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Bob Mumgaard (Commonwealth Fusion Systems):
“Imagine 2050. We’ve got ten thousand fusion power plants providing 20% of the 
world’s energy consumption”

The ten thousand plants perspective
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My take on this: This is the correct perspective. 

• May seem over-ambitious, but

• If aim is <<20% of world energy demand, then what’s the point?

• Question is: how fast can this be realised? 

At the fastest, with ‘infinite market pull’.

Still from video. Source: MIT website
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The mainstream fusion Roadmap: ITER – DEMO – Gen1 – …
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euro-fusion.org

2026 2038 2043? 2055?

no electricity in 2050

Can’t we speed that up??
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Private initiatives aim at ‘fusion sooner’, and are being funded!
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(Source: Fusion Industry Association)
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How can start-ups claim to go so much faster?
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They do not take on all issues at the same time (e.g. worry about neutron-hard materials later)
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Government-funded programs: design meets all criteria Private companies: more phased approach
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How can start-ups claim to go so much faster?
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• They do not take on all issues at the same time.

Phased development is logical if you: 

• Accept that if your goal is to build 10000 reactors, then the first batch(es) are irrelevant for 
power generation. 
à No need to make them efficient or long-lasting or clean. 

• Accept that the early growth phase is only there to figure out the best design/technology and 
build the industrial capacity for rapid deployment  
à build discardable reactors….. The first 100 or so!

In short: plan for learning as you go

Power multiplication

 Heat shields

 Pulse Duration

(Nuclear) Safety

RAMI

Tritium self-sufficiency

Overall plant efficiency

Availability

Neutron materials

Low Waste

Recycling

Decommissioning

6 Niek Lopes Cardozo – IAEA workshop 11 July 2022

6



17/07/2022

4

How can start-ups claim to go so much faster?
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Design strategy

• do not take on all issues at the same time (e.g. worry about neutron-hard materials later)

• minimize complexity of design

• high-risk-high-reward approach: Venture capitalists are willing to take that risk, governments are not

Innovation strategy
• Use knowledge and technology from mainstream fusion

• Use innovations from outside fusion (e.g. HTS tape, 3D-printing, AI, control technology)

• Own innovations (e.g. design and fabrication of 20 Tesla HTS coil à IP)

• Minimize build time à fast uptake of new technology (ITER was designed in the 1990s)

Every single private company makes choices, specializes.
Together they represent evolutionary, parallel development.
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Ten thousand fusion plants in 2050, what does that take?

500 FPPs per year @ >2 Billion each……oops! 

• >50 x fission industry today 

• >5 x Apple

• Annual investment: a few % of global GDP

• Workforce: Hundreds of millions
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Is such a fast deployment rate economically feasible?
And so large an industry takes time to grow à how long?
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Ten thousand fusion plants in 2050, what does that take?
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Forcing the transition leads to oscillations.
But we do need 10000 something plants, for which the same holds.
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lifetimeBuild 500 FPPs per year, from 2030

If the plants have a life time of 50 years: 
• only 200/y industrial capacity is needed, eventually

• after 2050: 30 year gap with no business.

Such oscillations are not acceptable.

(Remember: hundreds of millions jobs.)
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How fast can we build up industrial capacity?

Imagine a demonstrator producing 1 MW of green power. 
Must scale up by 105 to make impact on global scale. 
Doubling every 2 (!) years, that takes 32 years. 
And that only brings you to the start of the large-scale deployment 
(the bend of the S-curve). 
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and how does this work out for nuclear fusion?
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• How can we still have the benefits of innovation in this rapid expansion process?

• How do we avoid technology lock-in?

Data: IEA. I applied a capacity factor
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How fast can we go?
Imagine a demonstrator producing 1 MW of green power. 
Must scale up by 105 to make an impact on global scale. 
With a doubling time of 2 (!) years, that takes 32 years.  
And that only brings you to the start of the large-scale deployment 
(the bend of the S-curve). 
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Data: IEA. 
I applied an averaged capacity factor to translate ‘installed power’ into ‘net power’.

