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1Be4FUSION LLC, Upland, California, U.S.A.
2Karlsruhe Beryllium Handling Facility (KBHF GmbH), Eggenstein-Leopoldshafen, Germany

The 9% Industrial Forum on Beryllium Opportunities & New Developments (BeYOND-IX) was held on 16
September 2022 on the North Campus of the Karlsruhe Institute of Technology (KIT) in Eggenstein-
Leopoldshafen, Germany, in conjunction with the 15 International Workshop on Beryllium Technology
(BeWsS-15) and with the Symposium on Fusion Technology (SOFT-32 in Dubrovnik, Croatia). The workshop
has been held periodically since 2009.

These Proceedings of BeYOND-IX have been compiled from the documents generated by the workshop
organizers, combined with the abstracts and presentation files submitted by the participants in the event.

The BeYOND-IX was organized by the Karlsruhe Beryllium Handling Facility (KBHF GmbH) with technical
support from KIT (Karlsruhe Institute of Technology) in Germany, the UK Atomic Energy Authority (UKAEA)
in the United Kingdom, and Be4FUSION LLC in the U.S. Participants came mainly from Germany, U.S.A.,
UK, France, Japan, Kazakhstan, Czech Republic, Portugal, Sweden, and Latvia.

Keywords: Beryllium, Fusion Engineering, Irradiation Effects, Beryllide Intermetallic Compounds, Plasma-
Facing Materials, Neutron-Multiplier Materials, Health and Safety, Chronic Beryllium Disease, Beryllium
Sensitization, Fusion Start-Ups, Molten Salt, FLiBe, Fusion for Future, Mankind Project, Karlsruhe Beryllium
Handling Facility, KBHF
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Introduction & Executive Summary

The 9% Industrial Forum on Beryllium Opportunities & New Developments (BeYOND-IX) was held on 16
September 2022 on the North Campus of the Karlsruhe Institute of Technology (KIT) in Eggenstein-
Leopoldshafen, Germany, in conjunction with the 15" International Workshop on Beryllium Technology
(BeWsS-15) and with the Symposium on Fusion Technology (SOFT-32 in Dubrovnik, Croatia). The workshop
was held annually from 2009-2014, and generally once every two years since 2016.

The objective of the workshop for scientists and engineers around the world is to share the results of their
efforts to develop technology in the application and safe use of beryllium in fusion energy research, with
emphasis on making connections between established research institutes and commercial industry. This
idea now takes on a higher level of importance with the founding of many fusion start-up companies in
the past few years.

The BeYOND-IX workshop was organized by the Karlsruhe Beryllium Handling Facility (KBHF GmbH) with
technical support from KIT (Karlsruhe Institute of Technology) in Germany, the UK Atomic Energy
Authority (UKAEA) in the United Kingdom, and Be4FUSION LLC in the U.S. Participants came mainly from
Germany, U.S.A,, UK, France, Japan, Kazakhstan, Czech Republic, Portugal, Sweden, and Latvia. There
were some new, first-time aspects to this year’s event:

e Held in conjunction with the BeWS-15, as part of a 3-day joint event

e Featured participation from fusion start-up companies

e Runin a hybrid format with both in-person and online attendees and presenters
e Included a tour of the Karlsruhe Beryllium Handling Facility (KBHF)

The program was comprised of 14 presentations, ranging from the goals of two fusion start-up companies,
progressing to those focused on beryllium health and safety, and followed by a session on beryllium use
in molten salts, a dormant area of energy research that is now seeing a resurgence in interest for both
fission and fusion applications.

To foster networking and collaboration, the UK Atomic Energy Authority (UKAEA) presented about their
Fusion Cluster initiative, an opportunity for interested parties to seek possible synergies across the global
community of fusion companies and research institutes. On top of that, KBHF introduced its own "Fusion
for Future" concept, which also includes the Mankind Project, a non-profit organization that is now
positioned to play a role in expanding fusion cooperation in an even broader social sense.

The Dr. Glen Longhurst Memorial Award (GLMA) was established at BeYOND-IX to recognize outstanding
contributions in fusion-related beryllium research. This year, Chris Dorn of Be4FUSION and UKAEA was
the chosen recipient, based on his work in beryllium and fusion over the past 30 years.

The final BeYOND-IX program is included near the beginning of these Proceedings to introduce the
abstracts and presentations that follow. A list of the registered participants may be found in the
Appendices of this document.

Aniceto GORAIEB
BeYOND-IX Chair
Karlsruhe, October 2022



BeYOND-IX Final Technical Program

The technical program was organized by the BeYOND-IX Chair, Aniceto Goraieb of KBHF in Germany, with
help from the BeWS-15 Chair, Dr. Pavel Vladimirov of KIT in Germany, Kathryn Creek of Beryllium Solutions

International in Portugal, and Chris Dorn of UKAEA and Be4FUSION. This is the version of the program
that was distributed to the participants at the workshop.
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Session 1: Fusion Programs & Industry Status
Developing a Fusion Ecosystem
V. Jamieson (UK Atomic Energy Authority, UK)

Developing a Fusion Ecosystem

Valerie Jamieson

United Kingdom Atomic Energy Authority (UKAEA), Abingdon, UK

With world-leading fusion energy companies and public fusion programme, the UK is recognised globally as a
go-to place for fusion. In this talk, Valerie Jamieson describes the fusion landscape in the UK and why a
technology cluster focused on fusion will play an important role in establishing a start-up ecosystem.

Corresponding Author:

Dr. Valerie Jamieson

Development Manager, The Fusion Cluster
valerie.jamieson@ukaea.uk

UK Atomic Energy Authority

Culham Centre for Fusion Energy

Culham Science Centre

Abingdon, Oxfordshire 0X14 3DB

UNITED KINGDOM
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Research clusters attract inward investment from \
businesses looking to access knowledge and talent,
bringing a positive impact to the wider local

economy in terms of jobs and infrastructure

investment

Page 13 of 178



%:é BEYOND-IX/ 16 SEPFTEMBER 2022

US technology clusters

10 technology clusters account for Productivity increases by 12% when Drop of 13% in computer science
70% of inventors in computer inventors move from small technology patents if clusters were dishanded
science clusters to large ones

Enrico Moretti, “The Effect of High-Tech Clusters on the Productivity of Top Inventors” NBER Working Paper 26270
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Thank you

TheFusionCluster.com




Energy for Humanity: A Presentation of Marvel Fusion
H. Freund et al. (Marvel Fusion GmbH, Germany)

Energy for Humanity:
A Presentation of Marvel Fusion

Heike Freund and Dan Nebe

Marvel Fusion GmbH, Munich, Germany

Marvel Fusion was founded in 2019 by Moritz von der Linden, Dr. Karl-Georg Schlesinger, Dr. Georg Korn, and
Dr. Pasha Shabalin. Chief Operating Officer Heike Freund joined in 2020. The company, pre-seeded by BlueYard
Capital, pursues a new and fast-track route to the commercial application of fusion energy.

