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Why Fusion?
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The era of flat power 
demand is behind us ...

▪ Fusion provides a clean (carbon-neutral, sustainable), 
“firm” power source to address growing energy needs 
while mitigating climate change

▪ Need high power density sources like fusion to do 
“big things” - desalination, process heat for 
manufacturing, large-scale carbon capture from 
atmosphere/ geo-engineering

▪ Fusion provides energy security - fusion fuel is 
abundant and available globally, would not need to 
rely on imports from other countries

Artists‘s view of a fusion 
energy power plant



Wigner Institute – Budapest – January 29, 2026

Nuclear energy and geopolitics: example Germany
- Lessons to be learned and how do things better
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Germany until March 2011 obtained one-quarter of its 
electricity from nuclear energy, using 17 reactors.

1974 Oil price shock leading to strong support in 
Germany as in France, to reduce the vulnerability 
regarding energy supplies

1980 Green Party emerged from environmental, anti-
nuclear, and peace movements in the 1970s

1986 Chernobyl accident
1989 Commissioning of last nuclear power plant
2011 Nuclear accident in Fukushima
2011 Decision to shut down all nuclear reactors by 2022
2022 Decision to extend the operation of last three 

reactors by four months, as a necessary reaction to 
the Ukraine war, to ensure grid stability and 
prevent power shortages 

https://world-nuclear.org/information-

library/country-profiles/countries-g-n/germany

Today

Why did the initial support for 
nuclear vanished in the 
German population? 

Promises made during the promotion of nuclear energy: 
low-cost, unlimited, safe
Reality was different: higher costs, nuclear waste, 
accidents, still geopolitical dependence 
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Production of electricity in European countries
- accumulated 12 months period
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Nuclear

Data from Electricity Maps App on Nov. 6, 2025 

Wind, water

315 g

CO2eq/kWh

652 g

CO2eq/kWh
26 g

CO2eq/kWh

28 g

CO2eq/kWh

Coal, gas, solar, wind Coal
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Day and night
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Data from Electricity Maps App 

on Nov. 6, 2025 

408 g

CO2eq/kWh

Coal, gas, solar, wind

524 g

CO2eq/kWh

Consequences: 

Need for base-load electricity

(best CO2 neutral)

as Germany decided to shut down 
nuclear fission reactors, fusion energy 
is an alternative

or enormously large energy storage 
devices

Current situation: 

• Coal power plants get extended 
operational life

• Gas power plants kept running even 
when surplus of renewables

• Germany pays for exporting surplus 
electricity 

2:00 PM on a sunny fall day 5:00 PM same day
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Lessons to learn for fusion energy
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▪ Do not overpromise
▪ Address regulation early
▪ Study societal acceptance 
▪ Inform public and politics
▪ ...
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D-T fusion reaction
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▪ needs high temperature because of electrostatic repulsion of nuclei → plasma

▪ is most favorable compared to others (d+d→+n (17.6 MeV); d+He3
→+p (18.4 MeV); 

11B(p,α)2α) in terms of cross-section and temperatures

▪ has a cross section of about 5 barn at modest energy 10 keV (100 Mill K) and large QDT=17.6 MeV

Gravitational 
confinement

Magnetic 
confinement

Inertial 
confinement

TFTR (US)
JET (UK)
JT-60 (JP)
Wendelstein-X (GER)
ITER (FR)

NIF (US)
OMEGA (US)
LMJ (FR)
SG-II (CH)

U of A will concentrate on IFE



Wigner Institute – Budapest – January 29, 2026

Fusion: development of the field
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Inertial Confinement 
Fusion (ICF)

Magnetic Confinement 
Fusion (MCF)

Decades of R&D 
in laser physics, 
plasma physics, 

etc. 

