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Raw Materials Factsheet

Silicon metal

Ecosystem Main uses

Highly relevant for chemical applications, especially silanes and
Energy-Intensive siloxanes used in silicone manufacturing, as well as aluminium
alloys and other industrial uses. Silicon metal production is
energy-intensive and based on carbothermic reduction of high-
purity quartz in electric arc furnaces.

Industries

Relevant for electronic-grade silicon and semiconductor value
chains, including integrated circuits, sensors, optoelectronics and
high-performance electronic components used in advanced
technologies.

Mobility, Transport  Relevant for aluminium alloys, EV-related electronics,
semiconductors, power devices, data storage, wireless
communication systems and solar photovoltaic value chains.

& Automotive

Key Highlights at a Glance

China Dominates Production: China accounted for about 75% of silicon metal and 83% of polysilicon
production in 2022.

EU Has Domestic Production: France, Spain and Germany produce high-purity quartz and silicon
metal, representing about 5% of global output.

EU Import Reliance Is Significant: The EU depends on imports for around 64% of its silicon metal
consumption.

Critical for Solar and Semiconductors: Polysilicon is used mainly in solar PV, with a smaller share for
semiconductors.

Recycling Is Limited: Post-consumer recycling is rare, but production scrap can be reused and PV
recovery initiatives are emerging.

Supply Currently Exceeds Demand: Global production of both silicon metal and polysilicon was above
demand in 2022.

Capacity Is Expanding Rapidly: New production capacity, mainly in China, may continue to exceed
demand.

Few Trade Restrictions: No major export restrictions were reported for silicon metal.
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Procurement of raw materials

There are several ways to procure raw materials, including direct purchases from mining companies or
mineral producers, entering into long-term supply or offtake agreements, buying on spot markets such
as commodity exchanges, and sourcing through metal traders. As the first two options are typically
governed by confidential agreements between buyers and suppliers, this section focuses on the latter
options to offer companies potential pathways for diversifying their supplier base. The table below
presents commodity exchanges where metals are traded.

Country Exchange Commodities

China Guangzhou Futures Exchange (GFEX) Silicon metal, polycrystalline silicon, lithium
carbonate

China Shanghai Futures Exchange (SHFE) Cu, AL, Zn, Pb, Ni, Sn, Au, Ag, steel

China Zhengzhou Commeodity Exchange Ferrosilicon, manganese silicon

(ZCE) »mang

India Multi Commodity Exchange (MCX) Au, Ag, AL, Cu, Pb, Ni, Zn

Japan Tokyo Commodity Exchange (TOCOM) | Au, Ag, Pt, Pd

United Arab Dubai Gold and Commodities Cu Au. A

Emirates Exchange (DGCX) P AU A8

United Al, Cu, Zn, Ni, Pb, Sn, Steel, Co, lithium hydroxide,

Kingdom (UK) London Metal Exchange (LME) Mo, Pd, Pt

The United New York Mercantile Exchange Au, Al, Ag, ferrous Scrap, Co, cobalt hydroxide, Cu,

Fe, Pb, lithium carbonate, lithium hydroxide, Mo,

States (U.S.) (COMEX] steel, spodumene, Zn, U, shredded scrap

Fourteen rare metals (In, Ge, W, Bi, Ga, Co, Ag, V, Sb, Te, Rh, Se, Dy, and Tb) were traded on China’s
Fanya Metal Exchange until its collapse in 2015. Established in 2011 with Yunnan government support,
it quickly became the world's largest rare metals trading platform, aiming to strengthen China’s market
control. However, a liquidity crisis led to its shutdown in 2015, and in 2019, the Yunnan government
auctioned off its stored metals™ %3,

"Li, M. (2018, June 10). | Lost My Savingsin a Masswe Chmese Investment Scam Foreign Pol|cy Retneved 06.09. 2014from

2 Argus metals international. (2019, October 11). Latest Market News: China to auction Fanya Ga, Ge, Se, Te stocks. Argus metals
international. Retrieved 06.09.2024 from https://www.argusmedia.com/es/news-and-insights/latest-market-news/1994012-china-to-
auction-fanya-ga-ge-se-te-stocks