The company has gathered a unique team behind their mission to solve one of the biggest challenges of
mankind: the creation of unlimited zero-emission energy. Scientists from the Ludwig-Maximilians-University
in Munich, the University of Stanford, and the Massachusetts Institute of Technology (MIT) have recently joined
forces with Marvel Fusion to bring its fusion concept to fruition.

To further advance its technology development, Marvel Fusion raised EUR 35 million in its Series A, led by
Earlybird with significant contributions from ATHOS Venture GmbH, PRIMEPULSE, Tobi Liitke and Fiona
McKean’s Thistledown Capital, Taavet Hinrikus & Sten Tamviki (OU Notorius), Nicolas Berggruen Charitable
Trust and Heinz Diirr Invest GmbH among others. Existing investors Hartmut Neven, Albert Wenger, and Chris
Hitchen’s Possible Ventures also participated in the round. To date, the company has raised EUR 60 million in
total funds.

Source: https://marvelfusion.com/about-us/ accessed on 21-Oct-2022

Corresponding Author:

Ms. Heike Freund
heike,freund@marvelfusion.com
Marvel Fusion GmbH
Blumenstrasse 28

D-80331 Miinchen (Munich)
GERMANY
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K\ MarvelFusion | Energy for Humanity

Company Presentation
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Our Team

COMBINING OPERATIONAL AND SCIENTIFIC EXCELLENCE

Moritz von der Linden Dr. Georg Korn Heike Freund Prof. Géard Mourou
CEO CT1o Co0o Chairman of Science
Co-Founder Co-Founder

& Technology Board

Dr. Erhard Gaul Dr. Sven Steinke Dan Nebe

Prof. Siegfried Glenzer
SVP Laser Systems SVP Experimental Physics VP Operations

Board member
A\ MarvelFusion
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DISCLAIMER

T nfidential presentation & intended as an initial guide only and does not purport to contain all information the recipient may require in an investigation of Marvel Fusion GmbH {"Company”} or an investment in, or
any other transsetion relating ta, the Campany. The infarmation ined in thi entation are pravided s ab the dake of this document. Neither the Campany nar any of icars, directars, members af
management, smplo Gon ar warranty (expressed or implied) as to the acturacy andjor comple he information contained in this
presentation. Any Eability is hereby exp i 4 iBle. g partioylay, Mg representations or warranties are made as bo statements, ap proxi imates and prajections in respect
of the anticipated future performance of the Company and/or t t operates. Meither the Company nor any of its affil . officars, directors, members of management, employees, advisors or
representatives undertake any obligation to provide additional information or to correct or update any of the information set forth in this presentation.

This presentatian, all d ns regarding the Company and any potential related investments and/er bransactions are strictly confidential. This presentation shall remain the praperty of the Cam pany and must not be
copied, reproduced, distributed ar otherwise disclased, in whole of in part, to any other person at any time without the prior written consent of the Company. Recipients of this presentation may nat disclose to any third
party {wnbess required by ) the fact that they are involved in any discusions relating to the Campany or an investment in, o any ather transaction relating to, the Company.

This presentation shall not constitute an offer or solicitation of an offer regarding an investment in, or any ather transaction relating to, the Company. It is understood that no person has agreed to, nor is any persan, by

virtue af providing of accepting this presentation, undertaking any shligation to grbar igbg sny transaction. This presentation hall Aot be the basis for any eantract by, ar relating ta, the Company, including implied
contract ar any other legal theory of Rability.

CONTACT

B0331 Minchen
marits @marvedfusion.cam

A\ Marvel




The KIT Fusion Program — Introduction and Overview
D. Radloff (KIT, Germany)

The KIT Fusion Program - Introduction and
Overview

Dirk Radloff

Karlsruhe Institute of Technology (KIT), Eggenstein-Leopoldshafen, Germany

Short overview on the KIT Fusion Program including more detailed explanations of the following subtopics:

Fuel Cycle

Breeding Blanket Development

Structural Materials for in-Vessel Components

Fusion Magnets & Magnet Components Microwave Heating
e Manufacturing & Joining Technologies

e Early neutron source - IFMIF

e Divertor Technology

e Fusion Safety

e Neutronics and FPP Integration & Efficiency

Corresponding Author:

Dr. Dirk Radloff

dirk.radloff@kit.edu

Karlsruhe Institute of Technology (KIT)
Fusion Program
Hermann-von-Helmholtz-Platz 1
D-76344 Eggenstein-Leopoldshafen
GERMANY
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The KIT Fusion Program - Overview S!(IT

Karlsruhe Institute of Technalogy

B Objective:
Development of key technologies & materials for fusion energy

B Focus on three lines of fusion experiments:
® Design, engineering, realisation and testing of components and systems for ITER

B Key developments towards DEMO and Fusion Power Plant
(inter alia: Broader Approach, Fusion Neutron Source)

B Contributions to Wendelstein 7-X

B Figures (estimate 2022):
B ~ 190 scientists, engineers and support staff
® From 8 KIT institutes
B ~ 22 M€ annual budget [expenditure incl. manpower]

BeYOMD IX, 16. September 2022 Dirk Radloft
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Fusion-for-Future: Bridge to Private Invested Companies in Fusion Energy
M. Lemmens (Lemmens Medien & KBHF, Germany) et al.

Fusion-for-Future: Bridge to Private Invested
Companies in Fusion Energy

Markus Lemmens!? and Aniceto Goraieb?

Lemmens Medien GmbH, Bonn, Germany
2Karlsruhe Beryllium Handling Facility (KBHF), Eggenstein-Leopoldshafen, Germany

Beside the well-established big science projects in Fusion, about three dozen Start-ups or private invested
companies are competing in "building a star on earth". It is not unlikely that one of them will succeed within
this or early in the next decade. But the star will need a bottle, an oven where it can be safely handled. Scientists
call this bottle a blanket, and it has three major roles:

e Firstto hold the energy long enough insight to keep the fire burning
e Second, to produce additional fuel for the process (especially for the D-T concepts)
e Third, to build a biological shield towards the environment

In most concepts, the blanket is nearly as complex as the reactor core. Even if one of these Fusion machines will
reach break-even (energy necessary equal to energy produced) the blanket might need another decade to be
ready to use.

We at KBHF Karlsruhe are running a “Spin-In”, a private organized infrastructure on a research campus and
have more than 30 years of experience in Fusion research while living in the field of tension between science
and industry. Therefore, our intension is to bridge into the private invested cooperate world. More than 20
years ago, a non-profit-organization was founded by our company to communicate science to the public. This
club could eventually be the germination cell for a new undertaking towards Fusion based on cooperation and
collaboration.

Corresponding Author:
Dr. Markus Lemmens

lemmens@lemmens.de
Lemmens Medien GmbH
Matthias-Gruenewald Strasse 1-3
D-53175 Bonn

GERMANY
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Session 2: Beryllium Health & Safety in Fusion Research

Beryllium Regulatory Review and Communications Update
T. Knudson (Materion Brush Inc., U.S.A.)