National Ignition Facility (NIF) has 
achieved more fusion energy than 

laser energy since Dec. 2022

▪ DOE funding (IFE STAR Hubs, FIRE, etc.)
▪ Many fusion start-up companies (≈40) 

worldwide with large private 
investment (> 10 Bill $)

▪ Different fusion reactor concepts
▪ Public-Private-Partnerships

Engineering is needed, Chemical Engineering, System 
Engineering, Optics, Laser Technologies, Mechanical 
Engineering, Materials Science, for examples: 
▪ First wall (liquid wall, radiation damage, etc.) 
▪ Radiation detectors (neutrons, -rays, -particles
▪ Tritium handling (breeding, separation, storage)
▪ Targets (diamond, polymer, mass production)
▪ Magnets (high Tc-superconductors, for MCF) 
▪ Heat transfer 

Large (multi)-
national facilities, 
such as NIF, JET, 

ITER, etc. 

opportunities 
for 
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Fusion landscape: competition / collaboration / projects 
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https://www.cnn.com/2025/02/05/climate/china-nuclear-fusion/index.html

https://www.fusionindustryassociation.org

Fusion start-up companies in US:
▪ Commonwealth Fusion Systems
▪ General Fusion
▪ Pacific fusion
▪ Longview Fusion
▪ Blue Laser Fusion
▪ Inertia Enterprises
▪ Innoven Energy
▪ for complete list see
https://www.fusionindustryassociation.org/about/

members/  

US universities with major fusion research:
▪ University of Rochester (LLE)
▪ Colorado State University (ATLAS)
▪ Princeton University (PPPL)
▪ UCLA, UCSD, TAMU, MIT
https://www.fusion-energy-news.com/usauniversities 

NSTX-U: https://www.pppl.gov/nstx-u (at PPPL)

DIII-D: https://www.ga.com/magnetic-fusion/diii-d (General Atomics) 

https://www.fusionindustryassociation.org/about/members/
https://www.fusionindustryassociation.org/about/members/
https://www.fusion-energy-news.com/usauniversities
https://www.fusion-energy-news.com/usauniversities
https://www.fusion-energy-news.com/usauniversities
https://www.fusion-energy-news.com/usauniversities
https://www.fusion-energy-news.com/usauniversities
https://www.pppl.gov/nstx-u
https://www.pppl.gov/nstx-u
https://www.pppl.gov/nstx-u
https://www.ga.com/magnetic-fusion/diii-d
https://www.ga.com/magnetic-fusion/diii-d
https://www.ga.com/magnetic-fusion/diii-d
https://www.ga.com/magnetic-fusion/diii-d
https://www.ga.com/magnetic-fusion/diii-d
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Strategic importance for University of Arizona
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Strengthen the university‘s position in areas of 
great strategic importance

▪ Enhancement of biomedical discovery and 
healthcare with AI

▪ Space sciences, space technology, and national 
security

▪ Commercialization of fusion energy

20 Mill $ from the Board of Regents to establish 
these areas + private donations

https://thehill.com/opinion/energy-environment/5256084-

fusionenergy-us-leadership/, from April 21; 2025

Analysis:
„To commercialize fusion within a decade and 
secure U.S. leadership, we must transition from 
scientific breakthroughs to a comprehensive 
commercial deployment strategy.“ 
Proposal: 
„We believe that, with a 10-year mission and a $15 
billion budget, the National Fusion Technology 
Center would develop testing and evaluation 
facilities at national labs and universities.“

04/21/2025

04/26/2025

https://president.arizona.edu/news/securing-arizonas-future
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The road to IFE power plants
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Scientific 
demonstration, 

not practical 

https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.fusionindustryassociation.org/wp-content/uploads/2025/07/2025-Global-
Fusion-Industry-Report.pdf 

Massive private 
investments 

Fusion power 
plants

+ Federal 
funding

LLNL: Artists view of a IFE power plant

https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
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Methods to get fusion
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        Method   Facility / company   Nuclear fusion reaction

• Magnetic confinement fusion (MCF) ITER (FR)     D-D
     Commonwealth Fusion (US)  D-T
     Thea Energy (US)   D-T
     Gauss Fusion (GER)   D-T   
• Inertial confinement fusion (ICF)  NIF-LLNL (US)   D-T
     Inertia Enterprises (US)  D-T   
     Innoven Energy (US)  D-T
     Longview Fusion (US)  D-T
     Blue Laser Fusion (US, JP)  D-T
     Focused Energy (GER)  D-T
     Marvel Fusion (GER)   p-11B 
• Z-pinch    ZAP Energy (US)   D-T  
• Magnetized Target Fusion (MTF)  General Fusion (CA)  D-T
• Field-reversed configuration (FRC) plasmas Helion (US)    D-3He
• ...    
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Opportunities for University of Arizona
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Scientific 
demonstration, 

not practical 

https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.fusionindustryassociation.org/wp-content/uploads/2025/07/2025-Global-
Fusion-Industry-Report.pdf 