3 Fanya Metal Exchange. (2015, January 4). Bloomberg purchases data from the Fanya Metal Exchange to fill its data gap (G {#IES5Z A (&
4B S TR AN EEZE ). China Daily. Retrieved 06.09.2024 from http://china.chinadaily.com.cn/shizheng/2015-
01/04/content_19298995.htm
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http://www.gfex.com.cn/gfex/yshq1/yshq.shtml
https://tsite.shfe.com.cn/eng/
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http://english.czce.com.cn/
https://www.mcxindia.com/
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https://www.lme.com/en/
https://www.cmegroup.com/company/designated-contract-market.html#comex
https://www.cmegroup.com/company/designated-contract-market.html#comex
https://foreignpolicy.com/2016/06/10/i-lost-my-savings-in-a-massive-chinese-investment-scam-china-protest-fanya-ponzi/
https://www.argusmedia.com/es/news-and-insights/latest-market-news/1994012-china-to-auction-fanya-ga-ge-se-te-stocks
https://www.argusmedia.com/es/news-and-insights/latest-market-news/1994012-china-to-auction-fanya-ga-ge-se-te-stocks
http://china.chinadaily.com.cn/shizheng/2015-01/04/content_19298995.htm
http://china.chinadaily.com.cn/shizheng/2015-01/04/content_19298995.htm
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For metals traded on commodity exchanges, pricing is transparent, and market reactions to disruptions
or potential supply issues are reflected quickly. However, this is not the case for minor metals such as
germanium, gallium, cobalt, and molybdenum, which are often by-products of other metal production.
As a result, pricing for minor metals is often considered opaque and relies on assessments by price
reporting agencies, such as those listed in the table below, which collect pricing data anonymously from
consumers, producers, and traders®.

Price reporting agencies Commodity

Base metals, battery materials, minor metals, REEs,
Fastmarkets MB (previously known as Metal Bulletin) | scraps and secondary, ores and alloys, steel, steel
raw materials, industrials minerals

Al, base metals, battery materials, ferroalloys,
precious metals, silicon, stainless steel, steel
Steel, steel raw materials, battery materials, REEs,
alloys, scrap, base metals, minor metals

CRU

Argus metals international

For metals that are not publicly traded on commodity exchanges, procurement can be done through
metal traders. In several EU countries, national-level organizations manage aspects of metal trading
and may offer support in identifying suitable metal traders. At the international level, there is the Minor
Metals Trade Association located in the UK.

Country National organisation(s) concerning metal traders in the EU

Austria Verband Osterreichischer Metallhdndler (VOM)/ Arbeitsgemeinschaft Metalle Osterreich
Belgium Belgian Metal Union (Union des Métaux Belge) represented by Belmetal

France Fédération Francaise de la Distribution des Métaux (FFDM)

Germany Verband Deutscher Metallhandler und Recycler e.V. (VDM

Italy Associazione Italiana Commercio Metalli (ASSOMET)

Netherlands | Vereniging Metaalhandelaren (Dutch Metal Traders Association)

Poland Izba Gospodarcza Metali Niezelaznych i Recyklingu (IGMNIR)
Portugal Associagao Portuguesa dos Grossistas de Agos, Metais e Ferramentas (ACOMEFER)

e Confederacion Espaiola de Organizaciones Empresariales del Metal (CONFEMETAL)

Spain
P e Asociacién de Empresas del Metal de Madrid (AECIM)
Sweden Svenska Jarn och Metallskrothandlareforeningen

4 Desai, P. (2023, July 6). Explainer: Inside the opaque world of minor metals pricing. Reuters. Retrieved 25.04.2025 from
https://www.reuters.com/markets/commodities/inside-opaque-world-minor-metals-pricing-2023-07-06/
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https://www.fastmarkets.com/
https://www.crugroup.com/en/
https://www.argusmedia.com/en/commodities/metals
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https://www.igmnir.pl/
https://acomefer.pt/acomefer/index.asp
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Silicon metal

Although silicon lacks metallic properties, it is commonly referred to as "silicon metal" in the industry
due to its lustrous appearance. There are two main grades of silicon metal: metallurgical-grade silicon,
which typically contains around 99% silicon and accounts for the majority of production volumes, and
polysilicon, which has a much higher purity level ranging from 6N to 11N.

Metallurgical-grade silicon metal is produced through the reduction of quartz, a mineral composed of
silica (SiO,) and one of the most abundant minerals in the Earth's crust. This process, known as
carbothermic reduction, takes place in a submerged electric arc furnace containing quartz and carbon-
based materials such as coke and charcoal. The quality of the raw materials used in production directly
influences the quality of the resulting silicon metal, determining whether it meets the specific
requirements of various end users®.