Beryllium Regulatory Review and
Communications Update

Theodore Knudson

Materion Brush Inc., Mayfield Heights, Ohio, U.S.A.

Beryllium is a critical material for DT fusion reactors, particularly for its use as a neutron multiplier in tritium
breeding blankets. However, the requirement for just one GW-e scale fusion DEMO reactor is around 400 tons
and the global beryllium industry produces just 300 to 400 tons per year.

Current and proposed regulations related to occupational health and safety, critical raw materials and
substance bans and restrictions in the European Union, the United States and other jurisdictions have the
potential to significantly impact the supply, use and handling of beryllium and beryllium-containing materials
in various industrial sectors and markets. Several of these regulations have required the development of
additional communications regarding the safe handling and use of beryllium and beryllium-containing
materials.

This presentation will identify and review the above referenced current and proposed regulations and discuss
how these regulations have or will impact supply, use and handling of beryllium and beryllium-containing
materials. Additionally, the presentation will discuss the current status of these regulations and the actions
being taken by the beryllium industry to minimize the potential impact and comply with these regulations.

In addition to the above, the presentation will include information on the most recent communication tools
developed by the beryllium industry to assist with handling these materials safely.

Corresponding Author:

Mr. Theodore Knudson, MS, CIH

Senior Director, Regulatory Affairs and Product Stewardship
theodore.knudson@materion.com

Materion Brush Inc.

6070 Parkland Boulevard

Mayfield Heights, Ohio 44124

U.S.A.
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Beryllium End-Use Applications & Material Forms and Their Effects on Protection
Programs for Workers & Consumers
C.K. Dorn (Be4FUSION, U.S.A.) et al.

Beryllium End-Use Applications & Material Forms
and Their Effects on Protection Programs for
Workers & Consumers

Christopher K. Dorn! and Kathryn Creek?

1Be4FUSION LLC, Upland, California, U.S.A.
2Beryllium Solutions International LLC, Lourinha, Portugal

Scientists who are familiar with metallic beryllium and its uses in aerospace and defense as well as in various
types of nuclear research, including fusion energy, may be under the impression that these applications
constitute the most common end-uses for beryllium, but in fact, they do not.

The overwhelming majority of primary beryllium made each year is not found in the form of metallic beryllium,
but rather it goes into the production of low beryllium-content alloys, such as copper-beryllium, nickel-
beryllium, and aluminum-beryllium. In addition, compounds such as beryllium oxide ceramics are also
produced in significant quantities.

New applications in nuclear energy may also see a large increase in the use of beryllium fluoride in its
compound form. Up until recently, beryllium fluoride has mainly been encountered as an intermediate material
in the Kroll process for refining metallic beryllium. The recent interest in this compound stems from its use in
the form of FLiBe (fluoride-lithium-beryllium), a molten salt that is already slated for use in small modular
reactors (fission), and it may also have potential use in a fusion reactor.

This presentation gives an overview on beryllium’s useful properties, the global market, industries where
beryllium is found, typical applications for beryllium-containing materials in their various forms, and exposure
assessments by industry. In support of safe handling of beryllium and the furtherance of protection programs
for the environment, industry workers, and consumers, this presentation highlights that low beryllium-content
materials are a much more commonly encountered form of the material than beryllium metal, which is
important to understand since health and safety requirements are the same regardless of the form of the
material.
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HLA-DPB1 E69 Genotype and Exposure in Beryllium Sensitization and Disease
M. Mroz (National Jewish Health, U.S.A.) et al.

HLA-DPB1 E69 Genotype and Exposure in
Beryllium Sensitization and Disease

Margaret M. Mroz MSPH?1, James Crooks PhD12, Michael VanDyke PhD12,
Alison McGrath MS?2, Christine Schuler PhD3, Erin McCanlies PhD3, Abbas Virji ScD3,
Ken Rosenman MD#4, Milton Rossman MD5, Carol Rice PhDé, Dimitri Monos PhD5,
Tasha E. Fingerlin PhD12, and Lisa A. Maier MD, MSPH12

INational Jewish Health, Denver, Colorado, U.S.A.
2University of Colorado, Denver, Colorado, U.S.A.
3CDC/National Institute for Occupational Safety and Health, Morgantown, West Virginia, U.S.A.
4Michigan State University, East Lansing, Michigan, U.S.A.
SUniversity of Pennsylvania, Philadelphia, Pennsylvania, U.S.A.
6University of Cincinnati, Cincinnati, Ohio, U.S.A.

HLA-DPB1 E69 genotype and inhalational beryllium exposure individually contribute to risk of chronic
beryllium disease (CBD) and beryllium sensitization (BeS) in exposed individuals. This retrospective nested
case-control study assessed the contribution of genetics and exposure in the development of BeS and CBD.

Workers with BeS (n=444), CBD (n=449), and beryllium-exposed controls (n=890) were enrolled from studies
conducted at nuclear weapons and primary beryllium manufacturing facilities. Lifetime-average beryllium
exposure estimates were based on workers’ job questionnaires and historical and industrial hygienist (IH)
exposure estimates, blinded to genotype and case status. Genotyping was performed using sequence specific
primer-polymerase chain reaction (SSP-PCR). Logistic regression models were developed allowing for over-
dispersion, adjusting for workforce, race, sex, and ethnicity.

Having no E69 alleles was associated with lower odds of both CBD and BeS; every additional E69 allele
increased odds for CBD and BeS. Increasing exposure was associated with lower odds of BeS. CBD was not
associated with exposure as compared to controls, yet the percent of individuals with CBD versus BeS increased
with increasing exposure. No evidence of a gene-by-exposure interaction was found for CBD or BeS.

Risk of CBD increases with E69 allele frequency and increasing exposure, although no gene by environment
interaction was found. A decreased risk of BeS with increasing exposure and lack of exposure-response in CBD
cases may be due to the limitations of reconstructed exposure estimates. Although reducing exposure may not
prevent BeS, it may reduce CBD and the associated health effects, especially in those carrying E69 alleles.
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Summary

* HLA-DPB1 E69 genotype and beryllium exiaosure EACH contribute to
chronic beryllium disease (CBD) and beryllium sensitization (BeS)

* Increasing exposure = higher risk of CBD

* Having no E69 alleles = lower odds of both CBD and BeS; every additional
E69 allele increased odds for CBD and BeS.

* Increasing exposure = lower odds of BeS NOT CBD vs controls in this study;
these findings were likely affected by differential exposure
misclassification.

* The % with CBD vs BeS increased with increasing exposure, supporting
impact of exposure with CBD.

