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THE ELEPHANT IN THE ROOM – AI/DATA CENTER GROWTH
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OMDIA (2025), Data Center Building and Investment Intelligence Service, https://omdia.tech.informa.com/advance-your-
business/cloud-and-data-center/datacenter-building-and-investment-intelligence-service 



ENERGY SOLUTIONS IN A CHANGING WORLD



SUPPLY CHAINS MATTER…
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INDEX

China → Russian oil ~€35.9/MWh-
primary*

same 1–2 SSR 
scenario initially

same normalized oil-
buffer scenario 

initially
~1–2 36-72

Europe → Russian 
nuclear ~€20.2/MWh-electric multi-year fuel inventories + 

forward procurement ~2 central ~40

Europe → Chinese 
LFP BESS

€9.14/MWh 
discharged 2.5–6 y; 4 y central 0.5–1.5 y; 1 y central 4.0 36.6

Europe → Chinese 
NMC BESS

€17.51/MWh 
discharged 1.5–4 y; 2.5 y central 0.5–1.5 y; 1 y central 2.5 43.8

For energy security, technological sovereignty, and for manufacturing competitiveness



FUSION IS A BIG BUSINESS…

• Total fusion funding by year • Fusion funding in 2026 to date

Fusion Industry Association. The Fusion Industry Supply Chain 2026. Fusion Industry Association, 2026. (Accessed September 5th, 2026)
Fusion Industry Association. The Global Fusion Industry Report 2026. Fusion Industry Association, 2026. (Accessed September 5th, 2026)

Tritium supply is still 
a major challenge

Private companies 
are investing heavily 

in fusion

we must build supply chains now…



A BLUEPRINT FOR SUPPLY CHAIN RESILIENCE

6Rogers et al. ACS Energy 
Letters 2026



FISSION AND FUSION: CRITICAL ENERGY MATERIALS
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Image Source: Copenhagen Atomics



Slide Title HereBREEDING BLANKETS ARE AT THE HEART OF FUSION

Components of a breeding blanket
6Li generates tritium

6Li interacts with a 
neutron to produce 3H

Neutron multipliers 
are embedded in BB 
to enhance tritium 

breeding ratio (TBR)

1 neutron is produced when D-T fusion occurs

Components of the breeding material

Li, W; Wang, Q; Li, W; Zhang, Z; Cheng, J; Wang, L; Liu, Q; Deng, X; Song, X; Liu, Superconductivity 2026, 19, 100279. DOI: 10.1016/j.supcon.2026.100279



Slide Title HereSOME BREEDER CONCEPTS

Andreani, R.; M. Gasparotto. Fusion Eng. Des. 2002, 61-62, 27-36.
Li, W; Wang, Q; Li, W; Zhang, Z; Cheng, J; Wang, L; Liu, Q; Deng, X; Song, X; Liu, Superconductivity 2026, 19, 100279. DOI: 10.1016/j.supcon.2026.100279

Solid breeder material
• Lithium-6 enrichment: 30-60%
• Lithium ceramic is used

• Li4SiO4 or Li2TiO3 
• Be is used as neutron multiplier

• Leading concepts:
• Helium Cooled Pebble Bed (HCPB)

Liquid breeder material
Lithium-6 enrichment: 90%

Lead-lithium eutectic (15.7 at.% Li)
Leading concepts:

• Water Cooled Lithium Lead (WCLL)

Both concepts require 6Li enrichment…stay tuned for PSI Breeder Concept 



Slide Title HereMETHODS FOR LI ISOTOPE SEPARATION

Modern Li Enrichment TechniquesCOLEX process

LiOH is cross flowed against mercury

COLEX was phased out in the 1960’s in 
the US due to local waterways being 

contaminated in Mercury

Electrochemical enrichment techniques offer a promising step forward

6Li creates amalgam with mercury 7Li 
stays in LiOH
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MAPPING
SUPPLY
CHAINS



Slide Title HerePIECING TOGETHER THE TRITIUM SUPPLY CHAIN

6Li and 7Li Enrichment

Tritium 3H Production

Fusion Devices – 6Li Consumption

Fusion Energy Requires 6Li to Breed Tritium
Tritium Breeding: 6Li + n → 4He + 3H + 4.78 MeV

Energy Production: 3H + 2H → 4He + n + 17.6 MeV

Fission Energy Requires 7Li
⁷Li + n → ⁴He + ³H + n′ -2.47 MeV
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Texas Permian Basin

• Leading oil and gas producing region in America
• Daily production of 4.5 million barrels of oil

• Fracking creates produced water
• Excess of 3 billion L per day

• Li+ concentrations between 50-150 ppm.

