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1. AGGREGATES

1.1 Overview
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Figure 1: Simplified value chain for aggregates in the EU! (average 2012-16)

Aggregates are granular materials used in construction. They are also referred to as
‘construction aggregates’ as they are a core element of a wide range of construction purposes
in buildings and civil engineering structures. Aggregates may be used on their own in unbound
condition as a structural material, e.g. road stone, armour stone, railway ballasts, or in bound
condition with the addition of water, cement, bitumen or other binders to form construction
products such as concrete, mortar, and asphalt. The most significant supply by volume is
natural aggregates, i.e. crushed rock, sand & gravel. Natural aggregates are mineral
construction materials from naturally occurring deposits, which have been subjected to nothing
more than mechanical processing. Other types of aggregates are manufactured aggregates
produced from wastes from other industries, and recycled aggregates produced from
construction and demolition wastes.
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Figure 2: End uses (UEPG, 2018) and EU sourcing (UEPG, 2018; Eurostat, 2019a) of
aggregates (average 2012-16).

! JRC elaboration on multiple sources (see next sections)



The assessment was carried out at the extraction stage for natural aggregates. The following
CN product groups are used to analyse the international trade of aggregates.

e CN 2505 90 00, ‘Natural sands of all kinds, whether or not coloured (excl. silica sands,
quartz sands, gold- and platinum-bearing sands, zircon, rutile and ilmenite sands,
monazite sands, and tar or asphalt sands)’;

e CN 2517 10 10, ‘Pebbles and gravel for concrete aggregates, for road metalling or for
railway or other ballast, shingle and flint, whether or not heat-treated’;

¢ CN 2517 10 20, '‘Broken or crushed dolomite and limestone flux, for concrete
aggregates, for road metalling or for railway or other ballast’;

e CN 2517 10 80, ‘Broken or crushed stone, for concrete aggregates, for road metalling
or for railway or other ballast, whether or not heat-treated (excl. pebbles, gravel, flint
and shingle, broken or crushed dolomite and limestone flux)’;

e CN 2517 41 00, ‘Marble granules, chippings and powder, whether or not heat-treated’;

¢ CN 2517 49 00, ‘Granules, chippings and powder, whether or not heat-treated, of
travertine, ecaussine, alabaster, basalt, granite, sandstone, porphyry, syenite, lava,
gneiss, trachyte and other rocks of heading 2515 and 2516 (excl. marble)’.

The production (Prodcom) codes used are the following:

e PRC 8121190, ‘Construction sands such as clayey sands; kaolinic sands; feldspathic
sands (excluding silica sands, metal bearing sands)’;

e PRC 8121210, ‘Gravel and pebbles of a kind used for concrete aggregates, for road
metalling or for railway or other ballast, shingle and flint’;

¢ PRC 8121230, ‘Crushed stone of a kind used for concrete aggregates, for road
metalling or for railway or other ballast (excluding gravel, pebbles, shingle and flint)’;

e PRC 8121250, ‘Granules, chippings and powder of marble’;

e PRC 8121290, ‘Granules, chippings and powder of travertine, ecaussine, granite,
porphyry, basalt, sandstone and other monumental stone’.

All quantities are expressed in million tonnes (Mt) of aggregates. Data provided in this
factsheet is an average over 2012-2016 unless otherwise stated.

The aggregates industry is closely related to the activity and economic growth of the
construction sector. Aggregates consumption in the EU decreased considerably after the global
financial crisis in 2008, reflecting the significant decline in construction markets, but has
started to recover since 2013. Aggregates are mostly consumed regionally because of the high
costs of transport; thus there is little international trade. The EU market value of natural
aggregates is estimated at EUR 16.7 billion in 2016.

The price of aggregates is relatively low and stable compared to other minerals and metals.
The average EU unit value of natural aggregates shipments in 2017 was EUR 7.67 per tonne
(ESTAT Prodcom, 2019).

The EU consumption of natural aggregates is around 2,105 Mt. The use of natural mineral
construction materials such as sand, gravel, and crushed rock aggregates constitutes the
biggest raw material flow through the economy. The EU is largely self-sufficient in the material
group of construction aggregates as domestic production covers almost entirely demand. The
import reliance as a percentage of apparent consumption is 0.5%.

The construction sector relies upon the supply of aggregates, which represent the most
considerable tonnage of material consumed by this sector. Construction and demolition waste,
as well as industrial by-products such as ferrous slags, are commercially available substitutes
of natural aggregates.



Aggregate resources are plentiful throughout the EU and the world. Reserves are determined
mostly by land uses, proximity to consumption centres, and local environmental concerns.

Little publicly available data exists on the world output of aggregates. Construction aggregates
global demand is estimated between 25,900 to 29,600 Mt in 2012 (UNEP, 2019). Natural
aggregates production in the EU is around 2,100 Mt per year. Supply from secondary materials
and recycling (recycled and manufactured aggregates) accounts for almost 240 Mt per
year(UEPG, 2019c). Eight per cent of the total annual demand for aggregates in the EU is
covered by recycled aggregates. The potential of aggregates to be recycled is higher than the
average current rate, but even with complete recycling of the officially reported C&D waste,
the extraction of natural aggregates will continue to supply the largest part of total aggregate
EU market demand.

Aggregates and the aggregates industry are not assessed as key materials and industrial
sectors? for the implementation of the EU strategy? to reduce greenhouse gas emissions.

UNEP (2019) highlights the potential for sand and gravel shortages in some parts of the world
and the consequences of unregulated extraction. Land use competition is considered a
bottleneck for aggregates supply in the EU. Also, social conflicts may cause market supply
shortages at local level.

1.2 Market analysis, trade and prices

1.2.1 Global market

The aggregates industry is following the economic cycles, reacting to the levels of activity in
the construction sector (USGS, 2018b). In terms of volume, aggregates are the materials used
the most by the construction sector (BGS, 2013) and account for the most substantial amount
of solid material extracted globally (UNEP, 2019). The consumption of aggregates for concrete
can be roughly estimated using the global production of cement as a proxy, but for the other
applications of aggregates, comprehensive statistics are unavailable (UNEP, 2014).

The onset of the global recession of 2008 had a drastic impact on the construction sector.
According to the volume index of production for construction monitored by Eurostat, the
construction activity in the EU declined for six years, from the peak in 2007 to the post-crisis
trough of 2013 (Eurostat, 2019g). The overall decline in the volume index of construction was
almost 22%, showing a slow recovery after 2013. According to data by the British Geological
Survey (BGS 2019a), the corresponding overall decrease of natural aggregates production was
more than 30%. As a consequence, the average annual output for aggregates decreased in the
EU+EFTA from approximately 7.2 tonnes per capita in 2006 to 5.5 tonnes per capita in
2016(UEPG, 2018). Despite the gradual recovery, the production level is still well below the
pre-crisis levels of a decade ago.

In 2016, the EU production of natural aggregates (crushed rock and sand & gravel)* was about
2,122 Mt(UEPG, 2018). The annual turnover in the EU is estimated at approximately EUR 16.7

’The cement industry belongs to a different value chain than construction aggregates; therefore, their role is not
mentioned in the reduction of GHG emissions, neither the role of the construction industry.
® https://ec.europa.eu/clima/policies/strategies/2050 en



https://ec.europa.eu/clima/policies/strategies/2050_en

billion?. At a global scale, the value of production is estimated roughly to be between EUR 310
and 390 billion>.

International trade is limited as aggregates are mostly consumed regionally because of the
high costs of transport. It is estimated that less than 5% of global aggregates production
moves across borders, in particular to countries that have less geological availability of suitable
materials for aggregates in combination with strong demand for large development projects
(e.g. Singapore) (UNEP, 2019).

Given the regional focus of aggregates, the abundant resources worldwide as well as the small
amount of international trade, the impact on trade and global supply of export restrictions
applied to construction aggregates is negligible. The OECD inventory of Export Restrictions on
Industrial Raw Materials (OECD, 2019b)mention some export restrictions in place in 2017 by
Vietnam and Morocco for natural sand (HS code 250590).

1.2.2 Outlook for supply and demand

The demand of aggregates is driven by activity in the construction industry, and it is closely
linked to economic growth, urbanisation and increasing population (UEPG 2018)(UNEP 2019).
Foresights of the global trends in economic development predicts a GDP growth up to 2035,
especially in the emerging economies (EPRS, 2018); thus, the outlook for aggregates demand
growth in the coming years is positive, depending on the level of economic growth (UNEP,
2019). According to a recent study published by the OECD, the use of construction materials is
projected to almost double between 2017 and 2060 with the largest growth in aggregates
(sand, gravel and crushed rock), while construction materials use per capita is projected to rise
in most countries(OECD, 2019c). For the EU, the increase is projected to be stronger in the
2030-2060 period than the 2017-2030 period.

Given, the wide distribution and abundant resources of natural aggregates, supply is expected
to keep up with the projected increase of demand (Table 1).

Table 1: Qualitative forecast of supply and demand of aggregates

Criticality of the
Material material in 2020 Demand forecast Supply forecast
Yes No 5 years 10 years 20 years 5 years | 10 years | 20 years
Aggregates X + + + + + +

1.2.3 EU trade

Given aggregates’ low value/weight ratio and relatively high transport costs, their trade is
highly sensitive to transport distances. Therefore, international trade is limited to local
transactions across neighbouring countries (BGS, 2013; USGS, 2017a).

The traded volumes of aggregates (see Figure 3) are small compared to domestic production.
The total annual EU imports between 2012 and 2016 were on average 20.5 Mt, and the total
annual exports between 2012 and 2016 on average amounted to 9.5 Mt; hence, the average

* Estimation based on the average unit value of sold production in 2016 in the EU (EUR 7.85 per tonne of natural
aggregates).

> Estimation based on the average unit value of sold production in 2016 in the EU (EUR 7.85 per tonne of natural
aggregates) and world production of aggregates between 40 and 50 billion tonnes.




yearly net imports from 2012 to 2016 of aggregates were 11 M{t(ESTAT Comext, 2019).
Norway is the leading trading partner for EU imports (Figure 4), which belongs to the European

Free Trade Association (EFTA) states.
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Figure 3: EU trade flows for aggregates®. (ESTAT Comext, 2019)
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Figure 4: EU imports of aggregates®. (ESTAT Comext 2019)

1.2.4 Prices and price volatility

Compared to other minerals and metals, the price of aggregates is relatively low, as well as
stable(UEPG, 2019). The price depends on the specifications of the various products for
particular end uses, e.g. aggregates for railway ballast attract higher prices as specifications
are difficult to attain (SCRREEN workshops, 2019).

® UK is included



The yearly average unit value of the main natural aggregate products sold in the EU increased
notably from 2003 to 2009 by 20%, followed by a decrease of 13% in 2010. Since then, the
average unit value of sold natural aggregate products in the EU has remained steady in real
terms, i.e. after correcting for inflation. (see Figure 5).

10.0
9.5
9.0
8.5
8.0
7.5

7.0

Unit Value (EUR/tonne)

6.5
6.0
5.5

5.0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

— Construction sands Gravel and pebbles Crushed stone —Average

Figure 5: Unit value’ of sold natural aggregates® in the EU per product group, yearly
average (EUR/tonne). (ESTAT Prodcom, 2019)

Construction aggregates are low-value products with high sensitivity to transport distance, and
each construction use demands a specific product specification. The price increases when in a
particular area the appropriate aggregate quality for a required use does not exist, and it is
necessary to transport it from long distances. In some cases, as in island territories, or when
aggregates with strict specifications are required (e.g. for railway ballast for High-Speed train
or river sand for pipes) which are produced in only a few sites in a country, the price surge can
be severe (CRM experts 2019).

1.3 EU demand

1.3.1 EU consumption

The annual EU consumption (based on the average between 2012 and 2016) of natural
aggregates is estimated to be around 2,105 Mt. The EU does not rely on imports for its
consumption, and the import reliance as a percentage of apparent consumption is only 0.5%.
The use of mineral construction materials constitutes the largest raw material flow in the EU
economy (European Commission 2018b).

7 Inflation adjusted with the Harmonised Index of Consumer Prices (HICP). Base 2015 = 100
® PRC (Prodcom) codes used: 8121190, 8121210, 8121230.
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1.3.2 Uses and end-uses of aggregates in the EU

The use of aggregates takes place entirely in construction (Figure 6). Aggregates are essential
raw materials for residential and commercial buildings, public infrastructure projects, and other
types of construction which shape the built environment on which modern society depends.
They can be used directly without any binder in road construction and civil engineering for
numerous applications such as roadbed layers, macadam construction, constructional fill in
engineering structures, armour stone, railway ballast, filter stone etc. Aggregates are also
used in bound condition after mixing with a binding material such as cement, lime, gypsum or
bituminous pitch for the manufacture of ready-mixed and precast concrete, asphalt, mortar,
and other products for a variety of applications in buildings and infrastructure works. For
example, aggregates are mixed with cement and water in standardised volumetric proportions
to produce various concrete grades; aggregates may comprise up to 80% in mass of the
concrete mix (PCA 2019)(UEPG 2019a).

The type of aggregate used in construction involves specific properties, and different types of
aggregates may be fit for one particular end-use but not for another. The suitability of a
specific aggregate for one particular construction application depends principally on its physical
and mechanical properties, although in some applications mineralogical or chemical properties
are also important. Demanding applications such as concrete manufacture and road
construction require the most stringent technical specifications. For general-purpose
applications, an aggregate of high strength and durability with low porosity is generally
suitable. Lower quality aggregates may be acceptable for applications of low intensity of use,
e.g. constructional fill (BGS 2013).

Construction
100%

EU consumption: 2,105 Mt

Figure 6: EU end uses (UEPG, 2018; BIO Intelligence Service, 2015), and EU
consumption of aggregates (average 2012-2016).

The European Standards developed by the Technical Committee CEN/TC 154 specify aggregate
performance requirements, sampling and methods of test. e.g. the European standard EN
12620:2002+A1:2008 ‘Aggregates for concrete’ (CEN, 2008).Specifications for products cover
aggregates obtained by processing natural, manufactured or recycled materials and mixtures
of these aggregates for different end-use products, in respect of particle shape and size
distribution, particle density and water absorption, resistance to fragmentation, wear, impact,
abrasion and polishing and other factors.

Relevant industry sectors are described using the NACE sector codes in Table 2.
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Table 2: Aggregates applications, 2-digit and examples of associated 4-digit NACE
sectors, and value-added per sector (UEPG, 2018; Eurostat, 2019a)

Applications 2-digit NACE sector Value-added of Examples of 4-digit
NACE 2 sector (M€) NACE sector(s)
Construction C23 - Manufacture of 57,255 C2363 - Manufacture
other non-metallic of ready-mixed
mineral products concrete

According to data provided by (BIO Intelligence Service, 2015) and (UEPG, 2018), in the EU
40% of the aggregates are directly used in construction works as structural (unbound)
materials, 45% are used in concrete manufacture, 10% in asphalt products, and 5% in other
products (railway ballast and armour stone). With respect to the end-use construction sub-
sector, aggregates and construction products containing aggregates are used in road
construction (20%), infrastructure works (15%), residential buildings (25%), commercial and
public buildings (20% each).

1.3.3 Substitution

Construction and demolition waste (C&DW) and industrial by-products such as ferrous slags
and incinerator ashes are commercial substitutes of natural aggregates in specific applications
(see Section 1.4.3). The substitution options are diverse in terms of technical requirements,
and their performance is generally similar (Blengini and Garbarino 2010)(Reid et al. 2001). In
addition, substituting aggregates and increasing materials efficiency in concrete production
with innovative designs like lightweight foamed cement and geopolymer cement is possible.
Finally, wood is also a substitute for concrete in construction, and therefore for aggregates
(UNEP, 2019).

The EU Horizon 2020 SUS-CON project explored the feasibility of substituting entirely primary
raw materials with secondary materials derived from waste streams to produce non-structural,
low-cost and light-weight concrete, i.e. by combining lightweight secondary aggregates (rigid
polyurethane foams, shredded tyre rubber and mixed plastic scrap) with secondary raw
materials (fly ash, slag and perlite tailings) for the binder (SUS-CON 2015).

12



1.4 Supply

1.4.1 EU supply chain
The flows of aggregates through the EU economy are shown in Figure 7.

Results in ktlyear for the year 2012

Imports Exports
Processed material 9 100 kt
Processed matenal 21 500 kt Product 6 640 Kt

Addition to in-use and
end of life stock
Product 1 960000 kt

@ Primary material [k}

I Secondary matenal ]

£ Processed material (kg
Addition to landfill . Procuct b

andtailings . aste )

\Waste 360 000 ke N Output from the value chain M)

Extraction

Primary material: 2 440000 &kt

Functional recycling Losses

Secondary material 235 000 kt Output from the value chain: 126000 it

310 use dissipaton DY
@0 Non functional recycling (kg

EV-28 boundary

Figure 7: Simplified MSA of aggregates’ flows in the EU (BIO Intelligence Service
2015).

The aggregates industry is characterised by thousands of operations serving local or regional
markets. A network of local quarries allows achieving relatively short distribution distances.

According to data reported by the European Aggregates Association, in 2016 the aggregates
industry comprised 13,458 companies (mostly SMEs) which operated 22,290 extraction sites
across the EU (see Figure 8). The aggregates sector is by far the largest amongst the non-
energy extractive industries in the EU (UEPG 2018)and the total volume of aggregates
extraction exceeds the total volume of all other minerals produced in the EU (BGS 2019a).
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Figure 8: Number of extraction sites in the EU in 2016 (UEPG 2018)

Construction aggregates production from all sources was roughly 2,300 Mt, of which 2,100 Mt
were natural aggregates. Crushed rock accounted for 46.5% of the total output, sand & gravel
for 40.7%, marine aggregates for 2.2%, recycled aggregates for 8.2% (including C&DW
reused on site), and manufactured aggregates for 2.4%. The EU is essentially self-sufficient in
aggregates, which are produced in all Member States.

Figure 9 presents the EU sourcing (domestic production + imports) of aggregates, which is
dominated by domestic supply. The import reliance is 0.5%.

Other non-
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Other EU

France
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Italy
8% EU sourcing : 2,115 Mt

Figure 9: EU sourcing of aggregates. Average 2012-2016
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1.4.2 Supply from primary materials

1.4.2.1 Geology, resources and reserves of aggregates

Geological occurrence: Natural aggregates are extracted from hard rock formations and
deposits of sand and gravel (LafargeHolcim, 2019), and in some countries by sea-dredging as
marine aggregates (UEPG, 2019a). The resources of natural aggregates are among the most
abundant and widely distributed in the earth’s crust, occurring in a variety of geologic
environments.

Most hard rocks are potentially suitable for crushed rock aggregates. The typical rock types
quarried are the hard, dense and cemented sedimentary rocks (limestone, dolomite and
certain sandstones), as well as the tougher, crystalline igneous rocks (e.g. granite, diorite,
basalt, diabase, andesite) (BGS, 2013).

Sand & gravel deposits are accumulations of unconsolidated granular materials resulting from
rock erosion and weathering. Sand & gravel are sourced from fluvial, glaciofluvial, glacial,
marine, eolian and lake sediments (Pfleiderer, 2017). The main onshore deposit types are the
near-surface fluvial (river) and the glaciofluvial sediments. Sand to gravel ratios are variable,
but river deposits typically have lower fines content (silt and clay) than glacial deposits.
Glaciofluvial deposits are generally thicker, but the overburden thickness can also be high
(BGS 2013). Marine deposits of sand & gravel occur as small patches separated or covered by
extensive areas of uneconomic deposits of gravel-bearing sediments. They vary in their
thickness, composition and particle size, and their proximity to the shore. Their formation is
substantially similar to those on land, but became submerged due to sea-level rise after the
most recent glacial period and subsequently re-worked by tidal currents (BGS, 2013)

Global resources and reserves: Natural aggregates resources are abundant all over the
world. Reserves of crushed rock and sand & gravel are assessed as adequate, except in cases
in which extraction and extraction economics are controlled by factors such as environmental
regulations, land use, geographic distribution and quality requirements for specific uses
(USGS, 2019d). The economic viability of a deposit is also determined by the thickness of the
geologic overburden, and the thickness of the deposit of a particular quality, e.g. fines content
(BGS, 2013). As a general rule, resources and reserves data are not reported internationally
(Cao et al., 2018), neither at a company level (SCRREEN workshops, 2019).

EU resources and reserves®: Deposits of suitable quality for natural aggregates production
are plentiful in most parts of Europe. However, access restrictions at the local level and not the
availability is considered as the major issue that may constrain aggregates supply (UEPG,
2017- 2018).

° For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
aggregates. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for
aggregates, but this information does not provide a complete picture for Europe. It includes estimates based on a
variety of reporting codes used by different countries, and different types of non-comparable datasets (e.g. historical
estimates, inferred reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the
CRIRSCO template is not always possible, meaning that not all resource and reserve data for aggregates the
national/regional level is consistent with the United Nations Framework Classification (UNFC) system (Minerals4EU,
2019). Many documented resources in Europe are based on historic estimates and are of little current economic
interest. Data for these may not always be presentable in accordance with the UNFC system. However, a very solid
estimation can be done by experts.
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Table 3:

Resources of aggregates (crushed rock) in the EU. (Minerals4EU, 2019)

Country Sub-commodity Classification Quantity | Unit Recpg:lt;ng
Finland Crushed rock not specified 18,314 Mm?3 None
Estonia Dolomite Measured+Indicated 368 Mm?3 rl\é?)g(:t?sé

Limestone Measured+Indicated 964 Mm3 code
Explored deposits 188 Mm?3 National
. . reporting
Latvia Dolomite Evaluated deposits 485 Mm3 code
Measured (explored in
detail)- code 111, 121, 115 Mm?3
211, 221, 334
. Indicated (preliminary
Dolomite explored)- code 122, 120 Mm3
335
Inferred (prognostic) - 3 .
Lithuania code 333, 337 300 Mm rl\elat)lgt?r?l
Measured (explored in zode 9
detail)- code 111, 121, 211 Mm3
211, 221, 335
. Indicated (preliminary
Limestone explored)- code 122, 343 Mm3
336
Inferred (prognostic) - 3
code 333, 338 915 Mm
Poland (A+B+C1) 259 Mt National
Poland Dolomite Poland (C2 + D) 75 Mt reporting
Poland - total 335 Mt code
Potentially economic 227,685 km3
Crushed stone P1 61,357 km?3
P2 408,807 km3
P3 ZERO km?
Potentially economic 12,212 kt Nati |
. Dolomite P1 23,946 kt ationa
Czechia P> ZERO Kt reporting
P3 ZERO kt code
Potentially economic 744,752 kt
Limestone P1 82,489 Kt
P2 350,957 kt
P3 ZERO kt
verified (Z1) 128 Mm?3
C(ré’cs:rfgmrfcc)k probable (22) 401 Mm?
anticipated (Z3) 249 Mm?3
Crushed rock (non- not specified 753 Mm?3
reserved)
Crushed rock not specified 7 Mm?3
(subeconomic) Nati |
Slovakia Dolomite verified (Z1) 75 Mt Rea ")?Qi
(economic) probable (Z2) 167 Mt (F:)ode 9
anticipated (Z3) 442 Mt
Dolomite i
(subeconomic) not specified 9 Mt
Limestone verified (Z1) 198 Mt
(economic) probable (Z2) 605 Mt
anticipated (Z3) 1313 Mt
Limestone not specified 41 Mt
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Country Sub-commodity Classification Quantity Unit Recpgalgng
(subeconomic)
(RUS) A+B 99 Mm? Russian
Hungary Crushed stone (RUS) C1 438 Mm? | Classificatio
(RUS) C2 565 Mm?3 n
Slovenia Dolomite National 38 Mt National
- - reporting
Limestone National 79 Mt code
Greece Aggregates unlimited None
Rocks for known 136 Mt
Cyprus aggregates
Rocks for estimated 27 Mt None
armourstone
Spain Crushed rock unlimited None

Table 4: Resources of aggregates (sand & gravel) in the EU. (Minerals4EU, 2019)

Country | Sub-commodity Classification Quantity | Units Recpg;temg
Finland Sand & gravel not specified 46,861 Mm3 None
. Gravel Measured+Indicated 150 Mm?3 Natlor_lal
Estonia reporting
Sand Measured+Indicated 945 Mm?3 code
Explored deposits 365 t .
Latvia sand Evaluated deposits 797 t rl:gggtri]r?é
Explored deposits 381 Mm?
sand & gravel Evaluated deposits 708 Mm?3 code
Measured (explored in
detail)- code 111, 121, 211, 650 Mm3
221, 331
Gravel Indicated (preliminary 3
explored)- code 122, 332 679 Mm
Inferred (gg%gr;%sfc) - code 2,146 Mm?3 National
Lithuania L - Reporting
Measured (explored in code
detail)- code 111, 121, 211, 293 Mm3
221, 332
Sand Indicated (preliminary 3
explored)- code 122, 333 286 Mm
Inferred (prognostic) - code 3
333, 335 219 Mm
Marine Sand,
Denmark gravel, rubble Not specified 14,000 Mm?3 None
and stone
Poland (A+B+C1) 10,005 Mt National
Poland Sand & gravel Poland (C2 + D) 7,967 Mt reporting
Poland - total 17,973 Mt code
Potentially economic 461,808 km? National
Czechia Sand & gravel P1 149,027 km? reac;?tri]r?
9 P2 946,239 | km® e
P3 ZERO km?
Sand & gravel verified (21) 83 Mm?
(economic)
. Sand & gravel 3
Slovakia (economic) probable (Z2) 67 Mm None
Sand & gravel anticipated (Z3) 5 Mm3
(economic)
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Reporting

Country | Sub-commodity Classification Quantity | Units Code
Sand & gravel not specified 352 Mm3
(non-reserved)

Sand & gravel not specified 5 Mm?3
(sub-economic)
Austria Sand & gravel None 19,677 Mm? None
(RUS) A+B 925 Mm?3 Russian
Hungary Gravel (RUS) C1 4,071 Mm?3 Classification
(RUS) C2 2,203 Mm?3
Slovenia Sand & gravel National 23 Mt National
Romania Sand & gravel (UNFC) 333 1,250 Mt UNFC
Spain Sand & gravel Unlimited None

Despite the information gaps and classification discrepancies, (Velegrakis et al. 2010) provides
an overview of the proven recoverable marine aggregate reserves in some EU Member states.
Marine sand reserves in Denmark have been estimated to be significant (in the order of several
billion m3), but coarse sand/gravel resources are somewhat limited in the North Sea. The
German recoverable marine aggregate reserves of the Baltic Sea are limited (of the order of
40-50 mi3||ion m?3), whereas the Polish reserves have been estimated to be close to a 100
million m~.

1.4.2.2Aggregates extraction and mechanical processing

Crushed rock is extracted in surface quarries. Overburden is removed by a combination of
hydraulic excavators, ripping and blasting to be used for restoration and landscaping. Blasting
is the commonly applied technique to release the required rock from the operating quarry face,
which is normally developed in distinct benches. After any subsequent breaking of larger rock
blocks by mobile machinery like hydraulic breakers, the extracted rock is transported by haul
trucks to the crushing plant or a mobile crusher on the quarry floor (BGS, 2013).

Sand & gravel are extracted from fluvial deposits by open-pit mechanical excavation, from
lakes and rivers by dredging or pumping, from coastal beaches, or from the sea bed by
dredging (marine aggregates) (BGS, 2013; UNEP, 2019).

The extracted materials are then processed into final products by a multi-stage operation that
may involve successive stages of crushing and screening to reduce the raw material to the
required size and shape and segregate particle sizes. Washing is included in the process when
required to remove harmful materials such as clay and silt (Garbarino et al.
2018)(LafargeHolcim 2019).

1.4.2.3 World and EU mine production

Sand and gravel are mined worldwide and account for the most significant volume of solid
material extracted globally. However, there is no global monitoring or reporting for aggregates
production. A recent report by UN Environment estimates total extraction from quarries, pits,
rivers, coastlines and the marine environment at 40,000 to 50,000 Mt per year (UNEP, 2019).
The construction industry consumes over half for concrete, i.e. 25,009 to 29,600 Mt in 2012,
estimated indirectly through the global production of cement for concrete(UNEP, 2014). In
total, China, India and Asia represent 67% of global aggregates production (UNEP, 2019).

The average annual production of natural aggregates in the EU between 2012 and 2016 was
2,094 Mt, of which 1,089 Mt consisted of crushed rock, 953 Mt of sand and gravel and 52 Mt of
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marine aggregates (UEPG, 2019c). Germany is the leading EU producer by volume, followed
by France, Poland and Italy.

Germany
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Others

35%
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15%
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8% Total EU production: 2,094 Mt
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Figure 10: EU production of natural aggregates. Average for the period 2012-2016.
(UEPG 2019c)

1.4.3 Supply from secondary materials/recycling

Recycled aggregates from construction and demolition waste (C&DW) are an important source
of aggregate supply. Concrete, bricks, tiles and asphalt are the most commonly recycled C&D
waste materials. Recycling reduces natural aggregates resource depletion and landfilling of
waste.

Concrete, the most used material in buildings, is often recycled at its end of life at demolition
or construction sites close to urban areas. Unless transported in large volumes by rail or
waterway, transportation in long distances (usually maximum 35 km) is not economically
attractive. Environmental benefits of recycling diminish over longer distances as well (CSI,
2009; Ecorys, 2016). Concrete from C&D waste can be reprocessed into coarse or fine
aggregates after impurities removal (e.g. insulation, steel reinforcement, wood, joint sealants
and plastics) before crushing and grading. An effective sorting out at the construction site or
the treatment facility is essential to enlarge the recycling potential. Processing by mobile
sorters and crushers often takes place at the demolition or construction sites. Coarse
aggregates are used in various civil engineering applications and as backfilling material in
quarries, but mostly in road construction for the sub-base and base layers. Recycled
aggregates from C&D concrete often have better compaction properties and require less
cement for sub-base uses. Fine aggregates obtained from crushed concrete waste can be used
in place of natural sand in mortars and, in case of appropriate quality, may substitute a portion
(up to 20 %) of natural aggregates in new concrete (CSI, 2009; Bio Intelligence Service,
2011; SCRREEN workshop, 2019).

Economic and quality limitations of recycling are recognised for mixed C&D waste consisting of
bricks, concrete, ceramics, etc., contaminated with wood, plastic, metals and other materials
(SCRREEN workshops, 2019). Crushed bricks, tiles and ceramics from C&D waste are recycled
as a substitute of natural aggregates in certain less demanding end uses, such as
constructional fill and in road sub-base (Bio Intelligence Service, 2011).
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Reclaimed asphalt is recycled by adding to new asphalt mixes, with the aggregates and the old
bitumen performing the same function as in their original application. The recycling processes
involve hot or cold mix techniques that may take place offsite or in-situ by direct incorporation
into the new asphalt pavement. Screening and crushing of the reclaimed asphalt may be
necessary.

Due to the massive amounts of waste generated, C&DW has been identified as a priority waste
stream for reuse and recycling (European Commission 2015). The EU Waste Framework
Directive (Directive 2008/98/EC) stimulates recycling by requiring the Member States to take
the necessary measures to achieve a minimum recovery target of 70% by weight (re-use,
recycling and other material recovery, including backfilling) of non-hazardous construction and
demolition waste by 2020.

According to production data published by the European Aggregates Association, the average
annual production of recycled aggregates from C&DW (including those reused on-site) is 191
Mt for the 2012-2016 period (UEPG, 2019c); from these data the end-of-life recycling input
rate (EOL-RIR) is estimated at 8%. Even with full recycling of all generated quantities of C&RDW
as they are officially reported by Eurostat waste management statistics (Eurostat, 2019d), up
to 12% of the current total demand of aggregates could be covered by recycled aggregates. In
practice, this means that the extraction of natural aggregates will continue to supply the most
substantial part of market needs.

Also, industrial by-products such as iron and steel slags, coal-fired power station ash, china
clay residues, fly ash leftover from waste incineration, and spent foundry sand are other
sources of secondary aggregates supply. Aggregates derived from industrial by-products are
classified as ‘manufactured’ aggregates, which are mainly valorised in road construction (BGS,
2013; USGS, 2019d; UEPG, 2019a). According to the statistics published by the European
Aggregates Association, approximately 46 million tonnes of manufactured aggregates are
produced in the EU annually (UEPG, 2018).

The natural rocks removed as an overburden during surface mining of ores, industrial
minerals, and coal is another potential source of secondary raw materials, when complying
with Regulation (EU) No 305/2011 for the marketing of construction products. This option
includes, for example, aggregates used in earthworks and infrastructure construction,
hydraulic engineering, landfill construction (Garbarino et al. 2018).

In the assessment, 8% was used as the EOL-RIR (background data from UEPG (2018)).

1.5 Other considerations

1.5.1 Environmental issues

In Europe, land-use conflicts and absence or complexity of aggregates policies are among the
challenges for long-term and sustainable aggregates supply. National or regional planning for
securing access to aggregates’ deposits and address interactions with conflict zones is
considered essential (SnapSEE, 2014; UEPG, 2015).

Given that aggregates represent by far the largest nhumber of extraction sites in the EU
(Garbarino et al., 2018), it is important to note that the European Aggregates industry is
actively involved in initiatives for extraction sites rehabilitation and biodiversity preservation.
More than 150 biodiversity cases studies are available online (www.uepg.eu) to demonstrate
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the compatibility of aggregates extraction and environmental protection (UEPG 2019b; UEPG,
2019d).

A recently published UN report acknowledges the need for improved governance of global sand
resources and adequate assessment of environmental impacts of over-exploitation. In some
parts of the world among emerging and developing countries, illegal extraction of sand from
riverine and marine ecosystems results in environmental damages on rivers, deltas and coastal
and marine ecosystems such as land loss through river and coastal erosion, impacts to
biodiversity, lowering of the water table and pollution, impacts on landscape and hydrological
function etc. (UNEP, 2014-2019). Instream gravel mining, which involves the extraction of
sand and gravel directly from the active channel of rivers and streams, is a source of high-
quality and low-cost construction aggregates. Instream gravel mining may have beneficial
impacts as it is a useful tool in flood control and river stabilisation in aggrading rivers. In
different circumstances, instream gravel mining could cause incision of the channel bed, which
can propagate upstream and downstream for kilometres with detrimental effects on structures
and the environment (Chen, 2011; Kondolf, 1994).

1.5.2 Contribution to low-carbon technologies

Aggregates and the aggregates industry are not assessed as key materials and industrial
sector for the implementation of the EU strategy!’ to reduce greenhouse gas emissions. The
cement industry belongs to a different value chain than construction aggregates; therefore, its
role for the reduction of GHG emissions is not discussed, neither the role of the construction
industry.

Concrete recycling for the production of high-strength aggregates has the potential of saving
CO, emissions from cement manufacturing, as the recovered cement (containing up to 30-40%
of unused clinker from end-of-life concrete) can replace new cement in construction (European
Commission 2018c).

1.5.3 Socio-economic issues

The EU is self-sufficient for aggregate materials, and no particular threats exist for what
concerns social sustainability and security of supply. Aggregates are involved in responsible
sourcing initiatives (standards and sustainable procurement schemes) developed for the
construction sector (e.g. BES 6001, BS 8902).

However, at the local level, social conflicts may disturb the cost-effective supply of aggregates
resulting in a market deficit. The extraction of aggregates consists of a largely mechanical
process involving the transport of large quantities of materials, and this may disturb local
communities in various ways, e.g. changing landscape of neighbouring sites, creating
continuous disturbance due to transport of materials etc. Moreover, residents and authorities
are concerned about the post-closure management and use of exhausted quarries. Also, the
absence of land use planning and the lack of extraction priority zones may restrict the
development of aggregates operations by the expanding communities in the periphery of the
extraction site. Consequently, considerable obstacles created by local communities in the
development and smooth operation of aggregates extraction sites are not infrequent. As a
conclusion, social acceptance of the extractive activities by the local communities is necessary
to ensure the undisturbed flow of aggregates that society needs for infrastructure development
and building purposes (Chalkiopoulou and Hatzilazaridou 2011).

% https://ec.europa.eu/clima/policies/strategies/2050 en
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1.6 Comparison with previous EU assessments

The same methodology with the 2017 assessment has been applied. The world production of
non-EU countries is not analysed in the assessment, but it is not considered as a limitation
given the regional character of the aggregates market. Therefore, the SR indicator is
calculated using the EU-HHI only. The results of this and earlier assessments are presented
below in Table 5.

Table 5: Economic importance and supply risk results for aggregates in the
assessments of 2011, 2014, 2017, 2020 (European Commission 2017d)

Assessment 2011 2014 2017 2020
Indicator EI SR EI SR EI SR EI SR
Aggregates = Not assessed Not assessed 2.3 0.2 2.7 0.2

In the current assessment, the Supply Risk indicator (SR) is unchanged and remains at very
low level due to the self-sufficiency of EU for aggregates. The economic importance indicator
(EI), appears slightly increased in comparison to the 2017 assessment. However, this is due to
the results scaling step !! prescribed in the methodology, as the value-added of the
construction sector (the only manufacturing sector corresponding to aggregates end uses) in
the current assessment is lower because it refers to 27 Member States (i.e. excluding UK),
whereas in the 2017 assessment it corresponded to 28 Member States.

1.7 Data sources

Aggregates production data are characterised from uncertainty and incompatibility of countries
statistics (European Commission, 2017d) due to different reporting requirements across
countries, which leads to data inconsistencies and gaps (Cao et al., 2018). Reliable data for the
global production of aggregates are not available (UNEP, 2019).

Production data published by the European Aggregates Association were used in the
assessment. The EOL-RIR was estimated from the same background data. Eurostat was the
source of EU trade flows.
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Arsenic (chemical symbol As) is a metalloid that is best known because of its toxicity. It is a
natural component in many minerals and is naturally released into the atmosphere for example
through volcanic eruptions. However, arsenic is also released through mining, metallurgy, and
burning fossil fuels. Arsenic was previously used in the production of pesticides, fertilisers and
wood preservatives, applications which are prohibited today.

