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The 9th 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 15th International Workshop on Beryllium Technology 
(BeWS-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. 
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Introduction & Executive Summary 
The 9th 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 15th International Workshop on Beryllium Technology 
(BeWS-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: 
 

• Held in conjunction with the BeWS-15, as part of a 3-day joint event 
• Featured participation from fusion start-up companies 
• Run in a hybrid format with both in-person and online attendees and presenters 
• 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  
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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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The organizers of BeYOND-IX would like to thank the following sponsors for their support of the workshop: 
 

 
 
 

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

KIT - Karlsruhe Institute of Technology 
Eggenstein-Leopoldshafen, Germany 

  

Beryllium Solutions International LLC 
Lourinha, Portugal 

UK Atomic Energy Authority 
Abingdon, Oxfordshire, United Kingdom 

  

KBHF - Karlsruhe Beryllium Handling Facility 
Eggenstein-Leopoldshafen, Germany 

Be4FUSION LLC 
Upland, California, U.S.A. 
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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 OX14 3DB 
UNITED KINGDOM 
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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 Lütke and Fiona 
McKean’s Thistledown Capital, Taavet Hinrikus & Sten Tamviki (OÜ Notorius), Nicolas Berggruen Charitable 
Trust and Heinz Dürr 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 
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GERMANY 
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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 
• Manufacturing & Joining Technologies 
• Early neutron source – IFMIF 
• Divertor Technology 
• Fusion Safety 
• Neutronics and FPP Integration & Efficiency 

 
 
 
 
Corresponding Author: 
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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 Lemmens1,2 and Aniceto Goraieb2 

 
1Lemmens 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: 
 

• First to hold the energy long enough insight to keep the fire burning 
• Second, to produce additional fuel for the process (especially for the D-T concepts) 
• 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. 
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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. 
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Beryllium End-Use Applications & Material Forms and Their Effects on Protection 
Programs for Workers & Consumers 
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Christopher K. Dorn1 and Kathryn Creek2 
 

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. 
 
 
 
 
Corresponding Author: 

Christopher Dorn 
chris.dorn@be4fusion.com 
Be4FUSION LLC 
Postal address: 
1528 North Granite Avenue 
Ontario, California 91762-1200 
U.S.A. 
  

mailto:chris.dorn@be4fusion.com


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

_____________________________________________________________________________________ 
 

Page 63 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 64 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 65 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 66 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 67 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 68 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 69 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 70 of 178 

 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 71 of 178 

HLA-DPB1 E69 Genotype and Exposure in Beryllium Sensitization and Disease 
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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. 
 
 
 
Corresponding Author: 

Margaret Mroz, MSPH 
mrozp@NJHealth.org 
National Jewish Health 
1400 Jackson Street 
Denver, Colorado 80206-2761 
U.S.A. 
  

mailto:mrozp@NJHealth.org


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

_____________________________________________________________________________________ 
 

Page 72 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 73 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 74 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 75 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 76 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 77 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 78 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 79 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 80 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 81 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 82 of 178 

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 

Lukáš Toupal, Richard Jílek, and Tomáš Kubásek 
 

Centrum Výzkumu Řež (CVR), Hlavní 130, 25068 Husinec-Řež, 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 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 >10µg 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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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. 
 
 
 
 
Corresponding Author: 

Mr. Benjamin Fretz 
fretz@versuchstechnik.de 
Karlsruhe Beryllium Handling Facility (KBHF GmbH) 
Hermann-von-Helmholtz-Platz 1 
D-76344 Eggenstein-Leopoldshafen 
GERMANY 
 

  

mailto:fretz@versuchstechnik.de


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

_____________________________________________________________________________________ 
 

Page 111 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 112 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 113 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 114 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 115 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 116 of 178 

 

 
 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 117 of 178 

 

 
 
  



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

_____________________________________________________________________________________ 
 

Page 118 of 178 

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 Pearson1,2, Keisuke Mukai2,3, Colin Baus2,3, Andrew Wilson1, Andrea D'Angio1, 
Shutaro Takeda2, Satoshi Konishi2,3, 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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The Possible Toxicity of Beryllium Salts 

M. McCawley (West Virginia University, U.S.A.) et al. 

The Possible Toxicity of Beryllium Salts 

Michael McCawley1 and Kathryn Creek2 
 

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

 
 
Li2BeF4 (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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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. 
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Beryllium Sensitization Testing—Where We Are and Where We Need to Go 

K. Creek (Beryllium Solutions International, Portugal) 

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). 
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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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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: 

 

• Beryllium controls are a step above the norm 

• Basic logic for facility design 

• Zone pressure controls 

• Basic facility layout 

• Need for a robust exhaust system 

• Design features 
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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: 
 

• BeYOND-1:  Karlsruhe, Germany, 2009 
• 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 
• BeYOND-8:  Karlsruhe, Germany, 2018 
• 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. 
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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 
Be4FUSION LLC 

UK 
USA 

In person 

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 

Ionescu-Bujor Mihaela KIT Germany In person 

Jamieson Valerie UK Atomic Energy Authority UK Online 

Jilek Richard CVR – Research Centre Rez Czech 
Republic 

In person 

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 
Japan 

In person 

Radloff Dirk KIT Germany In person 

Reimann Joerg KIT (Retired) Germany In person 

Renier Angelique NGK Berylco France In person 
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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 
Republic 

In person 

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 
Republic 

In person 

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 
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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). 
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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. 
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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 für 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/
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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. 
 


