reactors  

Competitive 
Energy Pricing 

(w/o carbon tax)  

Competitive 
Time to 
Market 

Improved Safety, 
Security, 

Safeguards 
Margins 

No/Minimal 
Very Long-Term 

Radioactive 
Waste 

Reduced 
Environmental 

Footprint 

Compatibility 
with Renewables 

(Near) 
Closed Fuel 

Cycles 

Reduced 
Capital 

Requirements 

Enabler of the 
Hydrogen 
Economy 

Access to Energy 
Markets Beyond 

Electricity 

Electricity/ 
Heat Co-

Generation 

Load 
Following 

Et cetera … 
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SMR Examples 

e.g. Westinghouse’s eVinci 
Micro Reactor (~ 1MWe) 

~ 60 companies worldwide 
presently developing SMR 
solutions for market 
readiness within ~2-10 years 

e.g. Terrestrial Energy’s 
Integrated Molten Salt 
Reactor (~200 MWe) 

• Fast neutron 
• No moderator 
• Less actinides 
• Use actinides as fuel 
• Atmospheric pressure 
• No water 
• No parasitic hydrogen 
• Fission-products capture 
• Molten salt heat storage 
• Walk-away safety 
• Etc. 

Typical Reactor 
Characteristics 

… and Fusion Energy (in an 
SMR footprint) is coming … 
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SMR Paradigm Shifts 

1. Markets 

2. Fleets  

4. Engagement  

Paradigm Shifts Small(er) 
• New markets 
• Simpler designs 

• Lower unit cost 

Advanced Technology 
• Passive safety 
• Hazard elimination 
• Less waste 
• Load-following 
• Remote operation 

Modular Construction 
• Lower unit cost 
• Shorter build times 
• Simpler regulation 

Technology 
Innovation 

3. Business Model  
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SMR Paradigm Shift 1: Markets 

On Grid Power (~150-300 MWe) 
• Fossil fuels replacement 
• Electrification growth 
• Renewables storage solutions 

Resource Extraction and Heavy Industry (~10-50 MWe) 
• Combined heat & power 
• On and Off Grid 
• Hydrogen economy 

Remote Communities (~1-10 MWe) 
• Electricity 
• District heating 
• Desalination, food production 
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SMR Paradigm Shift 2: Fleets 

Today’s nuclear energy paradigm 

A few very large reactors, at a few sites for a few 
customers with a few host communities 

 

An SMR-enabled nuclear energy paradigm 

Fleets of many small reactors at many sites for many 
customers with many host communities 

 
 
 

• From economies of scale to economies of multiples 
• Standardization 
• Regulatory harmonization 
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SMR Paradigm Shift 4: Business Model 

• Move from state-led/private-sector enabled to 
private-sector led/state enabled 

 

• Build new business relationships between nuclear 
plant owner/operator/licensee and customer/ 
Indigenous/communities 

 

• Look to other industry sectors for insights e.g. to 
the business model of the global airline industry 
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SMR Paradigm Shift 3: Engagement 

• Understand and respond credibly to changing 
societal values and expectations 

 

• Redefine the Value Proposition with 
Indigenous/host/impacted communities 

 

• Tangibly address perceptions of risk/benefit in a 
world of polarized advocacy 
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Canada’s SMR Opportunity 
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Canada is a Tier 1 Nuclear Nation 

Cigar Lake Uranium Mine 

Bruce Power NGS 

Canadian Nuclear 
Laboratories 

Pickering NGS 

Point Lepreau NGS 

Darlington NGS 

Canadian Nuclear 
Safety Commission 

Pickering NGS 
CANDU 
Reactor 
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Canada’s SMR Roadmap 

Why Canada? 
 
• Tier 1 Nuclear Nation 
• Indicative SMR Markets 
• Vendor Design Reviews 

Next Steps 
 
• Engagement is happening 
• Partnerships are in place 
• Demonstrations are moving forward 

Key Milestones 
 
• Early 2020’s – first micro SMR demonstration at CNL, more being planned 
• 2028 – first on-grid SMR built at Darlington NGS 
• Early 2030’s – roll out of on-grid SMRs in New Brunswick, Ontario, 

Saskatchewan, Alberta 
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NIMBY - ATOK 

Nuclear Is in My Back Yard 

- And That’s OK 