Arsenic is found in different forms (inorganic and organic), which have different levels of
toxicity. Inorganic arsenic is found mainly in our soil, while water contains mainly organic

arsenic compounds. (AGES, 2015)
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For the purpose of this assessment arsenic is evaluated in the form of arsenic metal and
diarsenic trioxide. The global production figures of arsenic refers to diarsenic trioxide, as
reported by World Mining Data 2019 (WMD, 2019). Trade is analysed using data by Eurostat
Comext (Eurostat, 2019a). The following codes was considered for arsenic metal: CN8 codes
28048000 Arsenic. It was not possible to obtain the trade figures for diarsenic trioxide since it
is reported as a mix with another substance . The trade code for this commodity is CN8
28112910 "Sulphuric Anhydride"; Diarsenic Trioxide. The data limitation also means that the
figure for EU import and EU apparent consumption of arsenic could not be estimated. As a
result, the EU supply risk is excluded in the calculation of supply risk

The world arsenic market has a total value of about USD 20 million, showing an increase USD
of 5 million between 2012 and 2016. The major exporting countries are Japan and China,
followed by the US and Germany. In recent years Germany has been the largest importer of
arsenic. France, the Netherlands, and the US are further important arsenic importers. (OEC,
2019)

The EU is a net importer of arsenic metal with an import of 377 per year tonnes and export of
26 tonnes per year between 2012 and 2016. The only domestic producer of arsenic is Belgium,
with annual production of 1,000 tonnes of diarsenic trioxide, equal to 757 tonnes of arsenic per
year. China, Hong Kong and Japan are the main suppliers of arsenic metal to the EU. There
was no import and export publicly available information of diarsenic trioxide to/from the EU.
Considering this limitation, a reliable EU apparent consumption figure for arsenic could not be
calculated.

Arsenic is used in the production of fertilisers, pesticides and wood preservatives. The US is
the biggest consumer of diarsenic trioxide for the production of arsenic acid used in the
formulation of chromated copper arsenate (CCA), a pesticide and preservative used to treat
wood products for non-residential applications (USGS, 2018a). In the EU the use of arsenic for
organic fertilisers and wood treatment in consumer applications is prohibited and highly
restricted in industrial applications (European Commission, 2003). The main consumer of
arsenic in the EU is the zinc industry utilising it for the electrowinning process for zinc
production. Other uses include glassmaking, production of chemicals, and alloys. (European
Commission, 2018a)

Arsenic is investigated as a doping agent for Cadmium Tellurium solar panels for increasing cell
voltage of these thin film solar devices. Traditionally copper is used for this treatment.
However, studies have shown great potential for arsenic, phosphorus, and antimony (Kartopu,
G. et al., 2019). Moreover, it is already used for the production of indium arsenide or gallium
indium arsenide for semiconductors which are used in photovoltaic applications. (USGS,
2018a)

World reserve data are unavailable but are thought to be more than 700,000 t (20 times world
production). (USGS, 2019)

Worldwide an average of 43,600 tonnes of diarsenic trioxide was produced per year between
2012 and 2016. The biggest producer of diarsenic trioxide is China with an estimated
production of 25,000 tonnes in 2016 (WMD, 2019), followed by Peru (BGS, 2019). In the EU
Belgium is the only supplier, producing about 1,000 tonnes per year. Commercial-grade
diarsenic trioxide was thought to have been recovered from processing non-ferrous ores and
concentrates. Chinese production is believed to recover arsenic as a by-product of smelting
gold ores containing orpiment As,S; and realgar AsS, in addition to reclaiming arsenic as a by-
product of nonferrous smelting (USGS, 2018a).
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Depending on the chemical compound of arsenic it has different levels of toxicity, with
inorganic arsenic being classified a carcinogen. Therefore there are regulations in place both in
the EU and the USA defining limits of arsenic in food and the WHO provides guidelines for
arsenic in drinking water, and, the output of anthropogenic arsenic by the metal industry,
fossil fuels and non-ferrous metals mining and smelting has to be monitored.

The use of arsenic for the production of pesticides, fertilisers and wood preservatives for all
consumer applications is prohibited today. (AGES, 2015)

Arsenic compounds are present in dust formed by the processes. Many workers potentially
exposed to inorganic arsenic in the workplace (European Commission, 2018). People are also
exposed to elevated levels of inorganic arsenic through drinking contaminated water, using
contaminated water in food preparation and irrigation of food crops, industrial processes.
Long-term exposure to inorganic arsenic, mainly through drinking-water and food, can lead to
chronic arsenic poisoning. Skin lesions and skin cancer are the most characteristic effects
(WHO, 2019). WHO (2019) provides guidelines for values of arsenic in drinking water.

2.2 Market analysis, trade and prices

2.2.1 Global market analysis and outlook

The US is the world’s leading consumer of chromated copper arsenate (CCA) ed in wood
preservatives. This application, as well as many other applications of arsenic, is highly
restricted in the EU for consumer protection.

However, globally the main use of arsenic nowadays is for the production of gallium-arsenide,
indium-arsenide and indium-gallium-arsenide semiconductors found in solar cells, in other
electronic equipment such as mobile phones, and in various forms of herbicides, pesticides and
insecticides (Mmta, 2016). The EU market shows different consumption patterns, as the main
use (approx. 70% of total arsenic consumption) is zinc production.

Gallium-arsenide (GaAs) dominated the radio frequency compound semiconductor market in
2016, applied particularly in third (3G) and fourth-generation (4G) smartphones. The value of
GaAs wafers consumed increased by an estimated 12% between 2015 and 2016 to USD 700
million and a further increase is expected due to the rising sales of smartphones and the
installation of 3G and 4G mobile networks in India and the Republic of Korea. Moreover, new
applications of GaAs wafers in Wi-Fi applications will increase the demand further (USGS,
2018b).

China and Morocco are the leading global producers of diarsenic trioxide, accounting for about
85% of world production and China accounting for 90% of global arsenic metal production
(USGS, 2019).

The volume of arsenic placed on the market depends on the production of copper (most
diarsenic trioxide is won as a by-product of copper refining) and on consumer demand. For
example, if zinc production (main application of arsenic in EU) increases so does the demand
for diarsenic trioxide. The EU places approx. 2,200 tonnes of diarsenic trioxide per year on the
global market (production plus imports). More than half of this amount is exported, mainly in
the form of diarsenic trioxide and some as CCA (ECHA, 2010).

The top exporters of arsenic are Japan (USD 8.08 million), China (USD 6.81 million), Germany
(USD 2.14 million), the United States (USD 1.56 million), and France (USD 1.32 million). The
largest importers are Germany (USD 4.74 million), France (USD 3.39 million), the Netherlands
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(USD 2.58 million), the United States (USD 2.24 million) and India (USD 0.86 million) (OEC,
2019).

Table 6: Qualitative forecast of supply and demand of Arsenic

Criticality of the
Materials material in 2020 Demand forecast Supply forecast
Yes No 5 years 10 years 20 years 5 years 10 years | 20 years
Arsenic X + ? ? ? ? ?

2.2.2 EU trade

Eurostat (2019a) reports two trade codes including arsenic: CN8 28048000 “Arsenic” and CN8
28112910 “Sulphur Trioxide "Sulphuric Anhydride"; Diarsenic Trioxide”. However, it has been
decided not to use the trade code 28112910 in further evaluation of criticality, as it could not
be determined whether this code measures only diarsenic trioxide or sulphur trioxide as well.
Therefore, the following trade figure is based solely on arsenic metal. The EU is a net importer
of arsenic metal (CN8 28048000) between 2012 and 2016. The annual imports of arsenic
metal during this period were in the mid 300 tonnes area with a peak in 2015 reaching 451
tonnes. The exports range between 20 and 43 tonnes.
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Figure 13: EU trade flows for Arsenic metal (Eurostat, 2019)

The main supplier of arsenic metal for the EU is China covering 89% of a total of 377 tonnes
imports. Other suppliers are Japan (5%) and Hong Kong (3%) (Eurostat, 2019).

There are no export quotas or restrictions by suppliers of the EU; however, Morocco imposes

taxes of up to 25% on arsenic and arsenic sulphides. The EU has trade agreements with
Namibia and Japan in place. (OECD, 2019).
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Figure 14: Import of Arsenic metal, average 2012-2016 (Eurostat, 2019)

2.2.3 Prices and price volatility

USGS provides records of arsenic prices since 1900. The trend of price development can be
seen in Figure 5 in USD per tonne converted to the 1998 consumer price index to allow
comparability. As Figure 5 shows there have not been major changes or irregularities since
2005 but for a steady increase of arsenic prices.
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Figure 15: Value of arsenic (USD per tonne arsenic content, converted to 1998
consumer price index) from 1900-2018 (USGS, 2017a; USGS, 2019)

In the period of 2012 to 2016 prices for arsenic metal increased from USD 1,653 per tonne to
USD 1,890 per tonne and for arsenic trioxide from USD 529 per tonne to USD 683 per tonne.
This trend continues for arsenic trioxide in 2017 and 2018 increasing to USD 750 per tonne.
However, arsenic metal prices showed a relatively strong decrease to USD 1,560 per tonne
and USD 1,400 per tonne respectively. (USGS, 2017b; USGS, 2019)
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2.3 EU demand

The world global market value of arsenic is about USD 20 million. Average annual production
of diarsenic trioxide between 2012 and 2016 is about 33,000 tonnes (WMD, 2019, BGS, 2019)

2.3.1 EU demand and consumption

The apparent consumption is calculated as imports minus exports plus domestic production.
The EU has an average apparent consumption of arsenic of about 1,300 tonnes per year in the
period of 2012-2016. In order to be able to compare trade and production figures, production
figures were converted to arsenic content by multiplying the diarsenic trioxide production with
the arsenic content (75.7%).

This demand is mainly covered by only one domestic source — Belgium is producing 67% of EU
supplies of arsenic (content). (Eurostat 2019a; WMD, 2019)

2.3.2 Uses and end-uses of Arsenic in the EU

Uses of inorganic arsenic are widespread and occur in many different sectors (ECHA, 2010;
ISE, 2019; USGS, 2018a):

e Metallurgy:

o The main application of diarsenic trioxide in the EU is the electrowinning process
for zinc production.

o Arsenic metal is used in lead alloys to improve strength and castability

o Itis used as antifriction additive in alloys for bearings.

e Glass sector:

o Diarsenic Trioxide is used in the special glass sector for the production of lighting
glass, optical glass, laboratory and technical glassware, etc.

o Production of germanium-arsenide-selenide or gallium arsenide for specialty
optical materials. GaAs is an alternative for zinc selenide in laser systems for
lenses and rear mirrors, providing high toughness and durability. (II-VI
INFRARED, 2016)

o In glassmaking for decolouration purposes, as enamel or as fining agent.

e Chemicals:

o Production of arsenic compounds and ultra-pure arsenic metal for its application
in the electronics sector.

o A small amount of arsenic is used in vitrifiable enamels.

e Electronics sector:

o Manufacture of gallium arsenide semiconductors.

o Use for epitaxial layers on wafers in form of indium arsenide phosphide and
gallium arsenide phosphide for manufacturing of high frequency devices such as
integrated circuits, light emitting diodes and laser diodes.

e Renewable energies:

o Arsenic is used for the production of indium arsenide or gallium indium arsenide
for semiconductors which are used in photovoltaic applications.

o Arsenic is investigated as a doping agent for Cadmium Tellurium solar panels for
increasing cell voltage of these thin film solar devices. Traditionally copper is
used for this treatment. However, studies have shown great potential for
arsenic, phosphorus, and antimony. (Kartopu, G. et al., 2019)

e Other: fertilizers, fireworks, wood preservation, and pesticides (all highly restricted in
EU).
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In the EU, arsenic at industrial sites is used for the manufacture of: fabricated metal products,
chemicals, mineral products (e.g. plasters, cement) and electrical, electronic and optical
equipment. It is also used building & construction work and municipal supply (e.g. electricity,
steam, gas, water) and sewage treatment (ECHA, 2019).

The the major application area for arsenic compounds in the EU is the production of zinc
together with the manufacture of glass (European Commission, 2018).

In this assessment, the share of arsenic by application was estimated based on the
manufacturing and use mass flow of diarsenic trioxide in the EU, reported by European
Chemicals Agency (2010). According to this study, , the main application of diarsenic trioxide
in the EU is zinc production. Diarsenic trioxide is used in electrolysis for the manufacture of
zinc metal. Its main purpose is the removal for impurities such as copper, cobalt, nickel, etc.
Another important sector using diarsenic trioxide in the EU is special glass production. The
chemicals industry mainly produces other arsenic compounds, as well as ultra-pure arsenic
metal for the electronics industry. Moreover arsenic metal is used for alloys and in the
electronics industry. However, the latter only plays a minor role in the use of arsenic in the EU
(0.1%). The breakdown of arsenic by application in the EU can be seen in Figure 16.

Glassmaking
18%

Chemicals
7%

Zinc
production
70%

Figure 16: End uses of Arsenic'®

Relevant industry sectors are described using the NACE sector codes (Eurostat, 2019b).

!> JRC calculation based on ECHA (2010)
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Table 7: Arsenic applications, 2-digit and associated 4-digit NACE sectors, and value
added per sector (Eurostat, 2019b)

Applications
Zinc production
(Electrowinning of zinc)

Glassmaking

Chemicals (As

compounds, ultra-pure

arsenic metal)

Alloys

Electronics (Circuit

boards, GaAs wafers and

semiconductors)

2.3.3 Substitution

2-digit NACE
sector

C24 - Manufacture
of basic metals

C23 - Manufacture
of non-metallic
mineral products

C20 - Manufacture
of chemicals and
chemical products

C24 - Manufacture
of basic metals

C26 - Manufacture
of computer,
electronic and
optical products

4-digit NACE sectors

C2443 - Lead, zinc and tin
production

C2319 - Manufacture and
processing of other glass,
including technical glassware

C2013 - Manufacture of
other inorganic basic
chemicals; C2059 -
Manufacture of other
chemical products n.e.c.
C2443 - Lead, zinc and tin
production; C2445 - Other
non-ferrous metal production

C2611 - Manufacture of
electronic components;

C2612 - Manufacture of
loaded electronic boards

Value added

of NACE 2

sector (M€)
55,426

57,255

105,514

55,426

65,703

Depending on the application there are different possibilities of substituting arsenic. (European
Commission, 2018b; ECHA, 2010; USGS, 2019)

e Zinc production: possible alternatives for diarsenic trioxide in the electrowinning or zinc
are diantimony trioxide (Sb,03) and antimony potassium tartrate (K2Sb2(C4H206)2).

e Alloys: as arsenic metal which is used for lead alloys is not classified carcinogenic, there
is not a general pursue in the search for alternatives.

e Glass production: there is continuous research going on into replacing arsenic in special
glass production, however, alternatives are currently not available, where very high
quality glass is required.

o There are no alternatives for arsenic in some optical filter glass, as they rely on
the intrinsic properties for arsenic.

o Use of alkali free glass in opto-electronic applications is very challenging.

o Some glass-ceramic hobs are now arsenic-free, but producing clear glass hobs
without arsenic remains a difficult challenge.

o Alternative fining agents: sodium sulphate for lead crystal, antimony trioxide for
lead crystal, sodium/potassium nitrates with antimony trioxides in special
glasses, cerium oxide.

o Alternative decolourising agents: antimony trioxide as decolourising agent for
glass and as opacifier in ceramics and enamels, selenium for lead crystal, cerium
oxide in special glass and as opacifier in ceramics and enamels.
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e Semiconductors: Gallium-arsenide can be replaced by indium-phosphide, gallium-
nitrate and silicon-germanium. (USGS, 2018b)

e Solar cells: Replacement of gallium-arsenide with silicon.

e Defence-related applications: So far no effective substitute for gallium-arsenide based
integrated circuits exists.

e Copper foil: The study by the European Commission on Inorganic arsenic compounds
(2018b) found an application of an alternative for arsenic in copper foils, the name was
not been disclosed. At the time of the study it has been used for approx. 30% of the
production showing similar physical properties, but different colours.

e Gold electroplating: no suitable alternatives considering technical and economic
feasibility have been found.

2.4 Supply

2.4.1 EU supply chain

According to WMD (2019) the EU production of arsenic is solely based in Belgium, producing
an estimated amount of 1,000 tonnes of diarsenic trioxide per year, averaged over 2012 to
2016. The Belgian production is equal to 732 tonnes of arsenic content. Imports from China
(30%), Japan (2%) and other non EU countries make up the rest of 1,377 tonnes per year
arsenic metal sourced on average between 2012 and 2016. These figures result in an import
reliance of 32%. (Eurostat, 2019a; WMD, 2019). However, this estimation is incomplete for
arsenic because there were no figures on the trade of diarsenic trioxide. Therefore, in this
assessment, the EU supply risk, calculated mainly based on EU import and domestic
production, was excluded.

The company Vital Materials Co. based in Belgium manufactures gallium arsenide substrates
which are used as semiconductors in wireless communication applications for example.
Another Belgian company KBM Affilips manufactures a wide range of master alloys, such as
lead-arsenic, copper arsenic, or lead-arsenic-antimony alloys. Overall there are eight
companies having registered arsenic use with ECHA in Belgium, France, Spain, Slovakia,
Germany, and Luxembourg (ECHA, 2019; Vital Materials Co., 2019; KBM Affilips, 2019).

Only two companies produce diarsenic trioxide in the EU. Also the number of importers is very
limited. ECHA’s study concludes a very low level of complexity of the arsenic supply chain, as
88% of arsenic used in the EU is concentrated in two industry branches, zinc and glass
production both being organised in effective industry associations. (ECHA, 2010)

2.4.2 Supply from primary materials

2.4.2.1Geology, resources and reserves of Arsenic

Geological occurrence: Arsenic is an element stemming predominantly from natural sources
occurring ubiquitously in the earth’s crust with a concentration of 1,0-2,0 ppm which is why it
is considered a rare element. (Lebensmittelchemisches Institut, 2010) Arsenic can occur in its
elemental form, but usually does not occur in large deposits rather as a component in other
minerals. It may be obtained as a by-product from copper, gold and lead smelter flue dust, as
well as from roasting arsenopyrite, the most abundant ore mineral of arsenic. (USGS, 2019)
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Global resources and reserves'®: World reserves data are unavailable but are thought to be
more than 20 times world production (700,000 t).

There are recoveries of orpiment (As,S3) and realgar (AsS) occurrences in China, Peru and the
Philippines. China has stockpiled orpiment and realgar from gold mines for later recovery of
arsenic. Arsenic occurrences are associated with copper-gold ores in Chile and gold deposits in
Canada. It can also be recovered from enargite, a copper mineral. Diarsenic trioxide was
produced at the hydrometallurgical complex of Guemassa, Morocco, from cobalt arsenide ore.
(USGS, 2019)

EU resources and reserves!’: For the EU there is only resource data available for Poland
(see Table 8).

Table 8: Resource data for the EU compiled in the European Minerals Yearbook at
Minerals4EU (2019)

Reporting . . . Code
Country code Commodity Quantity Unit Grade Resource
Type
Poland Nat. rep. code Arsenic 10,000 t 4.35% A+B+C1
Poland Nat. rep. code Arsenic 10,000 t 3.33% C2+D
Poland Nat. rep. code Arsenic ore 230,000 t A+B+C1
Poland Nat. rep. code Arsenic ore 300,000 t C2+D

According to Minerals4EU (2019) there is exploration activity both in Portugal and in Poland. In
Portugal there were 10 active exploration licences in 2013 for occurrences including arsenic
with various other commodities. In 2013 in Poland there was one exploration licence active
exploring an occurrence of arsenic with other minerals.

' There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria to
deposits of arsenic in different geographic areas of the EU or globally. The USGS collects information about the
quantity and quality of mineral resources but does not directly measure reserves, and companies or governments do
not directly report reserves to the USGS. Individual companies may publish regular mineral resource and reserve
reports, but reporting is done using a variety of systems of reporting depending on the location of their operation,
their corporate identity and stock market requirements. Translations between national reporting codes are possible
by application of the CRIRSCO template.le, which is also consistent with the United Nations Framework Classification
(UNFC) system. However, reserve and resource data are changing continuously as exploration and mining proceed and
are thus influenced by market conditions and should be followed continuously.

Y For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
arsenic. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for
arsenic, but this information does not provide a complete picture for Europe. It includes estimates based on a variety
of reporting codes used by different countries, and different types of non-comparable datasets (e.g. historic
estimates, inferred reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the
CRIRSCO template is not always possible, meaning that not all resource and reserve data for arsenic the
national/regional level is consistent with the United Nations Framework Classification (UNFC) system (Minerals4EU
2019).Many documented resources in Europe are based on historic estimates and are of little current economic
interest. Data for these may not always be presentable in accordance with the UNFC system. However a very solid
estimation can be done by experts.
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2.4.2.2World and EU production

Arsenic is an element of the earth’s crust and can be found in its elemental form, but
commonly it is found as inorganic arsenic in the form of its sulphides. Additionally it can occur
in form of its oxides and in arsenic alloys as metal arsenide and arsenate. The recovery of
arsenic is mainly done by heating arsenopyrite (FeAsS) or loellingite (FeAs,) under exclusion of
air at 700°C in horizontal clay pipes. Thereby arsenic is sublimated and collected in cooled
collectors and condensed.

However, the production of diarsenic trioxide as a by-product in the extraction, processing and
purification of copper, lead, cobalt and gold is the most important method of producing
arsenic. (Lebensmittelchemisches Institut, 2010)

The further reduction of diarsenic trioxide to arsenic metal was believed to have accounted for
all world output of commercial-grade (99%-pure) arsenic metal. (USGS, 2018a)

WMD states the arsenic production as the amount of produced diarsenic trioxide, with an
average global production rate of 28,800 tonnes between 2012 and 2016. In addition, BGS
reported 4,400 tonnes per year of production from Peru on average 2012-2016, giving 33,000
tonnes per year of world average arsenic production between 2012 and2016.

Russian Belgium Other non-EU
Federation 2% 1%
3%
Namibia Peru
6% 13%
Morocco
18%
China
57%

World production: 33,200 tonnes

Figure 17: Global production of Diarsenic trioxide, average for the years 2012-2016.
(WMD, 2019 and BGS, 2019)

2.4.3 Supply from secondary materials/recycling

There is no mentionable documented recycling of arsenic taking place. According to UNEP
(2013) report “Recycling Rates of Metals” Old Scrap Ratio, Recycled Content and End-of-Life
Recycling Rate are all below 1%.

2.4.4 Processing of Arsenic

To obtain pure arsenic metal the first step is the thermal reduction of the raw material
diarsenic trioxide with coke or iron, producing arsenopyrite (FeAsS) or loellingite (FeAs,). This
is then heated in vacuum in horizontal sound tubes where elemental arsenic sublimates and
returns to its solid state on the cold surface. In order to obtain arsenic metal with a purity
greater 99.99999% necessary for semiconductor applications, multi-distilled diarsenic
trichloride is reduced in hydrogen. (ISE, 2019)
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2.5 Other considerations

2.5.1 Environmental and health and safety issues

Arsenic is naturally present as impurity in ores, fossil fuels, soil, plant material, etc. and may
be released to the air by thermal processing or combustion of these materials. Occupational
exposure to inorganic arsenic compounds may take place, for example, in the formation of the
substances involving alloys with arsenic metal or in thermal processes where arsenic is present
as unintentional impurity in raw materials.

Furthermore, arsenic compounds are present in dust formed by the processes. The number of
workers potentially exposed to inorganic arsenic in the workplace is high. (European
Commission, 2018)

Arsenic is an element of earth’s crust and a component of many minerals. It can be released
into the atmosphere by volcanic eruptions or industrial processes, such as mining, metallurgy
and burning fossil fuels. People are also exposed to elevated levels of inorganic arsenic
through drinking contaminated water, using contaminated water in food preparation and
irrigation of food crops, industrial processes, eating contaminated food and smoking tobacco.
Long-term exposure to inorganic arsenic, mainly through drinking-water and food, can lead to
chronic arsenic poisoning. Skin lesions and skin cancer are the most characteristic effects.
(WHO, 2019)

WHO (2019) provides guidelines for values of arsenic in drinking water and risk management
recommendations. The EU has regulations in place limiting the amount of arsenic in water and
food.

2.5.2 Socio-economic issues

The Environmental Justice Atlas (2019) reports several examples of mines/smelters with social
issues related to arsenic production, either during operations or in the post-closure stage.
Among these, Namibian Custom Smelter, Tsumeb, Namibia; Arsenic poisoning causing cancer
around Hunan Realgar Mine in Shimen, Changde, China; Toroku mine, arsenic pollution,
Miyazaki prefecture, Japan.

2.6 Comparison with previous EU assessments

Arsenic has not been assessed in previous criticality studies. The assessment has been
conducted using the methodology for the 2017 list. Arsenic is evaluated at processed stage.

The trade figures for arsenic in Eurostat-Comext database was available for arsenic metal
while for diarsenic trioxide the figures were not useable since it was a mix with another
substance. Considering this lack of information, the supply risk value for arsenic was calculated
based on the global supply risk of arsenic in the form of diarsenic trioxide.

The results of this assessment are shown in Table 9.

Table 9: Economic importance and supply risk results for Arsenic in the assessments
of 2011, 2014, 2017, and 2020

Assessment 2011 2014 2017 2020
Indicator ; q ¢ q ¢ q EI SR
Arsenic not assesse not assesse not assesse 256 112
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2.7 Data sources
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3.BENTONITE

3.1 Overview
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Figure 18: Simplified value chain for bentonite for the EU'%, averaged over 2012-
2016

Bentonite is an absorbent aluminium phyllosilicate, composed predominantly of the clay
mineral group smectite. Most bentonites are formed by the alteration of igneous material,
either by sub-aqueous alteration of fine-grained volcanic ash or by in situ hydrothermal
alteration of acid volcanic rocks. The smectite in most bentonites is the mineral
montmorillonite, but occasionally other types of smectite are present. The two dominant types
of bentonite are calcium bentonite and sodium bentonite which have different properties and
uses. Bentonites have special properties such as hydration, swelling, water absorption,
viscosity, thixotropy, ability to act as a bonding agent and significant cation exchange capacity.
This makes them valuable materials for a wide range of uses and applications including pet
litter, foundry sands and iron ore pelletizing, civil engineering applications, use as filler in
various industries and others.
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Figure 19: EU end uses (IMA-Europe, 2018) and EU sourcing (WMD, 2019; ESTAT
Comext, 2019) of bentonite (Average 2012-2016)

The EU is an important supplier of bentonite with approximately 15% of the global production.
In this assessment Bentonite is analysed at the extraction stage, using the CN8 code 250810.

The EU consumption of bentonite is around 2.7 Mt, which are mostly sourced through domestic
production, mainly from Greece, Germany, and Czechia. The EU is a net importer of bentonite,
with Import reliance of 14.9% and Turkey, India and Morocco as main partner countries.

Bentonite is used in a diverse range of markets including pet litter, in foundry, construction
and civil engineering, pelletising, paper, oil adsorbent, food and wine production, drilling fluids
and many more.

Global reserves and resources figures are considered to be large. However, there are no global
reserves figures, or country-specific figures published by any data provider. For Europe, there
is no complete and harmonised dataset that presents total EU resource and reserve estimates
for bentonite.

The world annual production of bentonite is about 17 Mt of which 26% is produced in the
Unites States and 21% in Mexico (WMD, 2019). The European production of bentonite is
around 2.3 Mt (WMD, 2019). In the EU, bentonite is commonly recycled at end-of-life (50%),
but the contribution of recycling to cover demand is estimated only at 19%.

3.2 Market analysis, trade and prices

3.2.1 Global market analysis and outlook

The future of bentonite is expected to vary for different end use sectors. For instance the pet
litter application is expected to remain strong. Bentonite used in iron ore pelletising is
influenced by trends the iron and steel market. Major iron and steel producers, such as China,
have seen a shrinkage in this sector, which is expected to continue and it will influence the iron
ore pelletising sector too. The future of bentonite used in foundry sands will follow the trend of
key sectors utilising iron ore castings such as the automotive and heavy equipment
manufacturing sectors. US comprises a major iron casting producer and the future of this
industry is expected to remain positive due to ongoing technological innovation (e.g. the smart
car) and the uptake from emerging economies. Trends in the construction sector largely affect
bentonite sales too. Finally, the paper sector has been shrinking due to electronic exchange of
information and therefore the sales of bentonite in this sector are expected to decrease
further. For other end uses, it is difficult to speculate any future trends due to the variability of
sales on bentonite seen from year to year and at regional level (USGS, 2015; Scogings, 2016;
SCRREEN workshop 2019).

Table 10: Qualitative forecast of supply and demand of bentonite

Criticality of the

Materials material in 2020 Demand forecast Supply forecast
Yes No 5 years 10 years 20 years 5 years 10 years | 20 years
Bentonite X + + ? + + ?
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3.2.2 EU trade

The EU is a net importer of bentonite. With about 575 kt/y, import is three times higher than
export in the period 2012-2016, according to Comext (Eurostat, 2019a). Export is about 169
kt/y.
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Figure 20: EU trade flows of bentonite (Eurostat, 2019a)

The main suppliers for the EU are Turkey (39%), India (23%), Morocco (13%), UK and United
States (6% each).
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Figure 21: EU imports of bentonite, average 2012-2016 (Eurostat, 2019a)

According to Comext (Eurostat, 2019a), Europe imports about 20% of the bentonite used in
the EU (about 2,9 Mt per year), mainly coming from Turkey (8%), India (5%), and Morocco
(3%). The EU sourced about 80% of bentonite is sourced within the EU , mainly form Greece
(36%), Germany (13%) and Czechia (7%).
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3.2.3 Prices and price volatility

The price of bentonite depends on its end use and grade and can range from as low as
approximately USD 30 per tonne for cat litter dried crude bentonite to USD 220 per tonne for
foundry grade dried crude bentonite. Other grades, in particular for specialised applications, for
instance in paper, wine refining, detergents, oil clarification markets command higher prices.
(Industrial Minerals, 2016; Scogings, 2016; SCRREEN workshops, 2019).

3.3 EU demand

At global level, consumption patterns vary widely depending on the industry availability in a
specific region and country demographics. For example cat litter consumption is higher in
wealthier economies, such as North America, Europe and Japan. Bentonite use in iron ore
pelletising is higher in countries that produce iron ore fines or have a strong steel industry,
e.g. China, Russia and the United States (Scogings, 2016).

3.3.1 EU demand and consumption

The EU apparent consumption in the period 2012-2016 (5 year average) is estimated at 2.75
Mt/y, of which 2.3 Mt/y is domestic production, 0.58 Mt/y is the import from extra EU
countries and 0.17 Mt/y is the export. The above figures suggest that the majority of the
domestic production is consumed within Europe and it can satisfy the EU industry demand for
bentonite, without major import reliance issues.

3.3.2 Uses and end-uses of bentonite in the EU

Bentonite is often named as the ‘mineral of thousand uses’. It is used in a diverse range of
markets including pet litter, foundry, construction and civil engineering, pelletising, paper, food
and wine production, drilling fluids and many more. The EU market shares of the above
mentioned applications are presented in Figure 22.
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Figure 22: EU end uses of bentonite. Average 2012-2016. (IMA Europe, 2018)

In Europe, the pet litter market presents the greatest share. Bentonite is used due to its
absorbing properties. The formation of clumps helps the removal of impurities, allowing the
remaining product to be used for longer. Bentonite is used in foundry moulding sands as a
bonding material for the production of iron, steel and non-ferrous casting. In civil engineering,



the bentonite thixotropic properties are important and it finds application in foundations,
tunnelling, pipe jacking, and in horizontal directional drilling. It is also used in the construction
and sealing of landfills. Bentonite finds use as a binding agent in the production of iron ore
pellets, which comprises the feed material in blast furnaces for pig iron production or in the
production of direct reduction iron (DRI). In food and wine, bentonite is used as a purification
agent. Bentonite is important in paper making where it is used in pitch control, in de-inking
during paper recycling and in the manufacture of carbonless copy paper. Bentonite finds
application in numerous other specialised end uses, for example in the pharmaceutical and
cosmetics markets, where it is used as a filler, in detergents, in paints and dyes, in catalysts
and many more. In drilling fluids, bentonite comprises one of the key mud constituents for oil
and water well drilling and it is used to seal the borehole walls, to lubricate the drill head and
to remove drill cuttings. Bentonite also finds use in animal feed production, where it is used as
a pelletising agent (IMA Europe, 2018). Several additional applications exist, but the ones
mentioned in the figure above represent the key ones for the European market.

Relevant industry sectors are described using the NACE sector codes (Eurostat, 2019c).

Table 11: Bentonite applications (IMA-Europe, 2018), 2-digit and associated 4-digit
NACE sectors, and value added per sector (Eurostat 2019c¢)

Value added

Applications 2-digit NACE sector 4-digit NACE of NACE 2
sectors sector
(millions €)
Pet litter C23 - Manufacture of other | C2399 - Manufacture 57,255
non-metallic mineral of other non-metallic
products mineral products
n.e.c.
Foundry molding C24 - Manufacture of basic C2452 - Casting of 55,426
sands metals steel
Pelletising iron C24 - Manufacture of basic = C2451 - Casting of 55,426
ore metals iron
Civil engineering = C23 - Manufacture of other B0990 - Support 57,255
non-metallic mineral activities for other
products mining and quarrying
Paper C17 - Manufacture of C1712 - Manufacture 38,910
paper and paper products of paper and
paperboard
Oil adsorbent C20 - Manufacture of 105,514
chemicals and chemical
products
Food and wine C11 - Manufacture of C1102 Manufacture 32,505
production beverages of wine from grapes
Specialties and BOYS - Mining support B0910 - Support 3,400
drilling fluids service activities activities for
petroleum and
natural gas
extraction
Others C20 - Manufacture of 105,514
chemicals and chemical
products
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3.3.3 Substitution

Substitutes have been identified for applications in pet litter, foundry moulding sands,
pelletising of iron ore and civil engineering uses.

Substitutes for bentonite used in pet litter include wood based litter and a range of other
alternative pet litters. According to the literature, wood based pet litter and other alternative
pet litters account for only 5% of the pet litter market, whilst 95% of the market depends on
bentonite based products (Hall, 2016). Wood based pet litter comprises wood pellets (e.g.
from pine) which are often produced from sawdust and recycled wood materials. Other
alternative pet litter s include paper based, plant based or silica gel based products (Hall,
2016; Michaels, 2005).

Bentonite in foundry moulding sands acts as a binder. Several alternative binders are available
for use, but bentonite is the most popular and alternatives are used only to satisfy specific
needs or functions. Qils, such as linseed oil, other vegetable oils and marine oils may function
as alternative binders in foundry moulding sands. Organic resins, such as phenolic resins are
often used in resin shell sand casting, where good surface smoothness, fewer casting defects
and good dimensional accuracy are a requirement. Phenolic resins however are much more
expensive than bentonite. Some inorganic resins may also substitute bentonite, for example
sodium silicate and phosphate (Engineered Casting Solutions, 2006).

In the pelletising of iron ore, bentonite is used as a binding agent and may be substituted by
hydrated lime or organic binders. Bentonite is the most widely used binder in iron ore
pelletizing. The use of bentonite is favourable in terms of physical, mechanical and
metallurgical pellet qualities.

The use of hydrated lime as a binder finds application in the production of fluxed pellets.
Hydrated lime was used as a binding agent for pellets in several plants as early as in the
1990s. Substitution of hydrated lime with bentonite however has significantly decreased the
total energy requirements of the process, which provides direct cost savings (Kogel et al.,
2006; Zhu et al., 2015). Organic binders provided good wet pellet strength; however, they
have found limited application in industry. The use of boron together with organic binders have
shown some promising results (Sunde, 2012; Sivrikaya and Arol, 2014).

Bentonite is used in civil engineering and related applications , for example in geosynthetics, in
pilling, in the construction of cut-off walls (as a barrier), in excavation, boreholes and others.
Polymer support fluids are used as alternatives to bentonite, but it is believed that bentonite
support fluids are much more popular (Jafferis and Lam 2013; Lam and Jefferis 2014).

There are no quantified ‘market sub-shares’ for the identified substitutes of bentonite and the
ones used are based on hypotheses made through expert consultation (SCRREEN workshops,
2019) and literature searches.

3.4 Supply

3.4.1 EU supply chain

The yearly European production of bentonite over 2012-2016 is around 2.3 Mt (WMD, 2019).
Between 2012 and 2016, the EU production mainly took place in Greece, Germany, Czechia
and Slovakia (WMD, 2019).

Europe is a net importer of bentonite and the main import countries are Turkey, India and
Morocco. The import reliance of bentonite in EU-27 is estimated to be 15%. The only export
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restriction to Europe is from Morocco, where an export tax of 2.5% applies since 1997 (OECD
2019d).

Major European bentonite exports go to Russia, Norway and Israel.

3.4.2 Supply from primary materials

3.4.2.1Geology, resources and reserves of bentonite

Global reserves and resources figures are expected to be large, however there are no global
reserves figures, or country-specific figures published.

3.4.2.2World and EU mine production

World mine production of bentonite can be summarised: United States (4.3 Mt), China (3.6
Mt), Turkey (1.5 Mt), India (1.4 million tonnes) and Greece (1.1 Mt) are the major producing
countries. Production from the United States and China accounts for 47% of the overall supply,
equal to approximately 7,9 Mt per annum. Production of bentonite takes place in several other
countries in a much smaller scale. In Europe, Greece in the largest producer but Germany (2%
of global production), Czechia (2%), and Slovakia (1%) are also important producers. Overall
13 countries are recorded as bentonite producers in Europe.

Minerals Technologies Inc. (MTI) is the leading producer accounting for an estimated 15% of
global bentonite production. MTI operates primarily in the United States (Wyoming and
Alabama), but other mines and plants in Australia, China, Mexico, Turkey and elsewhere exist.
Imerys is considered the second largest producer in the world with an estimated market share
of 10-12%. Imerys owes mines and plants in Greece, Bulgaria, Hungary, Georgia, Morocco,
South Africa and numerous other places. Clariant AG is an important producer of industrial
grade bentonites, catalysts and specialised bentonite products. Finally the Taiko Group is
reported as the largest producer of acid activated bentonites after Clariant (Scogings, 2016).
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Figure 23: Global and EU mine production of bentonite in tonnes and percentage.
Average 2012-2016 (WMD, 2019).
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3.4.3 Supply from secondary materials/recycling

According to IMA-EUROPE (2018), 50% of bentonite in products is recycled at end-of-life.
However, only for some applications, in particular Foundry molding sands (22%) and Civil
engineering (13%), and to some extent paper (3%), recycling can contribute to partially cover
demand. This corresponds to a EoL-RIR (End-of-Life Recycling Input Rate) of 19%.

Bentonite used in pet litter is not recovered. Pet litter commonly ends in the incinerated
municipal waste stream and fly ash from that stream is often reused in various industries, for
example the wall board industry. Bentonite used in the pelletising of iron ore is not recoverable
and the majority of it ends up in the slag. Slag however often finds use in the cement industry
and therefore part of the bentonite trapped in slag is used there. Bentonite is used in
construction projects and often ends up in construction and demolition waste, which is widely
recycled (IMA Europe, 2019).