MINING BRINES FOR LITHIUM

Rivera-Gonzalez, N.; Bajpayee, A.; Nielsen, J.; Zakira, U.; Zaheer, W.; Handy, J.; Sill, T.; Birgisson, B.; Bhatia, M.; Banerjee, S. iScience 2022, 25 (10), 105063. DOI: 
10.1016/j.isci.2022.105063
Cool, N. I.; James, R.; Schofield, P.; Handy, J. V.; Bhatia, M.; Banerjee, S. ACS Appl. Mater. Interfaces 2023, 15, 1554–1562. DOI: 10.1021/acsami.2c17800.



Slide Title HereHYBRID CAPACITIVE DEIONIZATION: A BATTERY IN REVERSE

14
Selective Li-ion extraction from unconventional sources

Cool, N. I.; James, R.; Schofield, P.; Handy, J. V.; Bhatia, M.; Banerjee, S. ACS Appl. Mater. Interfaces 2023, 15, 1554–1562. DOI: 10.1021/acsami.2c17800.
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Lithium electrolyte is 
flowed through the system

15

E E

Polarity is reversed, 
expelling 7Li ions back into 

solution

Li-7 enriched effluent is 
pumped out

Li+
Cl-
H2O

Deionized water is flowed 
through the system

Lithium Ions are stored surficially and 
volumetrically

Li-6 interacts more with vanadium

Li-6 is held inside of the 
electrode

HYBRID CAPACITIVE DEIONIZATION: A BATTERY IN REVERSE



Slide Title HereISOTOPIC ENRICHMENT

COLEX at 0 °C:
α = 1.04 

ζ-V2O5 at 20 °C:
α = 1.06 

16Carillo, L.; Ezazi, A.A.; Perez-Beltran, S.; Larriuz, C.A.; Kohl, H.E.; Ayala, J.A.; Maji, A.; Verkhoturov, S.; Al-Hashimi, M.; Bazzi, H.S.; Weiland, C.; 
Jaye, C.; Fischer, D.A.; Zuin, L; Wang, J.; Banerjee, S. Chem 2025, 11. DOI: 10.1016/j.chempr.2025.102486

ζ-V2O5 electrode Li1.4Al0.4Ti1.6(PO4)3 standard

𝛼𝛼 =
�

6Li
7Li

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

�
6Li

7Li
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Single stage enrichment factor (α)



Slide Title HereHigh-purity isotopically  enriched lithium



Slide Title HereSCALING TO PRODUCTION

ζ-V2O5 selectively 
extracts Li+ from 
complex saline 

solutions

6Li is then enriched for 
fusion applications

7Li enriched effluent is 
further processed for 

fission applications
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85 cycles for 
90% 6Li

92 cycles for 
99.95% 7Li

121 cycles for 
99.99% 7Li

Fusion Fission

SCALING TO PRODUCTION



Slide Title HereCYCLING ζ-V2O5 TO LITHIUM ENRICHMENT

10,000 Monte Carlo Simulations for each target enrichment.

Number of Cycles to Enrichment =
ln(𝑅𝑅𝑡𝑡𝑅𝑅0

)

ln(α)

Variable Parameter Dist. min mode max

Natural Abundance of 6Li triang. 0.0740 0.0759 0.0770

α Enrichment Factor 
(concen.6/7 solution/ 
concen.6/7 electrode) 

Single Stage Fractionation 
[Li-6 substitutions per cycle]

triang. 1.03 1.057 1.06



Slide Title HereV2O5 DEMANDS FOR 6LI ENRICHMENT

–0.10

–0.61

0.54

–0.51

–0.04

–0.02

90% Enrichment Value

N simulations 10000

Mean V2O5 demand (MT) 18.132

Std. dev. V2O5 demand (MT) 3.5308

Minimum (MT) 10.495

P5 (MT) 13.267

P25 (MT) 15.604

Median / P50 (MT) 17.658

P75 (MT) 20.143

P95 (MT) 24.607

Maximum (MT) 39.982



Slide Title HereNEUTRON BOMBARDMENT & IMAGING

4He
3H

Neutron
Photon

Scintillator (ZnS:Ag)

Metal Foil (Cu)

Electrode

1) Measures 6Li enrichment as a function of image intensity
2) V2O5 electrodes used to generate 3H

Natural Abundance Li 6Li Electrode

Topochemical lithiation of ζ-V2O5:

𝑥𝑥LiI + ζ−V2O5 β−Li𝑥𝑥V2O5 +
1
2
𝑥𝑥I2

CH3CN

45 °C
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Pre-reduction Reduction Step 1 (RS1)Pre-reduction (PR) 