* This study suggests that although reducing exposure may not prevent BeS,
it may reduce the development CBD and the associated health effects,
especially in those most susceptible.
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Occupational Safety in the Environment Containing Beryllium Dust at HELCZA Facility
L. Toupal et al. (CVR, Czech Republic)

Occupational Safety in the Environment
Containing Beryllium Dust at HELCZA Facility

Lukas Toupal, Richard Jilek, and Tomas Kubasek

Centrum Vyzkumu ReZ (CVR), Hlavni 130, 25068 Husinec-ReZ, Czech Republic

The Full-Scale Prototypes (FSPs) currently undergoing High Heat Flux (HHF) tests at HELCZA (High Energy
Load Czech Assembly) were manufactured with beryllium tiles, designed as plasma-facing material, on the
surface. The HHF testing poses negative impact on the cohesion of the surface and throughout various
processes, as they cause the formation of beryllium dust. This is the significant issue for safety of personnel and
environment because airborne beryllium could be carcinogenic for humans. The inhalation of high amount of
mentioned dust can result in severe lung disease, additionally long-term beryllium exposure may lead to
beryllium sensitization or development of subclinical chronic beryllium disease (CBD).

To address the mentioned danger, measures were carried out with an aim to protect the workers against
exposure to beryllium. This paper deals with personnel safety and protection against beryllium dust with the
focus being on the beryllium spread monitoring at HELCZA facility.
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Standardized Methods for Molecular Fluorescence Determination of Trace Beryllium
K. Ashley (Ashley Analytical Associates, U.S.A.) et al.

Standardized Methods for Molecular Fluorescence
Determination of Trace Beryllium

Kevin Ashley?, John P. Cronin?, Anoop Agrawal?, and Lori Adams?

1Ashley Analytical Associates LLC, Amado, Arizona, U.S.A.
2Berylliant Inc., Tucson, Arizona, U.S.A.

Standardized protocols have been developed based on a molecular fluorescence method for the determination
of trace beryllium (Be) in samples obtained in occupational and environmental settings. The methodology,
which is field-portable, entails extraction of collected samples in dilute ammonium bifluoride (aqueous),
followed by fluorescence measurement of the complex formed between Be and hydroxybenzoquinoline
sulfonate (HBQS).

The technique has been optimized to achieve an estimated method detection limit (MDL) of <1ng Be/sample,
with a dynamic range extending to >10ug Be/sample. Potentially interfering metals (in >400-fold excess
concentration compared to that of Be) are negligible or minimal. Besides beryllium salts and other Be
compounds, the procedure is effective for the dissolution and quantitative determination of Be extracted from
refractory beryllium oxide (BeO) particles.

The method has also been successfully modified for measuring Be content in soils. The performance of the
overall procedure compares favorably with methods employing sample digestion in acid mixtures that include
hydrofluoric acid, followed by inductively coupled plasma-mass spectrometry (ICPMS). ASTM International
voluntary consensus standards and U.S. National Institute for Occupational Safety and Health (NIOSH) methods
based on the methodology have been promulgated.

The sampling and analytical protocol has been thoroughly evaluated and validated through intra- and inter-
laboratory testing. These methods are recognized by laboratory accrediting organizations in the USA and in
Europe. Application to the measurement of trace Be in occupational and environmental samples has been
successfully extended to:

Workplace air samples

Surface wipe samples (media: cellulosic and polyvinyl alcohol)
Cellulosic inserts for air & micro-vacuum samples

High-fired (calcined) BeO

Cotton gloves

Nanoparticles (airborne)

Soil samples
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Session 3: Beryllium in Molten Salts and More Health & Safety

New Beryllium-Contamination Testing Method
A. Goraieb (KBHF, Germany) et al.

New Beryllium-Contamination Testing Method

Aniceto Goraieb?, Benjamin Fretz!, Engin Cilinger?!, Ramil Gaisin?, and Pavel Vladimirov?

1Karlsruhe Beryllium Handling Facility (KBHF), Eggenstein-Leopoldshafen, Germany
2Karlsruhe Institute of Technology (KIT), Eggenstein-Leopoldshafen, Germany

Beryllium is one of the poisonous metals, the concentration of which in air and dust is strictly limited. When
working with beryllium, a planned air intake through the filter and wiping tests are usually carried out. The
disadvantages of these methods are the insufficient frequency of control and the danger to personnel in case of
contamination. In addition, these methods cannot determine exactly where the beryllium contamination has
occurred in order to close and clean the particular facility.

This work proposes an automated method for the continuous monitoring of the beryllium content without
danger to personnel. The method consists in the analysis of air and surface along a given route by a specially
designed robot in facilities where work with beryllium is carried out.

After each analysis of the surface around the potentially beryllium-contaminated area, the robot returns to the
base to transmit the analyzed test. After collecting the material, the beryllium content is determined for each
test. In case of detection of contamination, personnel are not allowed to work, and the facility is cleaned
automatically. The possibilities of implementing such an analysis using various methods for the detection of
beryllium are discussed.
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Commercial Challenges and Opportunities Associated with FLiBe for Fusion Energy
R. Pearson (Kyoto Fusioneering, UK & Japan) et al.

Commercial Challenges Associated with
FLiBe for Fusion Energy

Richard Pearson!?, Keisuke Mukai23, Colin Baus?3, Andrew Wilson!, Andrea D'Angiol,
Shutaro Takeda?, Satoshi Konishi?3, and Juro Yagi3

1Kyoto Fusioneering UK, Reading, United Kingdom
2Kyoto Fusioneering, Uji-City, Kyoto, Japan
3Institute of Advanced Energy, Kyoto University, Kyoto, Japan

FLiBe is a low-TRL material that is of interest for use as a coolant and breeding material for use in blanket
designs for future commercial fusion reactors. FLiBe is potentially highly attractive, due to features including
low pressure operation, avoidance of MHD effects (as is experienced in liquid metal coolants in the presence of
high magnetic fields), and due to relatively high TBR at low lithium enrichment.

However, FLiBe is expensive to manufacture, in part due to the fact that beryllium is expensive, and the
resource has limited availability. In this study, the supply chain and manufacturability of FLiBe are analysed.
Other challenges such as tritium extraction, purification, and material compatibility will be addressed, with
reference to ongoing research using a new FLiBe loop developed by Kyoto Fusioneering through collaboration
with Kyoto University.

Use of FLiBe in private industry for breeding blankets and other areas is discussed in regard to a necessary
scaling of the supply chain for commercial applications in the near-term. Finally, the potential of FLiBe for
power applications, including for high-efficiency electricity generation via Brayton cycles as well as non-
electricity applications (such as energy storage) are considered and analysed.
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FLiBe compatible materials: areas of development and prospects ﬂ.

Material development

® Structural material composition: novel Ni-Mo alloys incorporating additives (e.g. Y), and computationally-guided alloy design
has generated novel Ni-based alloys with improved mechanical properties and FLiBe corrosion resistance (Muralidharan et al.,
2022).

o SiCf/SiC and CVD-SIC are different materials: effects of matrix composition for NITE SiCf/SiC and manufacturing approach
(pores in CVI SiCf/SiC) (Wang et al. 2017).

e REDOX agents: Adding Be metal to FLiBe inhibits corrosion in 55316 by lowering oxidation potential, at the expense of
introducing intermetallic compounds which may reduce mechanical performance (Keiser et al, 2022).
Use of dissimilar materials interacting with FLiBe affects corrosion resistance from upstream to downstream.
Transmutation and long-lived radionuclides.