3.5 Other considerations

3.5.1 Environmental and health and safety issues

No specific issues were identified during data collection and stakeholders consultation.

3.5.2 Socio-economic issues

No specific issues were identified during data collection and stakeholders consultation.

3.6 Comparison with previous EU assessments

The assessment has been conducted using the same methodology as for the 2017 list. The
results of this and earlier assessments are shown in Table 5. Both supply risk and economic
importance have slightly increased.

Table 12: Economic importance and supply risk results for bentonite in the
assessments of 2011, 2014, 2017, 2020 (European Commission, 2011-2014-2017)

Assessment 2011 2014 2017 2020
Indicator EI SR EI SR EI SR EI SR
Bentonite 5.48 0.34 4.61 0.37 2.1 0.3 2.85 0.5

Although it appears that the economic importance of bentonite has reduced between 2014 and
2017-20 this is a false impression created by a change in methodology. Since 2017, the value
added criticality assessment corresponds to a 2-digit NACE sector rather than a ‘megasector’,
which was used in the previous assessments.

3.7 Data sources

Market shares are based on the statistical data provided by the Industrial Minerals Association
and the European Bentonite Association and they represent the European market (Industrial
Minerals Association (IMA-Europe 2018). Production data for bentonite are from World Mining
Data (WMD, 2019). Trade data was extracted from the Eurostat Easy Comext database
(Eurostat, 2019a). Data on trade agreements are taken from the DG Trade webpages, which
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include information on trade agreements between the EU and other countries (European
Commission, 2019). Information on export restrictions are accessed by the OECD Export
restrictions on Industrial Raw Materials database (OECD, 2019).

Production data for a limited number of countries also include quantities of other clays similar
to bentonite, as shown in Table 13.

Table 13: Information on production data from certain countries

Clays included in the

Country production figure

Turkey bentonite and sepiolite
South Africa bentonite and attapulgite
Mexico bentonite and fuller’s earth
USA bentonite and fuller’s earth
India bentonite and fuller’s earth
Japan bentonite and fuller’s earth
Korea bentonite and fuller’s earth
Australia bentonite and fuller’s earth

For trade data the Combined Nomenclature (CN) code 250810-BENTONITE has been used.
All data were averaged over the five-year period 2012 to 2016.

Several assumptions are made in the assessment of substitutes, especially regarding the
allocation of sub-shares. Hence the data used to calculate the substitution indexes are often of
poor quality.
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4. CADMIUM

4.1 Overview
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Figure 24: Simplified value chain for Cadmium for the EU, (average 2012-2016)"°

Cadmium is an element with chemical symbol Cd and atomic number 48. It is a silver-white
shiny metal with high ductility and malleability. Cadmium occurs in the earth’s crust mainly in
combination with zinc, which is why the main sources are zinc ores and concentrates. It is a
rare element with a share of 0.3 ppm in earth’s crust. (ISE, 2019; Lenntech, 2019)

Production figures are in cadmium content (WMD, 2019). For the evaluation of EU trade
Eurostat Comext data was analysed, using CN8 code 28259060 “Cadmium Oxide”. As
production data is reported as cadmium content, trade data was converted to contained
cadmium in order to ensure comparability.
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Figure 25: End uses and EU sourcing of Cadmium (ICdA, 2010; Eurostat, 2019a;
WMD, 2019)

19 . . .
JRC elaboration on multiple sources (see next sections)
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The world market of cadmium in 2017 was worth USD 36.9 million, with a total supply of
25,685 tonnes. China is the main importer of cadmium with a market share of 34%, closely
followed by India (28%). The largest cadmium exporters in 2017 were South Korea (25%),
followed by Canada (9%), Kazakhstan (8%), and Japan (8%). (OEC, 2019; WMD, 2019)

The average apparent consumption of Cadmium in the EU was 660 t per year between 2012
and 2016. Almost all required cadmium is produced by EU countries. Four EU countries
produce Cadmium: Netherlands (30% of EU sourcing), Germany (24%), Poland (21%), and
Bulgaria (19%). Imports between 2012 and 2016 are rather low, at about 133 t per year, and
mainly stem from Russia and China. (Eurostat, 2019a; WMD, 2019)

NiCd batteries are increasingly replaced by lithium-ion batteries, also nickel metal hybrid
batteries are an alternative. However, NiCd batteries are preferable in applications where
stability and reliability are crucial. Substitutes for cadmium coatings include zinc, aluminium,
and tin, where the surface characteristics are not of major importance. Barium cadmium
stabilisers in PVC can be replaced by barium zinc or calcium zinc stabilisers. For CdTe thin-film
solar panels exist various alternatives, e.g. amorphous silicon panels. (USGS, 2019)

Nickel cadmium batteries may be a possibility of storing wind and solar energy in remote areas
in the future. Moreover, cadmium is an important element for the production of thin-film solar
panels. Thereby it is supporting the transition to renewable energy sources.

Cadmium is usually associated with zinc deposits, therefore, global figures for cadmium
reserves and resources are not available. However, at least twelve countries in the EU have
reported zinc resources, eight have reported zinc reserves, and it is very likely, that Cadmium
is present in these mineralisations. (USGS, 2019; Minerals4EU, 2019)

Worldwide an average of 23,764 t per year was produced between 2012 and 2016. It is won
almost exclusively as a by-product of zinc refining. Secondary sources for Cadmium are from
the recycling of nickel-cadmium batteries which are almost 100% recyclable once they are
collected. (ICdA,2010; WMD, 2019)

According to UNEP (2011) the overall recycling rate of Cadmium is 30% (SCRREEN workshops
2019).

Cadmium is toxic for humans, mainly affecting kidneys and the skeleton, and it is carcinogenic
when inhaled. It is released to the atmosphere by the metals industry, processing cadmium
containing metals (e.g. zinc production), as well as fossil fuel combustion. Cadmium can collect
in bones and act as a source of exposure at a later point in life. Other forms of cadmium
release into the environment are phosphorous fertilisers and sewage sludge. (UNEP, 2019)

4.2 Market analysis, trade and prices

4.2.1 Global market analysis and outlook

The total value of the cadmium market has been decreasing, while it was at USD 69.2 million
in 2011 the average value between 2012 and 2016 decreased to USD 38.9 million with an
absolute low in 2016 (USD 30.7 million). This is also reflected in the price trends (see Figure
28).
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The main exporters in the period 2012-2016 were South Korea (21%), Japan (9%), and
Mexico (8%). In 2017 South Korea remained number one exporter (25%), however, Canada
(9%) and Kazakhstan (8%) gained importance and market shares (OEC 2019).

Considering trade and production numbers, China is the leading consumer of cadmium
worldwide. In 2017 it imported 34% of available cadmium, followed by India with 28%.
Especially Indian imports increased significantly, from 4% in 2012. Unlike imports by China
that decreased from 49% in 2012. (OEC, 2019)

Most Cadmium is sold on long term contracts and only small amounts are freely available on
the world market. (USGS, 2018)

Table 14: Qualitative forecast of supply and demand of Cadmium

Criticality of the
Materials material in 2020 Demand forecast Supply forecast
Yes No 5 years 10 years 20 years 5 years 10 years | 20 years
Cadmium X - ? ? + + +

Cadmium consumption is declining, as NiCd batteries are increasingly replaced by lithium-ion
batteries. However, there is growth potential in certain end uses (e.g. solar panels and solar
energy storage). As Zinc production is believed to increase, so will the supply of cadmium and
the excess production might need to be permanently stockpiled. (USGS, 2018)

4.2.2 EU trade
The EU is a net exporter of cadmium, exporting almost 12 times more cadmium than importing
between 2012 and 2016. However, imported amounts were increasing in this period from 7 t in
2012 to 210 tin 2016. As opposed to EU’s exports which decreased from 2,333 t to 998 t.
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Figure 26: EU trade flows for Cadmium (Eurostat, 2019a)

In 2017 and 2018 numbers remain approximately at the same level. Import decreases from
277 tin 2017 to 241 t in 2018, whereas exports show a slight increase from 960 t in 2017 to
1033 tin 2018. (Eurostat, 2019a).
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The EU produces most cadmium from domestic sources. The main external suppliers are
Russia (63%), and China (30%). EU’s cadmium exports are consumed by 38 countries. The
largest consumer is India (35%), followed by China (15%), Japan, and the United Kingdom
(11% and 10%).

Other Non
Eu
Countri€s
7%

China
30%
Russian
Federation
63%

EU imports : 133 t

Figure 27: EU imports of Cadmium (Eurostat, 2019a)

OECD (2019) reports no export restrictions on cadmium metal or oxide. However, some

countries have trade restrictions on

1. cadmium waste and scrap (Israel, Jamaica, Japan, Kyrgyzstan, Morocco, Sierra Leone,
Tajikistan, Zambia, Zimbabwe)

2. slag, ash and residue containing cadmium (Israel) in place.

The EU has trade agreements with South Korea, Japan, Canada, Mexico, Peru, and Norway, all
important cadmium suppliers. (European Commission, 2019)

4.2.3 Prices and price volatility

USGS records the unit value of cadmium (minimum 99.95% purity) since 1900. As the trend in
Figure 28 shows, cadmium prices are strongly fluctuating, however, the overall trend is
decreasing. Between 2012 and 2016 prices decreased from USD 2.03 per kilogram to USD
1.34 per kilogram. In 2017 and 2018 there was a slight recovery to USD 1.75 per kilogram
and USD 2.90 per kilogram respectively.
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Figure 28: Prices of Cadmium (USD per tonne, converted to consumer price index of
1998) from 1900 to 2018 (USGS, 2017; USGS, 2019)
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Figure 29: Prices of cadmium (USD per tonne) from 1979 to 2018 (Buchholtz 2019)

4.3 EU demand

The world global market of cadmium was worth USD 38.9 million on average between 2012
and 2016 with a total production of 23,764 t cadmium content.

4.3.1 EU demand and consumption

The EU had an apparent cadmium consumption of 660 t per year on average between 2012
and 2016. Apparent consumption is calculated as imports plus domestic production minus
exports. Most of the cadmium demand is produced by EU countries and imports are rather
small. Belgium is a large producer of cadmium compounds for coatings, pigments, batteries,
etc. Flaurea Chemicals SA has developed a world leadership position in the manufacture of
high-purity cadmium powder and oxide. Flaurea Chemicals is part of the Metals Chemistry
Division of the French group AUREA. In 2017, total volume of cadmium processed and
exported worldwide by Flaurea was 1,600 t, far less than the 2,500 t it processed in 2014.
(AUREA was chosen by the Commercial Court of Tournai (Belgium) in July 2014, as the buyer
of the assets of the “Floridienne Chemie” - renamed “Flaurea Chemicals”, this company
specialises in the treatment and recycling of zinc, cadmium and lead) (Eurometaux, 2019).
Belgium imported an average of 11% of globally available cadmium in the period 2012-2016,
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and is therefore the third largest consumer worldwide. It is followed by Sweden with 7%.
(Eurostat, 2019; USGS, 2018; WMD, 2019)
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Figure 30: Global end uses of Cadmium (ICdA, 2010; SCRREEN workshops, 2019)

4.3.2 Uses and end-uses of Cadmium in the EU

Figure 30 presents the main uses of cadmium worldwide. Unfortunately, there is no data
specifically for the consumption pattern of cadmium in the EU available.

Relevant industry sectors are described using the NACE sector codes (Eurostat, 2019b).

Table 15: Cadmium applications, 2-digit and associated 4-digit NACE sectors, and
value added per sector (Eurostat, 2019b)

Applications 2-digit NACE Value added of 4-digit NACE sectors

sector NACE 2 sector
(M€)

Batteries C27 - Manufacture 80,745 C2720 - Manufacture of
of electrical batteries and accumulators
equipment

Pigments C20 - Manufacture 105,514 C2030 - Manufacture of
of chemicals and paints, varnishes and
chemical products similar coatings, printing

ink and mastics

Coatings C25 - Manufacture 148,351 C2561 - Treatment and
of fabricated metal coating of metals
products, except
machinery and
equipment

Stabilisers C20 - Manufacture 105,514 C2059 - Manufacture of
of chemicals and other chemical products
chemical products n.e.c.

The main application of cadmium is in nickel cadmium (NiCd) batteries. For this cadmium
hydroxide is used as one of the electrodes. These batteries are applied both in consumer
electronics (e.g. power tools), and in industrial applications (especially aeronautics and
railway). However, it is important to mention, that the use of NiCd batteries in the EU is
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restricted to industrial use - placing on the market of NiCd batteries in consumer goods is
prohibited since 01 January 2017. Other regions did not set such restrictions but the NiCd
batteries in consumer goods are more and more replaced by other batteries chemistries
(Eurometaux, 2019). NiCd batteries are very reliable and stable, even under harsh weather
conditions, which is why they may be an ideal solution for storing solar or wind energy. In
China and India, cadmium is largely used in alloys for decorative castings (jewellery,
ornaments) (Eurometaux, 2019).

Cadmium sulphide and cadmium sulphoselenide are used for the production of inorganic
cadmium pigments, with a colour range from bright yellow (sulphide) to maroon (selenide). As
cadmium provides resistance to high temperatures and pressures, these pigments are mainly
used for plastics, ceramics, glasses, and enamels products that are processed under these
conditions. The EU has restricted the use of cadmium pigments in most plastics to safety
applications (Eurometaux, 2019). However, cadmium pigments are also used in artists’ colours
which has been grounds for concern due to their toxicity. Sweden suggested a ban of cadmium
in artists’ paints in the EU in 2013. Due to resistance by painters as there are no alternatives
providing this colour spectrum and the limited effects on the environment this suggestion was
declined.

Cadmium coatings are anticorrosive and used by aerospace industry and military on steel,
aluminium, or other non-ferrous metal fasteners and moving parts. These coatings provide the
best available combination of corrosion resistance, and a low friction coefficient. A substitution
might compromise operational safety. Cadmium coatings can also be used in electrical or
electronical applications, because they also provide low electrical resistivity.

The production of polyvinylchloride (PVC) utilises cadmium-bearing stabilisers to retard the
degradation processes due to heat and ultraviolet light exposure. Cadmium is usually added in
form of organic cadmium salts (e.g. cadmium laurate or cadmium stearate).
However, also in this area of application the use of cadmium as PVC stabilisers was abandoned
on a voluntary basis by the EU (Eurometaux, 2019).

Other minor uses include the production of cadmium telluride (CdTe) for thin-film solar panels,
as well as cadmium alloys (electrical conductivity, heat conductivity, and electrical contact
alloys) (ICdA, 2010; USGS, 2018).

Furthermore, cadmium is used for MCT (mercury cadmium telluride) for infrared technology
and the new CZT (cadmium-zinc-telluride) semiconductor for gamma- and x-ray detection
(radiation mapping, nuclear medical imaging, astrophysics and homeland security) (Fenixam,
2019).

4.3.3 Substitution

In small consumer electronics NiCd batteries have been increasingly substituted by lithium-ion
batteries. This development is expected to continue, as production costs for lithium-ion
batteries decrease and their storage capacity increases. However, NiCd batteries cannot be
substituted in applications, where reliability and stability is of major importance. This is mainly
in industrial applications, such as railway batteries for starting, braking, etc.

Another alternative for NiCd batteries are nickel-metal hydride batteries. This type of batteries
has a higher capacity than NiCd batteries and it is more environmentally friendly, as it does
not contain as many toxins. However, nickel-metal hydride batteries do have major
drawbacks, such as limited service life, sensitivity to overcharge, high self-discharge, etc.
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Cadmium in pigments can be replaced by cerium sulphide, which is used mainly in the
production of plastics. There are no alternatives for cadmium in artists’ paints providing the
same colour spectrum.

Coatings using cadmium can only be replaced where the surface characteristics provided by
cadmium (corrosion resistance, low friction coefficient, electric conductivity) are not of critical
importance. Alternatives are zinc, zinc-nickel, aluminium, or tin coatings.

Substitutes for cadmium as a stabiliser in PVC production are barium zinc, or calcium zinc
stabilisers. However, they are not very common an in the EU-PVC-industry, cadmium was
completely replaced by Ba-Zn and Ca-Zn alternatives since 2007. (Eurometaux, 2019) (Cadex,
2018; USGS, 2018; USGS, 2019)

4.4 Supply

4.4.1 EU supply chain

The EU sources 94% of cadmium used from domestic producers. Four EU countries produce
cadmium: the Netherlands (32%), Germany (26%), Poland (22%), and Bulgaria (20%). They
produced an average of 1,838 t per year between 2012 and 2016. Outside sources are mainly
Russia (63% of imports), and China (30% of imports). The EU imports about 133 t of cadmium
per year, averaged over 2012-2016.

Belgium is the largest consumer of cadmium in the EU with the company Flaurea Chemicals SA
producing cadmium compounds for pigments, batteries, etc. (in 2016 and 2017 about 800 t
per year) (Eurometaux, 2019). In 2016, Belgium imported 2,890 t of cadmium, mostly from
France, Mexico, the Netherlands, and Poland (USGS 2016).

Belgium’s main supplier (apart from EU sources) is China and in 2014 large amounts were
imported from the United Kingdom.

The EU exported an average of 1,310 t of Cadmium per year in the period of 2012-2016 to 38

different countries. The main consumer of EU’s cadmium is India (35%), followed by China
(15%) (Eurostat, 2019; WMD, 2019).
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Figure 31: EU sourcing (domestic production + imports) of Cadmium. Average values
2012-2016 (Eurostat, 2019; WMD, 2019)

4.4.2 Supply from primary materials

4.4.2.1Geology, resources and reserves of Cadmium

Geological occurrence: Cadmium is a very rare element with an occurrence of 0.3 ppm in
earth’s crust. It can occur in its elemental form, but so far only five locations are known where
elemental cadmium has been found.

¢ Russia: River Khann'ya, Jana river basin, Billeekh intrusion
e US: Goldstrike mines in Lynn (Eureka County, Nevada)
e Kazakhstan: Burabaiskii massif

There are more than 20 different cadmium minerals, including greenockite (CdS), and Otavite
(CdCOs). These ores are not of economic importance due to their rarity. However, they usually
occur together with zinc ores such as sphalerite (ZnS) and smithsonite (ZnCOs). Moreover,
cadmium can partly replace zinc in the crystal lattice of sphalerite as both have similar
chemical properties. It can also be found as an impurity in lead and copper ores. (ICdA, 2010;
ISE, 2019; USGS, 2019)

Global resources and reserves??: Global cadmium resources and reserves are not reported
separately, as cadmium is solely produced as a by-product from zinc, copper, or lead refining.

*° There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria to
deposits of cadmium in different geographic areas of the EU or globally. The USGS collects information about the
quantity and quality of mineral resources but does not directly measure reserves, and companies or governments do
not directly report reserves to the USGS. Individual companies may publish regular mineral resource and reserve
reports, but reporting is done using a variety of systems of reporting depending on the location of their operation,
their corporate identity and stock market requirements. Translations between national reporting codes are possible
by application of the CRIRSCO template.zo, which is also consistent with the United Nations Framework Classification
(UNFC) system. However, reserve and resource data are changing continuously as exploration and mining proceed and
are thus influenced by market conditions and should be followed continuously.
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Typically zinc concentrates contain an average of 0.2% cadmium and 52% zinc. (Eurometaux,
2019)

According to USGS worldwide zinc reserves are estimated at 230 million t, and there are about
1.9 billion t of zinc resources. It is more than likely that these zinc reserves and resources
contain cadmium that can be recovered as a by-product.

EU resources and reserves?’:

At the time of the Minerals4EU (2019) assessment only France reported cadmium resources
with 520 t of cadmium content. However, Germany and Bulgaria are believed to have
resources as well. There were in total three exploration projects ongoing, one in Portugal and
two in Slovakia, that are potential sources for cadmium.

Due to low demand for cadmium, only four EU zinc plants recover cadmium from zinc
concentrates. They represent 37% of EU zinc refining. The other plants extract a cadmium
concentrate which is stabilised for safe and environmentally approved disposal. This implies
that only one third of all cadmium mined in the EU or entering the EU is recovered for sales
and use (Eurometaux, 2019).

Table 16: Resource data for the EU compiled in the European Minerals Yearbook of
the Minerals4EU website (Minerals4EU, 2019)

Code Resource

Country Reporting code Quantity Unit Grade Type
France - 520 t (metal - Historic Resource
content) Estimates

In the EU eight countries®® have reported zinc reserves and twelve?® zinc resources. These
deposits are likely to contain cadmium. (Minerals4EU, 2019)

4.4.2.2World and EU refinery production

Worldwide 20 countries produce cadmium, all as a by-product mainly from zinc refining, but
also from copper and lead production. Between 2012 and 2016 an average of 23,764 t of
cadmium was produced per year. 8% of global supply are produced by EU countries (1,819 t
per year). In the EU the Netherlands, Germany, Poland, and Bulgaria recover Cadmium. In
2017 production increased significantly 659 t. (WMD, 2019)

! For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
cadmium. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for
cadmium, but this information does not provide a complete picture for Europe. It includes estimates based on a
variety of reporting codes used by different countries, and different types of non-comparable datasets (e.g. historic
estimates, inferred reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the
CRIRSCO template is not always possible, meaning that not all resource and reserve data for cadmium the
national/regional level is consistent with the United Nations Framework Classification (UNFC) system (Minerals4EU
2019).Many documented resources in Europe are based on historic estimates and are of little current economic
interest. Data for these may not always be presentable in accordance with the UNFC system. However a very solid
estimation can be done by experts.

2 Finland, Greece, Ireland, Italy, Poland, Portugal, Slovakia and Sweden
> Czech Republic, Finland, France, Greece, Hungary, Ireland, Italy, Poland, Portugal, Slovakia, Spain, Sweden
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Figure 32: Global and EU production of Cadmium in t and percentage. Average for the
years 2012-2016. (WMD, 2019)

4.4.3 Supply from secondary materials/recycling

Cadmium has a rather high recycling rate of about 30% according to UNEP (2011)(SCRREEN
workshops 2019). Mainly NiCd batteries are recycled. There are initiatives in Europe, North
America, and Japan to collect NiCd batteries. Worldwide nine plants for NiCd recycling have a
total capacity of 20,000 million t of industrial and consumer batteries and their manufacturing
scraps. In the EU, there are six plants that recycle collected NiCd batteries. Over the past 5
years (reference year 2019), an average of 6,000 t per year NiCd batteries of EU origin were
offered for recycling (Eurometaux, 2019). This means there is enough capacity to recycle all
NiCd batteries if they were collected. The batteries are virtually 100% recyclable. Recycling of
cadmium containing products is not only important to provide further raw material sources,
but also to keep it out of the waste streams due to its toxicity.

4.4.4 Processing of Cadmium

The production of cadmium depends on the method used for zinc refining. Zinc can either be
produced using the so called dry zinc extraction, or the wet zinc extraction.

In the dry zinc extraction cadmium and zinc are reduced. As cadmium has a lower boiling point
it evaporates before the zinc components. It then reacts with oxygen to cadmium oxide and
can be distilled. Fractional distillation is used to increase cadmium recovery.

Wet zinc extraction reduces and precipitates dissolved cadmium ions with zinc dust. It is then
oxidised with oxygen and dissolved in sulphuric acid. The resulting cadmium sulphate is
electrolysed with aluminium anodes and lead cathodes producing particularly pure cadmium.
(ISE, 2019)
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4.5 Other considerations

4.5.1 Environmental and health and safety issues

Cadmium and its compounds are classified from harmful to toxic and it is assumed to be
carcinogenic. The inhalation of cadmium dust causes harm to lung, kidneys and liver. Most
reported toxicity is on kidney dysfunction and failure and when inhalation is the major source
of exposure, also lungs are attacked (Eurometaux, 2019).

Cadmium can be released into the atmosphere by industry activities (electricity generation
from waste and fossil fuel combustion, steel blast furnaces and metal refining).

Also volcanic activity releases cadmium into the air. Soil and water is contaminated with
cadmium by industry waste streams, or fertiliser production and application. Cadmium in soils
can be collected by plants which is a potential danger for animals. Especially earth worms and
other essential soil organisms are very sensitive to cadmium poisoning and can die at low
concentrations. This can threaten the entire soil ecosystem.

Human uptake of cadmium occurs usually via food ingestion, e.g. mussels, shellfish, fish, etc.
that bio accumulate cadmium, but also liver from animals that fed on cadmium contaminated
plants, or mushrooms (ISE, 2019; Lenntech, 2019).

According to the Regulation (EC) 1907/2006 (REACH), cadmium cannot be placed on the
market or used as a substance, as constituent of another substance or in mixtures for supply
to the general public when the individual concentration in the substance or mixture is equal to
or greater than 0,1%. The packaging must be marked visibly, legible and indelibly "Restricted
to professional users"?*. Cadmium cannot be used in mixtures and articles produced from 16
listed synthetic organic polymers and mixtures and articles produced from listed plastic
materials cannot be placed on the market if the concentration of cadmium expressed as Cd
metal is equal to or greater than 0,01% by weight of the plastic material. Cadmium cannot be
used or placed on the market in paint with codes [3208] [3209] in a concentration expressed
as Cd metal equal to or greater than 0,01% by weight. If the zinc content of such paints
exceeds 10% by weight of the paint, the concentration of cadmium expressed as Cd metal
cannot be equal to or greater than 0,1% by weight. Painted articles cannot be placed on the
market if the concentration of cadmium (expressed as Cd metal) is equal to or greater than
0,1% by weight of the paint on the painted article. Cadmium cannot be used for cadmium
plating metallic articles or components of the articles used in listed secors or applications and
placing on the market of cadmium-plated articles or compionents of such articles used in the
listed sectors or applications is prohibited. Placing on the market of articles manufactured in
some of the listed sectors is prohibited. Cadmium cannot be used in brazing fillers in
concentration equal to or greater than 0,01% by weight and brazing fillers cannot be placed on
the market if the concentration of cadmium expressed as Cd metal is equal to or greater than
0,01% by weight?*. Cadmium and its compounds cannot be placed on the market after
1/1/2020 in clothing or related accessories, in textiles other than clothing which under normal
or reasonably foreseeable conditions of use come into contact with human skin to an extent
similar to clothing, or footwear, if the clothing etc. is for use by consumers and cadmium is
present in a concentration measured in homogeneous material equal to or greater than 1
mg.kg after extration expressed as Cd metal that can be extracted from the material?®.

** Annex XVII entry 28 and Appendix 2 of Regulation (EC) 1907/2006 (REACH)
%> Annex XVII entry 23 of Regulation (EC) 1907/2006 (REACH)
?® Annex XVII entry 72 of Regulation (EC) 1907/2006 (REACH)
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4.5.2 Socio-economic issues

The Environmental Justice Atlas (2019) reports examples of social issues related to cadmium
production. Among these Melody Chemical plant in Hengdong, Hunan, China where cadmium
content exceeds the standard more than 20 times; in Shangba Village Cadmium and Lead
Pollution in Wengyuan, Guangdong, China cadmium in the soil was 12 times higher. In Toyama
prefecture, Japan, the outbreak of itai-itai disease, painful chronic cadmium poisoning, took
place along the Jinzu River for many decades. A refinery run by the Toho Zinc Co., Ltd., in
Japan which was established in 1937, discharged cadmium into the air and the river. In 1991,
an agreement was reached regarding refinery emission and discharge as well as compensation.
This arrangement continues today.

4.6 Comparison with previous EU assessments

Cadmium has been evaluated for the first time in this criticality assessment.
The results of this assessment are shown in Table 17.

Table 17: Economic importance and supply risk results for Cadmium in the
assessment of 2011, 2014, 2017, 2020

Assessment 2011 2014 2017 2020
Indicator ¢ q ¢ q ¢ q EI SR
Cadmium not assesse not assesse not assesse 416  0.34
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5.CHROMIUM

5.1 Overview

96 kt 14 kt 640 kt 101 kt
Exploration Extraction Processing Manufacture Use Collecting &

329 kt 273 kt > > > Recycling
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grade) nromiumchomicas; +Refractory bricks and +Other non-metallic

* Chromium metal. mortars: mineral products;
+Products made of *Chemicalsand
chromium chemicals. chemical products.

Figure 33: Simplified value chain for chromium for the EU, average 2012-2016%’

Chromium (Cr, atomic number 24) is a lustrous, silvery-white, corrosion-resistant, hard metal.
Chromium is obtained by mining chromite, a mineral of chromium and iron. The main product
of chromite ore refining is ferrochrome, which is an essential component in the manufacturing
of stainless steel, a key material in a variety of industries and end-uses. Chromium provides
the corrosive resistance properties to stainless steel. In general, chromium presence as an
alloying element to steels and non-ferrous metals enhances strength, and resistance to
corrosion, temperature and wear. Other important properties are the high melting point, low
coefficient of expansion and very high thermal conductivity which allows the use of chromite in
foundry sands and refractory materials. Also, the wear resistance, hardness, low coefficient of
friction and brightness of chromium are employed to the electrodeposition of chromium
plating.

Chromium is assessed at the extraction stage in the form of chromium ores and concentrates
(also referred to as “chromite” or “chromium ore”), and at the processing/refining stage, in the
form of chromium ferroalloys (also referred to as “ferrochrome” or “ferrochromium®).
Quantities are expressed in tonnes of chromium content and all figures are averaged over
2012-2016 data, unless otherwise specified.

27 . . .
JRC elaboration on multiple sources (see next sections)
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Figure 34: EU end uses of chromium and EU sourcing of ferrochrome
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Figure 35: EU sourcing of chromite

The trade code used in the assessment for the mining stage (chromite) is the HS 261000
“"Chromium ores and concentrates”, with an assumed average Cr,05; content of 45%. For the
refining stage (ferrochrome) the following trade codes are used: HS 720241 “Ferro-chromium,
containing by weight > 4% of carbon”; HS 720249 “Ferro-chromium, containing by weight <=
4% of carbon”; HS 720250 “Ferro-silicon-chromium”. Ferrochrome is considered with an
average chromium content of 56%. Trade flows and production statistics were converted to
chromium content using the above generic coefficients.

The world production of chromite and ferrochrome is moderately concentrated in terms of
producing countries (South Africa 46% of chromite and China 37% of ferrochrome). The
chromium market follows closely the trends in the stainless-steel industry, which accounts for
around 74% of world chromium consumption. China has doubled its ferrochrome capacity to
4,698 t (ICDA 2019) in the past few years (2012-2016) , and it has captured the highest share
of the ferrochrome supply market worldwide, overtaking South Africa.

Prices of chromium commodities are strongly linked to stainless steel demand. Following a
sharp increase in 2007 to historically high prices, chromium prices were affected strongly by
the global economic recession, but recovered fast due to increasing demand from China. Since
then, prices demonstrate temporal cyclicity, linked to the balance between supply and
demand. In 2017, the average price was 2.9 USD per kg of Cr content for high-carbon
ferrochrome, and 9,117 USD per tonne of chromium metal (BGR 2019).
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The EU annual average consumption of chromite is around 411 kt of contained chromium,
which is mainly sourced through domestic production in Finland (329 kt) and imports from
South Africa (96 kt). The import reliance for chromium ores and concentrates is 20%.

The EU annual average consumption of ferrochrome is about 812 kt on a contained-chromium
basis. Finland (25%), Sweden (4%) and Germany (1%) are the contributors to domestic
production with 273 t in chromium content, while South Africa is the top supplier to the EU,
with 373 kt of exports in chromium content. The import reliance for ferrochrome is 66%.

Chromium is mostly used in the production of stainless steel and alloyed steel. Of the total
mine output of chromite, 96% is used to produce ferrochrome. About 73% of the ferrochrome
supply is processed into stainless steel and the remaining 27% into speciality steel alloys.
Minor applications can be found in the refractory and foundry industry, as well as in leather
tanning, metal finishing, superalloys, wood preservatives and pigments. No suitable substitutes
are currently available for the major uses of chromium.

Chromium is an essential material for low-carbon technologies using chromium-bearing steels
such as in high-strength steel for lighter vehicles, as well as for low-carbon energy generation
due to its high corrosion- and temperature-resistance.

World resources and reserves of chromite, the only commercial source of chromium, are
estimated at 12 billion tonnes of resources and 584 million tonnes of reserves of shipping-
grade chromite.

Resources and reserves are abundant, but highly concentrated. South Africa, Zimbabwe and
Kazakhstan host the largest chromium deposits in the world (95% of the global resources),
while South Africa, Kazakhstan and India account for 90% of the world reserves. In the EU, a
very large deposit (Kemi) is located in Finland with JORC-compliant resources and reserves;
the latter are estimated to 28 million tonnes of shipping-grade chromite.

The global chromium ore production was 13 Mt of Cr,05; content, or nearly 8.8 Mt in Cr
content, as an average over 2012-2016. South Africa, the world’s largest source of chromite,
accounted for 46% of global supply, and three other countries contributed 39% to the
worldwide production of chromite, i.e. Kazakhstan (16%) Turkey (13%), and India (10%). In
the EU, Finland is the sole producer of chromium ore with an annual average production of
about 329 kt in Cr content over the 2012-2016 period.

During the same period, the average world production of ferrochrome was about 6.2 Mt in Cr
content per year. China (37% of the global output), South Africa (28%), and Kazakhstan
(14%) were the major producers. In the EU, industrial capacity of 800 kt for ferrochrome
production exists in Finland, Sweden and Germany, with an annual average output of about
273 kt in Cr content over the 2012-2016 period.

The post-consumer functional recycling of stainless steel is well established, contributing to
chromium supply from secondary sources. According to data provided by the MSA study of
chromium, in 2013 the end-of-life recycling input rate (EOL-RIR) in the EU was 21%.

Many hexavalent chromium compounds, mainly used in surface treatment processes, are
harmful to health and the environment for their carcinogenic and mutagenic properties. From
September 2017, stringent requirements are imposed on their use through the REACH
Regulation, i.e. there is an EU-wide ban to place on the market or use Cr (VI) substances in
production unless special authorisation is granted to use the substance for a specific process.
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5.2 Market analysis, trade and prices

5.2.1 Global market

The world production of chromium ore is dominated by South Africa, which in 2017 accounted
for nearly half of the world’s chromium ore output (WMD, 2019), two-thirds of which was
exported (UN Comtrade 2019). South Africa is the top global exporter of chromium ore, while
China is by far the major importer accounting for about 80% of the world’s imports by value
(Figure 36) South Africa’s high share of the total supply of chromite on world markets is
maintained due to the increasing availability of the Upper Group 2 Reef (UG2) concentrates
produced as a by-product of PGM operations in South Africa (Roskill 2014) (Roskill 2018). The
market value of the annual chromite production is estimated at USD 4.4 billion?® in 2015.

USA

China
81%

Total Exports: USD 1,988 million Total Imports: USD 1,997 million

Figure 36: Top-5 exporting (left) and importing (right) countries of chromite in 2016
by value. (UN Comtrade 2019)

After 2012, China overtook South Africa to become the world’s largest ferrochrome producer.
Three of the four leading chromite producers, i.e. South Africa, Kazakhstan and India, are also
among the four largest ferrochrome producers. These four countries accounted for 87% of
world production in 2018 (ICDA 2019). South Africa is the world’s top exporter of ferrochrome.
Even though China is the top producer worldwide of ferrochrome consuming the surplus of
chromium ores and concentrates produced in other regions, it is also the leading global
importer of ferrochrome (see Figure 37) China has led the growth in developing ferrochrome
capacity over the past two decades, due to increasing demand from the domestic stainless
steel industry. Between 2000 and 2018, the Chinese output of chromium ferroalloys rose at an
annual compound rate (CAGR) of 14.5%, from a gross weight of 445 kt in 2000 (7% of the
world total) to 5,960 kt in 2018 (40% of the world total), while the CAGR in the rest of the
world has been only 2.5% in the same period (background data from BGS (2019) and ICDA
(2019). The growth in Chinese ferrochrome production has been based on imported raw
materials, mainly from South Africa (Roskill 2014). The market value of the annual
ferrochrome production is estimated at USD 22.2 billion®® in 2017.

%8 Estimated as: 29.7 million tonnes (total production of chromium concentrates in 2015 as reported by (ICDA 2019)) X
USD 148.3 per tonne (average price in 2015 of chromite metallurgical grade, friable lumpy, 40 % Cr,03, South African,
northwest, ex works, as reported by (BGR 2019))

* Estimated as 13.7 million tonnes (total production of chromium ferroalloys in 2017 according to (ICDA 2019)) X 56%
average Cr content X USD 2.9 per kg of Cr content (average price in 2017 of high-carbon ferrochrome as reported by
(BGR 2019))
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Figure 37: Top-5 exporting (left) and importing (right) of chromium ferroalloys in
2016 by value. (UN Comtrade 2019)

Russia is the leading source of chromium metal on international markets (see Figure 38). In
2018 it accounted for 32% of global exports by gross weight, followed by China (17%), UK
(16%) and France (14%). Netherlands is the top destination country for imports of chromium
metal, which is subsequently exported to other EU countries. USA and Germany are the main
destinations of chromium metal imports for consumption, accounting for 18% and 15%
respectively of world imports (ICDA 2019).
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Figure 38: Top-5 exporting (left) and importing (right) of chrome metal in 2018 by
gross weight. Background Data from (ICDA 2019)

As regards the most important export restrictions in place in 2017, India, which had a share of
13% of chromium ores and concentrates production in 2016, removed its export tax of 30% in
March 2016. For ferrochrome, China imposes an export tax of 20% for ferrochrome containing
less than 4% C (HS 720249), and an export tax of 15% for ferrochrome containing more than
4% C (HS 720241) and ferrosilicon-chrome (HS 720250); for these two commodities the tax
decreased from 20% in 2017 (OECD 2019).

5.2.2 Outlook for supply and demand

The consumption of chromium closely follows the trends in demand for steel, and stainless
steel in particular (USGS 2018a). Global stainless steel consumption has increased from 1980
to 2018 at a CAGR of 5.4% (ISSF 2019b). Demand for stainless steel, the primary chromium
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application, will continue to grow, although at a slower rate compared to the previous decade.
The expected rise in stainless steel production in the next decade is estimated at around 4%
annually, driven by Chinese demand (BRGM 2017).

According to industry experts, the projected lower growth rate of the ferrochrome demand in
comparison to the last years is mainly due to the slowing down of the Chinese economy, to the
anticipated increased use of scrap in the Chinese stainless steel production, and to plant
closures because of the increasingly stringent environmental regulations in China. Despite the
moderate increase in demand for ferrochrome, an increasing oversupply in the ferrochrome
industry over the next five years is expected as a result of expansions in smelting capacity,
coming mainly from Zimbabwe, which will outpace significantly the growth of demand
(Fastmarkets MB 2018)(Roskill 2018).