Reduction Step 2 (RS2) Reduction Step 3 (RS3)

ζ-V2O5

RS 1

RS 2

RS 3PR

Question:
Does 6Li insertion occur at a specific 
voltage window 

TRITIUM PRODUCTION + BREEDER CONCEPTS
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Pre-reduction Reduction Step 1 (RS1)Pre-reduction (PR) 

Reduction Step 2 (RS2) Reduction Step 3 (RS3)

Question:
Does 6Li insertion occur at a specific 
voltage window 

Pre-reduction seems to uptake mostly 7Li

Li Capacity 
(mAh g-1)

25.65
18.23

39.17

57.48

RS1 and RS2 insert more 6Li than RS3 and PRLimiting voltage window to 0.6–0.15 V vs Ag/AgCl would 
decrease energy expenditure and possibly increase α

TRITIUM PRODUCTION + BREEDER CONCEPTS
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BREEDER CONCEPTS

• NCI response is linear.

• Same mass loading across multiple electrodes.

• No side reactions.

• 6LiCl : 95% 6Li.

• N.A. LiCl : 7.59% 6Li.



THE PERENNIAL “FIRST WALL PROBLEM”
How do you design a material that can withstand the conditions of the plasma of fusion reactions?

Fusion Energy Production: 3H + 2H → 4He + n + 17.6 MeV

Stable Nucleons: 14.1 MeV Neutron 
Bombardment

Chemically Inert: Sputtered C, W, Be, O

Electronic Stability: X-Rays, γ-Rays

Heat Resistance: Heat Fluxes 1–10 MW/m²

Ionized Particle Radiation: D⁺, T⁺, He²⁺, He⁺

Magnetic Transparency: 3 – 13 T

Reduced-activation ferritic–martensitic (RAFM) steels V-4Ti-4Cr alloys EUROFER97, F82H, and CLAM steel

26
Tonks, M.R.; Andersson, D.A.; Aitkaliyeva, A. Computational Design of Materials for Nuclear Reactors. npj Comput. Mater. 2026, 12, 106. 
https://doi.org/10.1038/s41524-026-01980-8



A REFINED PALETTE OF FUSION FIRST WALL MATERIALS

• No gases or liquids

• No high-activation elements

• No large neutron cross-sections

• No radiative cooling/quenchers

• No Low Melting Points

• No He embrittlement
• Withstand large mechanical loads
• Low sputtering yields
• Robust to thermal gradients

• No radioactive elements

Reduced-activation ferritic–martensitic (RAFM) steels 
V-4Ti-4Cr alloys, EUROFER97, F82H, and CLAM steel

27



VANADIUM IN THE FIRST WALL

0.0022 kg V 7,550 kg RAFM steel (0.03 m • 1,200 m2) RAFM steel
= 6 kg V

100 kg RAFM steel 1 m3 RAFM steel 1.5 GW fusion reactor

0.92 kg V 1,000 kg V-4Cr-4Ti alloy 736 cooling modules
= 677,120 kg V

1 kg V-4Cr-4Ti alloy 1 cooling module 1.5 GW fusion reactor

First Wall Blanket Substrate Shell

First Wall Blanket Cooling Modules: Channels & Breeder Cladding Parameters

For a 1 GW Fusion Reactor
Total Initial Construction = 677 metric tons of Vanadium

Lindau, R.; Möslang, A.; Rieth, M.; Klimiankou, et al. Present development status of EUROFER and ODS-EUROFER for application in blanket concepts. Fusion Eng. Des. 2005, 75-79, 989–996. 
https://doi.org/10.1016/j.fusengdes.2005.06.186

EUROfusion Materials Handbook / EUROFER97 material specification (European Fusion Development Agreement).

Chun, Y. B.; Lee, D. W.; Cho, S.; Rhee, C. K. Physical, Thermal, Magnetic, and Mechanical Properties of ARAA. Transactions of the Korean Nuclear Society Autumn Meeting, Gyeongju, Korea, October 29-30, 
2015 https://nstx.pppl.gov/nstxhome/DragNDrop/Scientific_Conferences/SOFE/2013/NSTX-U_engineering/Kessel_KDEMO_SOFE2013_papers-2.pdf

Kim, G.-W.; Lee, J.-H.; Cho, H.-K.; Park, G.-C.; Im, K. Development of Thermal-Hydraulic Analysis Methodology for Multiple Modules of Water-Cooled Breeder Blanket in Fusion DEMO Reactor. Fusion Eng. 
Des. 2016, 103, 98–109. DOI: 10.1016/j.fusengdes.2015.12.042. https://www.sciencedirect.com/science/article/abs/pii/S0920379615304257 28

V-4Ti-4Cr alloy (92 wt.% V) is considered an excellent candidate for first wall construction because it doesn’t 
undergo deleterious transmutations from free neutrons in nuclear reactors.



