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and prospective 



Germany is excited about fusion!



German industry sees the merger and the key technologies associated with it as a 

promising future technology and recognizes its significant market potential.



LLNL: High Repetition Rate Advanced Petawatt 
Laser System (2017)

Development of First IFE-Driver Concepts for Science Applications: High-

Energy, Scalable IFE Drive Lasers Installed at ELI Beamlines and HILASE Site

RAL: Diode Pumped Optical Laser for Experiments 
(2017)
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Electricity demand grows up to 300% by 2045, in Germany and worldwide 

due to electrification and shifts in primary energy use
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Quelle: Fraunhofer ISE, Kopernikusprojekt Ariadne, www.ariadneprojekt.de
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Germany forms an opinion on inertial fusion energy after the NIF 

breakthrough

11/29/2023

▪ May 22: Federal Ministry of Education (BMBF) invites experts from German Industry, Startups and Public 

Research Organizations for an Expert Discussion about Fusion Technologies including Laser based Inertial Fusion 

Energy

▪ Dec 2022: BMBF charges a group of world-leading experts from ICF and MFE communities to assess Germany’s 

status in IFE R&D and to make recommendations for positioning Germany in the field of IFE

public

Missing in the picture: Riccardo Betti, Peter Schroth 
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The expert group on fusion energy was formed from world-leading scientists 

in fusion energy and enabling technologies

11/29/2023

Authorizing Individual: Bettina Stark-Watzinger, Federal Minister of Research and Education

rep. Dr. Volkmar Dietz, BMBF

BMBF POC Dr. Peter Schroth, BMBF, /714

Experts: Neil Alexander, PhD; General Atomics

Prof. Riccardo Betti; University of Rochester

Prof. Dr. Constantin Haefner, Fraunhofer Gesellschaft

Omar Hurricane, PhD; Lawrence Livermore National Lab

Tammy Ma, PhD; Lawrence Livermore National Lab

Prof. Dr. Robert Stieglitz, Institute for Reactor Technology (IFRT), KIT

Prof. Dr. Hartmut Zohm, Max-Planck-Institute for Plasma Physics

Coordination: Dr. Christian Busch, VDI TZ

Claudia Keibler-Willner, Fraunhofer Gesellschaft
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The expert group on fusion energy was formed from world-leading scientists 

in inertial confinement fusion Research and Development

11/29/2023

Charter:

1. Summarize and assess the state of the art of IFE

2. Identify key players and key facilities worldwide in science as well as in 
technology

3. Evaluate the opportunities for Germany to engage in the field of IFE

4. Identify the research needs in general and recommendations for Germany 
where to join 

5. Identify needs for education and workforce

6. Identify technological unique selling points (USP) of German Research and 
Industry which can contribute to IFE and could accelerate market access

7. Assess the role of industry
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September 2023: BMBF Minister Bettina Stark-Watzinger announces funding 

for fusion research  R&D over EUR 1 Billion for the next 5 years

11/29/2023

▪ May 22: Federal Ministry of Education (BMBF) invites experts from German Industry, Startups and Public 

Research Organizations for an Expert Discussion about Fusion Technologies including Laser based Inertial Fusion 

Energy

▪ Dec 2022: BMBF charges a group of world-leading experts from ICF and MFE communities to assess Germany’s 

status in IFE R&D and to make recommendations for positioning Germany in the field of IFE

▪ May 2023: Expert group delivers Memorandum on 

Inertial Fusion Energy

▪ June 2023: BMBF responds with Position Paper on Fusion Energy

(includes MFE and IFE)

▪ September 2023: BMBF Minister Bettina Stark-Watzinger

announces a new Fusion Energy Program that goes beyond 

institutional funding for fusion.
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PLT is a 100% SPRIND subsidiary 

with the goal to develop infrastructure

to support laser-driven fusion 

Since August 2023 PLT finances two laser development projects 
with 90 Mio. EUR in total. 

Key features of power-plant-ready laser systems will be 
demonstrated (e.g. rep. rate, efficiency)

The laser systems are developed together with PLT‘s cooperation 
partners Focused Energy and Marvel Fusion and will support their 
respective fusion approaches.

Germany‘s Federal Agency for high risk, Leap Innovations “SPRIN-D” 

promotes disruptive IFE Technologies development in Germany
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Memorandum is organized into top level recommendations for a fusion 

program and recommendations for modular components

11/29/2023

Fusion Plasma

© LLNL

High gain mass 
targets

© LLNL

Fusion vessel First wall, blanket, 
fuel cycle

© LLNL© LLNL© GA © LLNL

Laser Drivers Diagnostics

© LLNL

AI & HPC Fusion Power Plant

© GA © LLNL

Fusion Power Plant 

© LLNL© LLNL© LLNL
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Key findings

11/29/2023

• Fusion Energy is in the National Interest: Pursuing Both an IFE and an MFE Program is Essential:
• provide for energy sovereignty,
• resilience, and contribute to a diverse energy portfolio
• Both fusion technologies need cutting-edge science and sophisticated engineering and as such will spur 

innovation, attract talent, strengthen international competitiveness, contribute to a modern society and 
foster economic growth

• The international race to fusion energy drives urgency to act
• IFE is a burgeoning field, has enormous potential, and is essential to a future diversified energy portfolio.
• promotes high-tech innovations in areas in which Germany has unique competencies
• World moves now to claim the intellectual property essential to serving the growing global energy 

market.
• Building Trust for Fusion Energy

• Societal acceptance of fusion (vs fission) is needed – and requires support and commitment from policy 
leaders.