Table 18: Qualitative forecast of supply and demand of chromium

Criticality of

. the material in Demand forecast Supply forecast
Material 2020
Yes No 5 years 10 years 20 years 5 years 10 years 20 years
Chromium X + + ? + + ?

5.2.3 EU trade

EU imports outweigh exports for chromium ores and concentrates. Trade statistics reported by
Eurostat show that imports of chromite decreased from 2012 to 2016 by 18% (see Figure 39).
The annual average EU imports amount to about 96 kt in chromium content during the 2012-
2016 period. South Africa is the leading exporter to the EU with a share of 62% of total
imports. Turkey is the second-ranked contributor to EU imports with a share of 16% (see

Figure 41).
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Figure 39: EU trade flows for chromium ores and concentrates (Eurostat 2019b)
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The EU is also a net importer for ferrochrome. Imports of ferrochrome averaged to 640 kt in
chromium content per year for the period 2012-2016, also mostly originating from South
Africa, i.e. 58% of the total EU imports (see Figure 41). However, imports of ferrochrome
declined substantially from 2012 to 2016 by 28% (see Figure 40). As the exports have
remained relatively stable in this period, net imports have decreased considerably by 36%,
from 691 kt in 2012 to 439 kt in 2016. The sharp increase of domestic production of
ferrochrome in 2013, followed by a modest rise on a year-to-year basis for the following years
can explain to a large extent the declining trend in imports; in absolute terms, the EU output
has doubled from 2012 to 2016 by about 150 kt (in Cr content).
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Figure 40: EU trade flows for ferrochrome (Eurostat 2019b)

Figure 41 presents the countries of origin for EU imports of chromite and ferrochrome.
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Figure 41: EU imports of chromium ores and concentrates (left) and ferrochrome
(right). Average 2012-2016 (in Cr content) (Eurostat 2019b)
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A trade agreement of the EU with South Africa is in place (European Commission 2019). In
2017, there were no export taxes, quotas or export prohibition in place between the EU and its
suppliers for chromium ores and concentrates and ferrochrome, except China which accounts
only for about 3% of the EU imports of ferrochrome (OECD 2019).

5.2.4 Prices and price volatility

Chromium is traded in the form of chromium ores and concentrates, ferrochrome, chromium
metal and chromium chemicals (Roskill 2014). Chromium is not traded on any commodity
exchange, and direct negotiations between buyers and sellers establish prices. Trade journals
publish ranges of composite prices based on interviews with buyers and sellers (USGS 2018a)
(BRGM 2017). In contracts of ferrochrome, volumes are negotiated on an annual basis and
prices quarterly. Ferrochrome is also traded on the spot market (Roskill 2014).

Chromium ores and concentrates are priced in terms of gross weight and the price depends on
specifications, i.e. metal content, impurities and ore type (e.g. lumpy, friable, concentrates).
Trends in chromium ores and concentrates prices follow those of ferrochrome, which accounts
for 96% of chromite consumption. Non-metallurgical grades attract a price premium in
comparison to metallurgical-grade chromite because of their higher chromium content and the
higher degree of processing required. Prices for refractory-grade chromite are generally higher
than chemical-grade and foundry-grade chromite (Roskill 2014).

Ferrochrome prices follow the trends in the stainless steel industry with a time-lag. The
volatility in year-on-year changes in demand and rates for ferroalloys reflects the periods of
de-stocking and re-stocking by the stainless steel industry (Roskill 2014). Prices of low-carbon
ferrochrome consumed in special steels command premiums of up to 70-80% over those of
charge chrome, because of their higher purity.

Ferrochrome prices escalated to historical highs from 2007 up to the first months of 2008,
reflecting the strong growth in stainless steel production. The onset of the global recession at
the end of 2008 led to a significant fall in the stainless steel output, which in combination with
de-stocking caused a sharp drop to ferrochrome prices. In 2010 prices rebounded driven by a
remarkable rise in the Chinese production of stainless steel. The recovery was not sustained in
2012-2013 as world demand for stainless steel in the rest of the world remained stable, supply
from South Africa and China increased, and Chinese producers covered a higher percentage of
the domestic market (Roskill 2014).

Within 2015, chrome prices collapsed because of a downturn in the Chinese economy,
contracting the demand for stainless steel, and at the beginning of 2016, chrome prices
reached a six-year low, which had significant implications for South African industry, where
ferrochrome smelters closed and mines undertook care and maintenance programs. The
resulting decrease in chrome supply was substantial and created a market deficit in the second
half of 2016 when stainless steel demand revived in China. The shortage initiated a sharp
recovery in prices which reached the levels before the global economic downturn, which in turn
triggered a supply surge from producers in South Africa based on idled ferrochrome capacity
and other countries such as India and Kazakhstan. In 2017, prices followed the cyclical and
temporary balances of supply and demand, affected mainly by increased Chinese smelting
supply, electricity tariffs in South Africa, fluctuating stainless steel demand, and industry
stockpiling (KPMG 2018)(Saxby 2017).

According to the DERA price volatility monitoring of December 2017 (BGR 2019), the average

price of ferrochrome (6-8% C, basis 60% Cr, max 1.5% Si, major European destinations) in
the period 2012-2016 was USD 2.2 per kg of chromium. In 2017, the annual average price of
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ferrochrome’s grade mentioned above surged to USD 2.9 per kg of chromium, i.e. a price
increase of 32 % in comparison to the average of 2012-2016. The average price of chromium
metal (min. 99 %, aluminothermic, in warehouse) was USD 7,952 per tonne in 2012-2016. In
2017 the annual average price reached USD 9,117 per tonne, i.e. a price increase of about
15% in comparison to the average of 2012-2016.

The United States Geological Survey regularly publishes assessments of the unit value of
apparent chromium consumption in the US. Figure 42 shows the long-term trend in the unit
value of chromium in the US as an indication of the global trends of price volatility.

Unit Value (USD/t of Cr)

Figure 42. Unit value®® of chromium in the United States (indexed to the 1998 unit
value), yearly average (in USD/tonne of contained chromium). (USGS 2017)

Trade statistics may provide an alternative source for prices and values of chromium raw
materials. Figure 43 and Figure 44 present the imports unit value in the EU of various
chromium commodities from 2010 to 2017. It is noted that the unit value of imports for all
chromium commodities demonstrated an uptick in 2017.

**The unit value of chromium in the US is defined as the estimated value of apparent consumption of chromium
commodities (based on the reported values of imports, exports and production) of 1 tonne of chromium content. The
unit value is adjusted in constant 1998 U.S. dollars.
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Figure 45: Prices of Ferrochrome from 1935 to 2018 (Buchholtz, 2019)

* Inflation adjusted with the Harmonised Index of Consumer Prices (HICP). Base 2015 = 100
%2 Inflation adjusted with the Harmonised Index of Consumer Prices (HICP). Base 2015 = 100
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5.3 EU demand

5.3.1 EU consumption

As an average for the period 2012-2016, the EU consumed about 411 kt of chromium
contained in chromite, and 812 kt of chromium contained in ferrochrome for the production of
stainless steel and alloy steels. In terms of volume in the same period 2012-2016, the average
apparent consumption of chromite is about 1,100 kt, and ferrochrome around 1,500 kt
(background data from (Eurostat 2019b), (BGS 2019), (WMD, 2019)).

As a percentage of apparent consumption, the import reliance for chromite is 23% and for
ferrochrome 66%.

5.3.2 Uses and end-uses of chromium in the EU

The end uses of chromium products in the EU are demonstrated in Figure 46.

Refractory bricksand ~ Products made of
mortars chromium chemicas

19 3%

Casting Moids

39,
3%

Products made of
Alloy Stee

19%

Products made of
StainlkessStee

249/
/8%

EU consumption of chromite: 411 kt of Cr
EU consumption of ferrochrome: 812 kt of Cr

Figure 46: EU end uses of chromium in 2013 (BIO Intelligence Service 2015)
(SCRREEN workshops 2019), and EU consumption of chromite and ferrochrome.
Average 2012-2016

The applications of chromium are multiple, in the metals industry, refractories and chemicals.
In particular:

e Products made of Stainless Steel: Chromium is by far the most important alloying element in
stainless steel production. When added in sufficient quantity to steel, chromium spontaneously
forms a thin and stable layer of chromium oxide on the steel surface, which renders steel inert
to a chemical reaction, thus making it shiny and highly resistant against corrosion and
oxidation, i.e. stainless. The minimum chromium content required for the formation of the
protective (passive) layer is 10.5%; the strength of the layer, hence corrosion resistance,
increases with increasing chromium content. Stainless steels are extremely versatile
engineering materials, which are selected primarily for their corrosion and heat-resistant
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properties. The chromium content of stainless steels ranges from 12.5% to 26% (EUROFER
2019). Ferrochrome, the main product of chromium ore refining, is the ferroalloy that provides
chromium to steel production. About 73% of the ferrochrome production is transformed into
stainless steel. The finished products manufactured by stainless steel are suitable for a vast
range of diverse uses in industry, architecture, transport, and kitchenware and other
applications, covering all end-use sectors (ISSF 2019a). In 2018, according to the
International Stainless Steel Forum, 38% of stainless steel was consumed in the fabrication of
metal products, 29% in mechanical engineering, 12% in construction, 8% in motor vehicles
and parts, 8% in electrical machinery and 5% in other transport applications (ISSF 2019b);

e Products made of Alloy Steel: The remainder of the ferrochrome production (27%) is
consumed in speciality steel alloys which are employed in industrial applications where
enhanced properties are required (e.g. tools, injection moulds, camshafts, dies, bearings and
mill rollers). Chromium added to steel improves wear resistance, enhances corrosion and
oxidation resistance, increases hardenability, and promotes strength at elevated temperatures
(European Commission 2017)(USGS 2018b);

e Refractories: Refractory-grade chromite is used to manufacture refractory bricks and
mortars, mainly basic refractories in combination with magnesite, i.e. mag-chrome which
contain (<30% Cr,03) and chrome-mag (>30% Cr,03). Chromite-bearing refractories are
preferred in pyrometallurgical extraction processes for copper, nickel and platinum. In the
cement and glass industries chromite refractories are being phased out due to concerns
regarding hexavalent chromium (Roskill 2014);

eCasting moulds: Foundry sands from foundry-grade chromite are used to make casting
moulds for the production of ferrous and non-ferrous castings. Chromite belongs to speciality
sands (i.e. other than conventional silica sands), especially used in the production of large
steel castings (> 4 t) where selective chilling, good surface finish and dimensional accuracy are
required (Roskill 2014);

e Products made of chromium chemicals: Chromium chemical compounds have various
applications.

Leather tanning is the largest market for chromium chemicals which accounted for 27% of the
total consumption of chromium chemicals in 2012 (Roskill 2014). It is estimated that 80 % to
90 % of all the leather produced is tanned using chromium (III) salts, mainly in the form of
chromium sulphate. Hexavalent chromium (Cr (VI)), in contrast, is not used in the tanning
process as has no tanning effect. The possible formation of chromate in leather during its
manufacture depends on the synergetic effects of several components (Black et al. 2013).
Moreover, chromium chemicals, in the form of acidic chromate or dichromate solutions, are
employed by the metal finishing industry for the applications of coatings to other metals. Main
applications include decorative chromium plating of everyday consumer durables and hard
chromium plating for engineering requirements. Other metal plating applications in which
chromium chemicals are involved are anodising and chromating. Metal finishing consumed
23% of chromium chemical compounds in 2012 (Roskill 2014).

Also, the production of chromium metal by chromium (III) oxide is an important niche
application of chromium chemicals (BIO Intelligence Service 2015), that represented 13% of
the total consumption of chromium chemical compounds in 2012 (Roskill 2014). Chromium
metal is used as an alloying element to specific grades of superalloys (USGS 2018a). Due to
their unique high-temperature and corrosion-resistance properties, superalloys are employed
in critical applications in the aerospace, nuclear and energy sector (e.g. gas turbines).
Chromium metal is also used in aircraft motor system as it resists high temperatures and very
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extreme conditions, and in certain widely used aluminium alloys as an alloying element (USGS
2018a).

Furthermore, chromium chemicals are employed in colouring pigments (12% of the total
chemical consumption in 2012) based on either chromium oxide or sodium dichromate;
chrome oxide greens are the most widely-used chromium pigments. The pigments provide
bright colour and opacity to coatings and increased durability and resistance to chemical
corrosion (Roskill 2014). Finally, other uses of chromium chemicals include wood preservatives
(9% of the total consumption of chromium chemicals), colouring agents in glass and ceramics
(6% of the total chromium chemicals consumption) and other minor uses (10% of total
chromium chemicals consumption) (Roskill 2014).

Relevant industry sectors are described using the NACE sector codes (Eurostat 2019a)
provided in Table 19.

Table 19: Chromium applications, 2-digit and examples of associated 4-digit NACE
sectors, and value-added per sector (Eurostat 2019a)

2-digit NACE sector Value-added Examples of 4-digit NACE
of NACE 2 sectors
sector (M€)

Applications

Products made of

C25 - Manufacture of
fabricated metal

C2571- Manufacture of cutlery;
C2591 - Manufacture of steel

Stainless Steel products, except 148,351 drums and similar containers;
machinery and equipment C2599- Manufacture of other
fabricated metal products n.e.c.
C25 - Manufacture of
Products made of @ fabricated metal C25.99' Manufacture of other
148,351 fabricated metal products n.e.c.
Alloy Steel products, except
machinery and equipment
C24 - Manufacture of C2420- Other non-ferrous metal
Casting Moulds - 55,426 production; C2432- Casting of
basic metals
other non-ferrous metals
Refractory bricks C23 - Manufacture of C2391- Manufacture of refractory
y other non-metallic 57,255 products; C2395- Manufacture of
and mortars .
mineral products mortars
Products made of C20 - Manufacture of C2011- Manufacture of dyes and
chromium chemicals and chemical 105,514 pigments; C2029- Manufacture of
chemicals products other chemical products n.e.c.
5.3.3 Substitution

No good substitutes are currently available for the significant uses of chromium (Graedel et al.
2015). In particular, no suitable substitute is known that can provide the corrosion and
oxidation resistance to metals (e.g. stainless steel) as chromium does (Johnson, Schewel, and
Graedel 2006) (BRGM 2017). In superalloys, it is only possible to reduce the Cr content, but
not to eliminate it in order to maintain the anti-corrosion properties, e.g. Cr is used in Ni-based
superalloy structural gas turbines components and overlay coatings (CRM experts 2019).

Concerning the steel end uses, manganese, molybdenum, and nickel are considered as
potential substitutes of chromium in steel alloys used in construction, and galvanised steel in
steel-reinforced concrete. Aluminium is an adequate substitute for steel used in transport
applications, in domestic appliances and miscellaneous metal goods. Brass can be a substitute
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in some stainless steel fasteners and tungsten carbide in high-speed steels. There is no
substitute at all for food processing equipment and transport of chemicals or food by truck,
rail, or ship, or for the hulls of container ships or bulk carriers (Graedel et al. 2015).

In plating applications, electrolytic hard chrome plating can be replaced by thermally sprayed
carbide powders, cobalt-based hardfacing alloys, plasma spraying of cermets, and electrolytic
nickel-based coatings for internal surfaces (Roskill 2014). For automotive plating, potential
substitutes are tin-nickel, silicon-based coatings, and organic polymer coatings, while a tin-
nickel alloy is an adequate substitute for plating in electronics (Graedel et al. 2015). The FP7
project HardAlt investigated the substitution of hexavalent chromium in hard coatings with
nickel-phosphorous based coatings (CORDIS 2019). Nevertheless, decorative and hard
chromium plating has advantages over alternative metal finishes due to lower cost, aesthetics,
corrosion resistance and multi-substrate capability (Roskill 2014).

On a scale of 0 to 10033, chromium’s substitutes performance has been assessed as 76 by
(Graedel et al. 2015).

5.4 Supply

5.4.1 EU supply chain

The chromium flows through the EU economy are demonstrated in Figure 47.
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Figure 47: Simplified MSA of chromium flows in the EU. 2013. (BIO Intelligence
Service 2015)

5.4.1.1 EU sourcing of chromite

In the EU, Chromium ores and concentrates are currently produced only in Finland. A minor
production in Greece ended in 2012 according to production statistics from WMD (2019). In
the 2012-2016 period, domestic production averaged 1,855 kt of mined ore (GTK 2019a), or
906 kt of chromium concentrate (ICDA 2019), or 480 kt in C,05 content (GTK 2019a). The
equivalent chromium content is estimated at 329 kt, which accounts for 77% of EU supply (see
Figure 48).

* On this scale, zero indicates that exemplary substitutes exist for all major uses and 100 indicates that no substitute
with even adequate performance exists for any of the major uses.
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Outokumpu’s Kemi mine in Finland is the only operating chromite mine in the EU. The mine
started production in 1968 as an open pit, and currently, all mining is underground. Ore is
concentrated into upgraded lumpy ore, and fine concentrate, which are raw materials for
Outokumpu’s ferrochrome works in Tornio (Outokumpu 2015)(USGS 2018a). The annual
output of Finland has increased from 499 kt of chromium concentrates in 2012 to 972 kt of
chromium concentrates in 2017, after a major expansion in production in 2013 (ICDA 2019).

Imports from South Africa cover 16% of the EU sourcing for chromium ores and concentrates.
As a percentage of apparent consumption, the import reliance is 20%.

South Africa

Other non-EU
countries
5%

Finlan

EU sourcing of chromite : 425 kt

Figure 48: EU sourcing (domestic production+imports) of chromium ores and
concentrates, average 2012-2016 (in Cr content). Background data from (WMD,
2019) (GTK 2019a) (Eurostat 2019b).

5.4.1.2 EU sourcing of ferrochrome

Ferrochrome is currently produced in Finland, Sweden and Germany by three companies. Total
EU production amounted to 493 kt of ferrochrome (estimated to 273 Kt in chromium content)
on average in the 2012-2016 period covering 30% of EU supply, while imports of ferrochrome
reached 640 kt in chromium content. South Africa is the leading EU supplier with a 41% share
of EU sourcing (see Figure 49). A small ferrochrome production in Romania terminated in 2010
(BGS 2019).

At the integrated stainless steel plant of Tornio in Finland, operated by Outokumpu,
ferrochrome production is taking place on-site with molten ferrochrome transferred and
charged directly to the steel melting shop. Three smelting furnaces are operated with a
capacity of 530 kt per annum after a significant expansion in 2013 (Outokumpu 2015).
Outokumpu is the only fully integrated producer of chromite, ferrochrome and stainless steel
worldwide (Roskill 2014). Average production over 2012-2016 amounted to 406 kt of high-
carbon ferrochrome. In 2018, the ferrochrome output reached a record level of 493 kt (ICDA
2019).

In Sweden, Vargdén Alloys AB produces high-carbon ferrochrome and charge chrome with an
annual production capacity of about 240 kt (Vargon Alloys AB 2019). The average ferrochrome
production in 2012-2016 was 64 kt, while in 2018 production amounted to 100 kt of
ferrochrome.
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In Germany, Afarak Elektrowerk Weisweiler GmbH operates a smelting plant producing special
grades of low-carbon ferrochrome and ultra-low-carbon ferrochrome (Afarak EWW 2019).
Production capacity is 30 kt per annum (Roskill 2014). The average output in years 2012-2016
amounted to about 23 kt of ferrochrome (ICDA 2019).

South Africa is the principal non-EU supplier accounting for 41% of the EU sourcing for
ferrochrome. As a percentage of apparent consumption, the import reliance is 66%.

Other Non Eu

Countries SWeden Germany

10% ; 1%

Kazakhstan
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Russian Federation/ "¢
57
Finland

25%

EU sourcing of ferrochromium : 913 kt

Figure 49: EU sourcing (domestic production+imports) of ferrochrome, average
2012-2016 (in Cr content). Background data from (BGS 2019)(Eurostat 2019b).

5.4.1.3 Chrome metal and chromium chemicals supply

Products made of chromium chemicals represent a minor volume of all chromium contained in
finished products manufactured in the EU. However, these are key strategic products for the
European industry, due to their use in the aviation and energy sectors.

Chromium metal is produced in France and Germany. In France, DCX Chrome operates a plant
in Marly with an annual production capacity of 12 kt. It is reported as the world leader in the
production of high-purity, aluminothermic chrome metal with applications in superalloys,
special steels, hard-facing materials, weldings, powder metallurgy and aluminium alloys
(BRGM, 2017)(DCX Chrome, 2019). GfE in Nirnberg, Germany, produces chromium granules,
powders and lumps, and chromium alloys via an aluminothermic process. According to the US
Geological Survey, capacity for chromium metal in Germany is 1 kt per year (GfE, 2020)
(USGS, 2019).

Alventa SA in Poland produces chromium chemicals, i.e. basic chromium sulphate for leather
tanning (chromal), and chrome oxide green (Alventa SA, 2019). Capacity for chromium
chemicals in Poland is reported as 7 kt per year in Cr content in 2017 (USGS, 2019b). Cromital
SPA in Ostellato, Italy, produces basic chromium sulphate for the tanning industry as well as
chromic acid (chromium trioxide) and Cr (III) compounds for metal finishing and electroplating
operations (Cromital, 2020). The production capacity of chromium chemicals in Italy is
reported as 5 kt in contained chromium per year in 2017 (USGS, 2019b). Lanxess in Krefeld,
Germany, produces chromium oxide for pigments from imported sodium dichromate (Lanxess,
2020) (Roskill, 2014). The annual production capacity in Germany is 1 kt in 2017 (in Cr
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content) (USGS, 2019b). Finally, Spain is also among the EU countries with production
capacity to produce chromium chemicals in 2017 (1 kt in Cr content) (USGS, 2019b).

5.4.2 Supply from primary materials

5.4.2.1Geology, resources and reserves of chromium

Geological occurrence: Chromium is quite abundant in the Earth’s crust. According to (R. L.
Rudnick and Gao 2014), the average concentration of chromium in Earth's crust is 135 ppm,
and in the upper crust 92 ppm. Chromium ore (chromite) is found mainly in ultramafic igneous
rocks as a chromium spinel, a group of minerals with a highly variable chemical composition.
The generic formula of chromium spinels is (Fe,Mg)(Cr,Al),0,4, a solid solution between
chromite (FeCr,04) and magnesio-chromite (MgCr,0,4). 'Chromite' is used as a general term to
describe chromium-bearing spinel minerals. Large variations in the total and relative amounts
of Cr, Fe, Al and Mg in the lattice occur in different deposits. These affect the ore grade not
only in terms of the Cr,0Os; content but also in the reducibility of the ore and the chromium
content of ferrochrome (ICDA 2011a). Commercial chromites contain between 40% and 60%
of Cr,03 content with an average of about 45% (BRGM 2017). In this factsheet, the terms
“chromite™ and “chromium ore” are considered interchangeable.

Commercial chromite deposits are found mainly in two types: stratiform (bedded) in basin-like
intrusions, often multiple seams through repeated igneous injections, and the more irregular
podiform (pod-shaped) deposits (ICDA 2011a). The Bushveld Complex in South Africa and the
Great Dyke of Zimbabwe stratiform deposits contain the majority of the current global
chromite resources. Other significant deposits of the stratiform type occur in Finland (Kemi
deposit), India and Madagascar. The podiform deposits are relatively small in comparison, but
chromite ores are generally more compact (hard lumpy) and less friable which is favourable for
the smelting operation. They are also generally richer in chromium and have higher Cr:Fe
ratios. The most important source of chromite from podiform deposits is located in
Kazakhstan; other important deposits of this type are found in Russia and Turkey. Podiform
ores were initially highly sought after, especially those from the deposits in Zimbabwe, as the
best source of metallurgical grade chromite for high-carbon ferrochrome (ICDA 2011a).

There is a third type of chromite deposit, but it is currently of minimal commercial significance.
These are the eluvial deposits that have been formed by weathering of chromite-bearing rock
and release of the chromite spinels with subsequent gravity concentration by flowing water
(ICDA 2011a). Chromium may also be concentrated in high-iron lateritic deposits containing
nickel, and there have been attempts to smelt these to produce chromium-nickel pig iron for
subsequent use in the stainless steel industry (ICDA 2011a).

Global resources and reserves>*: At the end of 2018 the world’s chromium resources are
estimated to be higher than 12 billion tonnes of shipping-grade chromite (containing 45% of

34 . . . . . .
There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria to

deposits of chromium in different geographic areas of the EU or globally. The USGS collects information about the

qguantity and quality of mineral resources but does not directly measure reserves, and companies or governments do
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Cr,053), equivalent to about 3.7 billion tonnes of chromium content. Based on the current level
of demand, the word resources are more than adequate to meet future demand. Global
chromium resources are currently heavily geographically concentrated (95%) in southern
Africa (i.e. South Africa and Zimbabwe) and Kazakhstan (USGS 2019a).

The identified world reserves are estimated to approximately 584 million tonnes of shipping-
grade chromite (45% of Cr,03), equivalent to about 180 million tonnes of chromium content.
Kazakhstan, South Africa and India are hosts of the largest known chromium reserves.

Table 20: Global reserves of chromium in 2018. (USGS 2019a) (FODD 2017)

Estimated chromium reserves Percentage of
Country (kt of shipping-grade chromite of the total (%)
45% Cr,053)
Kazakhstan 230,000 39
South Africa 200,000 34
India 100,000 17
Finland® 27,000 5
Turkey 26,000 5
USA 620 <1
Other countries Not available
World total (rounded) 584,000 100

EU resources and reserves>°: The currently known JORC-compliant resources of chromium
are located in Finland (Kemi mine) and amount to 19.4 million tonnes of chromium content.
Historical resource estimates of chromium resources for Greece are also available in the

not directly report reserves to the USGS. Individual companies may publish regular mineral resource and reserve
reports, but reporting is done using a variety of systems of reporting depending on the location of their operation,
their corporate identity and stock market requirements. Translations between national reporting codes are possible
by application of the CRIRSCO template which is also consistent with the United Nations Framework Classification
(UNFC) system. However, reserve and resource data are changing continuously as exploration and mining proceed and
are thus influenced by market conditions and should be followed continuously.

* Data reported by the US Geological Survey were complemented with reserve data for Finland (ore volume
normalised to 45 % Cr,0; content) as reported by the Fennoscandian Mineral Deposit database (FODD).

*® For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
chromium. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for
chromium, but this information does not provide a complete picture for Europe. It includes estimates based on a
variety of reporting codes used by different countries, and different types of non-comparable datasets (e.g. historic
estimates, inferred reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the
CRIRSCO template is not always possible, meaning that not all resource and reserve data for chromium at the
national/regional level is consistent with the United Nations Framework Classification (UNFC) system (Minerals4EU
2019). Many documented resources in Europe are based on historic estimates and are of little current economic
interest. Data for these may not always be presentable in accordance with the UNFC system. However a very solid
estimation can be done by experts.
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Minerals4EU website. The JORC-compliant reserves in Finland (not included in resources) are
about 8.3 million tonnes in Cr content.

Table 21: Chromium resources data in the EU

Quantity
Country e as (million Grade Reporting | Reporting
37 Classification | . es of (% Cr) code date Source
ore)
rezgtar'ce 97.8 19.8 JORC
Finland Historic 12/2017 (ZF&D;)D
resource 127 14.9 None
estimate
2 35-40
L (% Cr,03)
Greece rg'ssifﬁﬂfe 5 18-20 USGS 11/2014 | (Minera
estimate (% Cr,05) Is4EU)
4 35-40
(0/0 Cr203)
Table 22: Chromium reserves data in the EU
Quantity
s 4 (million Grade Reporting | Reporting
Country | Classification tonnes (% Cr) code date Source
of ore)

Total reserve
Finland | (not included 41.8 19.8 JORC 12/2017 | (FODD 2017)
in resources)

5.4.2.2 Exploration and new mine development projects in the EU

An active project for chromite (Akanvaara project), currently at an advanced exploration stage,
is situated in Finland (Strategic Resources Inc 2019)(GTK 2019b).

5.4.2.3 Chromite mining

Chromium ore is generally mined as a primary product, except for South Africa, where
increasing volumes of chromite concentrates are recovered from tailings from PGM operations
(Roskill 2014). About 14% of the world production of chromite, corresponding to a quarter of
South African production, is a by-product of PGM mining in the UG2 horizon in the Bushveld
Igneous Complex (BRGM 2017).

% Available data for chromium resources in Sweden reported by the Minerals4EU project and also listed by FODD, are
not included in the table due to the very low grade (<0.7 % of Cr content)
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Open-pit and underground mining methods are employed for chromite mining. Underground
mining of stratiform deposits is most often required but can be particularly difficult due to the
thin seam thickness (less than 1.5m), weathering close to the surface and faulting. Open-pit
mining is generally applied to the podiform ores at first, progressing to underground mining as
deeper levels of the deposit are reached. Weathering through serpentinisation and faulting are
often encountered (ICDA 2011b).

Mechanical preparation and beneficiation of crude chromite is a relatively simple process. Run-
of-mine chromite is crushed to reduce the maximum particle size to less than 150 mm and
then screened into four categories according to size: lumpy (25-100) mm, small lumpy (6-25
mm), chips (1-6 mm) and fines (<1mm). Lumpy and small lumpy grades are marketed
directly for ferrochrome production after initial processing by hand sorting. Chips and fines are
further upgraded to chromite concentrates with a higher Cr,0; content through simple
concentration techniques to remove gangue materials, e.g. gravity separation, heavy media
separation, magnetic separation, froth flotation (ICDA 2011) (Roskill 2014).

Chromium ores are traditionally classified into three types: high-chromium ores (46-55 %
Cr,03, Cr:Fe>2) used mainly in metallurgical applications; high-iron ores (40-46 % Cr,0s3,
Cr:Fe=1.5-2.1) used mainly in the chemical industry; and high-aluminium ores (32-38 %
Cr,03, 22-34 % Al,03, Cr:Fe=2.0-2.5) used principally in refractories. Technological advances
have enabled interchangeability among types concerning the end uses. The chromium ore is
extracted, beneficiated and marketed in four distinct grades (Roskill 2014):

eMetallurgical-grade for the production of high-carbon ferrochrome (chromite with a typical
composition of 48% Cr,03; and a Cr:Fe ratio of 3:1), and charge chrome (chromite with 40-
46 % Cr,03 and Cr:Fe ratio of 1.5-2.0) used in argon oxygen decarburisation (AOD) steel
production. Technological developments in ferrochrome smelting have made possible the use
of lower-grade ore fines for charge-chrome production, e.g. agglomeration pre-treatment
consisting of pelletising and sintering;

eRefractory-grade (typical 47 % Cr,03) with a combined Cr,03+Al,03 content of >60%,
Fe<15% and silica content of around 0.7%;

eFoundry-grade (typical Cr,O3 >46%) which generally needs to be beneficiated to remove talc,
silica and clay impurities.

eChemical-grade (typical Cr,05 44-46%, Si0,<3.5% Cr:Fe ratio 1.5-2.1)

In 2015, the highest share (96%) of the global chromite production was destined for
ferrochrome production in the metallurgical industry. The chemical grade represented 2.1% of
the chromite extracted, the foundry grade 1.7%, and the refractory grade 0.2% (BRGM 2017).

5.4.2.4 World and EU mine production
The world mine production of chromium reached 12,870 kt (in Cr,0; content) 3¢ as an average
over 2012-2016, which is equivalent to 8,804 kt in Cr content (WMD, 2019). According to the
International Chromium Development Association statistics, the average world production of
chromium ores and concentrates in the same period amounted to 29,075 kt expressed in gross
weight (ICDA 2019). South Africa is the world’s largest chromium ore producer, contributing
about 47% of the total world supply. Other important suppliers of chromium ores and
concentrates are Kazakhstan (15%), India (13%) and Turkey (10%). Chemical-grade chromite

*® Production data for Finland are sourced from (GTK 2019a)
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is produced in India, Kazakhstan and South Africa; refractory-grade in Oman and South Africa;
and foundry-grade in South Africa and Oman (Roskill 2014).

The EU mine production of chromium is concentrated in Finland, as the small production in
Greece terminated in 2012, and is averaged at about 481 kt (Cr,0s content) or 329 kt (Cr
content) per year over the period 2012-2016 (GTK 2019a) (WMD, 2019).

Greece
0.02%

South Africa
46%

Finland
99.98%

Kazakhstan

16%
World production : 8,804 kt EU production : 329 kt
Figure 50: Global and EU mine production of chromite (in Cr content). Average 2012-
2016. (WMD, 2019) (GTK, 2019a)

5.4.3 Processing of chromite ore

5.4.3.1 Ferrochrome production

Ferrochrome is produced from metallurgical-grade chromite by smelting a mixture of the ore
(in the form of lumpy ore, fines or concentrates), a carbonaceous reductant (e.g. coke) and
auxiliary flux materials in an electric arc furnace. AC arc, DC arc (or plasma) furnace
technology is used for the high-temperature reduction (smelting). The smelting process is
electrical-energy intensive requiring up to 4,000 kWh per tonne of material weight with the
efficiency varying with ore grade, operating conditions, and production process (ICDA 2011).

Ferrochrome is an alloy of chromium and iron containing 45% to 75% chromium by weight
with much lesser amounts of carbon and silicon (ICDA 2011); the amounts depend upon the
grade or type of alloy. Its use depends primarily on carbon content. Ferrochrome can be
generally classified as follows (Saxby 2017):

eCharge chrome (used exclusively for stainless steel);

eHigh-carbon ferrochrome (HC FeCr) with 4%-12% C (40% used for stainless steel, the rest
for carbon and alloy steels);

eMedium-carbon ferrochrome (MC FeCr) with 0.5%-4% C and Low-carbon ferrochrome (LC
FeCr) with 0.01%-0.5% C, used for carbon and alloy steels.

According to background data from (ICDA 2019), 91% of the global ferrochromium alloys
production in 2018 comprised high-carbon and charge chrome, 6% medium & low-carbon
ferrochrome, and 3% ferro-silicon-chrome.

The reducibility of diverse ores is quite different. Generally speaking, podiform ores are of
higher quality, resulting in a high-Cr alloy, while stratiform ores have a lower chromite content
and a low Cr to Fe ratio. For this reason, podiform ores will most often give a chromium
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recovery above 90%, while for fine stratiform ores the recovery is below 70 % in conventional
production routes, reaching higher recovery rates in the case of charging the furnace with
sintered pellets. With the DC plasma process, recovery is reportedly above 90 %. This
compensates for the higher consumption of electrical energy needed to increase the process
temperature to achieve a faster reduction.

Depending on the different production routes and the desired carbon content of the
ferrochrome, carbon or silicon is used as a reducing agent. For the production of HC FeCr,
carbon is added to the process as a reducing agent, predominantly metallurgical coke (with a
low phosphorus and sulphur content). For the production of LC FeCr, ferro-silicon-chromium
and ferrosilicon are used in a silicothermic reduction as reducing agents and raw material.

5.4.3.2 World and EU ferrochrome production

The world production of ferrochrome reached 6,158 kt of chromium content, with China and
South Africa the leading producers accounting for 37% and 28% respectively of the global
supply, followed by Kazakhstan (14%) and India (8%) (see Figure 51). South Africa, China
and Kazakhstan are the primary producers of high-carbon ferrochrome and charge chrome,
while China and Russia account for the majority of global medium and low-carbon ferrochrome
supply used in special steels (Roskill 2014).

Only Finland, Sweden and Germany produce ferrochromium in the EU, with an annual average
production of about 493 kt of ferrochrome or 273 kt of contained chromium in the 2012-2016
period.
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Figure 51: Global®*® and EU production of ferrochrome (in Cr content). Average 2012-
2016. (BGS 2019)(USGS 2018b)(ICDA 2019)

% (USGS, 2018b) is the source of Chinese production of ferrochrome for 2012-2015, and (ICDA, 2019) the source of
Chinese production for 2016.
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5.4.3.3 Processing of non-metallurgical chromite grades

Refractory-grade chromite is used chemically unmodified. It requires a very low silica content
(typically 0.7% SiO,), and the amount of combined Cr,03; and Al,0s; not exceeding 57%. The
chromite is generally produced as a fine-grained concentrate from which most of the silica,
which occurs in the gangue, has been removed. Refractory chromite in its granular form
makes up the chromite foundry sand.

Chemical-grade chromite ore is processed, together with soda ash (sodium carbonate) by a
rotary kiln roasting process to produce sodium chromate. The sodium chromate is then
converted into a variety of chromium chemicals such as sodium dichromate, chromic acid and
chromium oxide, which are subsequently manufactured into other chromium compounds (such
as chromium (III) oxide).

Chromium metal is produced primarily through the aluminothermic process by the reduction of
chromium (III) oxide and by the electrodeposition process using a wide variety of electrolytes.
Chromium metal standard grades range from 99% to 99.4%.

5.4.3.4 World and EU production of chromium chemicals and chrome metal

No statistical data are available in the public domain for the production of chromium chemicals
and chrome metal. China holds the largest production capacity for the production of chromium
chemicals, and Russia for chromium metal (USGS 2019b).
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Figure 52: Global production capacity for chromium chemicals (left) and chromium
metal (right) in 2017 (USGS 2019b)

5.4.4 Supply from secondary materials/recycling

5.4.4.1 Post-consumer recycling (old scrap)

Stainless steel, which accounts for almost three-quarters of chromium’s consumption in the
EU, is commonly recycled in separated flows as its properties will be lost if mixed with common
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steel scrap. The post-consumer functional recycling of stainless steel reaches rates between
70% and 95%, depending on the product (BIO Intelligence Service 2015). In general, the
scrap content in the production of stainless steel is estimated at 60%, of which 25% consists
of old scrap and 35% of new scrap (BRGM 2017).

On the other hand, the detection and sorting of alloy steel products are more complicated;
thus, the majority of these products ends up in carbon steel (i.e. non-functional recycling)
(BIO Intelligence Service 2015). Non-ferrous alloys containing chromium (e.g. superalloys) are
also recyclable in the same application if the scrap is sorted for the production of the same
alloy. The other uses, such as leather tanning and pigments are dissipative (BRGM 2017).

According to (UNEP 2011), the global average end-of-life functional recycling rate (EOL-RR) for
chromium was estimated to be above 50%, the fraction of secondary (scrap) metal in the total
input to metal production to range between 10% and 25% (recycled content), and the share of
old scrap in the total scrap flow (old scrap ratio) to be above 50%.

According to data provided by the MSA study of chromium, in 2013 the end-of-life recycling
input rate (EOL-RIR) in the EU was 21%, the overall functional recycling rate (EOL-RR) was
48%, and the non-functional recycling rate was 24% (BIO Intelligence Service 2015).

