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Deuterium Tritium Fusion

High Energy Density

At 100% burn efficiency

94 kg DT fuel generates 

1 GW-yrth

Fuel

Isotopes of hydrogen

Clean

Ash is helium gas



Breed Tritium from the neutrons reacting with lithium 

in a blanket surrounding the reactor core

Deuterium plentiful in seawater

(1 part in 6000)

Fuel Cycle

Breed tritium from lithium



Fusion - High Energy Density

Small footprint:

<1km square for 1GWe power plant or

1000 W/m2

Compare to other clean energy alternatives:

Solar PV  ~ 10 W/m2

Wind  ~ 2-3 W/m2 

Biomass  ~ 0.5 W/m2

Hydro  ~ 0.25 W/m2

Ref: DJC McKay (2009)



Requirements for Net Energy Yield



Inertial Fusion Energy 
Laser Fusion

Traditional 
Concepts

New Concepts - Separate 

Ignition Pulse (Fast Ignition)

Laser Fusion has advantage of separation of 

reactor chamber and expensive laser driver



Lawrence Livermore National Laboratory 

National Ignition Facility - USA

Lawrence Livermore National Laboratory

https://lasers.llnl.gov/

Goal to reach ignition and produce modest target gains

• Indirect Drive  1.8 MJ

• 0.35 mm 196 beams

• Operating 6 years



NIF-0411-214554.ppt

Laser Bay

https://lasers.llnl.gov/



Fast Ignition

Laser cannot penetrate into the core

Therefore deliver in the form of MeV electrons 

or ions driven by Ultra-intense (PW) short pulse 

laser



Energy Gain Scaling for Fast Ignition

Reduce Laser Requirements almost an order of magnitude:

Smaller and less expensive initial IFE reactors possible

Must control electron 

transport to the core 

using strong magnetic 

fields or use 

alternative MeV 

protons to couple 

energy to the core

These are areas of 

current research



• Strong shock at the end of the compression pulse causes ignition of 

compressed fuel core 

• Recently proposed in detail in 2007 by Betti et al. (PRL 98, 155001 (2007))

• Similar Concept by Shcherbakov, Sov. J. Plasma Phys. 9(2) 240 (1983)

New Concept - Shock Ignition





2014 demonstration of fuel gain exceeding unity

Nature vol. 506, p. 343 (2014)





Laser Mega Joule (LMJ) France

240 Beams 2 MJ 0.35mm on Target

Goal to produce 2 to 20MJ fusion 

energy per shot Q = 1 -10

Laser Mega Joule - France



University of Rochester 40kJ Omega 

Laser System

Direct Drive Fusion

Scaling to NIF facility energy expected to yield 120kJ fusion yield

-> Need to control cross beam energy transfer to reach ignition conditions





Commercialization and spinoff 

opportunities of Laser Fusion



LLNL LIFE Power Plant Design 

Addresses Engineering Requirements for a Real Reactor)
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Plant Primary Criteria (partial list)

Cost of electricity

Rate and cost of build

Licensing simplicity

Reliability, Availability, Maintainability, 

Inspectability (RAMI)

High capacity credit & capacity load factor

Predictable shutdown and quick restart

Protection of capital investment

Meet urban environmental and safety 

standards (minimize grid impact)

Public acceptability

Timely delivery

Use of commercially available 

materials and technologies

Focus on pure fusion,

utility-scale, 

power-producing facility

LLNL : Initial engineering and planning already carried out



Cost ~ $2BEuro

European LFE 10Hz 

Demo plant proposal



European Inertial Fusion Energy 

Roadmap

but also, to a great extent, by the MFE one. One of the IFE proposals on JUGENE was highlighted in 
the 9th volume of the PRACE newsletter (October 2012).  
  
Collaborations on the IFMIF-EVEDA accelerator prototype started: radioprotection studies were 
conducted at DENIM; at GSI, expertise on ultra-high linear accelerator currents and collective beam 
stability issues got involved in TRACEWIN code development to predict beam loss effects. 
 