• The timeline for achieving fusion energy depends on the level of investment, commitment, and 
determination
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The Memorandum provides 16 Overarching Recommendations

11/29/2023

Each Technical Chapter provides additional recommendations in the specific field

Fusion energy is in the 
national interest: 
Pursuing both an IFE and an 
MFE program is essential

Urgency to move now: 
Germany needs a robust, 
aggressive IFE program

Building trust for fusion 
energy

Need for establishing 
competency-based fusion
hubs. Follow open 
innovation principles

Focus needed for 
establishing successful
leadership in IFE

Evaluating and 
prioritization of IFE 
concepts

Need to Develop an 
Integrated Systems Model 
to evaluate risks and 
tradeoffs

Establish public private
partnerships

Establish international
collaborations

Strategize on IFE implosion
facility to rapidly advance 
IFE ignition and gain, and 
technology development

Maintain IFE approaches
until assessment studies are 
done

Assess IFE programs for 
accountability Develop 
Metrics for success and 
failure

Build and maintain German
competencies

Workforce Growth and 
Development of an IFE 
curriculum is needed

Need for a high brilliance, 
pulsed fusion neutron
source

Support German industry

1

2

3

4

5

6

7

8
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13
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15

16

public 11/29/2023 ELI ERIC LIF Constantin Haefner Page 13



Germany: Establishment of a Fusion Energy Innovation Ecosystem towards 

delivery of fusion power plant technologies

11/29/2023

strong Science Programm 

to train and educate the

next generation

open Research 

Infrastructure for

academia and industry

Competent Industry 

participating in innovation 

and facilitates technology 

transfer

International 

Cooperation between

governments to leverage

resources and funding

Fusion 

Energy 

Innovation-

Ecosystem

Technology-open regulatory framework

▪ Engage the public
▪ Longterm

commitment and 
robust funding

▪ Regulatory 
framework

▪ Address safety and 
security concerns

▪ Harmonize 
Technology Export 
regulations

▪ Support supply 
chain
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Performance 
Evaluation

The Memorandum provides a draft timeline to develop Fusion Drive 

Technology for a Fusion Power Plant

11/29/2023 public

Development of Full-Scale Beamline Prototypes

Start Year 10+Year 5

Accelerated Lifetime Testing of Components

Fusion Physics Advancement

1. Full Scale Ignition Experiments
2. LPI Mitigaion Studies
3. Fast Ignition Physics
4. …

Development of Key Optical Components

Modeling and Simulation 
Capabilites
Conceptual Design

Lasers Physics Basis Development

Key Component Demonstrators

Target 
Development

Beamline
Operations

Conceptual Design
IFE Beamline

IFE Beamline Design for 
Power Plant

Performance Scaling of Pump Diode Technology Scaling of Pump Diode Production Capability

Target Tracking and Beam 
Steering R&D and 

Demonstrators

Development of Power Plant Scale Target Tracking and Beam Steering Technology

Laser Performance Scaling x10 (Materials, Architecture) Laser Performance Scaling x5 (aperture scaling, thermal)

Accelerated Lifetime Test Capability Development

Target Experiment Beamline

Laser Development Beamline

Short Pulse Laser Developmet

Design 
Decision
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Fusion 2040 – Research on the way to a power plant 

11/29/2023

Federal Ministry of Education and Research will start a program for Fusion research in Dez. 2023 

Duration 01/01/2024 – 31/12/2033Funding for MFE and IFE
Overarching Goal: 
Fusion Power Plant

Fields of Action I
Scientific and technical issues

Fields of Action II
ecosystem

▪ Tritium

▪ Material development, First Wall and 

Blanket

▪ Neutron (sources)

▪ Plasma confinement

▪ laser systems

▪ Targets

▪ Simulations

▪ (Design) studies

▪ Infrastructures 

▪ Training and further education of 

specialists

▪ Networking (especially research and 

industry)

▪ Public dialog & information

▪ Regulation

Submission of applications in the context of specific announcements
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BMBF is planning to launch two calls for fusion energy in 

spring 2024

11/29/2023 confidential

1st Announcement 
Basic Technologies

2nd Announcement
Junior Research Groups

Fusion 2024 Research Program

11/29/2023 ELI ERIC LIF Constantin Haefner Page 16



Contact
—
Prof. Dr. Constantin Haefner
Managing Director Fraunhofer ILT

Lead BMBF Expert Commission Inertial Fusion Energy

Commissioner for Fusion Research of the Fraunhofer-Gesellschaft

Tel. +49 241 8906-500 

Fraunhofer Institute for Laser Technology ILT

Steinbachstr. 15, 

52074 Aachen, Germany 

http://www.ilt.fraunhofer.de 