Table 23: Material flows relevant to the EOL-RIR of chromium? in 2013. (BIO
Intelligence Service 2015)

MSA Flow Value (kt)

B.1.1 Production of primary material as main product in EU sent to processing in EU 278,621
B.1.2 Production of primary material as by product in EU sent to processing in EU 0
C.1.3 Imports to EU of primary material 801,796
C.1.4 Imports to EU of secondary material 90,060
D.1.3 Imports to EU of processed material 278,256
E.1.6 Products at end of life in EU collected for treatment 711,194
F.1.1 Exports from EU of manufactured products at end-of-life 8,588
F.1.2 Imports to EU of manufactured products at end-of-life 89,644
G.1.1 Production of secondary material from post consumer functional recycling in EU sent

to processing in EU 383,138
G.1.2 Production of secondary material from post consumer functional recycling in EU sent

to manufacture in EU 0

In 2013, the total EU production of crude stainless steel and alloy steel represented around
1,700 kt of chromium content, with an important input of 780 kt of chromium content as
scrap. Specifically, the input from old scrap from recycled end-of-life products was around 380
kt, imports of secondary material represented 90 kt, and 310 kt came from new scrap (BIO
Intelligence Service 2015).

The availability of stainless steel scrap is the limiting factor to higher use of scrap (BIO
Intelligence Service 2015). According to Eurostat data for the trade code HS 720421 “Waste
and scrap of stainless steel (excl. Radioactive, and waste and scrap of batteries and electric
accumulators)”, the EU is a net importer of recyclable stainless steel scrap with imports

40 EOL-RIR=(G.1.1+G.1.2)/(B.1.1+B.1.2+C.1.3+D.1.3+C.1.4+G.1.1+G.1.2)
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averaging to 480 kt and exports to 405 kt as an average in the 2012-2016 period (Eurostat
2019b). However, the domestic scrap availability is much lower than domestic demand.

5.4.4.2 Industrial recycling (new scrap)

In 2013, the input from new scrap from manufacturing and processing to the total chromium
demand for stainless steel and alloy steels was estimated at 310 kt. About 170 kt of chromium
in scrap were generated from the processing of steel in primary forms (“*home” scrap), and
directly remelted into new steel; 130 kt were generated as “new” scrap from the
manufacturing of finished products (BIO Intelligence Service 2015).

5.5 Other considerations

5.5.1 Environmental issues

The production of ferroalloys is highly energy-intensive as the ores are reduced in electric arc
furnaces; therefore, process emissions are intrinsic and unavoidable. With the technologies
currently available, the European industry already operates very close to maximum
thermodynamic efficiency, and the margin for future efficiency improvements and emissions
reduction is relatively small and hard to achieve (Euroalliages 2019) (Wyns, Khandekar, and
Robson 2018). A recent study commissioned by the EU Energy-Intensive sectors provides an
overview of technology solutions, with current TRL levels from 2 to 5, to reduce the carbon
footprint of the ferroalloys industry, i.e. switch to natural gas as energy source and reducing
agent, flue gas fermentation to produce biomass and fuels, off-gas processing for highly
efficient energy recovery, use of bio-carbon, and industrial symbiosis. The prevention of down-
cycling and the exploitation of e-waste is another identified strategy to enhance circularity and
reduce emissions in the ferroalloy sector (Wyns, Khandekar, and Robson 2018).

5.5.2 Contribution to low-carbon and green technologies

Ferrochromium is an essential material for the production of stainless steel and alloy steels,
therefore, chromium enables the low-carbon solutions associated with applications of
chromium-containing steels, e.g. speciality steels for lighter cars in the transport sector (Wyns,
Khandekar, and Robson 2018). Energy technologies in which chromium’s use is identified
include wind turbines, carbon capture and storage installations for low carbon-based power
generation, advanced ultra-supercritical gas-fired turbines (in nickel based components) for
electricity generation operating at higher temperature steam for advanced efficiency, in boilers
and pipework of advanced ultra-supercritical coal-fired power stations (World Bank 2017).

5.5.3 Health and safety issues

Chromium ions may be present in different oxidation states. The two most common oxidation
states for chromium ions are 3 and 6. Trace elements of trivalent chromium are required in the
human body to metabolise lipids and sugar; hence, chromium is used in many dietary
supplements. However, while chromium metal and Cr (III) ion are not considered toxic,
hexavalent chromium compounds are carcinogenic, toxic for reproduction and/or mutagenic,
properties critical for the human health and the environment. Many chromium compounds are
recognised as a substance of very high concern (SVHC) under the REACH regulation.
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Cr (VI) compounds have a harmonised classification:

- Carc. 1B

- Skin Sens. 1

- Aquatic Acute 1

- Aquatic Chronic 1

Chromium (VI) compounds are included in the Restriction List of the REACH Regulation (Annex
XVII), and they are subject to restrictions on the manufacture, placing on the market and use
(ECHA 2019b). As an example, cement and mixtures containing cement may not be placed on
the market or used, if they contain, when hydrated, more than 2 ppm of soluble chromium VI
of the total dry weight of the cement. Moreover, leather articles and articles containing leather
coming into contact with the skin shall not be placed on the market where they contain
chromium VI in concentrations equal to or higher than 3 mg/kg of the total dry weight of the
leather or the leather part.

In addition, several chromium (VI) compounds are included in the Authorization List of the
REACH Regulation (Annex XIV) which means that they cannot be marketed or used after a
specified date (the so-called "sunset date"), unless an approval is granted for their specific
use, or the use is exempted from authorisation (ECHA 2019a). The sunset date for chromium
trioxide, chromic and dichromic acid, sodium, potassium and ammonium dichromates,
potassium and sodium chromates took effect on the 21 of September 2017 (European
Commission 2013). Downstream users can continue using chromium (VI) compounds after the
sunset of the substance even if the Commission has not decided to grant or not to grant an
authorisation. This continuation is possible if a company up their supply chain has applied for
authorisation for its use before the latest application date, which was 21 March 2016 (ECHA
2017).

Directive 2000/53/EC on end-of-life vehicles restricts the use of hexavalent chromium on new
vehicles, while Directive 2011/65/EU on the restriction of the use of certain hazardous
substances in electrical and electronic equipment restricts the placing on the market of new
electrical and electronic equipment containing >0.1% hexavalent chromium.

In the defence sector, the European Defence Agency reported in October 2018 that hexavalent
chromium compounds are still used after the sunset date for the surface treatment of many
products, but in some circumstances, the hexavalent chromium and its compounds have been
already replaced by trivalent chromium-based processes. However, the performance in terms
of corrosion resistance is not equivalent, so further improvements are needed (EDA 2018).

At EU level, binding occupational exposure limit values*! (OELs) are set for chromium (II, III
and IV) to prevent occupational diseases or other adverse effects in workers exposed to
chromium in the workplace.*?

5.5.4 Socio-economic issues

South Africa, the leading supplier of chromium both at global and EU level, has a medium level
of governance. South Africa is placed in the 50-75th percentile range for all the governance
indicators, i.e. the rule of law, control of corruption, voice and accountability, government
effectiveness, regulatory quality, except for “political stability and absence of violence”

"1 “OEL means the limit of the time-weighted average of the concentration of a chemical agent in the air within the

breathing zone of a worker in relation to a specified reference period” (Skowron 2017)
*Cr 11 & Cr Il IOELV 2006/15/EC & Cr VI BOEL 2017/2398/EC
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indicator, in which it ranks in the 25-50th percentile range. The other main global suppliers,
Kazakhstan, Turkey and India, have a lower level of governance, especially for the indicator
“political stability and absence of violence”, in the case of Turkey and India, and for the
indicators “voice and accountability” and “control of corruption” in the case of Kazakhstan.
(World Bank 2018)

5.6 Comparison with previous EU assessments

The assessment has been conducted using the same methodology as for the 2017 list. The
supply risk has been analysed at both stages of the value chain: mining (chromite) and
processing (ferrochrome). Chromium was identified as critical in the 2014 assessment,
whereas it was considered non-critical in the 2011 and 2017 exercises. The calculations of the
Supply Risk (SR) for 2010 and 2014 lists have been performed for the mining stage, whereas
in the 2017 assessment the results were based on the analysis of the processing stage only.
The result of the current and previous assessments are shown in Table 24.

Table 24: Economic importance and supply risk results for chromium in the
assessments of 2011, 2014, 2017, 2020 (European Commission 2011)(European
Commission 2014)(European Commission 2017)

Assessment 2011 2014 2017 2020
Indicator EI SR EIl SR EI SR EI SR
Chromium 9.9 0.8 8.9 1.0 6.8 0.9 7.3 0.9

The revised criticality methodology affects both the economic importance and supply risk
calculations of chromium, which explains the differences in EI and SR results across the
2011/2014 and the 2017/2020 assessments. For example, the decrease of economic
importance of chromium between 2014 and 2017 is an interpretation biased by the change in
methodology. More precisely, since 2017, the value-added for the calculation of economic
importance is related to 2-digit NACE sectors rather than a ‘megasector’, which was used in
the 2011 and 2014 assessments.

The Supply Risk (SR) was calculated using both the HHI for global supply and EU supply as
prescribed in the revised methodology. According to the results, the processing stage has a
marginally higher supply risk (SR=0.86) than the mining stage (SR=0.85), and it is practically
equal to the 2017 result (SR=0.90). The stage with the highest score has been considered as
representing the overall supply risk for chromium, i.e. processing stage, with SR=0.86
(rounded to 0.9).

For the economic importance indicator (EI), the same allocation of end uses and corresponding
2-digit NACE sectors was applied in the 2017 and the current assessment. The increase in EI in
comparison to the 2017 assessment is because of the results scaling step*’, as the value-
added of the largest manufacturing sector in the current assessment is lower as it corresponds
to 27 Member States (i.e. excluding UK), whereas in the 2017 assessment it was related to
EU28.

In the 2020 assessment, the EI for chromium (EI=7.3) meets the minimum EI criticality
threshold, however its SR result (SR=0.9) does not. Even though in the 2017 and 2020

* The results are scaled by dividing the calculated El score by the value of the largest manufacturing sector NACE Rev.
2 at the 2-digit level and multiplied by 10, in order to reach the value in the scale between 0-10.
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exercises chromium is not considered as a critical raw material, it should be underlined that it
is close to the supply risk threshold.

5.7 Data sources

The source of production data for the extraction stage was ‘World Mining Data’ developed by
the Austrian Ministry for Sustainability and Tourism and the International Organising
Committee for the World Mining Congress, with the exception of mine production from Finland
for which data provided by the Geological Survey of Finland were used. The British Geological
Survey’s ‘World Mineral Statistics’ was the source of ferrochrome production data,
complemented with data for the Chinese production published by the US Geological Survey
and the International Chromium Development Association’s statistical bulletin provided by
Euroalliages. Trade data used in the assessment were sourced from Eurostat’'s Comext
database, whereas the dataset developed by the EU MSA study of chromium was the source
for the EOL-RIR.

The amount of chromium which exits and enters the EU economy via crude stainless steel,
chromium metal and chromium chemicals, and scrap trade has not been taken into account in
the assessment. The overall consumption of chromium and its compounds is difficult to
evaluate because of the multitude of steel and alloys in which it enters with varying
proportions.
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6. COPPER

6.1 Overview
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Figure 53: Simplified value chain for copper in the EU, average 2012-2016**

Copper (chemical symbol Cu; from Latin “cuprum”) is a ductile, reddish metal, used since the
early days of human history. It is an important trace element for many living organisms,
including humans (Lossin, 2001). There are over 150 identified copper minerals, but only
around ten of them are of economic importance. About half of world’s copper production is
mined from chalcopyrite (CuFeS,) (BGS, 2007). Copper does not react with water, but slowly
reacts with atmospheric oxygen. This oxidation forms a thin protective layer of brown-black
copper oxide that prevents the bulk of the copper from being oxidised. In the absence of air
copper is also resistant to many acids such as hydrochloric acid, sulphuric acid or acetic acid

(Rédmpp, 2006).
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44 . . .
JRC elaboration on multiple sources (see next sections).
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Figure 54: End uses (Gloeser et al., 2013a; ICA, 2012; SCRREEN, 2019)and EU
sourcing of copper (ore stage), average 2012-2016

In most applications it is used for its very high thermal and electrical conductivity in
combination with ductility and corrosion resistance. Today copper is the most frequently used
heavy non-ferrous metal. It is used as pure metal but often also in form of its two common
alloys: brass and bronze.

For the purpose of this assessment copper at both mine stage and processing stage are
analysed. At mine stage, copper is assessed in the form of “ores and concentrates”. At this
stage copper is traded as concentrate. Depending on the source ores, their mineral
assemblages, and the concentration technology, also the copper concentrates show a wide
range of copper content, from about 10 to40% (Langner, 2011; Da Silva, 2019; Salomon-de-
Friedberg and Robinson, 2015). For the calculation of the criticality assessment, an estimated
average of 20% copper was assumed contained in the trade flows (CN 2603 00 00). At
processing stage, refined copper is estimated as pure, with trade flows ,refined copper®
showing at least 99,85% by weight (CN 7403 11 00).*°

The world mine production of copper in 2017 was 20 Mtonnes, while the world marked of
refined copper was about 24 Mtonnes (ICSG, 2019a). Three commodity exchanges provide the
facilities to trade copper: The London Metal Exchange (LME), the Commodity Exchange
Division of the New York Mercantile Exchange (COMEX/NYMEX) and the Shanghai Futures
Exchange (SHFE). The average price of grade A copper on the London Metal Exchange
between 2011 and 2015 was 7,292.49 USD per tonne. The volatility of the price was relatively
low in that period (DERA, 2016).

The average EU apparent consumption of copper in the period between 2012 and 2016 was
about 2.57 Mtonnes per year. Major end uses were components and households (22%), tubes,
plates and wire (21%), machinery (15%), digital appliances (14%), ships, trucks and armored
vehicles (10%), and automotive (6%).

The biggest share of the refined copper supply was sourced from within the EU, namely the
following member states (Figure 54): Germany (22%), Poland (18%), Spain (13%) and
Belgium (13%). They made up two thirds of the average total sourcing for the period 2012-
2016. By far the largest non-EU supplier was Russia (7%), followed by Kazakhstan, United
Kingdom, Serbia and South Africa (each 1%). The world’s main producers of refined copper,
China, Chile and Japan, seem to direct their refined copper to other destination outside the EU
or use the commodity themselves.

Due to its unique properties, copper is crucial for many applications. Copper is the best
electrical conductor after silver and is used in the production of energy-efficient power circuits.
As it is also corrosion resistant, ductile and malleable, it is mainly applied in all types of wiring;
from electric energy supply from the power plant to the wall socket, through motor windings
for electrical motors, to connectors in computers.

Copper is used in many forms in buildings including wiring, pipes and fittings, electrical outlets,
switches and locks. It is corrosion resistant, antibacterial and impermeable and thus has been
used in the production of water pipes for at least 4500 years (ECI, 2016a). Copper roofing is
another common application where it is used for its functionality and architectural
characteristics (ECI, 2016a).

*EU trade is analysed using product group codes. It is possible that materials are part of product groups also
containing other materials and/or being subject to re-export, the "Rotterdam-effect". This effect means that materials
can originate from a country that is merely trading instead of producing the particular material.
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Copper and its alloys, mainly brass and bronze, are important raw materials for many kinds of
mechanical parts such as sleeve bearings and other forged parts (CDA, 2016). In the
automotive and transport sector, copper is an essential metal; there is an average 25 kg
copper in every car. Aside from its use in electrical parts, copper is used in heat exchangers
and radiators due to its high thermal conductivity. The development of modern hybrid cars - in
which an electrical motor supports the combustion engine - leads to an even higher copper
consumption in cars (ECI, 2016a).

For the main applications possible substitutes are as follows (Gléser et al., 2013b; BGS, 2007):

e in electrical applications, aluminium can replace copper wiring, though it is prone to
conduction loss through corrosion

e in telecommunications, cables made from optical fibres can substitute for copper wire

e for pipes and plumbing fixtures, plastics can replace copper

e for heat exchangers, titanium, stainless steel, aluminium or plastics can substitute for
copper, depending on the requirements of the application (temperature, aggressive
fluids, etc.).

Copper is essential for low-carbon technologies in the broad areas of transport (energy
infrastructure, hybrid & electric vehicles and associated charging infrastructure); wind power
(cabling and temperature control within wind turbines); solar power (heat exchangers of solar
thermal systems, photovoltaic panels), tidal generation (ECI, 2012; Euromines, 2019a)

2014 USGS global assessment indicated that global identified copper resources contained
about 2,100 Mtonnes of copper (porphyry deposits accounted for 1,800 Mtonnes of those
resources), and undiscovered resources contained an additional estimated 3,500 Mtonnes
(USGS, 2019). Europe has significant copper deposits such as resources of about 34 Mtonnes
of copper in Poland (USGS, 2013). The world known reserves of copper amount 830 Mtonnes
(USGS, 2019), mainly located in America (Chile, USA, Peru and Mexico).

Resources and reserves data are available for several countries in Europe at the European
Minerals Yearbook (see Table 28, Table 29) (Minerals4EU, 2019). EU resources are located in
Poland, Spain, Ireland, Sweden and Finland

Global production of copper between 2012 and 2016 amounted to 22.0 Mtonnes per year in
average. The global production of refined copper is rising since the beginning of data
recording, reaching an all-time high of 23.5 Mtonnes in 2017 (ICSG, 2019a).

Most of the copper is used in its metallic form or in copper alloys. Thus, nearly all copper
products can be recycled over and over again without loss in product properties (DKI, 2016).
Only very minor copper usages are dissipative, like copper in fungicides.

Most of the recycled copper originates from scrap different than end-of-life scrap (i.e. new or
old primary scrap). Depending on its impurity content, the scrap must be conditioned and is
then used for smelting and casting new products (Lossin, 2001).

The end-of-life recycling input rate for copper in the EU is estimated to be 17% for the
criticality assessment.

There are no export quota or prohibition in place between the EU and its suppliers (OECD,
2016). Export taxes have been raised by two EU suppliers of copper concentrates: Indonesia
(20-60%, eliminated in 2016) and Argentina (10%, eliminated in 2016). Also two EU suppliers
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applied export tax on refined copper: 10% *in China and 10% in Russia (eliminated in
2014) (OECD, 2018).

6.2 Market analysis, trade and prices

6.2.1 Global market analysis and outlook

The copper price formation takes place predominantly in three commodity exchanges: The
London Metal Exchange (LME), the Commodity Exchange Division of the New York Mercantile
Exchange (COMEX/NYMEX) and the Shanghai Futures Exchange (SHFE). On the LME, copper is
traded in 25 tonne lots and quoted in US dollars per tonne; on COMEX, copper is traded in lots
of 25,000 pounds and quoted in US cents per pound; and on the SHFE, copper is traded in lots
of 5 tonnes and quoted in Renminbi per tonne. More recently, mini contracts of smaller lots
sizes have been introduced at the exchanges.(ICSG, 2019a) The exchanges facilitate to hedge,
store and to a limited degree also trade copper.

According to Marscheider-Weidemann et al. (2016) copper demand will grow in the coming
decades. As electric vehicles imply increased copper demand, the shift from cars with
combustion engines to electric vehicles will amplify that demand from the transport sector
(SGU 2019). The usage of electrical motors in both industrial applications and electrical
vehicles thus will lead to additional demand for copper.

Given the global volume of identified and undiscovered resources (USGS, 2019), there is good
evidence that global reserves of copper can continue to meet expected demand increases. For
a qualitative forecast of supply and demand of copper see Table 25.

Table 25: Qualitative forecast of supply and demand of copper

Criticality of the
Materials material in 2020 Demand forecast Supply forecast
Yes No 5 years 10 years 20 years 5 years 10 years | 20 years
Copper X + + + + + +

6.2.2 EU trade

For the purpose of this assessment copper at both mine stage and processing stage are
analysed. At mine stage, copper is assessed in the form of “ores and concentrates”, with an
estimated average of 20% copper contained in the trade flows (CN2603 0000)*’. As copper is
commonly not traded as ore, but in the form of concentrates (and mattes), the average
percentage and the following figures refer to concentrates.

The average EU imports of copper ores and concentrates for the period 2012-2016 amounted
to 766 ktonnes. The EU imported from 24 supplier countries, many of them with very minor
tonnages (practically all in form of concentrates). According to Eurostat ComExt data, the main
countries, from which the EU imported, were Chile (27%), followed by Peru (19%) and Brazil

*® For 99.9999%>copper content>99.9935%, a reduced export tax of 5% was applied.

Y EU trade is analysed using product group codes. It is possible that materials are part of product groups also
containing other materials and/or being subject to re-export, the "Rotterdam-effect". This effect means that materials
can originate from a country that is merely trading instead of producing the particular material.
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(14%), related to the average for the period 2012-2016. Other notable originating countries
were Argentina and Canada (each 7%), United States (5%). The shares of the importers are
shown in Figure 55.

Within the EU, major international importers of ores and concentrates are Germany, Bulgaria,
and Finland (ICSG, 2019a).
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Figure 55: EU imports of copper ores and concentrates, average 2012-2016
(Eurostat, 2019a)

For the period 2012-2016, the EU is a clear net importer of copper ores and concentrates
(Figure 56).
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Figure 56: EU trade flows for copper ores and concentrates 2012-2016
(Eurostat Comext, 2019a)
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The EU imported for the period 2012-2016 in average 334 ktonnes per year of refined copper.
Russia is by far the most important supplier of refined copper to the EU, taking almost 67%, or
224 ktonnes per year, of the import share to the EU (Figure 57). Kazakhstan and United
Kingdom follow with 10% and 6%, respectively, while the imports from the UK are re-exports
(Euromines, 2019b). The world’s main producers of refined copper, China, Chile and Japan,
seem to direct their refined copper production to other destination outside the EU or use the
commodity themselves.

Germany, Italy and the Netherlands are among the major international importers of refined
copper, while the Netherlands is also among the major exporters of refined copper (ICSG,
2019).
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Figure 57: EU imports of refined copper, average 2012-2016
(Eurostat, 2019a)

In the period 2012-2016, the EU foreign trade pattern of refined copper changed basically.
While the exports almost halved (-44%), the imports almost doubled (+88%). This way the EU
changed from a net exporter (about 350 ktonnes per year in 2012 and 2013) to a net importer
(140 ktonnes per year in 2016).
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Figure 58: EU-27 trade flows for refined copper 2012-2016
(Eurostat, 2019a)

There are no export quota or prohibition in place atthe suppliers of the EU (OECD, 2018).
Export taxes have been raised by two EU suppliers of copper concentrates: Indonesia (20-
60%, eliminated in 2016) and Argentina (10%, eliminated in 2016). Also two EU suppliers
applied export tax on refined copper: China (10% “®) and Russia (10%, eliminated in
2014) (OECD, 2018).

6.2.3 Prices and price volatility

Important trading platforms are the London Metal Exchange (LME), the New York Commodities
Exchange (COMEX), the Shanghai Futures Exchange (SHFE). Commonly, copper prices are
determined by supply and demand. Copper is the industry metal that is considered being
traded most intensely. Further factors influencing the price are exchange rates, speculations,
and information on production downtimes (DERA, 2013).

Figure 59 shows how the global supply and demand influenced copper prices during the last
century (DERA, 2013). There have been several price peaks: the first one due to the First
World War and the second due to the Vietham War. However, in the early 1970s, demand from
the military was still so high that prices went up dramatically, until the first oil crisis induced a
price decrease. Between 2003 and 2011 (Euromines, 2019b), an economic boom in Asia, low
production figures and low copper stocks led to an excess of demand over supply, implying a
significant price increase. Since then the global recession has reduced demand and hence
prices (Figure 60).

*® For 99.9999%>copper content>99.9935%, a reduced export tax of 5% was applied.
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Figure 59: Global developments in price of copper (constant prices), average 1906-
2013 (DERA, 2013, translated to English by Fraunhofer ISI)
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Figure 60: Monthly average cash price for copper in USD per tonne
(LME, 2017)

The average price of grade A copper®® on the London Metal Exchange between 2014 and 2018
was 5,982.04 USD per tonne. The volatility of the price was relatively low in that period
(15%)(DERA, 2019a). The price decreased slightly in the period October 2017 to October
2019, reaching 5.742,00 USD per tonne in October 2019 (Figure 61) (DERA, 2019b).

9 LME, grade A, cash, in LME warehouse
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Figure 61: Monthly average cash price for copper in USD per tonne
(DERA, 2019b)

The long-term prices of copper are shown in Figure 62. The price curve shows real prices.
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Figure 62: Copper prices in USD per tonne. Vertical dashed line indicate breaks in
price specification.(Buchholz et al., 2019)

6.3 EU demand

Generally, the annual global demand in copper has been increasing consecutively since the
1950s. In 2018, the global apparent consumption of copper has reached a maximum of
24.5 Mtonnes pear year.(ICSG, 2019a)

6.3.1 EU demand and consumption

The apparent EU consumption of refined copper was about 2.6 Mtonnes per year on average
between 2012 and 2016, which was also used for the criticality assessment. The International
Copper Study Group suggests a larger use of refined copper, 4.1 Mtonnes in 2016 (ICSG,
2019b).

6.3.2 Uses and end-uses of Copper in the EU

Copper is crucial for several applications due to its unique properties. It is the best electrical
conductor after silver and is used in the production of energy-efficient power circuits. As it is
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also corrosion resistant, ductile and malleable, its main application is in all types of wiring;
from electric energy supply from the power plant to the wall socket, through motor windings
for electrical motors, to connectors in computers.

Copper is used in many forms in buildings including as wiring, pipes and fittings, electrical
outlets, switches and locks. It is corrosion resistant, antibacterial and impermeable and thus
has been used in the production of water pipes for at least 4,500 years (ECI, 2016a). Copper
roofing is another common application where it is used for its functionality and architectural
characteristics (ECI, 2016a).

Copper and its alloys, mainly brass and bronze, are important raw materials for many kinds of
mechanical parts such as sleeve bearings and other forged parts (CDA, 2016). In the
automotive and transport sector, copper is an essential metal; on average there are 25 kg
copper in every car. Aside from its use in electrical parts, copper is used in heat exchangers
and radiators due to its high thermal conductivity. The development of modern hybrid cars - in
which an electrical motor supports the combustion engine - leads to an even higher copper
consumption in cars (ECI, 2016a).

The end uses of copper are shown in Figure 63.
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Figure 63: EU end uses of copper. Average figures for 2012-2016
(Gloeser et al. 2013a; ICA, 2012; SCRREEN, 2019)

For comparison purposes, Figure 64 shows the global end use sectors in 2018.
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(ICSG, 2019a).

Relevant industry sectors are described using the NACE sector codes (Eurostat, 2016c). The
calculation of economic importance is based on the use of the NACE 2-digit codes and the
value added at factor cost for the identified sectors (Table 26).

Table 26: Copper applications, 2-digit NACE sectors, associated 4-digit NACE sectors,
and value added per sector (Eurostat, 2019c)

Value added
Applications | 2-digit NACE sector 4-digit NACE sector of sector
(millions €)

Oxides and | C20 - Manufacture of chemicals | C20.13 - Manufacture of 105,514
dopants and chemical products other inorganic basic

chemicals
Electrolytic C24 - Manufacture of basic | C24.20 -Manufacture of 55,426
refined metals tubes, pipes, hollow
copper profiles and related

fittings, of steel
Tubes, C25 - Manufacture of fabricated | C25.91 - Forging, 148,351
plates, wire metal products, except | pressing, stamping and

machinery and equipment roll-forming of metal;

powder metallurgy
Digital C26 - Manufacture of computer, | C26.11 - Manufacture of 65,703
appliances electronic and optical products electronic components
Components | C27 - Manufacture of electrical | C27.32 -Manufacture of 80,745
and equipment other electronic and
household electric wires and cables
Machinery C28 - Manufacture of machinery | C28.15 -Manufacture of 182,589

bearings, gears, gearing

110




Applications

2-digit NACE sector

4-digit NACE sector

Value added
of sector
(millions €)

and equipment n.e.c.

and driving elements

Automotive C29 - Manufacture of motor | C29.20 - Manufacture of 160,603
parts vehicles, trailers and semi- | bodies (coachwork) for
trailers motor vehicle
Ships, trucks | C30 - Manufacture of other | C30.20 -Manufacture of 105,514
and transport equipment railway locomotives and
armoured rolling stock
vehicles
Subparts of | C31 - Manufacture of furniture C31.01 -Manufacture of 26,171
interior office and shop furniture
Jewellery C32 - Other manufacturing C32.11 - Manufacture of 39,160
jewellery and related
articles
6.3.3 Substitution

The unique properties of copper make it difficult to substitute in various applications, especially
due to its thermal and electrical conductivity. For main applications possible substitutes are as

follows (Gldser et al., 2013b; BGS, 2007; USGS, 2019):

e in electrical applications, aluminium can replace copper in electrical equipment like

wiring or power cables though it is prone to conduction loss through corrosion;

e in telecommunication applications, cables made from optical fibres can substitute for

copper wire;

o for pipes and plumbing fixtures, plastics can replace copper, for example in and water

pipes, plumbing fixtures, and drain pipes;

e for heat exchangers, titanium, stainless steel, aluminium or plastics can substitute for
copper, depending on the requirements of the application (temperature, aggressive
fluids, etc.). For example, aluminum can substitutes copper in automobile radiators, or

cooling and refrigeration tubes.

For each application, the sum of the shares of the substituting materials are assumed to make
up 50%. This is rather a high estimate, since there are relatively few technical impediments
(Tercero Espinoza et al., 2013) to substitute copper as described above. The substitution

decision is commonly based on an economic and technical performance of the substitute.

6.4 Supply

The copper flows through the EU economy are shown in Figure 65.
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Figure 65: Simplified MSA of copper flows in the EU in 2014 (Passarini et al., 2018)

6.4.1 EU supply chain

Mining activity in the EU mainly takes place in Poland, Spain, Bulgaria, Sweden, Portugal, and
Finland. In addition, small amounts are mined in Romania, Cyprus and Slovakia. The total
mining production was 792 ktonnes per year on average annually between 2012 and 2016.
Further minor amounts of copper mining in Europe are reported in Serbia and Albania.(WMD,
2019)

In 2016, the EU’s refined copper production was 2.71 Mtonnes, representing 12% of worldwide
production (BGS, 2019). The main copper refinining member states are Germany, Poland,
Spain, and Belgium. The final products from smelting and refining (copper cathodes) are made
through electrolytic processes. These are either sold directly into the market, or melted and
cast into shapes, typically referred to as billets and cakes, for easier processing by
downstream users (ECI, 2016b).

Further downstream in the EU, many companies operate in the semi-fabricated products
sector. About 80 companies, employing some 35,000 people throughout the EU-28, produce
copper and copper alloy rods, bars, wires, sections, tubes, sheet and strip. Around 30
companies have integrated foundries, for the in-house production of cakes, billets and other
shapes while the others purchase their requirements on the merchant market (ECI, 2016b).

At the ores and concentrate stage, the import reliance of the EU is 44%. Figure 66 presents
the EU sourcing (domestic production plus imports) for copper concentrates. At the metal
stage, there is no import reliance as EU exports exceed the imports.
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Figure 66: EU sourcing (domestic production plus imports) of copper ores and
concentrates, average 2012-2016 (WMD, 2019; Eurostat, 2019a).

Several countries have restrictions concerning trade with copper ores and concentrated (OECD,
2016). According to the OECD “s inventory on export restrictions, Indonesia and Mongolia show
export taxes bigger than 25%. Further countries with export taxes on ores and concentrates
are Zambia (15%), China (10%), Democratic Republic of Congo (DRC) (10%), and Argentina
(10%). Several of these countries also require a licensing agreement. Indonesia has shifted its
export tax in 2012 several times (even prohibited exports temporarily), only to remove
restrictions afterwards. Indonesia has issued an export ban for a couple of months in 2014,
with partial lifts of the bans after that time. Of the countries listed, only Argentina and
Indonesia have been EU suppliers in the period 2012-2016.

Less countries have restrictions in place concerning trade with refined copper: China, Russia
and DRC apply export taxes below 25% on refined copper, of which only China and Russia
exported to the EU in the period 2012-2016. There is also a wide range of other countries
imposing trade restrictions on products with a high percentage of copper content.

6.4.2 Supply from primary materials

6.4.2.1Geology, resources and reserves of copper

Geological occurrence: The presence of copper in the earth’s crust ranks it as a moderately
present element, with 28 parts per million upper crustal abundance (Rudnick & Gao, 2014).
Copper combines with numerous elements and more than 150 copper minerals have been
identified (BGS, 2007). The most important minerals for copper extraction are chalcopyrite
(CuFeS,) and chalcocite (Cu,S). Further relevant copper minerals are chrysocolla
(Cu4H4[(OH)g|Si4010] - n H,O) and malachite (Cu,[(OH),|CO3])(MEC, 2019). Copper is one of
the few metals that occurs sometimes in nature in a directly usable metallic form (“native
metal”).



Copper deposits are found worldwide in a variety of geological environments (BGS, 2007).
Hydrothermal deposits are most significant on a global scale, although magmatic and
supergene deposits are locally important. Porphyry copper deposits are currently the world’s
main source of copper (50-60% of world production), with copper grades generally from 0.2%
to > 1% (BGS, 2007). They occur in Canada, Chile, Indonesia, Philippines and Papua New
Guinea but also in Sweden, Greece and Bulgaria. Sediment-hosted deposits, mainly located in
the Central African Copperbelt, but also Poland and Germany, are the world’s second most
important source of copper (about 20% of world production), grading about 2% copper.
Volcanogenic massive sulphide (VMS) deposits are also important sources of copper, with
grades at 1% copper (BGS, 2007). A major VMS deposit currently mined is Cobre Las Cruces,
Andalusia, Spain.

The Minerals4EU (2019) reports that some exploration projects in Europe for copper are done
in Greenland, UK, Spain, Portugal, Sweden, Switzerland, Macedonia, Kosovo, Albania, Ukraine,
Poland, Czech Republic, Slovakia, Hungary and Romania. Moreover, Greece and Bulgaria are
major porphyry copper targets, with two significant exploration projects going on.

Global resources and reserves®’: 2014 USGS global assessment of copper deposits
indicated that identified resources contain about 2,100 Mtonnes of copper (porphyry deposits
accounted for about 1,800 Mtonnes of those resources), and undiscovered resources contained
an estimated 3,500 Mtonnes (USGS, 2019a).

The world known reserves of copper amount to 830 Mtonnes (USGS, 2019), mainly located in
America (Chile, Peru, Mexico and USA), see Table 27. Further extensive reserves are also
reported for Australia, Russia and Indonesia.

Table 27: Global reserves of copper in year 2019 (USGS, 2019).

Percentage of total

Country Copper reserves (Mt) (%)
Chile 170 21
Australia 88 11
Peru 83 10
Russia 61 7
Indonesia 51 6
Mexico 50 6
United States 48 6
China 26 3
Dem. Republic Congo 20,000,000 2
Zambia 19 2
Other countries 210 25
World total (rounded) 830 100

% There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria to
deposits of copper in different geographic areas of the EU or globally. The USGS collects information about the
guantity and quality of mineral resources but does not directly measure reserves, and companies or governments do
not directly report reserves to the USGS. Individual companies may publish regular mineral resource and reserve
reports, but reporting is done using a variety of systems of reporting depending on the location of their operation,
their corporate identity and stock market requirements. Translations between national reporting codes are possible
by application of the CRIRSCO template.so, which is also consistent with the United Nations Framework Classification
(UNFC) system. However, reserve and resource data are changing continuously as exploration and mining proceed and
are thus influenced by market conditions and should be followed continuously.
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EU resources and reserves’': Europe has significant copper deposits in Poland with
resources of about 34 Mtonnes of copper (USGS, 2013). Resource data for some countries in
Europe are available in the Minerals4EU (2019) website (see Table 28) but cannot be summed
as they are partial and they do not use the same reporting code.

Table 28: Resource data for the EU compiled in the European Minerals Yearbook
(Minerals4EU, 2019).

Country Reporting Quantity Unit Grade Code Resource
code Type
Albania Nat. rep. 66,703 Mt 1-4% Cat A
code
Czech _ Nat. rep. 49 Kt 0.45% Potentlal.ly
Republic code economic
Finland NI43-101 342 Mt 0.23% Measured
JORC 521 Mt 0.13% Measured
Greece USGS 2.8 Mt - Measured
Russian - 3 3
Hungary Classification 129.7 Million m 1.71 t/m A+B
Ireland  None 14.13 Mt 0.85% Historic Resource
Estimates
Macedonia =X~ . 35.3 Mt 0.42% A
Yugoslavian
Norwa NI43-101 4.63 Mt 0.12% Indicated
Y JORC 10.65 Mt 1.03% Indicated
Poland Nat. rep. 32.8 Mt 1.93% A+B+C1
code
Portugal NI43-101 33.95 Mt 1.68% Measured
Romania UNFC 448 Mt - 333
Serbia  N143-101 65.3 Mt 2.6% Inferred
Slovakia None 43.92 Mt 0.72% Not specified
Spain Various 17.97 Mt 0.99% Measured
NI43-101 5.02 Mt 2.2% Measured
Sweden JORC 0.493 Mt 0.7% Measured
FRB-standard 528.9 Mt 0.21% Measured
Turke NI43-101 4.46 Mt 2.67% Measured
Y JORC 36.26 Mt 1.95% Measured
UK NI43-101 0.023 Mt 0.02% Measured
JORC 2.114 Mt 0.58% Indicated
Ukraine ~ russian 31.1 kt - P1

Classification

> For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
copper. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for copper,
but this information does not provide a complete picture for Europe. It includes estimates based on a variety of
reporting codes used by different countries, and different types of non-comparable datasets (e.g. historic estimates,
inferred reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the CRIRSCO
template is not always possible, meaning that not all resource and reserve data for copper the national/regional level
is consistent with the United Nations Framework Classification (UNFC) system (Minerals4EU 2019).Many documented
resources in Europe are based on historic estimates and are of little current economic interest. Data for these may not
always be presentable in accordance with the UNFC system. However a very solid estimation can be done by experts.
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Reserve data for some countries in Europe are available at the Minerals4EU website (see Table
29) but cannot be summed as they are partial and do not use the same reporting code.