Major end uses in the EU (estimation made in 2021)°

2%

B Chemical applications

B Aluminium alloys

M Solar applications

Electronic applications

In the SCRREEN report, the global end-use distribution of silicon metal was assumed to mirror that of
the EU. On the other hand, according to estimates by the German Mineral Resources Agency, in 2022,
38% of silicon metal was used in the production of silanes and siloxanes, which serve as raw materials
for silicone manufacturing; 35% was used in the production of aluminum alloys; 25% was used to
produce polysilicon, a raw material for solar silicon PVs and semiconductor silicon (electronics
industries); and the remaining 2% is used in other applications’.

5 SCRREEN2. (2023, December). Silicon Metal: Factsheet Update. European Union's Horizon 2020 Research and Innovation Programme.
Retrieved 22.04.2025 from https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_SILICON_METAL-update.pdf

8 SCRREENZ2. (2023, December). Silicon Metal: Factsheet Update. European Union’s Horizon 2020 Research and Innovation Programme.
Retrieved 22.04.2025 from https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_SILICON_METAL-update.pdf

7 DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.
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Value chain of relevant advanced technologies (simplified)
Major producer (global share)

Supply chain stage

Global Europe
Raw materials® High-purity quartz Turkey, Egypt Spain
Norway (6.3%),
. - . 5 China (75%), Brazil France (2.2%),

Metallurgical grade silicon in 2022 (5.1%), the U.S. (3%) lceland (1.1%),
Processed Germany, Spain
materials Solar grade polycrystalline silicon in 2021 China (80%),

10 . Germany
(7N-9N) Malaysia, the U.S.
Electronic grade polycrystalline silicon The U.S., South Korea,

(11N-12N)™ 12 Japan (, China) Germany (, Norway)

China (97%,
manufacturing
capacity)

Japan (50%), South

Component: PV Solar grade monocrystalline silicon wafer
wafer (9N-10N) ™3

Monocrystalline silicon wafer' . Germany
Korea, Taiwan
LogicIC The U.S. (67%)
DAO: Discrete,
analog IC & other Germany,
IC design . The U.S. (37%) Switzerland,
(e.g., optoelectronics
Netherlands
& sensors)
Memory IC South Korea
i 0,
Components: IC Logic IC (<10 nm) Taiwan (?2 %), South
wafer's Korea (8%)
. The U.S. (43%), 0
Logic IC (10-22 nm) Taiwan (28%) Europe (12%)
- 9 -
IC wafer Logic IC (28-45 nm) (ng";a)n (47%), China
. . 0
fabrication Logic IC (> 45 nm) Taiwan (31%), China
g (23%)
DAO Japan (27%) Europe (22%)
South Korea (44%),
Memory IC Japan (20%)

8 SCRREENZ2. (2023, December). Silicon Metal: Factsheet Update. European Union's Horizon 2020 Research and Innovation Programme.
Retrieved 22.04.2025 from https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_SILICON_METAL-update.pdf

® DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.

9 |EA (2022) Solar PV Global Supply Chains, IEA, Paris https://www.iea.org/reports/solar-pv-global-supply-chains, Licence: CC BY 4.0

" Chen, J. H. (2022, August 7). Overview of the development of silicon wafer materials for semiconductors (288 R GBI RS D).
Ministry of Economic Affairs, Department of Industrial Technology. Retrieved 22.04.2025 from
https://www.moea.gov.tw/MNS/doit/industrytech/IndustryTech.aspx?menu_id=13545&it_id=436

2 DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.

3 |EA (2022) Solar PV Global Supply Chains, IEA, Paris https://www.iea.org/reports/solar-pv-global-supply-chains, Licence: CC BY 4.0

"4 Varas, A., Varadarajan, R., Goodrich, J. & Yinug, F. (2021, April) Strengthening the semiconductor supply chain in an uncertain era. BCG &
Semiconductor Industry Association. Retrieved 12.04.2024 from https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-
Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf

" Chen, J. H. (2022, August 7). Overview of the development of silicon wafer materials for semiconductors (ZZEH8 R G EIRD R D).
Ministry of Economic Affairs, Department of Industrial Technology. Retrieved 22.04.2025 from
https://www.moea.gov.tw/MNS/doit/industrytech/IndustryTech.aspx?menu_id=13545&it_id=436
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Assembly, packaging & testing China, Taiwan
Covets | Solarcell China (80%)
Assembly: PVs Solar PV panel/model China (70%) Germany (1%)
Microprocessors (CPUs, GPUs, APs), general purpose logic products
Logic IC (Field Programmable Gate Arrays), microcontrollers, connectivity
Assembly: IC"7 products (Wi-Fi or Bluetooth chips)
Memory IC Dynamic Random- Access Memory (DRAM), flash memory (NAND)
DAO Discrete products (diodes, transistors), analog products (voltage
regulators, data converters), optoelectronics (optical sensors)
Relevant ATs Renewable energy technologies (PVs), IC relevant ATs

Substitution
Substitution can impact both cost and performance.

Intermediate and end products Substitution

Silicon in silicones and silanes Thermoplastics, rubber
CIGS, cadmium telluride (CdTe), Gallium arsenide
(GaAs), Perovskite solar cell (in development)'®

Silicon-based solar applications

Silicon-based electronic applications®?° Components?' Substitution
Electronic devices (mobile phones, wireless base High frequency ICs, Power Gallium arsenide
stations, satellite communications), photonic amplifier, LED/LD (GaAs)

devices (DVD, PC, automotives, outdoor displays,

optical communications) High frequency ICs, LD Indium phosphide
(InP)

Electronic devices (wireless base stations, power High frequency ICs, Power Gallium nitride (GaN)

controller, EVs), photonic device (Blu-ray, LCD amplifier, LED/LD

backlight, outdoor display, lighting)

EVs, power conditioning system for solar power Power amplifier, LED/LD Silicon carbide (SiC)

system, power supply unit for servers in data centre,
circuit for industrial control system

'8 |EA (2022) Solar PV Global Supply Chains, IEA, Paris https://www.iea.org/reports/solar-pv-global-supply-chains, Licence: CC BY 4.0
7Varas, A., Varadarajan, R., Goodrich, J. & Yinug, F. (2021, April) Strengthening the semiconductor supply chain in an uncertain era. BCG &
Semiconductor Industry Association. Retrieved 12.04.2024 from https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-
Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf

8 Chandler, D. L. (2022, July 15). Explained: Why perovskites could take solar cells to new heights: This family of crystalline compounds is at
the forefront of research seeking alternatives to silicon. MIT News Office. Retrieved 12.04.2024 from https://news.mit.edu/2022/perovskites-
solar-cells-explained-0715

9 SUMITOMO ELECTRIC (n.d.) Overview: Transmission Devices Laboratory. Retrieved 12.04.2024 from
https://sumitomoelectric.com/rd/transmission-devices-laborator

2 Chang, Y.-Y. (2021, March). Compound semiconductors become the new battleground in technology ({b& Y EEE R R Hr 8k S). ITRI
College. Retrieved 12.04.2024 from https://college.itri.org.tw/Home/InfoData/f6e19f2d-f81c-421c-bc36-ea6409ba0a5d/05b66b8e-80dc-
47df-a8b8-48146d1a4c66

21 Chang, C.-C. (2021, April 14). Preliminary exploration of the compound semiconductor materials industry for high-frequency
communication components (S8 FE AT L&Y L EEADE ESEWE). Ministry of Economic Affairs, Department of Industrial
Technology. Retrieved 12.04.2024 from https://www.moea.gov.tw/MNS/doit/industrytech/IndustryTech.aspx?menu_id=13545&it_id=358
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Global and EU production - high-purity quartz??

There is no precise data available on high-purity quartz extraction at either the EU or global level. High-
purity quartz for the silicon metal is extracted as a primary product, and in most cases, it is directly
processed into silicon metal onsite.

Global production
The main deposits currently mined for silicon metal production are located in Turkey, Egypt, and Spain,
as well as in other countries such as the U.S., Norway, and Russia.

EU production

High-purity quartz is extracted in France, Spain, and Germany, where it is subsequently processed into
silicon metal. The five-year average annual production of silicon metalinthe EU between 2016 and 2020
was 167,000 metric tons, representing approximately 5% of global production during the same period.

Reserves

Global reserves
It is widely acknowledged that existing reserves of high-purity quartz are sufficient to meet global
consumption needs for the coming decades.