® Variable experimental setup and conditions (material crucibles, flow conditions etc.).

Representative environment

o [Effect of molten salt flow rate on the corrosion rate.
e Effect of thermal gradient: mass gain in some areas with potential obstruction of pipelines.
o Corrosion performance post-irradiation.

Equipment

® Online and offline purification of FLiBe or redox controller to prevent corrosion.

e Diagnostic tools to monitor FLiBe composition and corrosion.
2022 KYOTO FUSIONEERING LTD. ALL RIGHTS RESERVED,
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FLiBe as a heat transfer fluid f.

e Molten salts - particularly FLiBe - were proposed and used as a coolant (and as a fuel medium) for fission reactors
in the 1960s:

They are able to operate at atmospheric pressure (unlike water and gases)

They are transparent and do not react with air and water (unlike some liquid metal coolants)

They have a considerable operating temperature range (FLiBe: ~460-1400°C)

They are capable of dissolving nuclear fuel in the form of uranium or thorium fluorides; remains far from
commercialisation (see: Kairos Power)

o 0O 0 0

e Molten salts have also been suggested as an energy storage medium (particularly for solar thermal) due to their
substantial volumetric heat capacity:

0 Intended use as part of a sensible heat thermal storage system, where the storage medium is used to store heat without
a phase change.

o They have lower energy density than latent heat (phase change) and thermochemical (chemical conversion) energy
storage options, although these options are more complex and further from commercialisation

o FLiBe has exceptionally high volumetric heat capacity, which sets it apart from other molten salts.

o Energy storage will play an important role to convert the pulsed heat generation of a fusion plant into more continuous
or dispatchable electricity generation. Molten salt is unlikely to be the sole energy storage medium, but its operating
temperature range makes it highly compatible with other media.

©2022 KYOTO FUSIONEERING LTD:. ALL RIGHTS RESERVED. Romatoski & Hu, 2017, Bargi et al, 2022, Forsberg et al., 2019 18
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Beryllium availability & supply: Future market aspects r.

If fusion developers require beryllium for fusion, then the following must be considered:

o Beryllium industry risk appetite

o Be industry must scale for what is effectively one customer: a monopsony. This situation will be "high risk” for the Be industry.
O There is also a potential cliff-edge, in the case that there is a shift away from using FLiBe or Be products after a first generation of
fusion reactors.

¢ Who pays forit?

o The capital investments needed to scale Be supply will have to be justified to the industry, or it likely won't happen.
m  Unless government help can be found... the US military cost shared with Materion for a new facility to produce military-grade Be metal (Materion,

2010).

¢ Geopolitical aspects

o Several nations supply primary Be in the world (USA, China and Kazakhstan). Be is a strategic material, and increasing supply
drastically may not be straightforward from a strategic perspective. High concentration grades of beryllium are export controlled.

® Fusion end-users must make a business decision on the form of beryllium: solid or FLiBe (or no beryllium at all?)

O FLiBe is less complex from a manufacturability point of view, but grand scale-up of beryllium mining and supply will be needed.
© Solid Be is more complex and costly from a manufacturability point of view, but if used in small quantities looks better from a beryllium
mining and supply perspective.

o Other breeders may offer similar performance with fewer commercial (and technical) challenges.
2022 KYOTO FUSIONEERING LTD. ALL RIGHTS RESERVED,
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Summary ‘-

Some aspects of FLiBe look very attractive: In particular, as a breeder, FLiBe looks good from a TBR performance,
safety and thermal performance perspective. There are synergies with advanced fission. It is potentially cost
effective (especially compared with solid beryllium blankets, but probably not LiPb or Li), has a good temperature range to
be coupled with a power cycle, and strong safety characteristics.

But, there are significant challenges and trade-offs:

¢ There are limited options for FLiBe compatible materials. Steels, silicon carbide and Ni-based alloys are among
materials under exploration, but compatibility is a significant challenge for FLiBe (e.g. primary candidate Ni-based
alloy not ideal for fusion due to waste concerns, high Ni content).

¢ Lack of knowledge or experimental data on tritium retention, extraction and handling. Experimental research
needed to resolve, as well as purification and redox control.

e Using FLiBe as a heat transfer fluid for fusion requires experimentation; largely theoretical at this stage.

e Beryllium resource is scarce, and supply capacity is limited. For fusion use, FLiBe requires on the order of
~hundreds of tonnes per reactor. Issues with scale-up of supply associated with commercial risk, cost and geopolitics.

If FLiBe is to be considered as a realistic and useful breeder-coolant for fusion, we need to explore
this interesting salt now. Alongside others, this is what Kyoto Fusioneering is doing.
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Concluding remark... ‘.

The 2020s needs to be seen as the age of fusion
industrialisation, and the investment of time, effort
and capital in this decade is the foundation for fusion
commercialisation in the 2030s
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The Possible Toxicity of Beryllium Salts
M. McCawley (West Virginia University, U.S.A.) et al.

The Possible Toxicity of Beryllium Salts

Michael McCawley! and Kathryn Creek?

1West Virginia University, School of Public Health, Morgantown, West Virginia, U.S.A.
2Beryllium Solutions International LLC, Lourinha, Portugal

LizBeF4 (also known as “FLiBe”) is a primary candidate as a coolant for fluoride-salt-cooled, high-temperature
reactors. As a beryllium salt, there is concern about exposure that might result in chronic beryllium disease,
either from skin exposure or inhalation exposure of the FLiBe. Beryllium, in many of its various forms is
predominantly insoluble, especially oxidized, or alloyed with other metals such as copper, nickel and
aluminum. FLiBe, however, is soluble.

Past work on exposure to soluble forms of beryllium, such as beryllium hydroxide and beryllium fluoride in the
mining of ore and the production of aluminum from beryllium-containing bauxite, respectively, seems to
indicate, at most, very low rates of disease in exposed individuals. Exposures to beryllium in the form of soluble
beryllium salts, while often in excess of those found in workplaces where soluble beryllium forms dominate,
nevertheless have rates of new cases of chronic beryllium disease well below the rate of five percent seen for
workforces exposed to insoluble forms.

A review of the epidemiologic literature is presented taking into account both dermal and inhalation routes of
exposure. These two exposure routes appear to account for the observed rates of disease for insoluble species
of beryllium and explain why the persistence of insoluble beryllium deposited in the lung may offer the best
explanation for the observed rates of disease and the relative lack of disease for soluble beryllium. However,
sensitization, the first step in the disease process, occurring dermally, may not be as diminished by the quick
dissolution and elimination of the soluble compounds. This could present a hazard for workers whose jobs
might eventually lead to exposure of the insoluble forms of beryllium.
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RATIONALE

Beryllium (Be) health research has mostly centered around Be metal (oxides and
alloys) exposure.

Standards of under 0.2ug/m? have been suggested and adopted in the US as
potentially protective.

Be must be at least partially soluble to elicit a cellular response from the immune
system.