Table 29: Reserve data for the EU compiled in the European Minerals Yearbook
(Minerals4EU, 2019)

Country Reporting Quantity Unit Grade Code Reserve Type
code

Finland NI43-101 1.5 Mt 0.27% Proved
JORC 189 Mt 0.8% Proven

Macedonia Ex - , 35.31 Mt 0.42% A
Yugoslavian

Poland Nat. rep. code 23.67 Mt - Total

Portugal NI43-101 16.52 Mt 1.82% Proven

Romania UNFC 98 Mt - 121

Spain various 10.13 Mt 2.58% Proven

Sweden NI43-101 3.8 Mt 2.2% Proven
FRB-standard 516.2 Mt 0.24% Proven

Turkey NI 43-101 4.49 Mt 3.02% Proven

6.4.2.2World and EU mine production

The annual global production of copper ore between 2012 and 2016 was 18.7 Mtonnes per
year on average. Figure 67 shows that Chile is the leader in world copper mining, with about
5.7 Mtonnes per year in the period 2012-2016, accounting for almost one third of world mine
production. Together with China (9%), Peru (9%), and the USA (7%), the four largest mining
countries share more than half of the world mine production. In recent decades there has been
a strong growth in production in South America, mainly in Chile (from 16% in 1985 to 30% of
world production today) (BGS, 2007; WMD, 2019). Asian production is also growing (e.g.
China’s production increased from less than 4% in 1994 to 9% today) (USGS, 2019a; WMD,
2019). Many of the world’s largest copper mines are located in the American Cordillera:
Escondida and Collahuasi in Chile are the two mines with the largest production capacity in
2019, followed by Buenavista del Cobre in Mexico, Morenci in the United States, and by Cerro
Verde II and Antamina in Peru (ICSG, 2019a).

European mine production is dominated by the production in Poland which accounts for over
half of copper mining in Europe (WMD, 2019).
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Figure 67: Global and EU mine production of copper, average 2012-2016 (WMD,
2019)

6.4.3 Supply from secondary materials/recycling

Most of the copper is used in its metallic form or in copper alloys. Thus, nearly all copper
products can be recycled over and over again without loss in product properties (DKI, 2016).
Secondary copper constitutes a significant input to the processing. Globally, 8,400 ktonnes of
copper were recycled in 2017 (ICSG, 2019a). As European mined copper is not sufficient to
meet demand, the EU is highly dependent on refining and on smelting imported concentrates
as well as on recycling production scrap and end-of-life products (BGS, 2007). In the EU, the
processing included 1,959 ktonnes of secondary copper in 2014, the majority of which
originating from domestic EU manufacturing (47%) and end-of-life collection and recycling
(37%) (Passarini et al., 2018).

6.4.3.1Post-consumer recycling (old scrap)

End-of-life recycling input rate (EoL-RIR) for copper is estimated at 17% for the criticality
assessment, based on the results of the Material System Analysis on copper (Table 30) (Ciacci
et al., 2018). This value is used for the criticality assessment.

The global ten year-average (2008-2017) of the EoL-RIR is 17% and supports the order of
magnitude also for the EU (ICSG, 2019a).
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Table 30: Material flows relevant to the EoL-RIR of copper

‘ MSA Flow Value (t)
B.1.1 Production of primary material as main product in EU sent to processing in EU 356'215
B.1.2 Production of primary material as by product in EU sent to processing in EU 0
C.1.3 Imports to EU of primary material 2'621'444
C.1.4 Imports to EU of secondary material 305'484
D.1.3 Imports to EU of processed material 300492
E.1.6 Products at end of life in EU collected for treatment 2'625'328
F.1.1 Exports from EU of manufactured products at end-of-life 595
F.1.2 Imports to EU of manufactured products at end-of-life 0
G.1.1 Production of secondary material from post consumer functional recycling in EU 729’568
sent to processing in EU
G.1.2 Production of secondary material from post consumer functional recycling in EU 0

sent to manufacture in EU

Values from primary material input, recycled end-of-life material, scrap used in fabrication
(new and old scrap) and scrap used in production (new and old scrap), found in (UNEP, 2011),
imply a much higher EoL-RIR (55%).

6.4.3.2Industrial recycling (new scrap)

Most of the recycled copper originates from scrap different than end-of-life scrap (i.e. new
scrap). Depending on its impurity content, the scrap must be conditioned and is then used for
smelting and casting new products (Lossin, 2001).

6.4.4 Processing of Copper

There are three main techniques for mining copper: open pit mining, underground mining and
leaching operations (heap leaching, and to a minor extent also in-situ leaching)(Euromines,
2019b). Open pit mining is the most common form and appropriate for low grade ores that are
close to the surface (< 100 m). For example the open pit copper mines at Bingham Canyon in
Utah, USA, and Chuquicamata in Antofagasta, Chile, belont to the largest man-made
excavations in the world. Underground mining is suitable for higher grade ores and carried out
for example in the Lubin mine, Poland. With in-situ leaching a weak sulphuric acid leach
solution is pumped through lower grade ore bodies to dissolve copper. This technique is used
for example in the Mufulira mine (Mopani Copper Mines) in the Zambian Copperbelt.

Mined ores generally contain 0.5 to 3% copper. The first phase in processing the ore is
concentration which increases the copper content to 25 to 35%. This is carried out at the mine
site, involving crushing and grinding, followed by physical processing and separation stages.
The conversion into pure copper is done using two techniques: pyrometallurgical processes
(including smelting and electrolytic refining) and hydrometallurgical processes (including
leaching, solvent extraction and electro-winning).

Figure 68 shows the production figures and the country shares of the global production and the
EU production, respectively, of refined copper. The global production of refined copper is rising
steadily since 2003, reaching an all-time high of 23.5 Mtonnes in 2017 (ICSG, 2019a).
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Figure 68: Estimation of global (left) and EU (right) production capacity of refined
copper, average 2012-2016 (BGS, 2019; Eurostat, 2019a).

6.5 Other considerations

6.5.1 Environmental and health and safety issues

The REACH regulation has an impact on the use of copper in chemicals placed on the market.
Despite improvements in accurate registration, authorisation and restriction of substances,
industrial stakeholders’ flag a need to assess risks from the manufacturing and use of
hazardous substances and mixtures in a more evidence-based and less precautionary way
(Eurometaux, 2016).

According to ICA (2019)°?, the recycling and reuse intensity of water at production sites has
almost doubled from 2011 (192 m3/tonne copper) to 2017 (382 m>/tonne copper). In the
same period, the carbon dioxide emissions intensity increased by 14% (3.7-
4.2 tonnes CO,/tonne copper), and so did the energy intensity (+18%). Several Copper
Alliance members committed to use only renewable energy on site and to reduce fuel/energy
use.(ICA, 2019)

Investments in equipment and training, but also application of the standard Occupational
Health and Safety Assessment Series (OHSAS) 18001 resulted in significant industry-wide
decrease of accidents. The injury rate is reported to have dropped from > 6.2 injuries per
million hours worked (2011-2013) to < 4.8 injuries per million hours worked (2014-2017) (ICA
2019).

EU occupational safety and health (OSH) requirements exist to protect workers’ health and
safety. Employers need to identify which hazardous substances they use at the workplace,

> The International Copper Alliance (ICA) represents the primary copper producers, smelters, refiners and fabricators
along the world’s copper supply chain (https://copperalliance.org/ica-membership/ica-members/).
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carry out a risk assessment and introduce appropriate, proportionate and effective risk
management measures to eliminate or control exposure, to consult with the workers who
should receive training and, as appropriate, health surveillance®.

6.5.2 Socio-economic issues

The copper processing industry is a significant employer. On a global scale, the International
Copper Alliance surveyed for its members employment of over 323,000 employees (ICA,
2019). In the EU many companies operate in the semi-fabricated products sector. About 80
companies, employing some 35,000 people throughout the EU-28, produce copper and copper
alloy rods, bars, wires, sections, tubes, sheet and strip (ECI, 2016b).

Strikes of workers occasionally occur especially in Latin America, where some of the largest
copper mines are located. The reasons are not only related to the mining business, but
sometimes rooted deep in societal inequality (Jamasmie, 2019). For example, the Escondida
mine, was hit in 2018 by the longest private sector mining strike in Chile (44-days). In
addition, mines in Chile can also be affected by strikes in ports like in October 2019 when a
strike in Escondida mine was superposed by strikes at various sea ports handling copper
concentrates (including Iquique, Tocopilla, Antofagasta and Ventanas) (Bloomberg, 2019).

Within Europe, the price spikes after 2000 have infamously created theft of copper objects
from the public space. Thieves stole copper parts and then sold the valuable scrap metal to
recyclers. The lack of these copper objects then caused disruptions of infrastructure, in
particular overhead contact lines of electricity driven trains, trams and trolleybuses, but also
power cables. Similarly, copper claddings were stolen from public and non-public buildings.

6.6 Comparison with previous EU assessments

The assessment has been conducted using the same methodology as for the 2017 list. Supply
risk has been analysed at both mine stage and processing stage. The higher supply risk is for
the mine stage (copper ores and concentrates).

The results of this and earlier assessments are shown in Table 31.

Table 31: Economic importance and supply risk results for copper in the assessments
of 2011, 2014, 2017, 2020 (European Commission, 2011; European Commission,
2014; European Commission, 2017)

Assessment 2011 2014 2017 2020
Indicator EI SR EI SR EI SR EI SR
Copper 5.71  0.21 5.76 = 0.22 4.7 0.2 5.3 0.32

The results of copper are similar to the previous criticality assessments. The decrease in
economic importance from 2014 to 2017 is linked to the methodological revision, allocating to
NACE-2 digit sectors instead to the mega sectors. This change in methodology generally
reduced the economic importance of materials used in metal products, in particular true for
copper. The increase of the economic importance from 2017 to 2020 is caused primarily by

>* https://ec.europa.eu/social/main.jsp?catld=148
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economic developments. The increase in the supply risk from 2017 to 2020 is caused by a
revision of the end-of-life recycling input rate.

6.7 Data sources

The data shows in general a very strong coverage. Data is available on EU level, for time series
and updated at regular intervals. The data required is publicly available.

The product group describing the international trade of copper ores and concentrates is coded
CN 2603 00 00, the one for refined copper is coded CN 7403 11 00.
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7.1 Overview
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Figure 69: Simplified value chain for diatomite for the EU®*, averaged over 2012-

2016

Diatomite is a powdery, siliceous, sedimentary rock. It is of very low density, extremely porous
and chemically inert (Crangle, 2016). The exact characteristics of these properties are
determined by the diatom forms in the diatomite. There are 15,000-20,000 different forms of
diatoms known, due to the fact that they are created from thousands of different fossilized
species. Synonyms of diatomite are tripolite and kieselguhr. Further, distinctions in quality and
possible applications derive from the impurities in the raw material such as clay minerals, iron
content, or fine-grained carbonates. With its outstanding filtration properties, and low thermal
and acoustic conductivity, it is a very versatile raw material.

For the purpose of this assessment diatomite is analysed at the extraction stage, using the
CN8 code 25120000 (which also contains other minerals) (Eurostat Comext, 2019).

The world annual production of diatomite is about 2.2 Mt, with 35% of production in Unites
States and 19% in China (WMD, 2019). The European production of diatomite is 296 kt.

The EU apparent consumption of diatomite is 293 kt, sourced through domestic production,
mainly from Denmark, France, Spain, and Czechia and imported from United States and
Turkey. The EU is a net exporter of diatomite (Import reliance -0,8%).
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Figure 70: End uses (IMA-Europe, 2018) and EU sourcing of diatomite (2012-16).

Diatomite is used in a wide range of applications, e.g. filter aids in food industry, absorbents
and fillers/carriers in food & beverage manufacturing and chemical industry. In the EU,
diatomite is used for filter aids, absorbents for industrial spills, as functional filler in a variety
of products from paints to dry chemicals, carrier for active ingredients and diluents.

Global reserves and resources of diatomite are estimated to be large and are adequate for the
foreseeable future (USGS, 2019). In Europe, reserves of diatomite are present in Spain,
Denmark, Czechia and Slovakia, according to Minerals4EU (2019).

Diatomite is not commonly recovered from waste, therefore there is limited contribution from
secondary sources (EoL-RIR 4%).

No trade restrictions are reported on product groups containing diatomite (OECD, 2019).

7.2 Market analysis, trade and prices

7.2.1 Global market analysis and outlook

In the coming decade(s), both the demand and supply of diatomite are not expected to see
drastic changes (BGR, 2016). However, due to the various uses of this materials in industrial
applications (e.g. in crop protection and water treatment chemicals) its demand is expected to
increase globally. Major players in the diatomite market include Grefco Minerals, Inc., EP
Minerals, Imerys, Celite Corp., Showa Chemical Industry Co. Ltd., Damolin, Moltan Co., CECA
and Eagle-Picher Industries Inc. (GrandView Research 2019).

Table 32: Qualitative forecast of supply and demand of diatomite

. Criticality in 2020 Demand forecast Supply forecast
Materials
Yes No 5 years 10 years 20 years 5 years 10 years | 20 years
Diatomite X o/+ o/+ o/+ o/+ o/+ o/+

7.2.2 EU trade

Since 2015, the EU has become a net exporter of diatomite. Import was about 45.4 kt/y in the
period 2012-2016, while export is about 47.8 kt/y according to Comext (Eurostat, 2019a).
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Figure 71: EU trade flows of diatomite (Eurostat, 2019)

The main suppliers to the EU are the United States (50%), Turkey (22%), Mexico (16%) and
Russian Federation (5%.
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Figure 72: EU imports of diatomite, average 2012-16 (Eurostat, 2019)

The EU sourced about 87% of diatomite from intra-EU trade, mainly form Denmark (35%),
France (26%), Spain (13%) and Czechia (10%). (10%).

7.2.3 Prices and price volatility

The unit value of diatomite varied widely in 2018, from approximately USD 10 per tonne when
used as a lightweight aggregate in Portland cement concrete to more than USD 1,000 per
tonne for limited specialty markets, including art supplies, cosmetics, and DNA extraction
(USGS, 2019). The average price of diatomite filter aids between 2011 and 2015 was USD
619.50 per tonne (DERA, 2016). Diatomite’s price volatility is relatively low.
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Figure 73: Developments in price of diatomite in the US. (USGS, 2016)

7.3 EU demand

7.3.1 EU demand and consumption

The EU consumption of diatomite averaged around 293 kt annually between 2012 and 2016.
The import of diatomite is mostly determined by the specific properties a certain diatomite
mineral needs to have, which can make it economical for the material to be shipped from
outside the EU.

7.3.2 Uses and end-uses of diatomite in the EU

The unique properties of diatomite include being lightweight, having a high porosity, high
absorbence, high purity, multi-shapeness and inertness (IMA, 2018).

Diatomite has a wide range of applications. The most important are:

Filter aids (food industry): The combination of high porosity, low density and inertness
makes diatomite an excellent filtration medium. Diatomite hasthe ability to remove
microscopically small suspended solids from liquids to process clear filtrates at high flow
rates. It is commonly used in the filtration of beverages (beer, wine or juice),
wastewater or paints.

Absorbents (various industries): With high capacity for liquids, diatomite variantsare
used in gas purification processes as well as in the production of pet litter. Calcined
diatomite powder is also used in the production of explosives or seed coating.
(Inglethorpe, 1993) Diatomite is further used in the clean-up of spills in different
industries (IDPA, 2016).

Fillers/carriers (food & beverage manufacturing and chemical industry): Diatomite is
used as filler in rubber or plastic. High quality dust white grade is also used as
delustering agent or to adjust the viscosity of paints .

Minute amounts of diatomite are used as powder in polishes, toothpastes, and silver
polishes. It is also used as packing material for hazardous liquids. (various industries).

In terms of economic sectors, diatomite is allocated to the food industry (filtration aid) (48%),
chemical industry and other applications (NACE 23) (49%). Base metal and machinery
manufacturing receive smaller shares.

129



Pet litter Civil engineering
7% 6% Drilling fluids
2% Foundry molding
sands
1%

Activated raw
granules
13%

Food industry
48%

Pellettizing iron ore
23%

EU consumption: 293 kt

Figure 74: EU end uses of diatomite. Average figures for 2012-2016. (IMA Europe,
2018)

Relevant industry sectors are described using the NACE sector codes (Eurostat, 2019c¢).

Table 33: Diatomite applications, 2-digit and associated 4-digit NACE sectors, and
value added per sector (Eurostat, 2019c¢)

Value added
Applications 2-digit NACE sector of sector
(millions €)
Food industry C11 - Manufacture of beverages 32,505
Pellettizing iron ore C23 - Manufacture of other non- 57,255
metallic mineral products
Activated raw granules C23 - Manufacture of other non- 57,255
metallic mineral products
Pet litter C23 - Manufacture of other non- 57,255
metallic mineral products
Civil engineering C23 - Manufacture of other non- 57,255
metallic mineral products
Drilling fluids BO9 - Mining support service 3,400
activities
Foundry molding sands C24 - Manufacture of basic metals 55,426

7.3.3 Substitution

Although diatomite has unique properties it can be substituted in nearly all applications. A
possible substitute for filtration is expanded perlite. Synthetic filters (ceramic, polymeric or
carbon membrane) compete with diatomite as filter aid. In the beverage industry, cellulose or
potato starch can replace diatomaceous earth and there are other methods to filter beer such
as mechanical centrifuging (USGS, 2016). Possible substitutes for filler applications are kaolin
clay, Ground Calcium Carbonate (GCC), ground mica, perlite or talc. The high costs associated
with these alternatives and sometimes the lowered performance and cultural preference
toward the use of diatomite in the brewing and wine industries indicate a strong likelihood for
the continued widespread use of diatomite in filtration (USGS, 2016).

130



7.4 Supply

7.4.1 EU supply chain

The annual average European production of diatomite over 2012-2016 is around 296 kt (WMD,
2019). Between 2012 and 2016, the EU production mainly took place in Denmark, France,
Spain, Czechia and Poland (WMD, 2019).

Europe is a net exporter of diatomite, import reliance for this materials is therefore negative.
Imports of diatomite to Europe from extra-EU countries are mainly from United States, Turkey,
Mexico, Russian Federation, China, Armenia and UK.

Diatomite is barely recovered as such during waste management and therefore the
contribution from secondary sources is rather limited. During experts consultations (SCRREEN
workshops, 2019) it emerged that some forms of functional recycling from uses in civil
engineering and foundry could be considered, which correspond to an overall EoL-RIR of 3.5%.

7.4.2 Supply from primary materials

7.4.2.1Geology, resources and reserves

Geological occurrence: Diatomite deposits are formed from accumulated amorphous silica
cell walls of dead diatoms in oceans or fresh water. Diatomite deposits are located worldwide.
The largest deposits in the world however are found in the USA, followed by China and Turkey
(USGS, 2016). Diatomite deposits are frequently associated with volcanic activity. Diatom-rich
marine sediments also accumulate in ocean basins in regions associated with the upwelling of
nutrients such as the zone of ocean current divergence in the sub-Antarctic (Inglethorpe,
1993).

Global resources and reserves®®:

Table 34: Global reserves of diatomite in year 2018 (USGS,

Country Diatomite Reserves (tonnes)
United States 250,000,000
Argentina N/A
China 110,000,000
Turkey 44,000,000
Czech Republic N/A
Denmark N/A
France N/A
Japan N/A
Mexico N/A
Peru N/A

> There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria to
deposits of diatomite in different geographic areas of the EU or globally. The USGS collects information about the
guantity and quality of mineral resources but does not directly measure reserves, and companies or governments do
not directly report reserves to the USGS. Individual companies may publish regular mineral resource and reserve
reports, but reporting is done using a variety of systems of reporting depending on the location of their operation,
their corporate identity and stock market requirements. Translations between national reporting codes are possible
by application of the CRIRSCO template (www.crirsco.com), which is also consistent with the United Nations
Framework Classification (UNFC) system. However, reserve and resource data are changing continuously as
exploration and mining proceed and are thus influenced by market conditions and should be followed continuously.
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Russian federation N/A

Spain N/A
United States N/A
World total (rounded) Large

EU resources and reserves: Because every diatomite deposit has a different composition
(different diatom species and different chemical fingerprints) which determines its potential
market applications and potential economic value, broad summaries of reserves, production
and shipments do not paint the full picture. For example, the diatomite deposits from Denmark
produce high quality absorbents but cannot be used for filter aids. Other diatomite deposits in
the US or China produce excellent filters but are not suitable for granular absorbents. It is
generally true, however, that for every application world resources of crude diatomite are
sufficient for the foreseeable future. Reserve data for some countries in Europe are available at
Minerals4EU (2019) but cannot be summed as they are partial and they do not use the same
reporting code.
Table 35: Reserve data for the EU>® compiled in the European Minerals Yearbook of
the Minerals4EU website (Minerals4EU, 2019)

Country c":g:“'“g Quantity  Unit %‘;;'z Reserve
Spain None 5,010 kt Proven
Denmark None 16.1 Million m? estimated
Czech Republic | Nat. rep. code 1,808 kt Economic explored
Slovakia None 2,207 kt Verified (Z1)

7.4.2.2World and EU mine production

World Yearly world production of diatomite can be summarised as follows (average 2012-
2016): the United States (787 kt), China (420 kt), Argentina (216 kt), Denmark (120 kt) and
Peru (120 kt) are the major producing countries. Production from the United States and China
accounts for 46% of the overall supply, equal to approximately 1.2 Mt/y. There are many
countries that produce diatomite for their own use, which is reflected in the large share of
countries producing smaller quantities (WMD, 2019).

In Europe, Denmark in the largest producer (5% of global production) but France is also an
important producer (4% of global production). Overall five countries are recorded as diatomite
producers in Europe.

*® For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
diatomite. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for
diatomite, but this information does not provide a complete picture for Europe. It includes estimates based on a
variety of reporting codes used by different countries, and different types of non-comparable datasets (e.g. historic
estimates, inferred reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the
CRIRSCO template is not always possible, meaning that not all resource and reserve data for diatomite the
national/regional level is consistent with the United Nations Framework Classification (UNFC) system (Minerals4EU
2019). Many documented resources in Europe are based on historic estimates and are of little current economic
interest. Data for these may not always be presentable in accordance with the UNFC system. However a very solid
estimation can be done by experts.
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Figure 75: Global and EU mine production of diatomite. Average 2012-2016 (WMD,
2019)

7.4.3 Supply from secondary materials/recycling

End of life recycling input rate for diatomite is estimated at 3.5 %°>"°8,

Due to the complex morphology of the diatom skeletons it is very difficult to regenerate
diatomite filter aids once they have been employed for filtration. Nevertheless, used filter aids
are re-used for different purposes, mainly in agricultural industries, e.g. as fertiliser or animal
feed. They can also be used in the construction industry (e.g. in the cement industry or the
asphalt industry) (Johnson, 1997). Some recent (Chinese) patents have appeared for recycling
of diatomite.

7.5 Other considerations

7.5.1 Environmental and health and safety issues

Diatomaceous earth (which includes diatomite), is composed primarily of amorphous silica and
can also have a crystalline silica component which varies depending on ore source and
processing method. During diatomite processing, exposure to process-generated respirable
crystalline silica (RCS) can create negative health effects. In particular, prolonged inhalation of
crystalline silica has been associated with damage of the respiratory system, silicosis and
cancer (IDPA, 2017). In 2016, the EU Commission has issued a proposal®® to include “work
involving exposure to respirable crystalline silica dust generated by a work process” in Annex I
of the Carcinogens and Mutagens Directive (2004/37/EC). It proposes the establishment of a
binding European occupational exposure limit at 0.1 mg/m3 (respirable fraction, 8h TWA) in
Annex III.3 (respirable fraction, 8h TWA) in Annex III.

7.5.2 Socio-economic issues

No specific issues were identified during data collection and stakeholders consultation.

*” JRC estimated 50% recycling in case of civil engineering and foundry: (6%+1%)x50% = 3.5%

*% The EOL-RIR rate might be too low, as the material is not used in a dissipative way (BGR, 2019).

>® COM(2016)0248 Proposal for a Directive of the European Parliament and of the Council amending Directive
2004/37/EC on the protection of workers from the risks related to exposure to carcinogens or mutagens at work.
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7.6 Comparison with previous EU assessments

The assessment has been conducted using the same methodology as for the 2017 list. Both
supply risk and economic importance have slightly increased between 2017 and 2020.

The results of this and earlier assessments are shown in Table 36.

Table 36: Economic importance and supply risk results for diatomite in the
assessments of 2011, 2014, 2017, 2020 (European Commission, 2011-2014-2017)

Assessment 2011 2014 2017 2020
Indicator EI SR EI SR EI SR EI SR
Diatomite 3.73  0.34 3.02 0.24 3.8 0.3 2.18  0.46

7.7 Data sources.

The CN product group code that is used to list diatomites is 2512 00 00, and is labelled
“Siliceous fossil meals, e.g. kieselguhr, tripolite and diatomite, and similar siliceous earths,
whether or not calcined, of an apparent specific gravity of < 1”. The volumes of diatomite in
the product group are considered equal to the volumes of the product group, since kieselguhr
and tripolite are merely synonyms of diatomite.

The data has a very strong coverage. It is available on EU level, is available for time series and
updated at regular intervals and is publicly available.

7.7.1 Data sources used in the factsheet
BGR (2019). A. Wittenberg, expert consultation.

BGS (2016). World Mineral Production 2010-2014 [online]. Keyworth, Nottingham British
Geological Survey, Available at: http://www.bgs.ac.uk/mineralsuk/statistics/home.html

DERA (2016). Pricelist of raw materials/ [online] Available at:
http://www.bgr.bund.de/DE/Themen/Min rohstoffe/Produkte/Preisliste/cpl 16 11.pdf? blob
=publicationFile

European Commission (2011). Critical raw materials for the EU. [online] Available at:
https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical en

European Commission (2014) Report on critical raw materials for the EU - Non Critical raw
materials profiles.

European Commission (2019). DG Trade. Agreements [online] Available at:
http://ec.europa.eu/trade/policy/countries-and-regions/agreements/

Eurostat (2019a). International Trade Easy Comext Database [online] Available at:
http://epp.eurostat.ec.europa.eu/newxtweb/

Eurostat (2019)b. Statistics on the production of manufactured goods (PRODCOM NACE
Rev.2). [online] Available at: http://ec.europa.eu/eurostat/data/database

Eurostat (2019)c. Annual detailed enterprise statistics for industry (NACE Rev. 2, B-E). [online]
Available at: http://ec.europa.eu/eurostat/en/web/products-datasets/-/SBS_NA_IND_R2
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europe.eu/files/publications/IDPA%20Guide%20for%20Safe%20Handling%20European%20ve
rsion%?20-final%20%28low%20resolution%29.pdf

Johnson, M. (1997). Management of spent diatomaceous earth from the brewing industry.
Available at:
http://www.ceme.uwa.edu.au/ data/assets/pdf file/0008/1637270/Johnson 1997.pdf

IMA (2016) Commitments [online] Available at: http://www.ima-
europe.eu/commitments/biodiversity

Minerals4EU (2019). European Minerals Yearbook. [online] Available at:
http://minerals4eu.brg

OECD (2019). Export restrictions on Industrial Raw Materials database [online].
http://qdd.oecd.org/table.aspx?Subject=ExportRestrictions_IndustrialRawMaterials c
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USGS (2016). Crangle, R. D. USGS 2016 Minerals Yearbook, diatomite.
USGS (2019). Crangle, R. D. USGS 2019 Minerals Commodity Survey, diatomite.

WMD (2019) World Mining Data 2019, Reichl, c.; Schatz, M; Zsak, G. Iron and Ferro Alloy
Metals, non Ferrous Metals, Precious Metals, Industrial Minerals, Mineral Fuels, Austrian
Federal Ministry of Sustainability and Tourism. [online] Available at:
www.en.bmwfw.gv.at/Energy/WorldMiningData/Seiten/default.aspx.

7.7.2 Data sources used in the criticality assessment

BGS (2016). World Mineral Production 2010-2014 [online]. Keyworth, Nottingham British
Geological Survey, Available at: http://www.bgs.ac.uk/mineralsuk/statistics/home.html
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8. FELDSPAR

8.1 Overview
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Figure 76: Simplified value chain for feldspar®® (2012-16 average)

Feldspars (and feldspathoids) are a group of rock-forming minerals, which are alumino-
silicates of sodium, potassium, calcium or combinations of these elements. They constitute as
much as 60% of the Earth's crust and are recovered from a wide range of rocks, which are the
actual raw materials used by industry. In fact, the amount of feldspars and feldspathoids in
commercial products rarely exceeds 85% and is usually in the 30-80% range. Such feldspathic
rocks encompass igneous (e.g., aplite-pegmatite, nepheline syenite), sedimentary (e.g.,
arkosic sand) and metasomatic types (e.g., albitite) along with their metamorphic equivalents
(Potter, 2006; McLemore, 2006; Dondi, 2018). Feldspar was not on the list of CRMs in 2011,
2014, and 2017.

Since feldspars and feldspathoids are by far the most abundant minerals in the Earth’s crust,
the mere occurrence of feldspar in a given rock is not a valid criterion to turn it into a feldspar
source. Feldspars are sought-after by industry because of specific chemical and physical
properties. For instance: fusibility and supply of alumina and alkali to liquid phase in ceramics
and glasses; optical properties and stability in contact with polymers and other organic
compounds when used as filler (Potter, 2006; McLemore, 2006; Dondi, 2018).
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Figure 77: End uses (IMA-Europe, 2018) and EU sourcing (Dondi, 2018; Eurostat,
2019) of feldspar (average 2012-16).

Any feldspar-bearing rock used in applications, where the occurrence and role of feldspars are
unperceived or not valued, is not considered as a feldspar raw material. Examples are in the
construction sector: fine aggregates (for high-performance mortars) or pumice (for pozzolanic
cements) can contain a fair amount of feldspars and/or feldspathoids, but they are not
included among feldspar commodities. Also, feldspathic rocks exploited as alumina source in
the production of aluminium metal are not considered here.

European resources contain sodium feldspar as well as potassium feldspar and mixed
feldspars. Feldspar surrounds us in our daily life in the form of ceramic tiles, glasses, tableware
and sanitaryware, glass for protection and glass wool for insulation (IMA-Europe, 2018).

There is no general definition of "feldspar" as industrial mineral and single countries adopt
their own classification (Dondi, 2018). Thus, feldspathic raw materials on the market have a
large variability as feldspar + feldspathoid content (30-90%) and take a plethora of
commercial names (sodic feldspar, potassic feldspar, mixed feldspar, pegmatite, aplite,
feldspathic sand, granite, nepheline syenite, etc). As a consequence, some sources of
information include in the feldspar figures other raw materials, which may contain significant
amounts of feldspars, but are addressed to end-uses not explicitly employing “feldspar”. Trade
flows can be traced under the following CN8 codes (Eurostat, 2019): 25291000 (FELDSPAR)
and 25293000 (LEUCITE, NEPHELINE AND NEPHELINE SYENITE). Quantities are given with no
reference to the actual feldspar (and feldspathoid) content .

The world market of feldspar was on average 26.3 Mt in the period 2012-2016 (Dondi, 2018;
WMD, 2019) and kept growing to 2018, when the global output was 28.4 Mt and worth 2,000
million €. The majority of feldspar is sold on the open market and only some users signed
annual contracts of supply (Dondi, 2018). According to average export values (Eurostat,
2018), prices of feldspar were nearly constant in the period 2011-2018. These prices depend
on the type and content of feldspar, ranging from EUR30 per tonne (quartz-feldspathic rocks)
to EUR70 per tonne (sodic feldspar) up to EUR 200 per tonne (potassic feldspar). In contrast,
nepheline syenite exhibited a certain price volatily, with a upward trend from 2013 to 2016
(EUR 105 to 135 per tonne) followed by a stabilization around EUR 120 per tonne.

The EU consumption of feldspar was around 7.5 Mt per year (average 2012-2016) but grew up
to 10.9 Mt (2018). The European demand, 97% feldspathic rocks and 3% nepheline syenite, is
fed through domestic production, mainly in Italy, France, Poland, Spain, Germany and Czechia,
and importing mainly from Turkey (which accounts for 94% in quantity and 72% in value of EU
import) and Norway (5% in quantity and 20% in value). Import reliance is 34% (average
2012-2016) but increased up to 53% (2018). The EU demand is in constant growth since
2010, when it was around 6 Mt; it means +93% in less than a decade (2018). Such increment
is mirrored by the global growth of feldspar production, which occurred at a pace of 770 kt/y in
the same period (Dondi, 2018). The use of feldspathic materials in the ceramic and glass
industries is overwhelming in Europe and other technical end-uses account for a minimal
share. This circumstance is driving a gradual shift of the EU demand towards products with
high fusibility (mainly sodic feldspar) as a consequence of the technological innovation in the
ceramic tile sector (Dondi, 2018).

Feldspar turned to be crucial for the EU ceramic industry, which is moving its production
towards highly vitrified bodies (porcelain stoneware and vitreous china) and ever-larger sizes
that require batches containing a high percentage of fluxes and a low amount of
chromophores. These raw materials are essentially represented by sodic feldspar and
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nepheline syenite. Other feldspar types are successfully utilized in ceramic batches only
together with fluxes of high fusibility. In fact, it is the availability of low melting fluxes (like
sodium feldspar) that enables a large-scale utilisation of quartz-rich, mixed Na-K feldspathic
materials (like those constituting the most part of EU production). Thus, these latter sources,
despite their local abundance in the EU, cannot satisfactorily substitute sodic feldspar or
nepheline syenite (Dondi, 2018). Feldspar can be replaced in ceramic batches, but only in
small amounts, due to either technological constraints (dolomite, lime, recycled glass, slags) or
the much higher cost and limited availability of substitutes (wollastonite, Lithium silicates, low-
iron talc) (Dondi, 2018; IMA-Europe, 2018).

Overall, reserves are thought to be “large”, simply because of the feldspar abundance in the
Earth’s crust, even though their quantification is missing in most cases (Potter, 2006;
McLemore, 2006; Dondi, 2018). As a matter of fact, data are accessible just for a few
countries, but they are approximate and not directly comparable to each other, due to
different approaches followed in the various countries to define the reserves. These
estimations span from optimistic (with sufficient reserves for centuries at the present rate of
consumption, e.g. Brazil, Egypt, Iran) to conservative (with an amount of feldspar certainly
available for two or three decades with current mining production, e.g. India, Poland, Turkey).
Considering that the market will progressively move towards feldspar types with high fusibility
and a low amount of iron oxide, it is necessary to get data (resources and reserves) specific for
every source, with special emphasis on sodic feldspar and nepheline syenite (Dondi, 2018).

The world annual production of feldspathic materials is about 28 Mt (2018) with 29% of
production in Turkey and 14% in China (Dondi, 2018; WMD, 2019). Feldspar is recovered from
different geological sources: albitites (37%), pegmatites and aplites (24%), granitoids (16%),
feldspathic arenites (11%), nepheline syenites (6.5%), rhyolites and porphyries (2.5%),
metamorphics and epithermal alterations (1.5% each). The EU production of feldspar is around
5 Mt (Dondi, 2018; WMD, 2019) . The major producers are Italy (2.3 Mt), France, Poland and
Spain (600kt each), the Czechia (460kt) and Germany (310kt). The feldspar output of
Portugal, Bulgaria, Finland, Austria and Sweden is individually between 30 kt and 100 kt, with
minor production also in Romania and Slovakia. The EU production comes from the following
geological sources: feldspathic arenites (46%), granitoids (26%), pegmatites and aplites
(11%), albitites (9%), rhyolites and porphyries (4%), nepheline syenites and epithermal
alterations (2% each).

No trade restrictions exist for feldspar. Some moderate concern is about the toxicity of
respirable crystalline silica (quartz, cristobalite) by workers in the mining and manufacturing
industries. Various aspects are regulated by the EU Directive 2017/2398 and by CLP Regulation
1278/2008 and Regulation (EC) 1272/2008.

8.2 Market analysis, trade and prices

8.2.1 Global market analysis and outlook

The global production of feldspar highlights a continuous growth over time, but with some
strong fluctuations, essentially linked to the economic recession in the period 2008-2012. The
average growth rate was globally of +770 kt per year over the last decade. The EU production
of feldspar was rather stable in the same period, fluctuating around 5 Mt (£5%) per year. The
increasing global demand was not followed by a uniform growth in the production from the
various sources of feldspar, which determined deep changes in both the market structure and
supply patterns, affecting in particular the EU (Dondi, 2018). The global trend of feldspar
production is well correlated with the increasing demand from the ceramic industry. This is
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justified by the worldwide diffusion of the production of porcelain stoneware tiles (whose
batches contain the largest amount of fluxes) prior basically restricted to Italy. In the last
decade, such a growth has been fundamentally fed through an expansion in the capacity of
sodium feldspar producers from albitite (and to a minor extent of pegmatite suppliers) since
the other sources show just a limited production increment or even a diminution since 2006. In
particular, the production from albitite and pegmatite deposits grew 53% and 43%,
respectively, in the last decade (Dondi, 2018).

The Global Feldspar market is expected to reach 992.95 million USD by 2026 growing at 7.8%
during the forecast period. The global demand is expected to keep growing, since the ceramic
production is linked to demographic drivers, especially in southern Asia. The effect of
conversion to porcelain stoneware, at expenses of other ceramic batches that use less
feldspar, is expected to stabilise in the incoming years (Table 37). Availability of sodic feldspar
is one of the main factors behind this product innovation. In the EU, such conversion is already
accomplished in Italy and Portugal (>90% of ceramic tile output is porcelain stoneware) but
still partial in Spain and Poland (50% porcelain stoneware).

The key vendors are Imerys Minerals, Eczacibasi Esan, Gimpex, EL Waha Mining & Fertilizers,
EP Minerals, Inc., Micronized Group, Minerali Industriali, Sibelco Nordic, Pacer Corporation,
Asia Mineral Processing, I-Minerals, Sun Minerals, The Quartz Corp. and Polycor Inc.

Table 37: Qualitative forecast of supply and demand of feldspar

Criticality of the
Materials material in 2020 Demand forecast Supply forecast
Yes No 5 years 10 years 20 years 5 years 10 years | 20 years
Feldspar X ++ ++ + + +/- ?

8.2.2 EU trade

Thanks to a high number of feldspar deposits in 15 countries, Europe is able to cover
approximately half of the internal demand of feldspar. In particular, EU is substantially self-
sufficient for potassic feldspar, mixed alkali feldspar and quartz-feldspathic materials, but
depends on importation for about 90% of sodic feldspar and nepheline syenite (Dondi, 2018).
The import reliancein the period 2012-2016 was 34%, but grew to 53% in 2018, as import has
gradually doubled from 2010 to 2018. There is a strong trade deficit (-167 million € in 2018)
that grew +122% since 2010 (Eurostat, 2019).
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Figure 78: EU trade flows for feldspar®!, (Eurostat, 2019).

