Greece

Magnesia Supply & Demand Insights —
Seen & Heard in Halkidiki: MagForum 2024 Reviewed

For IMFORMED's 8 annual MagForum conference, the premier meeting for global supply and markets for
magnesia minerals, we went back to the birthplace of “magnesia”, Greece, and specifically to Halkidiki,
where Grecian Magnesite was celebrating the company'’s 65" Anniversary, although its magnesite mining

history there dates back to 1913.

MagForum 2024 brought together over 200 attendees representing leading players in the supply and
demand for magnesia minerals to The Pomegranate Wellness Spa Hotel, Halkidiki, 13—15 May 2024.

Following the conference, which covered a
wide range of key topics relating to mag-
nesia production, decarbonisation, and
market application (reviewed below), dele-
gates enjoyed a superb visit to the Yerakini
operations of Grecian Magnesite ,
an art museum inspired by the historic mag-
nesia workings and community, concluding
with a delightful Greek lunch by the beach

Overviews Greece and Turkey

Following a warm Welcome Address from
Dimitris Portolos, Managing Director, Gre-
cian Magnesite, which formally opened
the conference, Mike O'Driscoll, Director,
IMFORMED/UK set the scene with a brief
summary of world magnesia production
and trade with the theme Magnesia pro-
duction & sources: an introduction.

In particular, he drew attention to the
shrinking group of dead burned and fused
magnesia producers worldwide, the latest
planned reforms in China’s supply sector,
increased activity in decarbonisation, car-
bon capture, and recycling, and an evolving
raft of mineral and metal projects offering
alternative sources of certain magnesia
grades.

Mike O'Driscoll
IMFORMED Industrial Mineral Forums &
Research Ltd.

E-mail: mike@imformed.com

Pantelis Vetoulas, Commercial Manager,
Grecian Magnesite/GR, followed with his
presentation 65 years in the world of
magnesia: review of milestones &
challenges. P. Vetoulas started at the be-
ginning: “Our mining history dates back
to 1913, when the young mining engineer,
John Lambrinides, grandfather of our CEQ,
Dimitris Portolos, was appointed as the
first Greek General Manager of the Yerakini
mine. Grecian Magnesite was established in
1959." From there we were taken through
the 65 years of the company’s development
and growth, and how it has switched from
traditional selective mining to sustainable
mining practices. The Yerakini mine is the
oldest active mined deposit in Greece.
Along the way, and illustrated with some re-
markable images, the pioneering company
adapted to the challenges of installing new
equipment (e.g. in 1976, laser-based photo-
metric ore sorters — the world's largest in-
stallation at that time), diversifying product
and market range (now at 200 000 t/a total
combined capacity of 60 different grades
of CCM (caustic calcined magnesia), DBM
(dead-burnt magnesia), refractory masses,
magnesium carbonate and dunite), the
Chinese “invasion” of low-cost European
magnesia imports of the 1980s/1990s, and
acquisitions (e.g. in 1993, the first Greek
company establishing a fully owned subsid-
iary company in Turkey — Akdeniz Mineral
Kaynaklari).

Alison Saxby, Research Director, Project
Blue/UK, spoke about Magnesia supply
trends and outlook. A. Saxby provided a