EU reserves
Harmonized data on high-purity quartz reserves within the EU is currently unavailable.

22 SCRREEN?2. (2023, December). Silicon Metal: Factsheet Update. European Union’s Horizon 2020 Research and Innovation Programme.
Retrieved 22.04.2025 from https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_SILICON_METAL-update.pdf
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Processing stage - silicon metal and polysilicon

Global producers at the processing stage®
Silicon metal

M China
Global silicon metal production in 2022 was estimated at
4,310,000 metric tons. In the top 16 countries outside of ® Norway
China, production was carried out by 24 companies (or m Brazil
joint ventures) operating across 37 smelters. The U.S.
mF
European countries that produce silicon metal include rance
Norway, France, Iceland, Bosnia and Herzegovina, = Row
Germany, Spain, and Slovakia. Many European silicon
metal producers, such as Finnfjord AS, Elkem ASA,
Eramet Norway AS, Ferroglobe Mangan Norge AS, RW
Silicium GmbH, ASK Chemicals Metallurgy GmbH, | Country Share of global production
Wacker Chemie AG, Ferroglobe plc, and Huta taziska SA, | china 75.0%
source their raw materials (high-purity quartz) from within
Norway 6.3%
Europe.
Brazil 5.1%
A significant, though unspecified, proportion of global
0,
silicon metal production is used internally by companies The U.S. 3.0%
to secure their raw material supply. For example, Hoshine | France 2.2%
Silicon Industry Co., Ltd. (China), the world’s largest Malaysia 1.3%
silicon metal producer, is also the leading producer of
. . . Canada 1.2%
siloxanes. Similarly, Wacker Chemie AG (Germany) meets
about a quarter of its silicon metal needs for producing | Iceland 1.1%
silicones and ultra-pure polycrystalline silicon through its | Russia 1.0%
H 24
own plant in Holla, Norway<*. Australia 1.0%
Bosnia- 0.7%
Herzegovina
Germany 0.6%
Spain 0.4%
Laos 0.3%
Thailand 0.2%
Slovakia 0.1%
RoW 0,5%

2 DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —

Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.

24Wacker (n.d.) Wacker Chemicals Norway AS. Retrieved 12.03.2024 from https://www.wacker.com/cms/en-us/about-wacker/wacker-at-a-
lance/production-sites/holla.html

Funded by the The IDEALIST project has received funding from the European Union's
European Union Horizon Europe programme under the Grant Agreement number no.

101138366



https://www.wacker.com/cms/en-us/about-wacker/wacker-at-a-glance/production-sites/holla.html
https://www.wacker.com/cms/en-us/about-wacker/wacker-at-a-glance/production-sites/holla.html

IDEALIST

Polysilicon

In 2022, global polysilicon production was estimated at 978,000 tons. The leading producing countries,
in descending order by production volume, were China (83%), Germany (7%), the U.S. (6%), Malaysia
(2.5%), Japan (1%), and South Korea and possibly Qatar (each contributing less than 1%). Outside of
China, polysilicon was produced by nine companies operating across twelve facilities. It is generally
estimated that approximately 90% of produced polysilicon is used for solar-grade silicon, while the
remaining 10% is used for semiconductor-grade silicon.

Secondary production
New scrap produced during the manufacturing processes

Silicon metal can be recycled internally (i.e., remelted) within smelters when products fail to meet
quality standards. These substandard products could also sold to ferrosilicon or ferrosilicon-
manganese smelters®.

In the electronics industry, most of the silicon metal scrap generated during crystal ingot and wafer
production is of such high purity that it can be readily reused as a secondary raw material in the
photovoltaic industry?.

In the chemical industry, chlorosilane that is not used in silicone production is incinerated and
repurposed to produce microsilica. The hydrogen chloride generated during this process is recycled to
produce methyl chloride, which serves as a base material for further chlorosilane production after its
reaction with methanol?.