Simulations of the thermo-mechanical effects on W first wall under IFE and MFE irradiation 
conditions were performed at DENIM. It was shown that, except during MFE disruptions, the plasma 
facing materials are subject to comparable thermal loads and, therefore, present similar thermo-
mechanical response; however, radiation-induced atomistic effects appear to be different due to ion 
energies in the eV range for MFE and in the keV-MeV range for IFE. 
 

D. The IFE roadmap beyond 2013 
 
Considering the state of the art in 
research and developments and 
the ambition of its long-term goal 
of demonstrating the viability of 
clean energy production by laser-
driven fusion, as demonstrated by 
the HiPER roadmap, the European 
community has established a 
roadmap towards IFE for the near 
future. 
 
This  roadmap aims at: 
 

 mission 1a: conducting a programme of experiments and numerical simulations culminating in 
the demonstration of shock ignition on the LMJ circa 2021-2023, followed by a 5-year period 
of optimisation to achieve gain values required for IFE; 
this mission will rely on access on programmatic access to the LMJ from 2016 and to existing 
mid-scale European (and possibly US) laser facilities for underpinning sub-ignition experiments 
(and associated numerical modelling) to give confidence in the IFE underlying physics; 
 

 mission 1b: conducting a programme of experiments and numerical simulations to understand 
underlying obstacles to central hot-spot ignition on NIF and LMJ, particularly x-ray / optical 
drive asymmetry and hydrodynamic mix, to reduce uncertainties that input into all inertial 
fusion ignition schemes; 
this mission will rely on academic access to the VULCAN, ORION and US laser facilities and 
involve active collaboration with inertial fusion scientists worldwide; 
 

 mission 1c: conducting a programme of numerical simulations and experiments to test the 
viability alternative schemes such as electron- and ion-driven fast ignition or impact ignition;  

o development of laser-driven electron and ion sources, as well as of laser-based 
acceleration methods for plasma macro-particles, using advanced numerical 
simulations and experiments on the existing and future laser facilities;  

o development of computer codes and capabilities for unified simulation of the fast 
ignition scheme, from compression to ignition and burn; 

o investigation of the potential of alternative schemes for high-gain fusion with 
reactor-scaled targets by performing massive numerical simulations; 

 

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Technology Devt. & Risk Redn.

Laser: 10kJ / 10Hz beamline prototype; Target mass prod.; Chamber concept

HiPER construction & 

commissioning

NIF 

Ignition

LMJ 

Ignition

LMJ 

available

Robust ignition; physics optimisation 

Invest. 

decision

Exploitation

HiPER B. C.
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Executive summary 
 
The Consultative Committee for the EURATOM specific research and training programme in the field of 
Nuclear Energy (CCE-FU) endorsed in 2007 continuation of the keep-in-touch (KiT) activity over 
civilian research activities in inertial confinement fusion for energy (IFE), as part of the Annual Work 
Programmes of the involved Associations. To monitor this KiT activity, the CCE-FU set up the 
Inertial Fusion Energy Working Group (IFEWG) from whom annual Watching Briefs, as well as in-
depth proposals, are requested.  
 
IFE is currently not mentioned in the “EFDA roadmap to the realization of fusion energy” motivating 
the drawing up of the present document. The IFE missions that are described in this document fit 
naturally into the “Training and education” and “Breaking new frontiers – the need for basic 
research” sub-programmes. They include acquiring new insights into the basics of ignition physics, 
demonstrating shock ignition (one of the most credible scheme for fusion energy) on the LMJ as well 
as exploring other alternative approaches, and keeping watch over scientific and technological 
developments conducted within other international IFE programs, while ensuring synergies with 
MFE activities (in material research, radiation protection issues, computational developments, for 
instance) and efficiently strengthening the overall fusion community,. 
 
The FP7 EURATOM KiT activities have resulted in a steadily increasing number of collaborations 
throughout the participating laboratories in Europe and enabled a strong and fruitful research 
program across national approaches. It has attracted a significant number of PhD students and 
excellent young researchers who continue to actively contribute to fusion-relevant scientific 
developments.  
 
Based on its expertise, the IFE working group is convinced that it is mandatory that IFE-oriented 
research be conducted at a trans-national level to be visible and credible as an alternative road 
towards sustainable and secure energy source.  
 