full summary of the magnesia market cover-
ing types of magnesia and sources, magne-
site ore — shifting patterns, supply of refrac-
tory and caustic calcined magnesias, global
trade. She concluded highlighting
the key narratives in the industry:
e China: still central to the global magnesia
industry
o Steel industry: magnesia refractories play-
ing a key role with the move to EAF, espe-
cially in China
e Energy Transition: investment in different
technology, fuels and decarbonisation
o Barriers to entry: for rest of world entrants
to supply the market, such as financing
and permitting of new mines
e Geopolitics: invasion of Ukraine; US Infla-
tion Reduction Act; Critical Mineral strat-
egies; disruption to trade routes.
Mustafa Cavac, Marketing & Sales Man-
ager Raw Materials, Kumag/TK, followed
with his report on Turkey a key source
of world magnesia production & the
role of Kumas in today’s challenging
market. M. Cavac presented on Turkey as
a key source of world magnesia production
and the role of Kumas, describing the com-
pany’s capacity, product range, and outlook
for CCM products.
Turkey is ranked second in world magnesite
ore production in 2023, after China, and Ku-
mas hosts the largest magnesite reserves in
the country (164 Mt cryptocrystalline mag-
nesite), with 44 licensed magnesite mines.
The impact on magnesia prices in recent
years owing to the pandemic, China, con-
flicts and geopolitics was discussed
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Fig. 1 World magnesia supply by type and region

Source: Alison Saxby, Project Blue (2024)
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Fig. 2 Influencing factors impacting DBM prices (in [t] CIF Rotterdam)

Kumas' production capacity for CCM s
110 000 t/a (63 % share of total Turkish
CCM capacity), for DBM is 760 000 t/a
(43 %), and for FM, 40 000 t/a (100 %).

Future Kumasg projects include sustainability,
direct marketing substructure for CCM, in-
vestment in new capacity and sorting tech-
nology, and net zero carbon production.

Mg Metal, Spinel and Calcium
Aluminate

Aaron Palumbo, CEO, Big Blue Technol-
ogies/US presented this topic in his lecture
Advancing the use of MgO for the
co-production of Mg metal, spinel, &
calcium aluminates.

Big Blue Technologies (BBT) has been de-
veloping and scaling Mg production tech-
nologies for 10+ years with: University of
Colorado at Boulder, Garrison Minerals, US
Dept. of Energy, NSF, State of Colorado,
Novelis Inc., UHV Technologies, and Eco-
sphere Ventures.

In identifying viable technology as the limit-
ing factor, BBT has developed an "alumino-
thermic approach” using a reactor-denser
assembly to produce magnesium metal
and magnesium-calcium aluminate from
naturally sourced (magnesite or dolomite)
magnesia and aluminium scrap.

BBT's process benefits include a continuous
production method, low labour intensity,
high energy efficiency mitigation of thermal
stress on materials, fully electrified using the
lowest energy-consuming chemistry avail-
able, and value-added co-products to offset
the relatively high price of scrap aluminium.
Assingle full scale plant using BBT's technol-
ogy is envisaged to produce 20 000 t/a Mg
metal, 40,000 t/a spinel, and 60 000 t/a
calcium aluminate.

BBT has been conducting collaborative spi-
nel product development and testing work
with Refratechnik, although market de-
mand is limited. Calcium aluminate process
and product development is ongoing, and
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forecast market demand allows for contin-
ued scale-up.

Carbon Reduction

The presentation of Andreas Drescher, VP
Decarbonisation, RHI Magnesita/AT, about
Decarbonisation developments & ob-
jectives covered RHI Magnesita's global
carbon emissions, hydrogen as an alterna-
tive non-fossil fuel, electrification, CCUS
(Carbon Capture, Utilization and Storage)
and CCU-mineralisation, and the company's
options for decarbonisation and global
frameworks.

A. Drescher emphasised that the applied
technological options will depend on the
specific site as infrastructure is essential,
and also that site-specific CO, frameworks
vary greatly by region and are subject to on-
going development and changes. He con-
cluded: "With a few exceptions, decarboni-
sation efforts will lead to a net cost increase
as regions outside Europe lack a supporting



Fig. 3 Ore
is easily observed at one of the working pits at Grecian Magnesite’s Yerakini mine,

Halkidiki, Greece, site of the MagForum 2024 Field Trip. About 500 000 t/a of dunite and
magnesite is co-extracted, feeding three rotary and one shaft kiln with a total combined
calcination capacity of about 180 000 t/a

CO, price regime from today's perspective.
Process emissions (46 % of total Scope 1
emissions) can just be tackled with CCUS
and is deemed feasible in the medium term
in EU and US. We see mineralisation as a
CCU option for us to decarbonise less costly
and less dependent on infrastructure.”
With CCU, CO, is captured and transformed
to a new product. RHI Magnesita's target
is to install first a 50 000 t/a plant in Aus-
tria in 2028, commencing industrial testing
from 2025.