This 2-year doubling is what PV has 
done for decades (see log plot)

Since a few years it appears to be in the 
linear part of the S-curve. (see lin. plot)

But this linear rate is 
a. about a factor 10 too slow to achieve 
the 2050 goals; and 
b. will saturate after ~one lifetime of 
the installed panels (dashed line).

Formative phase takes 
decades…

Niek Lopes Cardozo – ESEE2022Pisa 16 June 2022
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Let’s do the math
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Here the first installed 
units reach the end of 

their life
Slope = industrial 

capacity to build units

Industrial 
capacity must be 
developed first: 
exponential foot

The largest industrial 
capacity ever needed 
is that to maintain the 

final value

Work with G.J. Kramer (UU) and G. Lange: ‘Fusion, expensive and taking forever?’ J Fusion Energy (2016) 35:94–101; DOI 10.1007/s10894-015-0012-7
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Let’s do the math
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Work with G.J. Kramer (UU) and G. Lange
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Exponential growth is 
spectacular…..

….but energy generation only 
starts for real once the growth 
has become linear.
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Exponential phase:
- Investments relatively small
- Irrelevant for generation
- Technology development
- Risk of technology lock-in

Linear phase:
- Slope related to lifetime
- Too late now for radical innovation
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Data: Goldman Sachs
Model: NLC

Fastest-growth model applied to market penetration of LED
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Data: Goldman Sachs
Model: NLC

Application of the ’fastest-growth model’ to the market penetration of LED lighting.
This could be expected to be a market introduction that follows the fastest-growth curve.
In the model, the linear growth rate is related to the (economic) lifetime of the product, in this case the LED light.
The fit results in a linear growth time (=lifetime) of 12 years.
This is an example of a market introduction in which the lifetime is much longer than the doubling time of the exponential growth.
This results in transition to linear growth at a small fraction of the saturation level – as is borne out by the data.
A similar characteristic is to be expected for energy technologies, i.c. fusion
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Aren’t renewables subject to the same logic?
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Renawables (here: onshore wind and Solar PV) appear to follow the same ‘fastest-growth’ curve.
• The present data suggests that both already show the roll-over, the transition to linear growth
• That is consistent with the stagnation of the growth of investments in renewables (stable at ~$300 Billion/Year since 5-10 years)
• Linear growth at today’s rate, factoring in the (economic) lifetime (20-25 years), results in saturation around 2035.
• That is too soon, at a (factor 10) too low level to achieve the energy transition

Application of the ‘fastest-growth’ model to data of onshore wind and solar PV 
(data: IEA, I applied an averaged capacity factor to convert installed power into averaged net power)
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Aren’t renewables subject to the same logic?

1616 Niek Lopes Cardozo – IAEA workshop 11 July 2022

16



17/07/2022

9

Niek Lopes Cardozo – IAEA workshop 11 July 2022

5 y

7 y

17

The one plot that tells it all

FUSION:
ITER-DEMO Route

3 y

Gen1
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Gen3

FUSION:
Private initiatives

doubling 
time

10% of projected world energy demand 2050

Smart new ideas, 
anyone?
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Conclusions
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Fusion: not yet a demonstrated ‘available’ technology! To make an impact it needs to work and then grow.

Linear growth: 
transition asks for annual investment of trillions (few% of global GDP) independent of technology
limited by lifetime of product  (so no, clean energy will not come as fast as the smartphone)

Exponential pre-growth: 
needed to build industrial capacity.
no contribution to CO2-reduction
how to avoid technology lock-in?

Fusion is a case study
long build time – big jumps between generations – wide valley of death – slow learning
mainstream roadmap: risk-averse, 1-dimensional, technology lock-in, no electricity before 2050
private companies: high-risk, parallel development of concepts, innovative, fast learning

In the perspective of ‘10-thousand plants’ investing in parallel innovation in early 

phase is the only sensible way to go. Needs capital now.
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