Despite this, highly soluble forms of Be should be expected to have less of an effect
if their dissolution and excretion rate is sufficiently fast.

Aluminum smelting operations are known to use beryllium containing bauxite in
smelting operations.

Workers in those operations have measurable exposure to beryllium fluoride salt
produced from the contaminated bauxite from those limited sources.

The solubility of Be has been recognized as a potential factor that may lessen risk.
The US OSHA extracts water soluble Be from air sample filters and discards it before
analysis.
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Beryllium (Be) health research has
mostly centered around Be metal
(oxides and alloys) exposure.
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Beryllium Copper- Beryllium
Extraction Beryllium Ceramics
Mine and Mill Alloy Finishing Manufacturing

BeS + CBD
Round | 5/120 (4.2%) 10/144 (6.9%) 8/136 (5.9%)
Round 2 1/47 (2.3%) 8/77 (10.4%)
Cumulative 6.3% 15.7%

CBD
Year opened 1969 1951 1980
Year summed 2009 2001 1999
CBD diagnoses 2 7 25
Person-years 11,513 13,129 10,698
CBD/10,000

person years 1.7 53 234
Relative rate 1 3.1 13.5
5 Source: Deubner et al., 2011

Standards of under 0.2ug/m?2 have
been suggested and adopted in the
US as potentially protective.
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Caution on the Airborne Exposure
Limits for Beryllium from US DOE Data

“ .. we now believe that our 2ug/m? PEL does not adequately protect beryllium-exposed
workers from developing chronic beryllium disease, and there are adequate exposure and
health effects data to support this [DOE’s] rulemaking.”

The letter continues by citing existing data:

“ .. cases of chronic beryllium disease have occurred in machinists where 90 percent of
the personal exposure samples found levels of beryllium to be below the detection limit
of 0.01pg/m3. . . . Viewed from OSHA's regulatory perspective, these DOE study results
document risk of sensitization to beryllium of 35-40 per 1,000 workers and risk of
chronic beryllium disease to machinists of 94 per 1,000.”

Source: Michaels and Monforton, 2008
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Beryllium must be at least partially soluble to elicit
a cellular response from the immune system.
Despite this, highly soluble forms of Be should be

expected to have less of an effect if their
dissolution and excretion rate is sufficiently fast.
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Dissolution Rates of Low Temperature- and High Temperature-
Fired Be Particles in Lung
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Aluminum smelting operations are known to
sometimes use beryllium-containing bauxite in
smelting operations. Workers in those operations
can have measurable exposure to beryllium

fluoride salt produced from the contaminated
bauxite from those limited sources.

12
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Be Concentration vs. Time for a New Source of SGA*
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14 Source: Lindsay & Dobbs, 2006
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The solubility of beryllium has been
recognized as a potential factor that
may lessen risk. The US OSHA extracts
water-soluble Be from air sample

filters and discards it before analysis.
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Beryllium Exposure to Aluminum Smelter Workers
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Risk of Sensitization (BeS) Among
Aluminum Smelter Workers

Company Number At-risk Workers  BeS % BeS
of Workers Tested

Smelters
A 4 1278 734 4
B 3 423 328 0 0
C 1 1100 508 4 0.8
D 1 384 362 1 0.3
Total 9 3185 1932 9 0.5

Taiwo et al., 2010
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CONCLUSIONS

*  Beryllium salts (in particular - fluorides) have high solubility making them
candidates for low potential toxicity if straightforward safeguards are followed.

+  Directed studies may be possible in the aluminum industry spurred by a vested
interest in less expensive electrical power production resulting from the use of
beryllium salts.

*  Much of the information to guide this work is already in the published literature
and startup of the research should proceed swiftly including fostering renewed
awareness of the known caveats.
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Why Standardise Training in the Beryllium Industry
B. Walker (Safer Environment Ltd., UK)

Why Standardise Training in the Beryllium
Industry: The Argument for a Global Training
Standard

Beth Walker

Safer Environment Ltd., Burtle, Somerset, United Kingdom

The Beryllium industry seems to have a lack of uniform knowledge on the dangers and safety measures
surrounding beryllium.

Beryllium knowledge is updated regularly as we complete more research. Due to the lack of widespread use of
the product, organisations do not have a standard training to fall back on, and there seems to be no best practice
update database or comprehensive facility design that can be adopted, updated, or delivered. There is
widespread use of beryllium in the alloy forms.

Part of the issue around training may be a lack of understanding or awareness of regulators to establish better
requirements (like is the case with lead and asbestos). Examples of similar risks that have ratified training in
the UK are lead and asbestos. Most countries have a standard for the training delivered in both of these.

One organization, Cambridge Technology Ltd., produces several different types of training even within its own
organization. These differ between exposure levels, but there is a standard convention for the training design
and certain ‘base level’ knowledge is given to all employees and visitors.

The difference of knowledge levels between experts and shop-floor staff is noticeable, and it is important to
ensure that the people who are using beryllium-containing materials to make product on a daily basis are given
the most up-to-date information. The easiest way to do this is have a standardized, accredited training program.

Corresponding Author:

Ms. Beth Walker
rbwalker39@gmail.com
Safer Environment Ltd.
Robins Cottage

Robins Lane

Burtle, Somerset TA7 8NT
UNITED KINGDOM



mailto:rbwalker39@gmail.com

Proceedings of the 9th Industrial Forum on Beryllium Opportunities & New Developments (BeYOND-IX)
16 September 2022 — Karlsruhe, Germany

A lot of effort has been made to discover the effect of
7 perception of risk, as this affects the behavior of people and how
I S they protect themselves.

When people feel at risk, the natural behavior is to protect

Perception themnselves, how they view the risks dependent on the level o
may not be

al.,2018).

What makes people feel at risk is often driven by environmental
and social factors.

working to
S a fe ty ’S the will not. Bayne et al. infers that Conceptualisation of risk is a

complex cognitive process. (Bayne et al., 2019)

a d Va n ta g e This means that standardized information is key to ensuring the

correct risk perception is held by all those exposed to Beryllium.

If their peers are all telling a person to fear something, they may
develop a fear or if they have heard that there is little or no risk

Page 148 of 178



Proceedings of the 9th Industrial Forum on Beryllium Opportunities & New Developments (BeYOND-IX)
16 September 2022 — Karlsruhe, Germany

Page 149 of 178



Proceedings of the 9th Industrial Forum on Beryllium Opportunities & New Developments (BeYOND-IX)
16 September 2022 — Karlsruhe, Germany

Most journal articles agree that there is often a
difference between a quantifiable risk and the
perception of the risk.

The risk of

We know something is dangerous, but without

n Ot t ra | n | n g direct evidence we often assume the exact level

of danger.

at all

This usually errs more to side of a situation being
less dangerous than it actually is if the situation is
often encountered and more dangerous when
encountered less often (Yoshidaa, 2019)
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* | reviewed 8 sets of training in my research
* All of which were broadly very similar.