Massive private 
investments 

Fusion power 
plants

+ Federal 
funding

LLNL: Artists view of a IFE power plant

+ Engineering

„Fusion is a commercial endeavor, not a 
scientific endeavor“

(Mike Campbell, former NIF scientist in an interview*)

I would add: 
„it is an engineering endeavor“

*Google search terms: „interview with Mike Campbell and Omar Hurricane“ 

https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
https://www.nytimes.com/2022/12/12/science/nuclear-fusion-energy-breakthrough.html
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From science demonstration to engineering break-even
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Science experiments 
at NIF

3.2 MJ

2.0 
MJ

2022

8.6 MJ

2.0 
MJ

2025

Engineering required for a power plant

▪ One laser shot in a few hours (max) 
due to flash lamps

▪ Target manufacturing takes months 
and is very expensive

▪ Huge negative energy balance  

What do companies need, and what innovations 
are driving the transition to IFE power plants?

Critical Priorities*:

▪ Credible laser drivers 

▪ Target concepts 

▪ Materials

▪ System Engineering  

*from DOE Roadmap for Fusion and discussions 

with Inertia Enterprise and Innoven Energy

commercially viable, cost effective, ... 
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University of Arizona‘s role in shaping the future
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What are the needs of companies and
which developments bring us to IFE power plants?

Critical Priorities in IFE:
▪ Credible laser drivers

▪ Improvements in lasers to get to 5 MJ, better 10 MJ – solid state lasers, excimer lasers
▪ Increase to 10 shots a second using laser diodes – number of shots depending on output power and design
▪ Reliability and lifetime of laser diodes  – extremely important for IFE plants with solid state lasers
▪ Development of advanced manufacturing  – cost reduction using established semiconductor processes

▪ Target concepts
▪ Tritium breeding, cycling    – tritium inventory at any time: few grams; per year < 100 kg 
▪ Target manufacturing     – tritium inventory (1 Mill./day, < 1 $ per target)
▪ Target injection    

▪ Materials
▪ Radiation-resistant materials for first wall  – low activation materials, He-problem, mechanical properties, etc.

▪ System engineering
▪ Integrated Process Management (IPM)  – LLNL, talk by Justin Galbraight
▪ Digital twins       
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From science break-through to engineering break-even
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College of Optical Sciences:
• Laser development
• Development and manufacturing of 

glass for amplifier and lenses
• Laser technology: solid state lasers 

and excimer lasers

College of Engineering:
• Development of cost-effective, high-

throughput fabrication of laser diodes (MSE)
• Reliability and lifetime tests of laser diodes 

(MSE)
• Target injection systems (AME)
• Materials for first wall, incl. corrosion 

resistance (MSE)College of Engineering:
• Test facility for fluid flow (AME)
• Fuel cycle (CEE, AME)
• Development of alternative target 

manufacturing for large scale 
production (CEE)

• System engineering (SIE)

College of Science:
• Solutions for first wall (PHY)
• Other fusion reactions (PHY)
• Nuclear physics (PHY)

Workforce Development

Applied Math

+ collaborations with external partners from universities, national labs 
and industry in fusion energy and in the supply chain 
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Recent developments
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Private-Public Partnerships

The U.S. strategy for fusion energy development is enabled by three primary drivers to Build, 
Innovate and Grow a leading, competitive and robust American-driven fusion energy 
industry. 

While the U.S. private sector is investing > $9B to demonstrate sustaining burning plasma on 
the path to fusion power plants, there remain critical science, materials and technology 
gaps, such as the breeding and handling of fusion fuels, that must be closed. 

These critical gaps require innovation and bridging of public and private sectors.

DOE will build: infrastructure for Fusion Science &Technology (FS&T) 

and Fusion Materials and Technology (FM&T) infrastructure and the 

AI-Fusion digital convergence platform
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Thank you
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