LIVING SUPPLY CHAIN DATABASES
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Project Developer
Minami Hayakita Substation 

Hokkaido Electric Power – Wind Stabilization Sumitomo
Property Name Company

Maracas Menchen Mine Largo Inc

Vanadium-host Resource Product Output

Vanadium titanomagnetite Vanadium oxide flake, 
Vanadium oxide powder

Total 
Resources
(Mt ore)

Measured and 
Indicated

Resources (Mt ore)

Inferred 
Resources
(Mt Ore)

60.36 45.17 15.19

Ore Grade
(% V2O5)

High-Purity 
V (>99.5 %)

Production per Annum
(tpa V2O5)

0.79 Yes 11,000.00

Location Country Region EU-27
Maracas, Bahia Brazil Latin America No

Production Type Stage
Co-production Operational

Status
Power 
(kW)

Duration 
(hr)

Capacity 
(kWh)

Operational 15,000 4.0 60,000

Project Name
Panzhihua Group Vanadium and Titanium 

Resources and Rongke Power Joint Venture

Company
Panzhihua Group/Dalian 

Rongke Power

Locality Country Region EU-27
Panzhihua, Sichuan Province China Asia Pacific No

Operation 
Status

Resource
Input

Product 
Output

Operational Vanadium oxide Electrolyte

Production per Annum,
Electrolyte (m3)

2.00

Locality Country Region
Abira-Chou, Hokkaido, Japan Japan Asia Pacific

Production Database VFB Database

Processing Database

Rogers, B.; Banerjee, S. Mine the Gap: Sourcing Vanadium for the Energy Transition Joule 2025 9, (11) 1-14.



VANADIUM DEPLETION IN FUSION REACTORS

• Vanadium consumption for the lifetime of a nuclear fusion reactor are calculated as a function of the rate of 
transmutation of V to Cr, thermal degradation, and resulting replacement rate for components from initial construction

z =  ln(y+1) 226 xy + 677 yVanadium MTV Consumed

Vanadium MTV Consumed

30



Slide Title HereGaps in supply: resource mismatch
ConsumptionConsumptionConsumption ProductionConsumption ProductionConsumption ProductionConsumption ProductionConsumption ProductionConsumption Production

Energy storage demand is projected to make up 50% of global vanadium consumption in the next 5 years

Consumption Production

31Rogers, B.; Banerjee, S. Mine the Gap: Sourcing Vanadium for the Energy Transition 2025; DOI: 10.1016/j.joule.2025.102139 

https://doi.org/10.1016/j.joule.2025.102139


Vision & Mission

An Initia tive by Daniel J akob/  Robin Senn, APRIL 2026

Fus ion Fuel Cycle 
Management Clus ter

How to catalyze the Swiss fusion ecosystem?

How to mobilize SINQ++?

Building a Materials Hub and an overarching Hub and Spoke Model



Main Fusion Fuel Cycle Management Topics

Gas Management

Tritium Breeding

Breeding blankets 
(tiles, others)

Optimized, 
industrial Li-
separation 

process

Gas 
Purification

Industrial process 
of isotope 
separation

Gas Storage

High capacity, 
long-live getter 

beds

Process & Analytics

High Pressure 
In-Line 

Analytics

Industrial grade, 
combined 

instruments

Gas & 
Vacuum 
Pumps

Long-live tritium 
compatible high 
vacuum pump

Safety

De-Tritiation 
Systems

Industrial process

Anti 
Permeation 

Barriers

Coating materials 
and processes

Field of action & resulting products

3HLiBe Swiss Blanket Research Lab
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The growing need for lithium isotope 
separation for fusion breeder blankets and 
advanced fission systems is limited by the 
lack of non-destructive methods that can 
directly observe isotope enrichment and 
lithium transport inside realistic devices. 
SINQ++ should deliver more sensitive, 
quantitative, and operando neutron 
imaging for low lithium concentrations, 
realistic flow-cell and breeder-relevant 
sample environments, and faster 3D/4D 
analysis, thereby enabling the mechanistic 
understanding and process innovation 
required for future nuclear-energy supply 
chains

FUSION NEEDS FOR FUEL CYCLES



This is a choice we make. We choose to do it in this decade and do the other 
things, not because they are easy, but because they are hard, because that goal 
will serve to organize and measure the best of our energies and skills, because 
that challenge is one that we are willing to accept, one we are unwilling to 
postpone, and one which we intend to win, and the others, too…
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