* There were some striking differences and
even some contradictions between

Research into training materials.
tra | ] | N g * No one is moderating training content.

standards

* If there was an agreed training
subcommittee consisting of inductsry
experts and medical experts, these
differences would be resolved prior to
publishing.
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Beryllium Sensitization Testing—Where We Are
and Where We Need to Go

Kathryn Creek

Beryllium Solutions International LLC, Lourinha, Portugal

As we learned in the early days of the Covid pandemic, the number of Covid cases appeared to be initially small,
but this was only because widespread testing was not readily available. Similarly, in the EU and the UK, very
limited testing for Chronic Beryllium Disease (CBD) is performed resulting in very few reported cases. France
has conducted worker exposure studies showing high airborne concentrations of beryllium, yet there are no
documented CBD cases because testing is not available.

From the U.S. Department of Energy’s (DOE) experience, the Beryllium Lymphocyte Proliferation Test (BeLPT)
is required for Beryllium Sensitization (BeS) and CBD to be diagnosed. The DOE discovered that CBD can be
easily misdiagnosed, resulting in prolonged worker exposure and subsequent poorer health outcomes. Based
on their worker population disease outcomes, DOE promulgated an expanded occupational health standard,
“Chronic Beryllium Disease Prevention Program” which requires the use of annual BeLPT testing on all current
workers potentially exposed to beryllium.

In the late 1990s, DOE addressed their problems with beryllium exposure and CBD, and the U.S. Department of
Labor/Occupational Safety and Health Administration also passed expanded beryllium standards in general
industry, construction and maritime in the 2017. Currently, the two biological laboratories in the U.S., National
Jewish Health and Oak Ridge Associated Universities, conduct approximately 18,000 BeLPT tests per year.
Further, the American Thoracic Society has stated, “the reduction of exposure alone is probably insufficient to
prevent all cases of BeS and CBD, thereby providing an additional need for medical surveillance. The BeLPT is
the cornerstone for both medical surveillance and the diagnosis of BeS and CBD.”

In stark contrast, the EU and UK have avoided their responsibility for over 30 years. They have not developed
occupational beryllium expanded standards, nor conducted studies on their worker populations using the
BeLPT. They hide behind statements that the BeLPT is an unreliable test, that there are limited worker
exposures to beryllium, and that they don’t have any cases of CBD. They say, “we don’t have a problem”. How
is it the EU and UK don’t have a problem when the US does?

Clearly, the respective country’s health organizations inside the EU and UK have no data to support their
conclusions, given that they have not conducted any worker studies that use the BeLPT. The facts are that there
are some countries that do not have biological laboratories (e.g., France, Turkey) that can conduct the BeLPT.
For the countries that do have a lab that can conduct the BeLPT, they do not have the capability to conduct the
test for even small worker populations like a facility that has less than 100 workers (e.g., UK, Germany, Spain,
Italy).



Currently, there are no occupational health standards within the EU or UK that require using the BeLPT for
worker testing. The concern remains unaddressed. A discussion on the situation in the EU and UK will be given
with potential steps to address this concern that regulatory and health research organizations can take.
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“Absence of Evidence
IS NOT
Evidence of Absence.”

David Michaels, Epidemiologist and Public Health
Professor, George Washington University

“Beryllium's Public Relations Problem: Protecting Workers When

There is No Safety Exposure Level,” Public Health Reports, vol. 123,
no. 1, pp. 79-88, 2008.
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Prior to NIOSH studies,
BeS and CBD rates at the facilities were
unknown.

Manufacturers routinely stated that
exposure from CuBe machining operations
was not a risk because exposure levels
were so low.

BelPT & 2022 Beryllium Solutions International Page®
MeCawley
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Thank you for your
attention

Kathryn Creek, CIH, MS
Senior Consultant
Beryllium Solutions International

creek@beryllium-solutions.com
www.Beryllium-Solutions.com
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Poster Session: Principles of Facility Design
Beryllium Facility Design: A Step Above Standard Industrial Controls
K. Creek (Beryllium Solutions International, Portugal)

Beryllium Facility Design:
A Step Above Standard Industrial Controls

Kathryn Creek

Beryllium Solutions International LLC, Lourinha, Portugal

One of the key principles in any beryllium management system or worker protection program is the idea of
preventing migration and keeping beryllium particulate at its source. This poster presentation describes:

e Beryllium controls are a step above the norm
e Basiclogic for facility design

e Zone pressure controls

e Basic facility layout

e Need for a robust exhaust system

e Design features
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» Beryllium controls are a step above

Standard industrial controls are insufficient
for controlling the risk of beryllium exposure
to energetic operations.

Clean room type technology with high
quality components is a good approach.

Beryllium Facility Design © Beryllium Solutions International 2022 Pags 2
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» Zone Pressure Control

Relatively leak tight building
Air leak paths into beryllium areas should be
eliminated to be able to maintain pressure
cascades.

~ -20to 40 Pa per zone
Seal all electrical system conduits (control system
wiring, fire protection, communications wiring) that
penetrate the beryllium areas.

Beryllium Facility Design & Beryllium Solutions International 2022
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Questions?

Kathryn Creek, CIH, MS
Senior Consultant
Beryllium Solutions International

creek@beryllium-solutions.com
www.Beryllium-Solutions.com
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Appendices
History of the BeYOND Workshop Series

History of the BeYOND Workshop Series [1]

In the technical field of beryllium, there are currently two workshops that take place in alternating years, the
IEA International Workshop on Beryllium Technology (BeWS) in the odd-numbered years and the BeYOND
Industrial Forum in the even-numbered ones. The name BeYOND is an acronym which stands for “Beryllium
Opportunities and New Developments”.

After trying various timing with respect to other conferences, it evolved that the BeYOND workshops would
take place on alternate years from the BeWS, and normally held in conjunction with the SOFT Conference
(Symposium on Fusion Technology), which is always held in Europe. Meetings to date:

e BeYOND-1: Karlsruhe, Germany, 2009
e BeYOND-2: Porto, Portugal, 2010
BeYOND-3: Karlsruhe, Germany, 2011
BeYOND-4: Karlsruhe, Germany, 2012
BeYOND-5: Barcelona, Spain, 2013
BeYOND-6: San Sebastian, Spain, 2014
BeYOND-7: Berlin, Germany, 2016

e BeYOND-8: Karlsruhe, Germany, 2018
e BeYOND-9: Karlsruhe, Germany, 2022

BeYOND was created with the idea of more emphasis on strengthening the connection between the beryllium
research community and the beryllium industry, an aspect not always satisfied by the BeWS. Since BeYOND-5
in 2013, the workshop has generally also placed more emphasis on beryllium health and safety than typically
found in the BeWS.

Reference:

[1] Goraieb, A.and Dorn, C. “Overview of the BeYOND Workshop Series”. Proceedings of the 14th International
Workshop on Beryllium Technology (BeWS-14), held in Long Beach, California, 2019, pp. 441-443. Lemmens
Medien GmbH, 2021.