Old scrap (i.e., post-consumer scrap)

Silicon metal is generally not recycled, as it is primarily used in a dispersed and dissipative manner. To
date, the only notable recycling potential has been through metal scrap, such as aluminium alloys
where silicon recovery has been secondary to that of other metals, both in terms of quantity and
economic value. However, in recent years, several recycling initiatives have emerged, focusing on the
recovery of silicon scrap from PV panels® %,

2 DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.

26 SCRREEN?2. (2023, December). Silicon Metal: Factsheet Update. European Union’s Horizon 2020 Research and Innovation Programme.
Retrieved 22.04.2025 from https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_SILICON_METAL-update.pdf

27 DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.

28 DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.

2 SCRREEN?2. (2023, December). Silicon Metal: Factsheet Update. European Union’s Horizon 2020 Research and Innovation Programme.
Retrieved 22.04.2025 from https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_SILICON_METAL-update.pdf

Funded by the The IDEALIST project has received funding from the European Union's
European Union Horizon Europe programme under the Grant Agreement number no.

101138366




IDEALIST

Demand
Global demand
In 2022, global silicon metal consumption was estimated at 3,813,027 metric tons®. China was not only

the leading producer of silicon metal but also the largest consumer. In 2021, China accounted for 57%
of the global consumption. The other main consumers included the EU, the U.S. and Japan®'.

In 2021, global polysilicon consumption was estimated at 653,000 metric tons, with approximately
549,000 metric tons used in the PV industry and 46,000 metric tons in the semiconductor industry.
Despite the rapid growth in solar cell demand between 2001 and 2020, the absolute demand for solar-
grade silicon remained relatively stable, as the specific (poly)silicon consumption per watt peak (Wp) of
solar cell output declined significantly, from approximately 16 g/Wp to around 3.5 g/Wp owning to
technology and manufacturing processes advancement. This trend is expected to continue in the
future®.

EU demand??

Between 2016 and 2020, the EU's average annual silicon metal consumption was 421,141 metric tons.
The EU was 64% reliance on import and the main suppliers were Norway (35%), France (29%), Brazil
(10%), and Spain (5%).

Future supply and demand trends

In 2022, global silicon metal production reached approximately 4,310,000 metric tons, exceeding the
worldwide demand of 3,813,027 metric tons. That same year, global silicon metal production capacity
stood at 7,230,000 metric tons annually, with China accounting for the largest share, 79%. The global
average capacity utilization rate for silicon smelters was about 59.6%.

In 2022, global polysilicon production reached approximately 980,000 metric tons, exceeding the
demand of around 670,000 metric tons. The total global polysilicon production capacity stood at
1,346,500 metric tons per year, with China accounting for 86% of that capacity. This resulted in an
average capacity utilization rate of 72.7% across all polysilicon production facilities®*.

30 DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.

%1 Ma, N. (Ed.) (2022, December 7). Analysis of the global industrial silicon market (&F¥k Tl EE 73155 53 47). Futures Daily. Retrieved
12.03.2024 from http://www.ghrb.com.cn/articles/308937
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33 SCRREEN?2. (2023, December). Silicon Metal: Factsheet Update. European Union’s Horizon 2020 Research and Innovation Programme.
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Future supply®

By the end of 2027, an additional 4,790,000 metric tons per year of silicon metal production capacity is
expected to come online, with the vast majority located in China. As production capacity continues to
grow rapidly, itis projected that by 2027, global capacity will be more than double the expected demand.
Consequently, the global average capacity utilization rate is anticipated to decline further, and silicon
metal prices are unlikely to experience significant increases in the near future. Additionally, if necessary,
existing furnaces used for producing ferrosilicon or ferrosilicon-manganese can be technically
converted to produce silicon metal within a short time (and vice versa).

For polysilicon, an additional 4,540,000 metric tons per year of production capacity has been
announced by the end of 2027, with the majority concentrated in China. By that time, global polysilicon
production capacity is expected to exceed demand by more than fourfold, leading to projections that
prices will remain largely unchanged.

Future demand

In 2027, the estimated global demand of silicon metal is around 5,220,000 metric tons and polysilicon
is 1,300,000 to 1,400,000 metric tons®®.

As PV play a key role in the energy transition, strong policy support in, for instance, China, the U.S., the
EU, and India, is expected to accelerate capacity growth. The global market for electronic-grade silicon
is also projected to expand, driven by rising demand from the semiconductor industry. Approximately
70% of this growth is expected to come from the automotive sector (particularly EVs) as well as data
storage and wireless communication industries®.