Figure 78 shows the development of the international trade in feldspar by the EU. The
supplying countries outside the EU are shown in Figure 79. By far the largest amount of
feldspar imported into the EU was from Turkey (and Norway for nepheline syenite).

Norway

EU imports: 7.1%
2.69 Mt Canada
0.6%
Russian
Federation
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Others
0.4%
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91.7%

Figure 79: EU imports of feldspar, 2012-2016 (Eurostat, 2019).

EU trade is analysed using product group codes (CN8): 25291000 (FELDSPAR) and 25293000
(LEUCITE, NEPHELINE AND NEPHELINE SYENITE). It is possible that materials are part of
product groups also containing other materials and/or subject to re-export (Rotterdam-effect).

Currently there are EU free trade agreements in place with all the major suppliers: Turkey
(Customs Union), Norway (European Economic Area), Canada, Macedonia and Morocco
(bilateral/regional agreement) but Russia (European Commission, 2019). There are no exports
quotas or prohibition in place between the EU and its suppliers (OECD, 2019).

8.2.3 Prices and price volatility

According to average export values (Eurostat, 2019), prices of feldspar were nearly constant in
the period 2011-2018. These prices depend on the type and content of feldspar, ranging from
EUR 30 per tonne (quartz-feldspathic rocks) to EUR 70 per tonne (sodic feldspar) up to EUR
200 per tonne (potassic feldspar). In contrast, nepheline syenite exhibited a certain price
volatily, with an upward trend from 2013 to 2016 (EUR 105 to 135 per tonne) followed by a
stabilization around EUR 120 per tonne. Feldspar is not included in the price monitoring service
(DERA, 2019).

®12017 and 2018 data not used in criticality calculations
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Figure 80. Prices of feldspar (2010=100), calculated from Eurostat Comext (2019)

8.3 EU demand

8.3.1 EU demand and consumption

The annual consumption of feldspar in the EU was on average 7.5 Mt (2012-2016) but the
yearly value gradually grew beyond this period, culminating at 10.9 Mt in 2018 (Dondi, 2018;
Eurostat, 2019). The demand varies upon the type of feldspar and feldspathoid minerals.
However, there is no general definition of "feldspar" as industrial mineral and single countries
adopt their own classification (Dondi, 2019).

8.3.2 Uses and end-uses of feldspar in the EU

The use® of feldspathic materials in the ceramic, and to a lesser estent in glass industries, is
predominant in the EU. Other technical end-uses (functional fillers in the paint, plastic, rubber
and adhesive industries) account for a minimal share (Dondi, 2018; IMA-Europe, 2018).
Basically, the properties which make feldspars useful for downstream industries are their
ability to melt and provide at high temperature a liquid phase rich in alkali and alumina
(fundamental for ceramics and glasses) and their ability to act as opacifier and provide stable
suspensions in contact with organic compounds (when applied as filler and extender).
Feldspathic materials on the market have a large variability as feldspar content (30-90%) and
in terms of commercial definition (feldspar, aplite, feldspathic sand, granite, nepheline syenite,
etc). Nevertheless, some broad typologies can be distinguished: sodic, potassic and mixed
feldspars, depending on their alkali ratio, and nepheline syenite.

The most important applications are (Potter, 2006; Mclemore, 2006; Dondi, 2018; IMA-
Europe, 2018; SCRREEN workshops, 2019):

Ceramics: feldspars are fundamental ingredients of many batches for a wide range of ceramic
products: wall and floor tiles, sanitaryware, tableware, and related glazes and glassy coatings.
Their primary function is to melt during firing, so providing a liquid phase that is responsible
for viscous flow sintering and partial vitrification. Fluxes are introduced in the various ceramic
batches in different amount: from a few percent up to 60% and over. The quantity of flux

%2 |t must be noticed that in this factsheet “feldspar” is intended — among the industrial minerals containing significant
amounts of feldspars and/or feldspathoids — as a raw material used in processes where the feldspar properties are
expressly valued.
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depends on the characteristics of finished products: porous, semi-vitrified or vitrified bodies,
and engobes or glassy coatings. The importance of feldspar in the ceramic industry has been
enhanced by the progressive transition from porous to vitrified bodies (especially porcelain
stoneware and vitreous china).

Glass: feldspar and nepheline syenite are important raw materials in glass manufacture, where
they play basically the role of alumina (and alkali) source. Feldspar acts as a fluxing agent,
reducing the glass batch melting temperature and thus helping to save energy and reduce
production costs. The alumina content of feldspar improves hardness, durability and resistance
to chemical corrosion of the final product. The importance of feldspar in the glass industry has
been reduced by the large recourse to recycled cullet glass from sorting of municipal wastes,
which covers at least two thirds of raw material supply.

Filler and extender: feldspar is used in applications such as paints, plastics and rubber. Further
end-uses are in mild abrasives, urethane, welding electrodes steel production, and latex foam.

Applications where the occurrence of feldspar is unperceived or not valued are excluded. Thus,
construction sand for mortar and concrete; road aggregates; nepheline syenite or anorthosite
as a source of aluminium are repositioned to the relevant sections.

It must be highlighted that the EU consumption of 7.5 Mt estimated during the criticality
assessment includes feldspatic sand, whereas IMA-Europe reports 3.2 Mt (IMA-Europe, 2018).

Constructions, brick, tiles
46%

Others
3%

Glass (container,
float, fiberglass,

specialties)
6%
Ceramics (tiles,
EU consumption: sanitaryware, tableware,
7.5 Mt glazes)...

Figure 81: EU end uses of feldspar. Average figures for 2012-2016.

The calculation of economic importance is based on the use of the NACE 2-digit codes and the
value added at factor cost for the identified sectors.

Table 38: Feldspar applications (IMA-Europe, 2018), 2-digit NACE sectors, associated
4-digit NACE sectors, and value added per sector (Eurostat, 2019).

. Value
4-digit added of
Applications 2-digit NACE sector NACE
sector
sector

(millions €)
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Ceramics (tiles, C23 - Manufacture of other 23.31, 57,255

sanitaryware, non-metallic mineral products 23.42,
tableware, glazes) 23.41, 23.4
Glass (container, float, C23 - Manufacture of other 23.11, 57,255
fiberglass, specialties) = non-metallic mineral products 23.13,

23.14, 23.19
Constructions, brick, C23 - Manufacture of other 57,255
tiles non-metallic mineral products

The allocation of the use to NACE sector “"Manufacture of non-metallic mineral products” (23) is
justified by the fact that 98% of the feldspar is addressed to the production of ceramics (87%)
and glass (11%).

8.3.3 Substitution

As batch design is strictly constrained in the glass industry, well defined alternatives can be
indicated, the more common is kaolin as alumina source. A similar consideration can be done
about fillers and extenders, even if the range of substitutes is undoubtedly larger,
encompassing calcium carbonate, talc, wollastonite, kaolin, mica, pyrophyllite, silica,
diatomite, bentonite, among others (IMA-Europe, 2018; Kogel, 2006; SCRREEN workshops,
2019). In contrast, the ceramic technology is versatile and allows the use of a wide range of
raw materials in replacement of feldspar. The different technological behavior of substitutes
can be compensated by a combination of raw materials in variable amounts (Dondi, 2018).
Thus, the picture is extremely varied and hard to be reconducted to a simple scheme of a
given substitute in a determined subshare. There are several feldspar substitutes in the
ceramic (and glass) industries. The following found some industrial use (Dondi, 2018; Dondi,
2019):

- low-melting materials, like sericite or natural glass in volcanic rocks, which constitute pottery
stone, eurite or some rhyolites;

- sintering promoters, like talc, diopside, dolomite, chlorite-bearing rocks and basic igneous
rocks;

- waste from quarry dumps, instead of freshly mined rocks, with environmental benefit and
slope stabilization;

- fired scraps and processing sludges from the manufacture of vitrified ceramics, such as
porcelain stoneware tiles and vitreous china sanitaryware;

- glassy materials from municipal waste sorting, including soda-lime container glass, glass
from PC-TV screen, borosilicate vial glass, glasses from various types of lamps.

Furtherly, there are candidates that did not find extensive application yet:

- sludges from cutting and polishing of ornamental stones, particularly granite

- stabilized incinerator ashes from municipal solid wastes or biomass combustion in thermal
power plants.

8.4 Supply

8.4.1 EU supply chain

Italy is the major producer of feldspar in Europe, even though Spain, France, Poland, the
Czechia, Germany and Portugal are also important suppliers of feldspar within the EU (Dondi,
2018; WMD, 2019; Brown, 2016;,USGS, 2019). The EU is a net importer of feldspar, and has
an increasing import reliance from 34% (average 2012-2016) to 53% (2018).
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8.4.2 Supply from primary materials

8.4.2.1Geological occurrence/exploration

Feldspars and feldspathoids are essential components of many igneous, sedimentary and
metamorphic rocks, to such an extent that the classification of a number of rocks is based
upon the feldspar and feldspathoid content (Potter, 2006; McLemore, 2006; Dondi, 2019). The
feldspar group includes orthoclase (KAISisOg), albite (NaAlSi;Og) and anorthite (CaAl;Si,Og).
Compositions comprised between albite and anorthite are known as “plagioclase”, while those
comprised between albite and orthoclase are called “alkali feldspar” due to the presence of
sodium and potassium. The alkali feldspars are of particular interest in terms of industrial use
of feldspars. Among feldspathoids, only nepheline, (Na,K)AISi,Os, meets a wide industrial
interest.

Feldspathic raw materials are mined from a wide range of deposits in different geological
contexts (Dondi, 2019). The main sources are granitic suites, including acid differentiates
(pegmatite and aplite) and the corresponding extrusive and hypabyssal terms (rhyolite,
porphyry). Leucogranite is the most important resource among granitoids. Alkaline complexes
with silica-undersaturated rocks are the source of nepheline syenite and its extrusive
equivalent (nepheline phonolite). Among the deposits of sedimentary origin, feldspathic
arenites are widely exploited, principally arkoses. Metamorphic and metasomatic rocks are
extensively utilized, especially albitites and phyllites.

8.4.2.2Resources and reserves

The resources of feldspathic raw materials are thought to be huge, because of the feldspar
abundance in the Earth’s crust, even though not always conveniently accessible to the principal
centers of consumption. According to the USGS (2019), identified and undiscovered resources
of feldspar are more than adequate to meet anticipated global demand, although their
quantification is missing in most cases. Quantitative data of different feldspar sources (e.g.,
feldspathic sand, granite, pegmatite, albitite) have not been compiled (USGS, 2019).

Reserves data are accessible just for a few countries, but they are approximate and not
directly comparable to each other, due to different approaches followed in the various
countries to define the reserves. Estimations span from optimistic (with sufficient reserves for
centuries at the present rate of consumption, e.g. Brazil, Egypt, Iran) to conservative (with an
amount of feldspar certainly available for two or three decades with current mining production,
e.g. India, Poland, Turkey).

Table 39: Global reserves of feldspar in year 2017-2018

Feldspar Reserves (kt)

Country
(USGS, 2019) (Dondi, 2018)
Brazil 150,000 320,000
China NA NA
Czech Republic 23,000 28,000
Egypt 1,000,000 1,000,000
India 320,000 45,000
Iran 630,000 630,000
Italy NA NA
Korea 240,000 NA
Malaysia NA NA
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Poland 16,000 14,000

Spain NA 40,000
Thailand 960 NA
Turkey 240,000 240,000
United States NA NA
World total Unknown, but large

NA: data not available

Reserve data for some countries in Europe are available from Minerals4EU (2019) but cannot
be summed as they are partial and they do not use the same reporting code. Considering that
the market will progressively move towards feldspar types with high fusibility and a low
amount of iron oxide, it is necessary to get data (resources and reserves) specific for every
source, with special emphasis on sodic feldspar and nepheline syenite.
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Table 40: Reserve data for the EU compiled in the European Minerals Yearbook of the
Minerals4EU website (Minerals4EU , 2019)

Country Reporting code Quantity Unit Grade Code Reserve Type
Spain None 174.1 Mt - Proven
Ukraine Russian 0.36 Mt - (RUS)A
Classification
Poland Nat. rep. code 5.2 Mt - Total
Romania UNFC 2 Mt - 111
Slovakia None 3.1 Mt - Probable (Z2)
Czechia Nat. rep. code 25.9 Mt - Economic explored

8.4.2.3World mine production

The global production of feldspar between 2012 and 2016 was annually 26.3 Mt on average
(WMD, 2019; Brown, 2016; USGS, 2019). It was still growing and in 2018 reached 28.2 Mt
(Dondi, 2018). Turkey, China and Italy are the leading producers for feldspathic raw materials
worldwide. Turkish mining companies expanded the feldspar production by 18% since 2010,
overpassing 8 Mt in 2018. In Italy a contraction of about one third of annual output was
registered in the same period. Data for China are estimates that do not allow any detailed
analysis. Further major suppliers, with a yearly output overpassing 1 Mt, are India, Thailand,
Indonesia, and Iran, which had an increase of production between 30% and 70% in the last
decade. The major producers of nepheline syenite are Canada (700kt, increasing 18% in the
last decade) and Norway (320kt, decreasing 19% in the same period). Further important
producers of nepheline syenite are Russia, Brazil, Turkey, and China.

Global production:
26.3 Mt
Turkey
35%
Iran, Islamic V
Rep.
0,
> Thailand
5%
Indonesia
5%

India China
6% Italy 11%
9%

Korea, Rep. Others

2% 12%
United States
2% Spain
France 27
Canada 3% \
3% \

Figure 82: Global mine production of feldspar, average 2012-16 (Dondi, 2018; WMD,
2019; Brown, 2016).

The EU production accounts for about 19% of the total world production. Beyond Italy
(~2.3Mt), major producers are: France, Poland and Spain (600kt each, the Czechia (460kt),
Germany (310kt) and Portugal (100kt). Further suppliers, with minor annual output, are
Bulgaria, Finland, Austria, Sweden, Romania, and Slovakia. Italian statistics include feldspar
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and feldspathic sands. A small production of nepheline phonolite is ensured by France,
Germany and the Czechia.

Spain
11%

France Poland
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Czech
Republic
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Bulgaria
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Figure 83: EU mine production of feldspar, average 2012-16 [WMD, 2019; Brown,
2016).

8.4.3 Supply from secondary materials/recycling

Feldspars (and feldspathoids) are mainly used as fluxes in ceramic and glass production
(98.5%). In these applications, they are melted and no feldspars exist in the finished products
(Dondi, 2018; IMA-Europe, 2018). Thus, recycling entails end-of-life glass and ceramics
(containing the original feldspars transformed in a vitreous phase) that can act as flux.

Feldspars and feldspathoids used as fillers and extenders are englobed into paints, glues,
plastic and rubber products, so no recycling is possible.

Glass can be recycled without any loss in purity and quality, but the average glass recycling
rate in the EU is around 73% in the EU Member States (IMA-Europe, 2018). This because of
loss during waste collection and sorting, and the occurrence of various contaminants
(ceramics, metals, plastics, glues). In other terms, recycled glass (after primary and secondary
beneficiation processing) is reducing feldspar consumption up to 70% in glass manufacturing.

Overall, when combining fledspar end-uses and recycling at end-of-life of products, the
recycling rate (EoL-RIR) for feldspar is estimated to be around 7-8%.

8.4.4 Processing of feldspar

Processing of feldspathic raw materials encompasses washing, comminution, and beneficiation-
concentration steps (Potter, 2006; McLemore, 2006). Various mineralurgical treatments are
set up according to the desired characteristics of the final product. Comminution consists in
primary and secondary crushing, often in circuit with high-field magnetic separation (and/or
electrostatic separation) to remove micas, amphiboles and other undesired minerals
(containing iron or titanium). Further wet or dry grinding (rod or ball mills) may be necessary
to get the standard particle size (with a desliming step). Sometimes air classification is
performed to get micronized powders in the dry route. High-quality feldspar products require
further beneficiation or concentration, typically done by flotation and acid leaching. Flotation
can be performed in multiple stages: cationic (to separate mica), anionic (to remove garnet,
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ilmenite and other iron-bearing minerals) and cationic by amine with hydrofluoric acid (to
enrich feldspars by separating quartz).

8.5 Other considerations

8.5.1 Environmental and health and safety issues

There are no major issues about health and safety associated to feldspar. Since feldspathic raw
materials usually contain some quartz (*), there is some concern about Respirable Crystalline
Silica (RCS) in the framework of the EU Directive 2017/2398 on “Protection of workers from
exposure to carcinogens or mutagens at work”, which implements a set of legal limits on
exposure to certain substances in industrial workplaces. RCS is known to cause lung diseases
in workers who are exposed high levels of it regularly for many years. This concern does not
apply to nepheline syenite and other quartz-free raw materials. However, Directive 2017/2398
has no impact upon product classification and labelling, which is ruled by other separate
legislation (the CLP Regulation 1278/2008). Directive 2017/2398 addresses respirable dust
generated by work processes, not the substance itself. Feldspar placed on the market is
subject to the classification obligation under Regulation (EC) 1272/2008, while crystalline silica
dust generated by a work process is not placed on the market and therefore is not classified in
accordance with that Regulation (IMA-Europe, 2019).

8.5.2 Socio-economic issues

No specific issues were identified during data collection and stakeholders consultation.

8.6 Comparison with previous EU assessments

The assessment has been conducted using the same methodology as for the 2017 list. The
results of this and earlier assessments are shown in Table 41.

Table 41: Economic importance and supply risk results for Feldspar in the
assessments of 2011, 2014, 2017, 2020 (European Commission, 2011; 17; 18)

Assessment 2011 2014 2017 2020
Indicator EI SR EI SR EI SR EI SR
Feldspar 5.19 0.22 4.82 0.35 2.4 0.7 2.8 0.78

The supply risk increased continuously from ~0.2 (2011) to ~0.8 (2020) reflecting a trend that
is still evolving through a strong increase of the EU import reliance, with a dependence of the
EU industry substantially on one single mining district situated in Turkey. When using recent
data (2017-2019) the supply risk would be very close to the threshold, thus suggesting that
feldspar is a potentially critical raw material, despite its abundance on the Earth’s crust.

8.7 Data sources

Data for the production of feldspar (WMD, 2019) have been integrated with those of nepheline
syenite (Brown, 2016;,USGS, 2019) and corrected for the incorrect figure of Germany.
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9.GOLD

9.1 Overview
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Figure 84: Simplified value chain for gold®3, average 2012-2016

Gold (chemical symbol Au; atomic number 79; atomic weight: 196.967; melting point:
1,064.18°C; boiling point: 2,856°C; density: 19.32 g/cm?) is a dense, soft, malleable and
ductile metal with a bright yellow colour and lustre. Gold, like silver and the platinum-group
metals, is a noble and a precious metal. The term ‘noble’ refers to gold’s ability to resist
corrosion and oxidation in moist air. It has high thermal and electrical conductivity. It is rare in
the Earth's crust with an estimated abundance of 0.004 ppm (Lide 2008). It is found in veins
and alluvial deposits chiefly as the native metal, although it commonly occurs in a solid
solution series with silver (as electrum) and alloyed with copper and palladium. Less
commonly, it occurs in minerals as gold compounds, often with tellurium. Gold can be highly
polished which, together with its colour and resistance to tarnishing, impart its ‘precious’
character, making it a treasured material for jewellery, which is its most important use. In
addition, gold is used as a common monetary standard in coins and bars as a safe haven for
storing wealth, for decoration, and as a plated coating on a wide variety of electrical and
electronic equipment, as well as in dentistry and medicine (the radioisotope gold-198, with a
half-life of 2.69 days, is used for radiotherapy in certain cancer treatments (Hainfeld et al.
2008)).
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JRC elaboration on multiple sources (see next sections)
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Figure 85: Global end uses of gold and EU production (World Gold Council, 2019d;
WMD, 2019)

Gold is mined in several EU member states but the corresponding production levels are
relatively small on a global scale (0.8% in total; 27 t/y).

However, Europe has important gold refining and fabrication industries based on supply from
both primary and secondary materials, derived from sources within and outside the EU. Gold is
assessed at the extraction stage in the form of gold ores and concentrates. Gold and its alloys
are traded in a wide variety of forms including unwrought gold, plated gold, powder, granules,
bars, rods, wire, plates strips, sheets, foils, tubes and pipes. Most gold is traded as refined
gold of 995 minimum fineness. In this factsheet, quantities are expressed in tonnes of gold
metal content, and all figures are averaged over 2012-2016 data unless otherwise specified. It
should be mentioned that EU trade in gold is rather complex and data is either unreliable or
unavailable.

The price of gold is set on the LBMA (London Bullion Market) gold price auction with the price
set in USD per fine troy ounce®. The LBMA publishes prices in US dollars, pounds sterling and
euros. Following a sharp increase in 2012 to a historical high price of USD 1,669 per troy
ounce, the price has gradually declined to an average annual price in 2018 of USD 1,268 per
troy ounce (World Gold Council 2019c¢). In 2019 the price started increasing again to new
historical highs; by September 2019, the price of gold was USD 1,538 per fine troy ounce.
Though, below the 2011 peak of USD 1,877 per fine troy ounce, the price of gold is considered
to be high and since the political instability around the world remains, a new significant
increase of the price of gold might occur.

Given the diversity of forms in which gold is traded, the complexity of the market, the opaque
nature of many transactions and possible uncertainties in trade statistics, it is not possible to
derive a reliable single measure of gold consumption. However, regular publications by the
World Gold Council provide some insight into gold demand by sector and its variation across
the world. In 2018 the global demand for jewellery, which is by far the largest non-monetary
use of gold, was approximately 2,241 tonnes or 51% (World Gold Council 2019b). China and
India dominated the market with almost 1,341 tonnes (60% of the jewellery global demand
together), while European demand for gold in jewellery was approximately 74.3 tonnes , or 3
% of the world total (World Gold Council 2019b).

Gold has a range of uses, both monetary and non-monetary. Monetary uses, comprising
investment and holding of gold reserves by central banks, accounted in average for
approximately 39 % of total gold demand between 2012 and 2016 (World Gold Council
2019b). In year 2018 this percentage increased to 41%. For the purposes of criticality
assessment, it is however the non-monetary, industrial uses of the metal that are of interest.
Hence, the remaining applications of gold are to be highlighted hereinafter.

As already mentioned above gold is mostly used in the production of jewellery, universally
prized for its beauty and value. Technology demand for gold (electronics, other industrial and
dentistry) is relatively small (7.6%), averaging approximately 350 tonnes per year from 2012
to 2016. In 2018 global technology demand amounted to 335 tonnes, of which about 80 %
was used in electronics, 4.5% in dentistry and the rest in other industrial applications (World
Gold Council 2019b).

Manufacturers are continually looking for ways to reduce the amount of gold required to make
an object or substitute a less expensive metal. In jewellery, gold has no technical function and

% one troy ounce (oz t) equals exactly 31.1034768 grams
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could theoretically from this point of view be replaced by other precious metals or by cheaper
(gold) alloys. In electronic devices platinum, palladium and silver are possible substitutes for
gold, but their uptake has been limited in the past, partly by their high prices. However, as
gold prices have risen while those of the PGMs have been less buoyant in recent years this
price differential has been eroded and increasing substitution has taken place.

There is no single source of comprehensive evaluations for resources and reserves that apply
the same criteria to deposits of gold in different geographic areas of the EU or globally. USGS
collects information about the quantity and quality of mineral resources but does not directly
measure reserves, and companies or governments do not directly report reserves to the USGS.
Individual companies may publish regular mineral resource and reserve reports, but reporting
is done using a variety of systems of reporting depending on the location of their operation,
their corporate identity and stock market requirements. According to the U.S. Geological
Survey, the world’s reserves of gold are estimated at 54,000 tonnes (USGS 2019).

The global gold mine production was 3,197 t/y, as an average over 2012-2016. In 2018 mine
production reached 3,502 t/y. As aforementioned, China is the world’s largest producer (14%),
followed by Australia (8%), Russia (8%) and the United States (7%). In the EU, Finland is the
biggest producer averaging 8.6 tonnes per year (0.3% worldwide) over 2012-2016. Bulgaria
and Sweden produce 7.2 tonnes per year and 6.4 tonnes per year, respectively, and the rest of
Europe contributes with another 4.8 tonnes per year (WMD, 2019) . The post-consumer
functional recycling of gold is well established, contributing to gold supply from secondary
sources.

The gold related production processes are complex and they involve, similar to the processing
of many other materials, the use of chemicals and other potential toxic compounds. However,
when mining and processing are regulated adequately as in Europe, for example, no issues are
expected. Yet, when it comes to artisanal and small-scale mining and processing of gold, the
use of cyanide, mercury and other toxic substances may harm the surrounding ecosystems
and pose threat to the inhabitants and artisans. Within the EU, gold mining and processing is
already regulated by a strong legal framework to protect the environment as the main issue of
concern.

9.2 Market analysis, trade and prices

9.2.1 Global market

The market value of the annual gold production is estimated at USD 7 trillion. Despite the size
of its market, the way that gold is traded is often poorly understood (World Gold Council
2019d). The gold market is inherently global and gold is traded continuously throughout all
time zones. Gold’s disparate trading centres around the world are linked as market participants
drive convergence of local gold prices through arbitrage activity. However, there are still
important distinctions across different countries such as trade restrictions, taxes on gold and
differing bar standards such that a single integrated gold trading market does not exist (World
Gold Council 2019d). In addition to that, the diversity of forms in which gold and its alloys are
traded makes its marketability an even more complicated issue.

Most gold is sold as refined gold bullion ranging in purity from 995-998 fineness, where
fineness refers to the weight proportion of gold in an alloy or in impure gold, expressed in
parts per thousand (“per mill”). By definition, 1000 fine is pure gold. Most gold bullion is
traded on a 24 hour basis in over-the-counter (OTC) transactions. The governance of the
market is maintained through the London Bullion Market Association’s (LBMA) publication of
the Good Delivery List. This is a list of accredited refiners whose standards of production and
assaying meet LBMA specifications. Only bullion conforming to these standards is acceptable in
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settlement against transactions conducted in the bullion market. Gold can also be traded in
other forms including unwrought gold, plated gold, powder, granules, bars, rods, wire, plates
strips, sheets, foils, tubes and pipes.

The global gold market is not dominated by any country. China is the leading producer of
refined gold but its production is not that much higher compared to the producer countries
following in descending order. In the recent years more than 50 countries around the world
have been recorded to mine gold, while the top ten of them hold 63% of the global mine
production (World Gold Council 2019d).

As regards the most important export restrictions in place in 2018, only China, Indonesia and
Zimbabwe apply an export tax up to 25%.

9.2.2 Outlook for supply and demand

Excluding the monetary uses of gold, its consumption closely follows the trends in demand for
jewellery (World Gold Council 2019d). Demand increases in countries like China and India,
however, do not impose any supply risk. Global supply of gold is sufficient and its continuous
trading all over the world ensures that there will be no supply chain disruption. Besides, the
recycling rate of end-of-life products that contain high purity gold (electronic compounds and
jewellery) is remarkably high (29%)®°. Prices had no significant volatility during 2018, while in
2019 started increasing again, but not to an extent that would cause a stir in the global
market.

Table 42: Qualitative forecast of supply and demand of gold
Criticality of

. the material in Demand forecast Supply forecast
Material 2020
Yes No 5 years 10 years 20 years 5 years 10 years 20 years
Gold X + + ? + + ?

9.2.3 EU trade

Gold is traded in a wide variety of purities including: ores and concentrates; impure metal
(doré); and refined metal or bullion. Gold and its alloys are traded also in a wide variety of
forms including unwrought gold, plated gold, powder, granules,bars, rods, wire, plates, strips,
sheets, foils, tubes and pipes. Most gold is traded as refined gold of 995 minimum fineness.
However, in use it is normally alloyed with one or more other metals to provide specific
properties of colour, abrasion resistance, hardness and strength. The alloy compositions and
the forms in which they are available are determined by the intended use, whether in
jewellery, dentistry, electronics or other applications. Most bullions are supplied in LBMA 400
ounce ‘good delivery bars’.

Given the diversity of forms and purities in which gold is traded and in the sources from which
it is derived, it is not possible to make up a reliable quantitative assessment of the EU gold
trade. Accordingly the first stage in the value chain, ores and concentrates, for which complete
and reliable global production data are available, was examined in the criticality assessment of
gold. Trade data were extracted from the Eurostat Comext database (Eurostat 2019f) using
the CN code 26169000 (precious-metal ores and concentrates, excluding silver ores and

% UNEP (2011) estimates the average global EOL recycling rate for gold to be in the range of 15-20%.
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concentrates) based on value (EUR). This proxy is used because trade value data are
considered more reliable than quantities to show the import distribution among countries.

United Canada _ Peru Other non-
States 204 2% EU Countries
3% Mexico 3%

4%

Papua New
Guinea
4%

Tanzania
8%

South Africa
74%

EU imports: 17t

Figure 86: Distribution (%) of EU imports of precious metal ores and concentrates
from non-EU countries, based on their value. Average 2012-2016 (Eurostat 2019)

EU imports of precious metals ores and concentrates were dominated in the period 2012-2016
by South Africa (with close to 74 % of the total by value) (see Figure 86). Tanzania was the
second most important source of imports (8 % of total), followed by Papua New Guinea and
Mexico (4 %, each). The EU has imported in the reference period (2012-2016) 17 tonnes per
year, calculated on the basis that the gold content of the ores and concentrates is 0.1%
(European Commission 2017b).

9.2.4 Prices and price volatility

Price discovery is crucial for any commodity market. Gold not only has a spot price, but it also
has the LBMA Gold Price, as well as several regional prices. The gold price in US dollars per
fine troy ounce is set twice daily through the LBMA Gold Price auction. The LBMA Gold Price is
used as an important benchmark throughout the gold market, while regional gold prices are
important to local markets.

After staying many years in the range USD 200-400 per troy ounce, the gold price increased
steadily from 2003 to 2012 when the average annual price reached USD 1,669 per troy ounce
(Figure 87). However, since 2012 the price has declined to the average annual price of USD
1,160 per troy ounce in 2015. In the first half of 2016 the gold price began to recover rapidly
and peaked in the third quarter at about USD 1,335 per troy ounce, an increase of nearly 25%
since the end of 2015. This price rise was due to increased investor demand resulting from
global political uncertainties associated in particular with the UK’s vote on EU membership and
the US presidential elections. Very low interest rates across the world also provided a
significant incentive for increased investment in gold. Since then, however, the price fell back
to around USD 1,130 per troy ounce at the end of 2016, but recovered to about USD 1,230 per
troy ounce in mid-February 2017. After small fluctuations, the price gradually increased again
until end-January 2018 when it reached USD 1,353 per troy ounce. A few months later, the
price of gold started to decline in May 2018 down to USD 1,180 per troy ounce in August of
that year. Since then the price started increasing again to new historical highs. At the
beginning of September 2019, the price of gold was USD 1,538 per troy ounce as illustrated in
Figure 87 (World Gold Council 2019¢).
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Figure 87: Prices of gold, January 2000 to September 2019 (quarterly average prices
from LBMA, World Gold Council, 2019b)

Volatility of the gold market is important for analysing current and future expectations or
uncertainty for the price of gold itself as well as risk in the global markets. The gold price
exhibited low volatility during 2018, mostly due to the improving economy and steady political
situation worldwide, indicating the power of gold over politics and how this precious metal is
directly related to global finances. Nevertheless, after the pause of 2018, prices started rising
again, indicating that gold appeals as a safe investment asset in times of geo-political tensions.
Since the US announced additional tariffs on Chinese goods, there has been a rout in global
equity markets, lending support to prices of precious metals preceded by gold.

Global gold prices are still below the 2011 peak of USD 1877 per fine troy ounce. Nevertheless,
the political instability worldwide and tense relations between dominant nations may cause a
new sky-rocketing of the price of gold.

The long-term prices of gold are shown in Figure 88. The price curve shows real prices.
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Figure 88: Gold prices. Vertical dashed line indicate breaks in price
specification.(Buchholz et al., 2019)
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9.3 EU demand

9.3.1 EU consumption

On average for the period 2012-2016, the EU consumed about 300 tonnes per year of gold for
the production of jewellery and for technology and dentistry uses (World Gold Council 2019d).
In 2018, consumption decreased to approximately 245 tonnes per year (World Gold Council
2019d). The above figures are equal to 8.2% and 7.4% of apparent global consumption
respectively.

European demand for gold in jewellery was approximately 76.8 tonnes per year on average
over 2012-2016, or 3.2 % of the world total (World Gold Council 2019d). In 2018, the
respective figures were 73.4 tonnes per year, or 3.3% of the global consumption. The UK
dominates EU demand for jewellery, accounting for about 30.7 % of the EU total, while Italy
accounts for 26.5%, followed by France (18.7%), Germany (13.4%) and Spain (10.7%).

Technology demand for gold (electronics, other industrial and dentistry) is comparatively
small. Data on the consumption for such uses in Europe is not available in the public domain,
but it is apparent that the use of gold in electronics is dominated by Asian countries, including
China, Taiwan and South Korea.

9.3.2 Uses and end-uses of gold in the EU

The end uses of gold products in the EU are multiple; both monetary and non-monetary. As
already mentioned, for the purposes of criticality assessment, it is the non-monetary, industrial
uses that are of interest. Accordingly, as in previous assessments that have been carried out
on the basis of gold demand, only these applications for which data is available will be taken
into consideration.

The most important non-monetary use of gold is in jewellery. Between 2012 and 2016 gold
jewellery accounted for about 51 % of total gold demand and 86 % of its non-monetary use
(Figure 89) (World Gold Council 2019d). India and China are the two largest markets for gold
jewellery, together representing over half of global consumer demand in 2018.

About 11% of the global non-monetary demand for gold is in technical applications (Figure
89). The majority of this is used in electronic devices, where gold’s conductivity and resistance
to corrosion make it the material of choice for many high-specification and high-quality
components. Gold is used in connectors, switch and relay contacts, soldered joints, connecting
wires and connection strips.

Dental Other industrial
Electronics 1% applications
11% \ 2%

Jewellery
86%

EU consumption: 73t

Figure 89: Global non-monetary end uses of gold, averaged over 2012-2016 (World
Gold Council, 2019)
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Gold is also used in dentistry because it is chemically inert, non-allergenic and malleable.
Either pure gold or gold alloys are used for fillings, crowns, bridges and orthodontic appliances.
The latter are more preferable since pure gold is rather soft (HV 25) and has a large elongation
(45%). In recent years, pure gold has also been used through the electroforming process
(Knosp et al, 2003). Tooth restorations such as porcelain veneered copings for crowns and
bridgework can be electroformed with pure gold. Nevertheless, alloys including gold are
nowadays more and more used.

There are numerous other minor industrial uses of gold. These include long-established
applications such as coatings on various substrates to prevent corrosion and gas diffusion and
for decorative purposes. On account of its very high malleability gold can be beaten into very
thin sheets, so-called beaten gold, that are used to decorate picture frames, mouldings,
furniture and parts of buildings. Small amounts of gold are also used in various high-
technology industries, in complex and difficult environments, including the space industry, in
fuel cells, in auto catalysts and in the manufacture of chemicals. The relevant industry sectors
and their 2- and 4-digit NACE codes are summarised in Table 43.

Table 43: Gold applications, 2-digit and associated 4-digit NACE sectors, and value
added per sector (World Gold Council, 2019a).

Applications 2-digit NACE sector 4-digit NACE sectors Value-added
of NACE 2
sector (M€)

C32 - Other C3212 - manufacture of
Jewellery manufacturing jewellery and related articles 39,160

C2611 - manufacture of
C26 - Manufacture of electronic components. Gold is

Electronics computt_ar, electronic used in connectors, switc_h_and 65,703
and optical products relay contacts, soldered joints,
connecting wires and
connection strips.
C3250 - manufacture of
C32 - Other _ medical and den_tal
Dental manufacturing instruments and supplies. Gold 39 160
alloys are used for fillings, !
crowns, bridges, and
orthodontic appliances.
_ coating, electrical engineering,
Other industrial Sﬁiﬁufgz?frrin medicine, space technology, 39,160
g nanotechnology, etc.
9.3.3 Substitution

Manufacturers are continually looking for ways to reduce the amount of gold (or other precious
metals) required to make an object or substitute less expensive. In jewellery, gold has no
technical function and could theoretically be replaced by other precious metals such as silver or
platinum, or by cheaper alloys. However, this is likely to be minimal in practice because the
importance of gold in jewellery is long established and unlikely to change. The use of gold is so
deeply entrenched for thousands of years in many cultures, especially in China and India, that
it is very unlikely that consumers would accept these alternative materials and effect large
scale substitution of gold.

In its monetary uses, for investment and reserve holdings by central banks, gold cannot
generally be substituted with alternatives because it is gold itself that is the particular material
specified for these purposes. While exchange-traded funds, coins and bars based on platinum,
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and to a lesser extent palladium and silver, have become well established in recent years, their
market shares remain very small by comparison with gold.

In electronic devices, platinum, palladium and silver are possible substitutes for gold, but their
uptake has been limited in the past, partly by their high prices. However, as gold prices have
risen in recent years while those of the platinum group metals (PGMs) have been less buoyant,
this price differential has been eroded and substitution has taken place in increasing volumes.
Similarly, the use of base metals clad with gold alloys has long been employed as a way to
reduce the amount of gold used in electronic devices. In some applications, copper may be a
suitable alternative, but there is no data on sub-shares (Kamikoriyama et al. 2019).

In dentistry gold is increasingly being replaced by ceramics and cheaper base metal alloys.

9.4 Supply

9.4.1 EU supply chain

The supply chain for gold in the EU is complex and difficult to quantify. Gold supplies are
derived from primary sources (mines), both within and outside the EU, and from secondary
sources (refineries), both within and outside the EU. Refineries in the EU process a wide range
of gold-bearing materials including impure gold, end-of-life products and manufacturing waste
(new scrap). By-products from the mining, processing and manufacturing industries, related
chiefly to gold, silver, copper and lead extraction, also contribute to the EU supply of gold.
These include a wide range of materials such as concentrates, slags, mattes, flue dust, ash,
slimes and other residues.

Primary gold production (mine production) in the EU is about 27 tonnes per year on average
over the years 2012-2016 and takes place primarily in Finland, Sweden, Bulgaria, Spain and
Turkey (World Gold Council 2019d). Mined gold is further refined in processing installations
located in these countries or in other European countries, such as in Poland.

Gold mining projects are at the permitting stage across Europe in the United Kingdom,
Portugal, Romania, Slovakia and Greece. Exploration of gold deposits is also underway in other
countries, for example, France, Italy and Austria.