BeYOND-IX Participants List

Family Name First Name Organization Country Status

Ashley Kevin Ashley Analytical Associates LLC USA In person
Chakin Vladimir KIT Germany In person
Cilingir Engin GVT — Goraiebversuchstechnik GmbH Germany In person
Creek Kathryn Beryllium Solutions International LLC Portugal In person
Dorn Christopher UK Atomic Energy Authority UK In person

Be4FUSION LLC USA

Frants Yevgeniy Ulba Metallurgical Plant Kazakhstan | In person
Frehn Andreas Materion Brush Germany GmbH Germany In person
Fretz Benjamin GVT — Goraiebversuchstechnik GmbH Germany In person
Freund Heike Marvel Fusion GmbH Germany In person
Gaisin Ramil KIT Germany In person
Goraieb Aniceto KBHF Germany In person
Gorr Bronislava KIT Germany In person
Hesch Klaus KIT Germany In person
Huang Haibo General Atomics Corp. USA In person
lonescu-Bujor | Mihaela KIT Germany In person
Jamieson Valerie UK Atomic Energy Authority UK Online

Jilek Richard CVR — Research Centre Rez Czech In person

Republic

Kearney Maddy UK Atomic Energy Authority UK In person
Kenzhina Inesh Al-Farabi Kazakh National University Kazakhstan | In person
Kim Jae-Hwan QST Japan In person
Kizane Gunta University of Latvia Latvia In person
Klimenkov Michael KIT Germany In person
Knudson Theodore Materion Brush Inc. USA In person
Kovalskiy Sergey KIT Germany In person
Kuksenko Viacheslav UK Atomic Energy Authority UK In person
Lemmens Markus Lemmens Medien GmbH Germany In person
Maehlmann Peter TROPAG GmbH Germany In person
Maier Lisa National Jewish Health USA Online

McCawley Michael West Virginia University USA Online

McKeon Eilish UK Atomic Energy Authority UK In person
Moeslang Anton KIT (Retired) Germany In person
Nebe Dan Marvel Fusion GmbH Germany In person
Pearson Richard Kyoto Fusioneering Ltd. UK In person

Japan

Radloff Dirk KIT Germany In person
Reimann Joerg KIT (Retired) Germany In person
Renier Angelique NGK Berylco France In person




Family Name | First Name Organization Country Status

Roth-Goraieb | Doris GVT — Goraiebversuchstechnik GmbH Germany In person
Rubel Marek KTH - Royal Institute of Technology Sweden In person
Ruskayova Petra ELI Beamlines Czech In person

Republic
Scherer Theo KIT Germany In person
Sioui Daniel General Atomics Corp. USA In person
Smith Keith Materion Brush Inc. USA In person
Spaeh Peter KIT Germany In person
Toupal Lukas CVR — Research Centre Rez Czech In person
Republic

Udartsev Sergey Ulba Metallurgical Plant Kazakhstan | In person
Vandermark Lee General Dynamics USA In person
Verdon Jon UK Atomic Energy Authority UK In person
Vitins Aigars University of Latvia Latvia In person
Vladimirov Pavel KIT Germany In person
Walker Beth Safer Environment Ltd. UK Online

Whalen Lance General Dynamics USA In person
Zenkov Konstantin Ulba Metallurgical Plant Kazakhstan | In person
Zhou Guangming KIT Germany In person




Workshop & Venue Photos

This year’s BeYOND Workshop was held as a joint event together with the Beryllium Workshop (BeWS-
15), which preceded it. On the evening of 15 September, after the two days of BeWS-15 sessions, there
was a joint workshop social event, which included a tour of a local brewery followed by a beer tasting and
buffet dinner. There was also a short awards ceremony held just after the dinner.

Left: The special logo created for the joint event: BeWS-15 and BeYOND-IX. The timing of the Workshop
Dinner ended up making it the first real activity for BeYOND-IX. Right: View of the historic Hoepfner
Brewery buildings taken during the tour (Photo Credit: E. McKeon of UKAEA).

Prior to the start of the Workshop Dinner, participants had the option to join a tour of the historic brewery
followed by a beer tasting of the Hoepfner products. Above are images from the tour showing some of
the original old equipment on the left, and beer in the brewing process on the right (Photo Credits: E.
McKeon of UKAEA).



Left: Workshop participants gather in the dinner venue at the brewery after the conclusion of the tour. Right: The
beer tasting took place at the same tables where the dinner would later be served.

As dinner was drawing to a close, there was a short awards ceremony at which recipients from both the
Beryllium Workshop and BeYOND were recognized. The award for the BeWS had been established several
years ago, but this year marked the first time for a new, regular recognition to be given at BeYOND, which
is now the Glen Longhurst Memorial Award, named in honor of Dr. Glen Longhurst, one of the founders
of the Beryllium Workshop series and a long-time supporter of BeYOND and beryllium-related research
for the development of fusion energy.

Left: The awards ceremony led by BeYOND-IX Chair Aniceto Goraieb and BeWS-15 Chair Pavel Vladimirov
of KIT. Right: BeYOND-IX Chair Aniceto Goraieb on the left and Chris Dorn of UKAEA and Be4FUSION on
the right. Dorn was the recipient of the first Glen Longhurst Memorial Award for achievement in beryllium
research for fusion over a 35-year career in the field.



The following morning began with a tour of the Karlsruhe Beryllium Handling Facility (KBHF), which is
located on the KIT North Campus, not far from where the BeYOND-IX presentation sessions would be
taking place.

Left: Participants gather for the KBHF laboratory tour, which was a chance to see all the facilities where
research work is ongoing for beryllium neutron-multiplier materials and lithium-ceramic breeder material.
Right: Aniceto Goraieb, founder and Managing Director of KBHF explains some of the lab operations to the
participants (Photo Credits: K. Creek of Beryllium Solutions International).

After the KBHF tour, the BeYOND-IX workshop presentation sessions were held in the Aula/ Seminar Room
at KIT’s FTU (Fortbildungszentrum fiir Technik und Umwelt in German, Training Center for Technology and
Environment in English) facility, which is located just outside the gate to the KIT North Campus, the main
entrance to which is shown in the photo below.

Exterior view of the entrance to the FTU where BeYOND-IX was held. Photo Credit and Image Copyright to
the Karlsruhe Institute of Technology (KIT), URL: https://www.fortbildung.kit.edu/.



https://www.fortbildung.kit.edu/

This year’s BeYOND was set up as a hybrid workshop, with both in-person and online attendees and
presenters. This format ensured the fullest range of available material on trending subjects in fusion.

Left: Dr. Markus Lemmens of Lemmens Media and a KBHF shareholder, presented jointly with Aniceto
Goraieb of KBHF to explain the goals of their program “Fusion for Future.” Right: Dr. Kevin Ashley of Ashley
Analytical Associates LLC (Arizona, USA) presented on analytical methods using fluorescence to resolve
beryllium samples in the laboratory.

Dr. Lisa Maier of National Jewish Health (Colorado, USA) is shown here online, displayed on the big screen
to introduce her talk on genetic research related to beryllium health effects to the in-person participants
at BeYOND-IX.