% DERA - Deutsche Rohstoffagentur in der Bundesanstalt fiir Geowissenschaften und Rohstoffe (2023): Silizium und Ferrosilikolegierungen —
Zwischenprodukte auf Basis von Quarz. — DERA Rohstoffinformationen 59: 238 S., Berlin.
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Export restrictions
It should be noted that regulations are dynamic and subject to change over time. No export restrictions
had been imposed by major silicon metal producing countries at the time this factsheet was prepared.

Alternative suppliers

Polysilicon, or polycrystalline silicon, is produced from metallurgical-grade silicon (MG-Si) derived from
quartzite via a multi-step purification process. It is critical for manufacturing integrated circuits and
solar cells for the photovoltaic industry, wafer, semiconductors and microchip industries. The main
countries suppliers of these critical materials for the EU industry are China, Norway, USA, Brazil and

Australia.
Alternative suppliers based in EU member-states
Name Localisation Website
https://www.wacker.com/cms/en-
Wacker Chemie Germany de/a(t)):ng;tr—‘\i/::EI;ir//vs;%fli(le(er-_and-
polysilicon.html
MEMC Electronic Materials Italy https://www.memc.it/
Sibelco Belgium https://www.sibelco.com/en
Imerys France https://www.imerys.com/
The Quartz Corp Norway https://www.thequartzcorp.com/
MicroChemicals GmbH Germany httDs://www.mic;r;)/chemicals.com/
Kore Metals Luxembourg https://koremetals.com/
Sunwafe Spain https://sunwafe.com/
Silfab S.p.A. Italy https://silfabsolarsc.com/
Elkem Norway https://www.elkem.com/
Ferroglobe Spain https://www.ferroglobe.com/
tukasiewicz- Instytut Lotnictwa Poland https://ilot.lukasiewicz.gov.pl/
GEFICCA France https://www.geficca.fr/en
Maé Innovation France https://mae-innovation.com/de/
Alliance Caoutchouc France https://alliance-caoutchouc.com/
Societe Pierre Brabant France ;;DSS/:S/C/)\;\GZ:;/'_Z:Z?rzr_];':;g]ao:t_/
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https://www.wacker.com/cms/en-de/about-wacker/profile-and-organization/wacker-polysilicon.html
https://www.wacker.com/cms/en-de/about-wacker/profile-and-organization/wacker-polysilicon.html
https://www.wacker.com/cms/en-de/about-wacker/profile-and-organization/wacker-polysilicon.html
https://www.wacker.com/cms/en-de/about-wacker/profile-and-organization/wacker-polysilicon.html
https://www.memc.it/
https://www.sibelco.com/en
https://www.imerys.com/
https://www.thequartzcorp.com/
https://www.microchemicals.com/de/
https://www.microchemicals.com/de/
https://koremetals.com/
https://sunwafe.com/
https://silfabsolarsc.com/
https://www.elkem.com/
https://www.ferroglobe.com/
https://ilot.lukasiewicz.gov.pl/
https://www.geficca.fr/en
https://mae-innovation.com/de/
https://alliance-caoutchouc.com/
https://www.brabant.fr/nos-sites/societe-pierre-brabant/
https://www.brabant.fr/nos-sites/societe-pierre-brabant/
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ANNEALSYS SAS France https://www.annealsys.com/

Zadient France https://zadient.com/

Alternative suppliers based in third-countries that have signed a trade agreement with the EU

Tongwei Co China https://en.tongwei.com/
GCL Technology China https://www.gcltech.com/en
Dago New Energy China https://www.dgsolar.com/
Xinte Energy Co China https://www.xinteenergy.com/en/
Hemlock Sem.lconductor USA https://www.hscpoly.com/
Operations
Tokuyama Corporation Japan https://www.tokuyama.co.jp/eng/
GlobalWafers Taiwan https://www.gw-semi.com/
ShinEtsu Chemical Japan httDs://www.sh_lnetsusﬂlcone—
global.com/index.shtml
REC Silicon USA https://recsilicon.com/
Ferroglobe PLC UK https://www.ferroglobe.com/
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https://www.annealsys.com/
https://zadient.com/
https://en.tongwei.com/
https://www.gcltech.com/en
https://www.dqsolar.com/
https://www.xinteenergy.com/en/
https://www.hscpoly.com/
https://www.tokuyama.co.jp/eng/
https://www.gw-semi.com/
https://www.shinetsusilicone-global.com/index.shtml
https://www.shinetsusilicone-global.com/index.shtml
https://recsilicon.com/
https://www.ferroglobe.com/