Dr. Haris Yiannoulakis, R&D Manager, Gre-
cian Magnesite/GR, then spoke on the
subject of Lowering the environmen-
tal footprint of magnesia products:
alternative materials & CO, capture.
H. Yiannoulakis outlined why and how the
magnesia sector is making efforts in reduc-
ing CO, emissions to prepare for 2030 and
beyond. End-product carbon footprint in-
formation (Scope 1-2-3) is becoming a pre-
requisite, which is adding further pressure
for specific emission reductions.

Alternative fuels and materials play an
important part in strategies. However, this
will not be sufficient, and the sector will ul-
timately be faced to employ some form of
carbon capture/separation. Grecian Magne-
site has made significant efforts to partially
replace pet coke with sustainable biomass,

: The cryptocrystalline magnesite vein stockwork, hosted by dunite,

which now contributes 25 % on energy
basis in total (near 80 % for CCM produc-
tion, and 15 % or more for DBM, where
pet-coke remains the main fuel). There are
plans to further intensify biomass utilisation
and introduce NG/LNG. Dunite production
is restricted to minimal processing, and in-
creased rates in recycling DBM filter dust
and old stockpiles at Yerakini contribute to
lowering the company’s carbon emissions.
Grecian Magnesite has been looking into
carbon capture by chemical absorption
through a series of funded National and
EU Research projects using amine-based
and carbonate-based capture techniques
(Nanocap, CoCCUS and ConsenCUS).

A pilot plant has been constructed for CO,
capture (100 kg/h) at OMV Petrom in Ro-
mania, and next up is installation at Yerakini
late 2024 — early 2025.

Mohamed Abdelaziz, Project Manager
Water, ENOWA-NEOM/SA, followed with
his observations on Magnesium oxide
production with sustainability and
CO, reduction. M. Abdelaziz started by
explaining the vision and objectives of the
ambitious NEOM initiative: an internation-
al project, a new green city home to new
economies and thriving businesses, and
strategically located at the "crossroads of
the world” in north-west Saudi Arabia.

ENOWA is the energy, water and hydrogen
subsidiary of NEOM, responsible for sea-
water desalination, water recycling and
brine processing.

Objectives of brine valorisation for sustain-
able and green products, and the mineral
resources of seawater were explained, with
estimates of mineral production from "sea-
water mining” by desalination — including
magnesium chloride, magnesium oxide,
magnesium hydroxide, and magnesium
metal. He outlined ENOWA's proposal of a
secure supply CCM and DBM and renew-
ably produced FM with stable energy prices,
including a “decarbonisation pathway"” util-
ising renewable energy, CCU, green hydro-
gen and other alternative fuels.

Heinz Tolke, Global Manager — Technical
Sales Support, FLSmidth/DE, ended the
section with the presentation FLSmidth:
Ready to support your carbon reduc-
tion targets. H. Télke explained FLSmidth's
role in the mining value chain, with activ-
ities particularly in mineral processing with
sustainability, innovation and technical
knowledge. Methods that can be used by
the cement industry to transition to green,
were used to demonstrate similarities with
the magnesia industry. Plant audit meth-
odology, and detail in conversion to alter-
native fuels was outlined with examples,
and a discussion of carbon capture from
off-gas techniques.

Markets 1: Refractories and
Chemicals

Nikolas Mathios, Sales Manager, Mathios

Refractories SA/GR, opened the theme area

with Hybrid aluminosilicate lining of

rotary kiln for production of DBM. N.

