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Fundamental question and HUGEHUGE issues:
Given the patient’s apparent ills, should we be 

running a climate change experiment on the Planet?

• Global energy sustainability
• Economic competitiveness of industries and of nation s
• Energy technology directions 
• Survival of the species
• Energy security - national and international
• Rights and privileges of the few and of the many
• Energy emissions and GHGs
• Managing emissions and waste
• Radical shift in energy sources
• An inconvenient truth…

….but with inconvenient answers



40% intensity improvement = 200% more emissions….

Linked together:
Energy Use, CO 2 Emissions and Wealth 1970-2004

(Source, IPPC 2007)



The many values of carbon mean widely The many values of carbon mean widely 
varying costs and consequencesvarying costs and consequences

• To the stockholders and owners as profit from sales
• To business as growth engine of the economy
• To power producers and users as a fuel
• To the world as potential climate change hazard
• To traders and emitters as an emissions right and cost
• To non-emitters as an avoidance credit /incentive
• To alternate technology developers/potential substitutes
• To governments in attaining policy, security and taxes

…plus, of course, what you will actually pay.



Wedge shortfall: Mr. Gore’s missing       wedgesWedge shortfall: Mr. Gore’s missing       wedges
avoid discussing a convenient answeravoid discussing a convenient answer

=  ?

= + ?

Reduction from existing low carbon energy 
technology , such as nuclear power and 
hydrogen, that are known to reduce emissions

= Inconvenient truth?Inconvenient truth?



Wind power loses its efficacy at large Wind power loses its efficacy at large 
amounts because of needed backamounts because of needed back --up sourcesup sources

• “As wind power capacity rises, the lower availabilit y of the wind
farms determines the reliability of the system as a w hole to an 
ever increasing extent ….

• As a result, the relative contribution of wind power to  the 
guaranteed capacity of our supply system up to the ye ar 2020 
will fall continuously to around 4%.

• In concrete terms, this means that in 2020, with a fo recast wind
power capacity of over 48,000MW, 2,000MW of traditio nal power 
production can be replaced by these wind farms.”

Source: Wind Power, 2005, e.on-Netz  
7000 MW(e) at 14% CF  = 8.8 €c/kWh (~ 130cdn$/MWh)

• EU 15 GHG emissions in 2002 same as in 1990 despite massive 
one-time switch to wind and gas (Source: Annual European Community 
GHG Inventory Report, 2004)



Avoiding the problem
= Denial of symptoms + Delaying treatment

OR

Buying “snake oil”Buying “snake oil”
= Ineffective remedies + Expensive alternates

OR

Taking real cure
= Biting the bullet + Expert Care

Which answer is better ?



Real Wedges: 
stabilizing projected CO 2 concentrations with 

synergistic nuclear and hydrogen energy
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The convenient answer….
…. global average temperature reduction 
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But where will the hydrogen come from ?



Hydrogen Fuels and Nuclear = zero GHG

• Lowest  emissions sources

• Hydrogen from nuclear power does not produce Green Hou se 
Gases

• Nuclear wastes are already sequestered and/or in storag e

One 1000 MW(e) ACR reactor 

= 137,000 t/y hydrogen

= 930,000 fuel cell vehicles

NOTE: Hydrogen is NOTE: Hydrogen is NOTNOT mentioned as a mitigation cure in the latest IPPC Reportmentioned as a mitigation cure in the latest IPPC Report

WG III Summary Report for Policymakers, May 2007WG III Summary Report for Policymakers, May 2007



Real Global Value: reduction allows both healthy 
global employment and robust economic growth
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Value of emissions avoidance

= 250 ppm x $31 B GWP/ppm

~  $7,750,000,000,000/a $

Cost of 4000 reactors in 30 years = 4000 X $2B/unit/30 = $270,00Cost of 4000 reactors in 30 years = 4000 X $2B/unit/30 = $270,000,000,000/a 0,000,000/a 

Annual Investment Cost Benefit Ratio w/o discounting = 0.03 = 3Annual Investment Cost Benefit Ratio w/o discounting = 0.03 = 3%, or ROI > 30%, or ROI > 30



Acceptable and Affordable Inconvenient Answer
Hybrid Hydrogen Production: NuWind ©

• Need cheap power to make cheap hydrogen
• Gen III+ nuclear & wind capacity factor & generating co sts known
• Wind fluctuations can actually be offset using hydrogen
• Introduce hydrogen acceptable and profitable amounts
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A convenient answer: CANDU reactor systems A convenient answer: CANDU reactor systems 
for both the present and the future for both the present and the future 

-- CanduCandu --SCWRSCWR

0 >40 4000+400+

-- CANDU 6CANDU 6

-- ACRACR

--NPDNPD

Nothing works better than CANDU…….Nothing works better than CANDU…….



ACR-1000
State-of-the-Art Generation III+ Technology

• Each twin ACR station will displace or prevent up 
to 15 million tonnes/year of greenhouse gases
– Over the 60 year design life of the station, more than 800 

million tonnes could be avoided

• ACR is the least expensive, large-scale technology 
for avoiding carbon emissions for
– Electricity production
– Hydrogen production (clean transportation)
– Oil sands deployment (power, steam and/or hydrogen)
– Other industrial uses of energy (process heat)



USC advances in thermal power industry

• Increase efficiency, reduce generating cost
• Major trend to USC with IP steam reheat
• Current turbines and plants 25MPa/600/600
• Range of sizes (300 – 1000 MW(e))
• Planned advance to 35MPa/600/700 
• Efficiencies to 50-55%



Pioneering multipass/reheat core design
Beloyarsk- AMB Units 1964-1989

• Reheat steam to ~ 550 0C

2

BNPP-1,2

Source: O. Yarmalenko, NIKIET, Russia
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HP Turbine

Pump

Reheaters

IHX

625 0C  25MPa

550-700 0C  
MPa

IP Turbine

= 55%



Passive SCWR safety: No core melt
Combine an advanced fuel channel design with passiv e moderator heat rejection
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Sustainable Fuel Cycles
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Self-Sufficient Equilibrium Th
Cycle (SSET)

• In equilibrium, same quantity of U-233 is produced in the spent fuel as 
is required in fresh fuel

• U-233 is recycled into fresh fuel; independent of e xternal fissile
materials (chemical removal of fission products & h igher actinides)

• CANDU “near-breeder” - no uranium required

• Strategic, long-term option
• Single reactor technology (CANDU) can provide long- term assurance of 

nuclear fuel supply
• Non-proliferation and waste reduction advantages



Multiple Fuel Configurations

• Suitable for CANDU 6 or ACR



Sustainable
Fuel input Hydrogen and process heat

plus heavy water

Drinking 
water

Multiple products are key to sustainable 
future and competitive designs

Industrial isotopes
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