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A few words about myself
• 20 years in top management positions 

primarily in maritime industry
• Professor at NTNU
• Written several books and about 40 

journal papers
• Hold a PhD (99) and M.Sc. (95) at 

Georgia Institute of Technology and a 
‘Sivilingeniør’ from Norwegian Institute 
of Technology (NTH) (94)



Risks are not just bad things happening, 
but also good things not happening.



4

Typical risks
1. Radiation – potential radiation excludes nuclear energy
2. Waste – the waste issue is huge and long-lasting
3. Costs – the technology is very expensive
4. Time –

a) 4th generation nuclear technology takes too much time to 
develop

b) Nuclear power plants take too long time to build
c) We do not have time!



BUT – this is the real risk!

Very little improvement (3%)



High energy intensity is key
The area of a 1000 MW Windfarm

BUT we need 
min 4 such areas 
or balancing 
power



250-350 tonnes HFO per day

• 580 large container vessels globally
• They alone would consume half of 

Europe’s total electricity production
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Fact; Low footprint and no emissions

The nuclear materials 
does not even show up!
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Fact; Nuclear is renewable!

• There is ca 4.6 bn 
tonnes (3.3 ppb) 
uranium in seawater

• The earth rocks contain 
ca 100,000 bn tons 
uranium which 
replenish the oceans at 
16,000 tonnes per year

Extraction using old yarn

Source: https://www.pnnl.gov/news/release.aspx?id=4514

Source: 
https://www.forbes.com/sites/jamesconca/2016/07/01/uranium-
seawater-extraction-makes-nuclear-power-completely-renewable



China plans to build 9 GW/year



Different reactor for different usage

Source: Idaho National Laboratory, 2019, see https://www.nrc.gov/docs/ML1921/ML19214A096.pdf

https://www.nrc.gov/docs/ML1921/ML19214A096.pdf
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Myth; Nuclear radiation is a problem
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Myth; A lot of people has died
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Myth; Nuclear generates a lot of waste
• All nuclear waste ever 

produced in the US fits on a 
football field, 50 feet high

• Over 90% of the energy is left
• Ca 250,000 TWh
• Ca 300 years of production 

with the current mix of the US 
grid



Waste storage

Zwilag in Switzerland

• 99.5% of the radiation in 
only 10.2% of the 
material

• By yearend 2018, there 
was 2,355 m3 material 
from which Switzerland 
had generated 2,667 
TWh

• Gen IV would have given 
100,000 TWh

• With Gen IV, 17% of the 
material must be stored 
for 300 years and the 
rest for only 10 years

With Gen IV technology
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Waste storage (2)

• After 40 years, only 1 permille of radioactivity is left
• Yet, rules mandate storage for thousands of years
• The cost is included in the production costs of nuclear 

power plants
• Nuclear waste is extremely valuable, which is why 

intermediate storage is used
• Gen IV reactors can use this ‘waste’
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Dramatic reduction of waste

Source: Moir, R. W. and E. Teller (2005). "Thorium-Fueled Underground Power Plant based on Molten Salt Technology." Nuclear Technology 151(9):pp.334-340.

73% reduction
98% reduction
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Myth; Nuclear is expensive



Levelized Cost Of Energy

Norwegian
Hydro power

Source: Emblemsvåg, Jan. (2021) Safe, Clean, 
Proliferation Resistant and Cost-Effective 
Thorium-based Molten Salt Reactors for 
Sustainable Development. International Journal 
of Sustainable Energy.
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Hinkley Point C is instructive
• Expensive 

financing
• 100 bn Euros 

in profit!
• New reactor 

design (EPR)

Source: 
• National Audit Office (2017). 

Hinkley Point C
• Joris van Dorp; 

https://medium.com/generation-
atomic/the-hinkley-point-c-case-is-
nuclear-energy-expensive-
f89b1aa05c27

about:blank


Offshore wind vs Nuclear

Offshore wind;
• 8 years construction time
• CAPEX is 30 MNOK/MW
• Ca 50 bn NOK per 

offshore wind power plant
• 7.0 TWh/year for 25 years

Nuclear (AP1000);
• 5 years construction time
• CAPEX is 19 MNOK/MW
• Ca 30 bn NOK per 

nuclear powerplant
• 8.5 TWh/year for 60 years
• Up to 200.000 tonnes 

hydrogen per year from 
waste heat

Further information: https://www.aftenbladet.no/meninger/debatt/i/dn9dWO/kjernekraft-noedvendig-for-groenn-omstilling

https://www.aftenbladet.no/meninger/debatt/i/dn9dWO/kjernekraft-noedvendig-for-groenn-omstilling
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Development – innovations are many
67 different Small Modular Reactors (SMR) under 
development in 2020… here are 17;

InternationalCzech Republic

France

China

Argentina USA

Russia

Japan

Indonesia

Canada

Luxemburg

South
Africa

Sweden

South Korea

Source: Advances in Small Modular Reactor Technology Developments. A Supplement to: IAEA Advanced Reactors Information System (ARIS). 2020 Edition

Not 
in 

scale
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Advanced Reactor Development

• 345 – 1000 MW
• 5 – 33X
• Load following
• Once-through

• 76 MW
• Full burn-up (100X)
• Load following
• Closed loop
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Advanced Reactor Development (2)
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Advanced Reactor Development (3)



MSR is cheaper than coal
(before CO2 taxes)

Ca 30 øre/kWh
Source: Moir, R.W. (2002). "The cost of electricity from Molten Salt Reactors (MSR)." Nuclear Technology 138(1):93-95.

MSR – Molten-Salt Reactor
PWR – Pressurized Water Reactor
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Advanced Reactor Development (4)



The pebble-bed reactor is here… 



BUT; we need to act



Takk for meg 
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