Mathios presented a case study in collabor-

ation with Grecian Magnesite: to increase

the refractory lining service life of Rotary

Kiln No. 3, mainly used for DBM production,

and measuring 90 m x 3 m.

The main challenges were:

e Tilting, and edging of aluminosilicate
bricks in calcination zone

e High thermomechanical stresses in kiln
tyre zone, which accelerate the refractory
bricks failure

e Combined high thermomechanical stress-
es, high abrasion and thermal shock in
the nose ring leads to frequent failures.

The benefits were a significantly increased

performance in:
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e Calcination zone from 6—24 months with
the previous refractory lining to >48
months with hybrid andalusite based LCC
rings and andalusite bricks

e Tyre area from 6—12 months with mag-
nesia- spinel bricks to >36 months with
hybrid andalusite based LCC 6 rings

e Nose Ring from 2—6 months up to 24
months with new design, anchoring
scheme and application of andalusite
based LCC.

Samantha Wietlisbach, Director Minerals

Research and Analysis, S&P Global Com-

modity Insights/CH, then spoke about Mag-

nesium chemicals: review & outlook

of downstream supply & demand. S.

Wietlisbach began with an overview of the

sources and supply of magnesia chemicals,

reminding that 86 % of magnesium chem-
icals are derived from magnesite and other
minerals and how Western Europe MgO

capacity has decreased by >200 000 t/a

over the last four years. Of interest were

a couple of recent additions to synthetic

sources of magnesia chemicals: processing

of magnesium-rich nickel laterites and some
huge projects aiming to use bitterns, at de-
salination plants, especially in NEOM, Saudi

Arabia, and several projects in Australia and

Spain. Markets were then examined in de-

tail, including magnesia in leather tanning,

and magnesium chloride and magnesium
hydroxide consuming markets.

e |eather tanning chemicals forecast con-
sumption growth is 1,4 % AAGR over
next 5 years

e magnesium hydroxide flame retardants
growth is projected for 3 % in Western
Europe for 2023-2028, driven by public
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Fig. 5 Rooftop Refractory discussions: delegates enjoying the
rooftop Welcome Reception at MagForum 2024, kindly sponsored
by Grecian Magnesite

transport, and E-mobility charging infra-
structure

e magnesium chloride growth in deicing
will be dependent on winter severity in
Western Europe and North America, and
also the trend toward low chlorine mag-
nesia cements.

Mac McCreless, Managing Director, Gar-

rison Minerals/US, then followed with his

presentation on Magnesium hydroxide

in wastewater treatment: an effective

alternative to traditional alkalis. The

demand for pH adjustment and alkalinity in

water is set to continue to increase accord-

ing to Mac McCreless: “Due to increased

nutrient loading, reduced discharge limits,

and geographic footprint limitations, we

have observed a direct correlation between

increased chemical usage in wastewater

treatment processes.” He reviewed the do-

mestic US alkalinity sources for wastewater:

lime, caustic soda and magnesia/magne-

sium hydroxide before outlining the role of

Garrison Minerals in this market sector:

* Quit shipping liquid MgOH,

o Efficient particle reduction when neces-
sary

o Stabilised slurry

* Develop uniform testing procedures

* Formulations utilising MgOH,

e Non-thermal drying

e Improving hydration efficiency and speed.