 
 
The following report is first summarizing the work performed under the 7th European Framework 
Programme from 2007 to 2012 within the EURATOM IFE KiT activities (section B). It takes into 
account the recommendations issued in January 2010 by the CCE-FU following compulsory 
adaptation of the fusion programme beyond 2011. It also presents (section D) a European roadmap 
to the realization of laser fusion energy which completes the EFDA MFE roadmap.  
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Alberta Fusion Presence

• Alberta/Canada Fusion Technology Alliance 
– Formed in May 2016

– Group members instrumental in assessing the status of fusion for the 
Alberta Government with several reports in the past decade

– Have prepared a $27M proposal for building expertise and capacity in 
Inertial fusion energy to be presented to the Alberta Government

• University of Alberta
– one of the strongest Research and Engineering Universities in Canada

– strong existing background capabilities in many relevant areas

– recent approval to hire 4 new faculty positions in the laser/plasma/fusion 
area in support of a fusion energy thrust

– current and past MOU’s with relevant international partners

• Province of Alberta
– sees itself as an energy leader province

– very strong engineering and large project management infrastructure
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Alberta Council of Technologies Study 

Presented to Alberta Energy – March 31, 2014
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Alberta/Canada Fusion Energy Program 

 



Alberta Capacity Building Proposal

• Led by Alberta/Canada Fusion Technology Alliance 

• $27M five year program ($24M provincial, $3M UofA)

• Develop expertise in relevant areas for inertial fusion 
energy  (lasers, advanced ignition, diagnostics, targets)

• HQP development – 4 Faculty, 15 PDF/RAs, 15 Grad 
Students

• Diagnostic and technology development to support 
participation in collaborative experiments around the world

• Annual workshop and public forums  

• Position Canada for participation in eventual IFE demo 
power reactor

• Significant technology spinoff potential expected
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Fusion 2030 Program Proposal

• $46M five year program to develop world class infra-
structure to support an inertial fusion energy program

• Laser Driver Development ($14.9M)
– High Efficiency, High repetition rate diode pumped laser driver 

development at the 100J, 1 Hz and 1kJ one shot per minute level

• Laser Plasma Interaction and Materials Testing 
Facility ($26.3M)
– Laser-Plasma Interaction Facility for Advanced Ignition Studies, 

Diagnostic Development, and Fusion Reactor Materials Testing

– 1kJ 1-10ns laser and 500TW 20fs laser plus target facilities

– Nanoscale materials testing facility: high energy plasma, x-rays, MeV 
electrons, protons, and neutrons 

• Advanced Shock Ignition Studies  ($4.9M)
– Collaborate with international efforts to demonstrate shock ignition under 

reactor scale conditions 
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• Fusion is Coming! (whether we are part of it or not)

• NIF has a reasonable probability of reaching ignition by 

2020 via indirect drive

• Direct Drive scaling is neck and neck with NIF and also 

has high chance of showing conditions equivalent to 

scaled ignition by 2020

• Major DOE review of laser fusion program in 2020 to 

decide on next steps – possible next generation demo 

system 

• HiPER in the winds in Europe

• China and Russia also building Laser Fusion capabilities

The Way Forward - Laser Fusion



Questions 

and

Discussion



UofA Fusion Related Expertise

• ECE Department (Engineering Physics Program)

– Robert Fedosejevs – Lasers, Advanced Ignition, X-ray and particle 

diagnostics

– Ying Tsui – High Energy Density Physics, Advanced Ignition

– Allan Offenberger – Emeritus Professor 

– Approval to expand with 4 new faculty positions in the Laser/ 

Plasma/ Fusion area

• Physics Department

– Strong Computational Plasma Physics Group  – Wojciech Rozmus, Rick 

Sydora, Richard Marchand and Robert Rankin

• Materials Science 

– Strong materials science research community 

– World class nanofab capabilities, National Institute of Nanotechnology, 

Surface Science Centre and local MEMS companies (Micralyne, Applied 

Nanotools, Norcada, Precisely Microtechnology,…)
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USA Direct Fusion Related Impact

Much larger indirect spinoff 

and world impact expected



Next Steps – Fusion 2030