Markets 2: Agriculture, Specialty,
Hydrometallurgy

Adam Wolf, Chief Innovation Officer, Eion/
US, opened the last session with the topic
Mg-Silicates in land-based carbon
dioxide removal from quote to cash.
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A. Wolf emphasised that the climate transi-
tion will require gigatons of annual carbon
dioxide removal (CDR) to achieve net-zero
and keep the Earth below 1,5 °C — both
carbon reduction and removal will be re-
quired. Of the CDR solutions in the market
today, A. Wolf considered that Enhanced
Rock Weathering (ERW) has the fastest
scale potential, the most co-benefits, and
permanence of direct air capture at half the
cost. ERW speeds up a natural process by
applying safe, abundant minerals to the soil
for permanent, scalable CDR.
A representative LCA (life cycle assessment)
for olivine was explained, as were the lo-
gistics supply chains for basalt and olivine
in the USA, before analysing the measuring
and verification procedure for olivine use
and its “carbon credit journey”.
The costs of using basalt and olivine were
discussed, and Wolf introduced the role
and activities of the Enhanced Weathering
Alliance.
Phil Hodgson, Managing Director & CEOQ,
Calix Ltd/AU, followed with his presenta-
tion on Speciality applications of ultra-
high surface area magnesium oxide.
Ph. Hodgson first described Calix's core
platform technology of its patented flash
calcination, which is now utilised in several
industries with added benefits of CO, cap-
ture and renewably-powered, before going
into more detail on specific market applica-
tions, notably:
e magnesium Hydroxide Liquid "MHL" for
water biotreatment and aquaculture
e progressing the biotech business in devel-
oping novel magnesium oxide materials
with high to ultra-high surface area and



bio-activity for use in crop protection,

marine coatings, and health applications.
Regarding the biotech sector, Ph. Hodgson
considered that anti-microbial resistance
(AMR) “...is a big deal, and will only get
bigger.” Bio-active MgO and derivatives
look like they have high potential to solve
AMR and have high potential for applica-
tions in huge markets such as agriculture,
coatings, and health. Calix is already devel-
oping “Next Generation” bio-active porous
micro particles (PMP).
Daniel Verwey, Technology Manager, Pro-
tea Mining Chemicals (now BME)/ZA, then
spoke about How & why CCM is used
for cobalt hydroxide production in
the Central African Copperbelt. D.
Verwey reviewed the importance of cobalt,
its supply sources, and use in batteries — a
key component of lithium ion batteries im-
proving stability and energy density; as well
as applications in super-alloys, catalysts,
magnets, medicine, dyes and pigments, and
animal nutrition. Cobalt processing was

then examined with a focus on the input of
magnesia as a reagent in cobalt hydroxide
processing. A comparison was made with
other reagents, showing magnesia’s bene-
fits of lower environmental concern, easier
to filter, dose and handle, and imparting up
to 45 % quality of cobalt.

Jorge Uzcategui, Senior Analyst Cobalt &
Nickel, Benchmark Mineral Intelligence/UK,
was the last speaker to finish with the topic
Magnesia use in hydrometallurgy:
outlook for nickel and cobalt demand.
Magnesia is an important reagent in nickel
and cobalt hydrometallurgical processing,
and according to J. Uzcategui it will be-
come increasingly more relevant as battery
demand grows. Caustic calcined magnesia
(CCM) is a highly reactive form of magne-
sium oxide (MgO) used as the neutralis-
ing agent of choice to precipitate laterite-
derived nickel and cobalt in the form of
mixed hydroxide precipitate (MHP) from
high-pressure acid-leached (HPAL) process-
ing. The two key drivers for MgO in Ni-Co
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hydrometallurgical processing are: having
the correct grade and consistent volumes
available (specifications of CCM); and the
market outlook for Ni-Co, particularly for
the products necessitating hydromet pro-
cessing. Stainless steel continues to be the
main market for nickel, but Li-ion batteries
will be the key growth driver as the EV mar-
ket shifts towards higher use of nickel.

Most of the battery suitable supply will
come from nickel laterite resources in Indo-
nesia (and Cu-Co projects in the DRC for co-
balt). Demand for MgO in hydrometallurgy
will greatly increase with the growing need
to recover nickel and cobalt from MHP.

MagForum 2025

This year IMFORMED is holding MagForum
2025, 19-21 May, at the Tivoli Ecoresort,
Praia do Forte, near Salvador, followed by
an exclusive visit to RHI Magnesita's oper-
ations in Brumado, Bahia. Full details in-
cluding confirmed programme at:
www.imformed.com
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