Apparently, Europe is rich in economically viable gold mining deposits. Despite its gold mining
potential, Europe is still lagging behind the rest of the world. In 2018, EU’s gold mine
production accounted for less than 1% of world’s gold production (nearly 2% when including
the Turkish gold mine production) (World Gold Council 2019d). As a result, Europe is still
heavily dependent on gold imports (>90%) from other countries.

Various gold mines exist in the EU countries, in particular in Sweden (8 Boliden mines, Blaiken
mine, Svartliden mine and Faboliden mine), Finland (Pahtavaara mine, Kittila mine, Orivesi
mine), Spain (2 Rio Narcea mines), Greenland (Nalunag mine), Ireland (Omagh mine) and
Portugal, with large mining projects and important gold exploration projects (TGM 2019).

In the Balkans, Bulgaria operates the Chelopech mine, the Kardzhali mine has been licensed
and the Krumovgrand mine is expected to get its license. In Romania, the gold mine of Rosia
Montana is expected to get its license, while in Serbia it has been announced that three state
mines have been conceded to a major gold mining company for further exploration. The same
happened recently in Kosovo (TGM 2019). In Greece, Hellas Gold has been given the mining
license quite recently (September 2019) and the company is beginning operations.
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In neighboring Turkey, the Turkish Gold Miners Association presents in its 2014 data at its
website ten active gold mines. The gold mines of Cayeli, Mastra, Kisladag and Efemcukuru are
operating, while two more mines are under development. There are currently approximately
70 active gold research and exploration projects in Turkey. Eldorado Gold, Thracean Gold
Mining’s parent company, developed and operates the Kisladag and Efemcukuru gold mines in
Turkey.

9.4.2 Supply from primary materials

9.4.2.1Geological occurrence/exploration:

Gold can be concentrated by a variety of geological settings and consequently occurs and is
extracted from a number of different deposit types. Early mining mainly worked surface
deposits of stream gravels, known as placers, also referred to as secondary deposits. From the
second half of the nineteenth century, increased gold demand led to significant innovation in
mining, beneficiation and extraction technologies that allowed the economic mining of gold
from deposits in bedrock, referred to as primary deposits or lode gold deposits. Today the
majority of gold is mined from primary deposits in which gold is the main product, but
significant quantities are also produced as a co-product or by-product of base metal mining
(chiefly copper, but also lead).

Gold deposits have been classified in many ways by different authors. Robert et al. (1997)
distinguished sixteen common types of bedrock gold deposits based on their geological setting,
the host rocks, the nature of the mineralisation and its geochemical signature. Among the
most important types in terms of current production are:Orogenic gold, palaeoplacers,
epithermal deposits, porphyry gold deposits, carlin type deposits, iron formation hosted
deposits, gold-rich massive sulphides.

Extraction from placer deposits remains widespread. Where gold is extracted as the main
product it is generally present in the ore at concentrations in the range 1-10 g/t (ppm).
However depending on the size, location and type of deposit, grades considerably less than 1
ppm may be exploited, particularly if the gold is produced as a by-product of other metals.
Porphyry deposits are particularly important in this regard: Some of the largest porphyry
copper deposits are also important producers of gold. For example, the Grasberg deposit in
Indonesia produces more than 330,000 t of copper per annum but also produces 1.2 million
ounces of gold, making it one of the largest gold producing mines in the world (Freeport-
McMoran 2016).

In primary deposits gold occurs chiefly as native metal, commonly alloyed with silver. The gold
occurs in very small grains, rarely visible to the naked eye. Various gold telluride minerals are
also known but these are seldom economic to mine.

Gold accounts for the major share of global exploration expenditure for non-ferrous metals.
From an all-time high in 2012 of USD 10,500 million gold exploration, expenditure fell by
about 60% to USD 4,200 million in 2015 (Schodde 2016). Latin America was the top
destination for gold exploration with 27% of the total. This was followed by China, Africa and
Canada, each with about 13% of the total exploration budget. About 3% of the total was spent
in Western Europe. It is notable that of the 55 gold deposits containing more than 1,000,000
ounces of gold discovered in the period 2010-2013, only one was located in Europe, i.e. the
Timok copper-gold deposit in Serbia (Schodde 2015).
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9.4.2.2Resources and reserves®®

Global resources and reserves

USGS (2019) reports known global reserves of gold of approximately 54,000 tonnes. These are
widely dispersed on all continents, with the largest amounts in Australia, Russia and South
Africa (see Table 44).

Table 44: Global reserves of gold in 2018. (USGS, 2019; BGS, 2019b)

Country Gold reserves (t) I:I:a;cteo r;i;a;g(ﬁ/:)f
USA 3,000 5.5
Australia 9,800 18.1
Brazil 2,400 4.4
Canada 2,000 3.7
China 2,000 3.7
Ghana 1,000 1.9
Indonesia 2,500 4.6
Kazakhstan 1,000 1.9
Mexico 1,400 2.6
Papua New Guinea 1,300 2.4
Peru 2,600 4.8
Russia 5,300 9.8
South Africa 6,000 11.1
Uzbekistan 1,800 3.3
Other countries 12,000 22.2
World total 54,000 100

EU resources and reserves®’: Resource data for some countries in Europe are available at
Minerals4EU (2019) (see Table 45) but cannot be summed up as they are partial and they do
not use the same reporting code.

® There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria to
deposits of gold in different geographic areas of the EU or globally. The USGS collects information about the quantity
and quality of mineral resources but does not directly measure reserves, and companies or governments do not
directly report reserves to the USGS. Individual companies may publish regular mineral resource and reserve reports,
but reporting is done using a variety of systems of reporting depending on the location of their operation, their
corporate identity and stock market requirements. Translations between national reporting codes are possible by
application of the CRIRSCO template which is also consistent with the United Nations Framework Classification (UNFC)
system. However, reserve and resource data are changing continuously as exploration and mining proceed and are
thus influenced by market conditions and should be followed continuously.

% For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
gold. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for gold, but
this information does not provide a complete picture for Europe. It includes estimates based on a variety of reporting
codes used by different countries, and different types of non-comparable datasets (e.g. historic estimates, inferred
reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the CRIRSCO template is not
always possible, meaning that not all resource and reserve data for gold at the national/regional level is consistent
with the United Nations Framework Classification (UNFC) system (Minerals4EU 2019). Many documented resources in
Europe are based on historic estimates and are of little current economic interest. Data for these may not always be
presentable in accordance with the UNFC system. However a very solid estimation can be done by experts.
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Data on known gold reserves in the EU and adjacent countries were collected in the EU FP7
project Minerals Intelligence Network for Europe (Minerals4EU 2019). Data for gold were
obtained from eight of the countries surveyed (see Table 46). However, the data were
reported according to eight different reporting systems and therefore cannot be aggregated to
provide a partial total for Europe. We have no data on gold reserves in the other 31 countries
that were surveyed during the Minerals4EU project.

The JORC-compliant resources of gold are located in the Scandinavian countries, as well as in
the UK, Greenland, Ireland and Turkey. The resources in several Eastern European countries
are based on national codes or on the Russian Classification. Some are based on the Canadian
NI43-101 code, whereas for some others there is no known classification system.

Table 45: Gold resource data for the EU compiled in the European Minerals Yearbook
at Minerals4EU (2019)

Quantity
Country Classification (million t Grade Reporting code
of ore)
Measured 16 0.83 g/t JORC
Finland
Measured 363 0.16 g/t NI43-101
Measured 32.45 1.08 g/t JORC
Sweden Measured 0.21 2.23 g/t NI43-101
Measured 513.4 0.12 g/t FRB-standard
Norway Indicated 7.86 0.53 g/t JORC
Greenland Indicated 5.08 1.25 g/t JORC
UK Measured 0.06 15 g/t JORC
Measured 0.161 9.1 g/t NI43-101
Ireland Indicated 4.927 1.64 g/t JORC
Ukraine P1 407.7 - Russian Classification
Czech
Republic P1 60.2 - Nat. Rep. Code
Slovakia Verified (Z1) 7.335 1.59 g/t None
Hungary C1 34.59 - Russian Classification
Romania 333 760 Ag + Au UNFC
Serbia Indicated 46.3 1.56 g/t NI43-101
North .
Macedonia A 37.16 0.64 g/t Ex -Yugoslavian
Albania A 0.01 1-4 g/t Nat. Rep. Code
Greece Indicated 81 0.06-0.08% USGS
Measured 32.8 2.4 g/t JORC
Turkey
Measured 96.1 0.97 g/t NI43-101
Historic
France resource 0.17 - None
estimate
Spain Measured 17.3x10°% | 3.99 g/t NI43-101
Portugal Indicated 4.233 1.57% NI43-101
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Table 46: Gold reserves data for the EU compiled in the European Minerals Yearbook
of the Minerals4EU website (Minerals4EU 2019)

Quantity Grade
Country Classification | (million t Reporting code
(% Cr)
of ore)

Spain Proven 8.479 x 10 - NI43-101
Greece Proven 0.2027 - CIM
Turke Proven 20.51 2.51 g/t JORC

Y Proven 92.726 0.96 g/t NI43-101
Northern Macedonia A 37.161 0.64 g/t Ex-Yukoslavian
Slovakia Verified (Z1) 7.335 1.59 g/t None
. Economic o
Czech Republic explored 0.0487 0.00019% Nat. Rep. Code

. Proven 8.9 1.3 g/t JORC

Finland Proven 190 0.92 g/t NI43-101
Proven 0.41 2.2 g/t JORC

Sweden Proven 0.09 0.71 g/t NI43-101
Proven 517.1 0.16 g/t FRB-Standard

9.4.2.3 World and EU mine production

Gold is mined in numerous countries and on every continent apart from Antarctica. Between
2012-2016, global annual production averaged 3,197 tonne. China is the leading producer,
accounting for 14% of global production per annum between 2012-2016 (see Figure 90).
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Figure 90: Global mine production of gold. Average 2012-2016 (WMD, 2019; BGS,
2019b; USGS, 2019; World Gold Council, 2019c)

Gold production in the EU averaged 27 tonnes per annum between 2012-2016, equivalent to
0.85% of the global total production. The top three EU producers were Finland (32% of EU
total), Bulgaria (27%) and Sweden (24%).
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Figure 91: EU mine production of gold. Average 2012-2016. (WMD, 2019)

9.4.3 Supply from secondary materials/recycling

While there are substantial stocks of gold in use comprising jewellery, central bank holdings,
private investment and industrial fabrication, it is unlikely that much of this will ever re-enter
the supply chain. The reasons for this are many and varied, but in general jewellery and
religious artefacts are viewed either as sacred or as precious assets handed down from one
generation to another. Central banks view gold as an important reserve asset and, in recent
years, they have been more likely to buy than sell gold. In electronic devices, much of the gold
is not recovered because they are not efficiently collected at the end of their lifetime.

The contribution of recycling to gold supply varies markedly with gold price. In 2009, as a
result of high prices and global economic disruption, it peaked at 1,728 tonnes, equivalent to
42 % of total gold supply (Boston Consulting Group 2015). Since then, however, as prices
have fallen and global economic recovery began, gold recycling has decreased. In 2014 it
accounted for 26% of total supply.

The majority of gold recycling, about 90%, is from high-value source materials such as
jewellery, gold bars and coins which contain a significant proportion of gold alloyed with one or
more other metals (Boston Consulting Group 2015). The techniques involved in recovering the
gold from these materials are relatively simple and well established; although for some
purposes where the desired purity of the output is critical, the techniques are available only in
large-scale specialist refineries.

Gold derived from recycling industrial source materials, such as waste from electrical and
electronic equipment (WEEE), provided the other 10% of secondary supply, up from about 5%
in 2004 (Boston Consulting Group 2015). In printed circuit boards and mobile phones, the gold
concentration is estimated to be between 200 and 350 g/t. Apart from the challenge of
efficient collection of these devices at the end of their life, it is technically very difficult to
extract the gold and other precious metals (palladium and silver). Although the technology
required to handle these materials is now both technically efficient and environmentally
friendly, it is highly specialised and not widely available.

Gold is also recycled from a wide variety of intermediate products and by-products from
mining and metallurgical operations. These include, for example, anode slimes and flue dusts
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from copper and lead smelters, complex concentrates of lead, zinc, silver and gold, and by-
products from gold mining such as sludges and residues.

UNEP (2011)estimates the average global end-of-life (EoL) recycling rate for gold to be in the
range of 20%. This estimate does not include recycling of jewellery and coins because there is
typically no end of life management for these products. On the other hand, the (World Gold
Council 2019b) estimates that the recycling rate of gold is approximately 29%.

9.4.4 Processing of gold

Gold-bearing ores may be extracted from either surface (open pit) or underground mining
operations depending on many variables, chiefly the grade, size, shape and location of the
deposit. Some gold-bearing ores are exploited at very big depths, exceeding 3 km from the
surface. For example, AngloGold Ashanti’s Mponeng gold mine in South Africa is currently the
deepest mine operation in the world, at a depth of 4km.

In a free milling ore gold is found in native form and can be extracted directly by dissolution,
generally cyanide leaching. The ground ore is treated with sodium cyanide solution which
dissolves the gold and silver. The gold is then collected from the solution by activated carbon
pellets, typically made from charred coconut husks. This is referred to as the carbon-in-pulp
process. The pellets are then recovered and the gold stripped from them by washing with hot
cyanide solution. The gold and silver are recovered from the solution by electrochemical
deposition. The cathode deposit is then refined into impure bullion or doré, a mixture of mostly
gold and silver.

Following conventional mining operations, some ores may be treated by heap leaching in which
a weak cyanide solution is sprinkled onto an open pile of ore stacked on an impervious base
(typical example is the Chovdar gold mine in Azerbaijan). Free milling gold can also be
recovered by direct flotation (since gold is naturally hydrophobic).

In a refractory ore, very fine grained gold is enclosed in the bearing mineral (usually sulphides
or carbonaceous material) that is impervious to cyanide leaching. The gold cannot therefore be
dissolved directly and some form of pre-treatment is required before the gold can be liberated.
Roasting, bacterial oxidation and pressure oxidation are the most common forms of pre-
treatment of refractory gold ores (Coetzee et al. 2011).

In gold-silver doré, the gold is recovered at a precious metals refinery. This typically involves
two stages of processing, chlorination which yields gold of 99.5% to 99.8% purity, followed by
electrorefining which produces gold with a purity of 99.9% or greater.

By-product gold in base metal ores is nhormally recovered with the other metallic minerals by
flotation. The flotation concentrates are shipped to smelters where the gold is ultimately
recovered as a by-product of smelting or refining. Gold is smelted in a crucible furnace to
oxidise the base metal impurities. The resulting ingots are refined to produce pure gold.

9.5 Other considerations

9.5.1 Environmental issues

The production of gold is highly energy-intensive and the processing of the ore involves toxic
substances and chemical components. However, no environmental restriction on placing on the
market and using gold is known. Regulatory issues are linked with conflict minerals legislation
issues (EU 2017).
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Contribution to low-carbon technologies and climate change

Gold’s downstream uses - gold in bullion, jewellery, and electronic products - have little
material impact on either gold’s overall carbon footprint or greenhouse gas (GHG) emissions,
which are very small and relatively insignificant in terms of its likely contribution to climate
change.

Refining and broadening their understanding of gold’s overall emissions profile, the World Gold
Council has released a new report (World Gold Council 2019a) in which an extended analysis is
described with a focus on the potential decarbonisation of the gold supply chain and climate-
related investment impacts. This analysis suggests that there are substantial opportunities for
the gold supply chain, and particularly gold mining, to adapt to a net zero carbon future (World
Gold Council 2019a).

9.5.2 Health and safety issues

Gold itself is an inert metal that can cause no health and safety issues. Nevertheless, its
processing could involve hazardous substances that can be harmful to man and nature.
Especially when it comes to small scale and artisanal mining, miners, who have used elemental
mercury to amalgamate and extract gold, are potentially heavily contaminated with mercury
(Eisler 2003).

9.5.3 Socio-economic issues

Gold falls within the scope of Regulation (EU) 2017/821 (sometimes referred to as the Conflict
Minerals Regulation)®®.

The Regulation sets out legally binding due diligence requirements for EU importers of tin,
tantalum, tungsten and gold that will apply as of 1 January 2021. The main objective of the
Regulation is to break the link between the trade in these minerals and metals and armed
conflict and associated human rights abuses. The Regulation will also provide transparency and
certainty as regards the supply practices of EU importers sourcing from conflict-affected and
high-risk areas.

The Regulation’s due diligence requirements are aligned with the 5-step framework for risk-
based due diligence developed by the Organisation for Economic Co-operation and
Development (OECD) 'Due Diligence Guidance for Responsible Supply Chains from Conflict-
Affected and High-Risk Areas' (OECD 2013).

Legislation to address similar concerns with regard to the DRC and neighbouring countries was
enacted in the US in 2010 through the Dodd-Frank Act.

9.6 Comparison with previous EU assessments

The assessment has been conducted using the same methodology as for the 2017 list. Supply
risk has been analysed at the mine stage. The results of this review and earlier assessments
are shown in Table 47.

68 Regulation (EU) 2017/821 of the European Parliament and of the Council of 17 May 2017 laying down supply chain
due diligence obligations for Union importers of tin, tantalum and tungsten, their ores, and gold originating from
conflict-affected and high-risk areas, OJ L 130, 19.5.2017, p. 1-20
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Table 47: Economic importance and supply risk results for gold in the assessments of
2011, 2014 (European Commission, 2011; European Commission, 2014); 2017
(European Commission, 2017a; 2017b) and 2020.

Assessment 2011 2014 2017 2020
Indicator EI SR EI SR EI SR EI SR
Gold n/a n/a 3.78 0.15 2.0 0.2 2.11 0.19

9.7 Data sources

While the World Gold Council (WGC) provides through its website an extensive archive of
statistics on supply, demand, prices and other variables, the majority of such information deals
with the global situation and very little data specific for Europe or the EU are available from
these sources.

The monetary uses (investment and central bank gold reserves), which account for about 41
% of global gold demand, are not considered in this criticality assessment. The assessment
methodology measures the economic importance of the raw material based on its use in
manufacturing. Accordingly, as in the previous EU criticality assessment (European
Commission 2014), only the non-monetary uses of gold are considered.

Production data for gold are dynamic and are changing every year, while previous years
announcements are always corrected (especially in the annual series of the USGS Mineral
Yearbooks). For this reason, data from four different sources (WMD, 2019; World Gold Council,
2019d; BGS, 2019b; USGS, 2019) were cross-compared to validate the actual production
figures. The data from the four sources do not match perfectly, but there is significant
consistency and the minor differences can be attributed to the dynamic nature of the data. On
this basis, the data from the World Gold Council is implemented in the calculations.

Trade data for ‘precious metal ores and concentrates, excluding silver ores and concentrates’
were extracted from the Eurostat COMEXT online database (Eurostat 2019) using the
Combined Nomenclature (CN) code 2616 9000. There are some concerns over the reliability of
the Eurostat data available for trade in precious metal ores and concentrates. These data are
reported in value and no information is given on the actual gold concentration within the ‘ores
and concentrates’. Without this information it was not possible to determine EU consumption
and import reliance of gold in this form.

The recycling rate for gold is difficult to quantify because of the lack of reliable data. This part
of the supply chain is also extremely sensitive to the gold price, increasing rapidly when the
price is high, but falling back when it is low. Furthermore, it is generally considered that a very
large proportion of gold in use in high-value applications (jewellery, religious artefacts, coins,
bars, etc.) will rarely become available for recycling and will therefore not be able to make a
major contribution to the supply. Recycling rates from technological applications are low
because of inefficient collection at the end of life and because the technology for gold recovery
is highly specialised and not widely available. The EOL recycling rate for gold was estimated by
UNEP to be 20 %, whereas the World Gold Council (2019) determines a recycling rate of 29%.
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10.GYPSUM

10.1 Overview
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Figure 92: Simplified value chain for gypsum in the EU®® (average 2012-2016).

Gypsum (CaS0,4.2H,0) is an evaporite mineral formed by precipitation, commonly from lake or
sea water. It can also form in hot springs or precipitate from volcanic gases. Anhydrite is a
dehydrated variety of the same mineral (chemical formula: CaS0,). Gypsum plaster, also
called plaster of Paris is a calcined variety (heated to remove water) which is also known as a
hemihydrate. This calcined gypsum is the main semi-product for further manufacturing of
plaster based products. Alabaster is a fine-grained, white or lightly tinted, gypsum which has
been used since ancient times for sculpture. Gypsum has a hardness of 2.0 on Mohs scale (and
is used to define that point on this relative scale), is moderately water soluble and if pure will
be white or colourless.

Trade data refer to CN code 2520 1000 - “gypsum; anhydrite” (Eurostat Comext, 2019).

The future demand for gypsum is driven by the plasterboard sector. Use of plasterboard has
tripled in the past 25 years and on the assumption that the building construction sector
continues to grow, it is expected that the plasterboard and gypsum sector will grow too in the
near future.

Other EU  Other non-

Agriculture countries EU countries
6% Greece_ 8% 1%

Austria 3%

Cement .
production Plasterboard and 3% Spain
17% Wallboard R ) 36%
51% omania
4%
Poland
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26%
Ital Germany
EU consumption: 32.3 Mt (natural + synthetic) a,,y 15%
: . 13%

Figure 93: End uses (Eurogypsum, 2020; NERA, 2016) and EU sourcing of Gypsum
(BGS, 2019; Eurostat, 2019) (2012-16).

69 . . .
JRC elaboration on multiple sources (see next sections)
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The average unit price of gypsum in the period 2014-2018 reported by USGS (2019) and U.S.
producers was around EUR 7.2 per tonne of crude gypsum. The prices of the different gypsum
products vary widely depending on its type, for example EUR 27 per tonne for calcined
gypsum, EUR 38 per tonne for gypsum used in agricultural uses and EUR 385 per tonne for
plaster.

The EU apparent consumption in the period 2012-2016 (5-year average) is estimated at 32.3
Mt per year (natural + synthetic). The majority of the EU production is consumed within the
European area and can sufficiently satisfy EU industry demand for gypsum without import
reliance issues.

Gypsum is used in the production of plasterboard and wallboard products, in the manufacture
of building plaster, in cement production and in agriculture as a soil conditioner. Substitutes for
gypsum used in plasterboard and wallboard include synthetic gypsum and recycled gypsum.
Wood based wall panels, renewable material wall panels, plastic and metal panels, brick and
glass may also be used to construct wallboards. In applications such as building plaster and
stucco, gypsum may be substituted by cement and lime plaster. Synthetic gypsum (mainly
FGD gypsum) is used as an alternative material in the production of cement and as a soil
conditioner in agriculture.

Reserves are believed to be large, but data for several countries are not available or reliable.
The gypsum reserves in China are estimated at 17 billion tonnes and in Iran at 2.2 billion
tonnes. Other countries with large reserves are the US, Canada, Brazil and Turkey. A global
reserve figure cannot be estimated as data from several major producing countries (Thailand,
Irag, Mexico, etc.) are missing. Reserve data for some European countries are available at
Minerals4EU website (2019) but cannot be summed as they are incomplete and they do not
use the same reporting code.

The trade of gypsum is relatively low when compared to production. Europe does not rely on
gypsum imported from other countries, but on the availability of domestic resources, thus,
there is no import reliance on gypsum in EU.

World mine production of gypsum is 265.5 Mt. China is the largest producer of gypsum with a
share of 48.7% of the global production, followed by the United States and Iran who both have
around 6% share of the global production. Many more countries, more than 80, produce
gypsum around the world. The 5 years average EU production of gypsum between 2012 and
2016 was 21.8 Mt/y, which accounts for 8.2% of the global production, down from 14% for the
period 2010-2014. Producing countries include Spain, Germany, France, Poland, Italy and
others.

The European Union follows a strong “decarbonisation” route regarding energy generation and
has set long-term objectives for reducing dependency on coal/lignite power stations. Based on
this, the production and availability of flue gas desulphurization (FGD) gypsum, a major
substitute to gypsum, is expected to decrease substantially, by 40 to 50% until 2035. Recycled
gypsum is produced from the processing of gypsum waste products, namely plasterboard
waste. Gypsum recycling varies considerably across Europe. Only 1% of the total gypsum used
by the European industry is obtained from recycling of gypsum products at end-of-life.

Information on export restrictions are accessed by the OECD Export restrictions on Industrial
Raw Materials database (OECD, 2019). There are no export restrictions, quotas or prohibitions
identified that may impact on the availability of gypsum.
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10.2 Market analysis, trade and prices

10.2.1 Global market analysis and outlook

The future demand for gypsum is driven by the plasterboard sector. Plasterboards are widely
used in buildings. Use of plasterboard has tripled between 1995 and 2020 and on the
assumption that the building construction sector will continue to grow, it is expected that the
plasterboard and gypsum sector will grow too. The same trend is foreseen for building plaster
and cement production, as they are closely linked to the construction sector (British Geological
Survey, 2006; DG Environment, 2010; Eurogypsum, 2009; Roskill, 2014; Mordor Intelligence,
2019).

The prediction of future supply of gypsum is more complicated due to interlinkages of the flows
of natural gypsum and synthetic gypsum’®. The uncertainties surrounding the future supply of
FGD gypsum influence the future need for natural gypsum. The European Union follows a
strong “decarbonisation” route regarding energy generation and has set long-term objectives
for reducing dependency on coal/lignite power stations. Based on this, the availability of FGD
gypsum is expected to drop the following years, thus FGD gypsum production is anticipated to
decrease by 40 to 50% until 2035 (Eurogypsum, 2020).

Prospective development FGD gypsum production EU
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Figure 94: Prospective development of FGD gypsum production (in million tonnes) in
the EU, (1) Prognos-report: Supply of gypsum to industry in the context of energy
turnaround in Europe, Ashtrans Europe 2014, Berlin; (2) European Commission: EU

trends to 2050 - EU reference scenario (2016) (EUROGYPSUM, 2020)

Boosting the recycling of waste gypsum (e.g. waste plasterboard) may compensate for a small
part of the FGD gypsum reduction, but not for all. In that case the requirement for natural
gypsum may grow to satisfy demand (Eurogypsum, 2020; Demmich, 2015).

7 The assessment on gypsum should incorporate synthetic gypsum, in particular FGD gypsum, which is an important
contributing material to the sector. However, there is no official data on FGD gypsum, only estimates.
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Table 48: Future supply and demand for gypsum

Criticality of the

Material material in 2020 Demand forecast Supply forecast
Yes No 5years 10 years 20 vyears 5 years 10 vyears 20 years
Gypsum X + + ? + + +

10.2.2 EU trade

The low unit value of gypsum means that transportation cost has a high impact on the final
price of products and, therefore, most of them are consumed where they are extracted. This
becomes apparent also from the trade data). For example, the EU has produced on average,
on an annual basis for the period 2012 to 2016 21.8 Mt of natural gypsum per year, whilst the
imports to the EU in the same period were approximately 196 kt per year.
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Figure 95: EU trade flows for gypsum (Eurostat, 2019a).
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Figure 96: EU imports of gypsum, average 2012-2016 (Eurostat, 2019a)
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Therefore, imported gypsum represents only a small flow to the EU. Gypsum exported from
Europe in the same period accounts for approximately 4.28 Mt, 23.7% more compared to the
period 2010-2014, thus Europe is a net exporter of gypsum.

Spain is the most important exporter of gypsum in EU accounting for 80% of the European
gypsum exports. Most of the Spanish gypsum is exported to the US. Imports of gypsum to the
EU appear to be mainly from Morocco and Norway’!. It has to be mentioned that imports from
Morocco in 2017 and 2018 have increased by 50% compared to the period 2012-2016 to 130
kt/y. In 2018 big imports from Tunisia were also noted (65 kt/y) (Eurostat, 2019a).

10.2.3 Prices and price volatility

The average unit price of gypsum in the period 2014-2018 reported by USGS and U.S.
producers was around EUR 7.2 per tonne of crude gypsum. The prices of the different gypsum
products vary widely depending on their type; for example, EUR 27 per tonne for calcined
gypsum, EUR 38 per tonne for gypsum used in agriculture and EUR 385 per tonne for plaster
(USGS, 2019).

10.3 EU demand

10.3.1 EU demand and consumption

The European apparent consumption in the period 2012 and 2016 (5-year average) is
estimated at 32.3 Mt per year, of which 21.8 Mt is the domestic production of natural gypsum,
18.0 Mt tonnes is the domestic production of synthetic FGD gypsum (NERA, 2016), 195 kt is
the imports to the EU from extra EU countries and 4,280 kilotonnes is the exports from the EU
to extra EU countries. The above figures suggest that the majority of the domestic production
is consumed within the EU and it can sufficiently satisfy the industry demand for gypsum.

10.3.2 Uses and end-uses

The gypsum industry in Europe is vertically integrated and consists of companies that mine
gypsum, but also manufacture plasterboard, wallboard, plaster and other gypsum products.
Gypsum is also used in cement production and in agriculture as soil conditioner.

Agriculture
6%

Cement
production
17%

Plasterboard and
Wallboard
51%

Building plaster
26%

EU consumption: 32.3 Mt (natural + synthetic)

. Imports from Norway are mainly of synthetic gypsum
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Figure 97: EU end uses of gypsum. Average 2012-2016 (Eurogypsum, 2020).

Plasterboard, plaster blocks, ceiling tiles and gypsum fibreboard are used for partition and
lining of walls, ceilings, roofs and floors. The properties of plasterboard can be modified to
meet a specification or requirement. Building plaster is commonly used for walls and ceilings,
whereas decorative plaster is used to produce aesthetic effects on brick and block walls and on
ceilings. Plasterboard properties can provide several advantages to buildings, such as fire
resistance, sound insulation, thermal insulation, impact resistance and humidity control
(Eurogypsum, 2020). Gypsum in cement is used to control the setting rate of cement. Circa 15
kt of gypsum are used as ornamental stones (e.g. alabaster) (SCRREEN CRM workshop, 2019).

Relevant industry sectors are described using the NACE sector codes in Table 49.

Table 49: Gypsum applications, 2-digit and associated 4-digit NACE sectors, and
value added per sector (Eurostat, 2019b).

Value added of
Applications 2-digit NACE sector NACE 2 sector 4-digit NACE sectors
(millions €)

Plasterboard C23 - Manufacture of 57,255.0 C2362 - Manufacture

and Wallboard = other non-metallic of plaster products for
mineral products construction purposes

Building plaster C23 - Manufacture of 57,255.0 C2352 - Manufacture
other non-metallic of lime and plaster
mineral products

Cement C23 - Manufacture of 57,255.0 C2351 - Manufacture

production other non-metallic of cement
mineral products

Agriculture C23 - Manufacture of 57,255.0 2399 Manufacture of
other non-metallic other non-metallic
mineral products mineral products n.e.c.

10.3.3 Substitution

Substitutes with a similar functionality in comparison to gypsum are available for the
applications of plasterboard, wallboard and building plaster. Substitutes are assigned a ‘sub-
share' within a specified application and considerations of the cost and performance of the
substitute, as well as the level of production, whether the substitute has a ‘critical’ status and
is produced as a co-product/by-product.

Substitutes for gypsum used in plasterboard and wallboard include synthetic gypsum and
recycled gypsum. All these materials have similar properties with natural gypsum and are used
in the same way. Wood based wall panels, renewable material wall panels, plastic and metal
panels, brick and glass may also be used to construct wallboards. In applications such as
building plaster and stucco, gypsum may be substituted by cement and lime plaster. Synthetic
gypsum (mainly FGD gypsum) is used as an alternative material in the production of cement
and as a soil conditioner in agricultural applications.

There are no quantified ‘market sub-shares’ for the identified substitutes of gypsum and the
ones used are based on hypotheses made through expert consultation (SCRREEN workshops,
2019) and literature findings (Eurogypsum, 2015).
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10.4 Supply

10.4.1 EU supply chain

The 5 years average EU production of natural gypsum between 2012 and 2016 was 21.8 Mt
per year, which accounts for 8.2% of the global production, down from 14% in the period
2010-2014. Producing countries include Spain, Germany, France, Poland, the United Kingdom,
Italy and others (BGS, 2019). The production in Italy dropped from a range of 3.8 to 5.9 Mt
per year in the period 2012-2015 to around 0.5 Mt in the period 2015-2017. Gypsum is a “high
place - value” industrial mineral therefore most of the gypsum produced is consumed in the
country of production.

FGD gypsum EU production is estimated approximately at 18 Mt per year, thus FGD gypsum is
an important input material to the European gypsum industry. Recycled gypsum is produced
from the processing of gypsum waste products, namely plasterboard waste. Gypsum recycling
varies considerably across Europe. Only 3% of the total gypsum used by the European industry
is recycled gypsum.

The trade of gypsum is relatively low when compared to production. Europe does not rely on
gypsum imported from other countries, but on the availability of domestic resources. There is
no import reliance on gypsum in EU.

Europe is a net exporter of gypsum and the primary destinations of the European gypsum are
the United States, Nigeria, Colombia and Venezuela. Spain is the most important EU exporting
country, and the second largest exporter of gypsum in the world, covering about 80% of the
European gypsum exports.

At global level, the United States is the world largest importer of gypsum accounting for almost
15% of the world imports per annum for the period 2012 to 2016. India and Japan are also
major importers with shares equivalent to 15% and 9% of the world total imports in the same
period. Thailand and Canada are also large exporters of gypsum globally.

There are no export restrictions, quotas or prohibitions identified that may impact on the
availability of gypsum.

10.4.2 Supply from primary materials

10.4.2.1 Geology, resources and reserves

Geological occurrence:

Gypsum (CaS0,4.2H,0) is an evaporite mineral formed by precipitation, commonly from lake or
sea water. It can also form in hot springs or precipitate from volcanic gases. Anhydrite
(CasS0,) is a dehydrated variety of the same mineral. Gypsum plaster, also called plaster of
Paris is a calcined variety (heated to remove water) which is also known as a hemihydrate,
CaS04:0.5H,0. This calcined gypsum is the main semi-product for further manufacturing of
plaster based products. Alabaster is a fine-grained, white or lightly tinted, gypsum which has
been used since ancient times for sculpture. Gypsum has a hardness of 2 on Mohs scale (and
is used to define that point on this relative scale), is moderately water soluble and if pure will
be white or colourless. Natural deposits typically contain impurities and can appear grey,
yellow, red or brown. Although it is often found as thick beds in sedimentary sequences, it
rarely occurs as sand but White Sands National Monument in the US is a notable exception.
Often gypsum is formed by the hydration of anhydrite at or near surface, which was uplifted to
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the near surface by geological processes. Gypsum usually passes into anhydrite below 40-50
m, although this varies according to local geological conditions.

Gypsum in nature occurs as beds or nodular masses up to a few metres thick and is formed as
chemical sediments of evaporating marine or terrestrial water bodies. Common country rocks
of the calcium sulphates include dolomite, saline claystone and salt rocks (e.g. halite). When
the concentration of seawater increases, the calcium sulphates are precipitated after carbonate
rocks and before rock salt. The primary precipitate of calcium sulphate is gypsum, only when
temperature is higher than 56 to 58°C. Anhydrite is the thermodynamically stable phase. In
sabkhas 7> conditions of gypsum and anhydrite stability switch easily and multiple
transformations are often taking place (Pohl, 2011; British Geological Survey, 2006).

Global resources and reserves’3:

According to the USGS (2016 and 2019), the gypsum reserves in China are estimated at 17
billion tonnes and in Iran at 2.2 billion tonnes. A global reserve figure cannot be estimated as
data from several major producing countries are missing (Thailand, Irag, Mexico, etc.).
Reserves are believed to be large, but data for most countries are not available. Reserve data
for some countries in Europe are also available at Minerals4EU (2019).

Table 50: Global reserves of gypsum (USGS 2019).

Country Gypsum Reserves (kilotonnes)
United States 700,000
Canada 450,000
Brazil 340,000
Turkey 200,000
India 36,000
Oman 4,900
Iran 2,200,000
China 17,000,000

2 An area of coastal flats subject to periodic flooding and evaporation which result in the accumulation of clays, evaporites and
salts

7 There is no single source of comprehensive evaluations for resources and reserves that apply the same criteria to
deposits of gypsum in different geographic areas of the EU or globally. The USGS collects information about the
guantity and quality of mineral resources but does not directly count reserves, and companies or governments do not
directly report reserves to the USGS. Individual companies may publish regular mineral resource and reserve reports,
but reporting is done using a variety of systems depending on the location of their operation, their corporate identity
and stock market requirements. Translations between national reporting codes are possible by application of the
CRIRSCO template (www.crirsco.com), which is also consistent with the United Nations Framework Classification
(UNFC) system. However, reserve and resource data are changing continuously as exploration and mining proceed and
are thus influenced by market conditions and should be followed continuously.
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EU resources and reserves’:

Resource data for some countries in Europe are available at Minerals4EU (2019) but cannot be
summed as they are partial and they do not use the same reporting code.

Table 51: Resource data for the EU (Minerals4EU, 2019)

Country Reporting Quantity Unit Grade Code Resource
code Type

Spain None 60,000 Million m3 - Resource

Greece UGSG 70 Mt - Indicated

Serbia JORC 11.89 Mt - Total

N. Ex-Yugoslavian 178,738 t - A

Macedonia

Albania Nat. Rep. Code 1,000,000 Million m3 85% A

Turkey None 1,800 Mt - Historic Resource
Estimates

Hungary Russian ? Million m®* 2.4 t/m3 -

Classification
Slovakia None 1.127 Mt 68.4% Z1
economic

Czech Nat. Rep. Code 82,137 kt - Potentially economic

Republic

Ukraine Russian 56,770 kt - P2

Classification

Poland Nat. Rep. Code 192.39 Mt - A+B+C1

Latvia Nat. Rep. Code 47.7 Mt - Stock of explored
deposits

Lithuania  Nat. Rep. Code 16.82 Million m3 - Mesaured

UK None >2,000 Mt - Estimate

Ireland None 8 Mt 78% Historic Resource
Estimates

The only country reporting reserve data on gypsum using the United Nations Framework
Classification (UNFC) is Romania, which indicated 113 Mt of reserves for UNFC 111 code and
200 Mt of reserves for UNFC 121 code (Minerals4EU, 2019).

" For Europe, there is no complete and harmonised dataset that presents total EU resource and reserve estimates for
gypsum. The Minerals4EU project is the only EU-level repository of some mineral resource and reserve data for
gypsum, but this information does not provide a complete picture for Europe. It includes estimates based on a variety
of reporting codes used by different countries, and different types of non-comparable datasets (e.g. historic
estimates, inferred reserves figures only, etc.). In addition, translations of Minerals4EU data by application of the
CRIRSCO template is not always possible, meaning that not all resource and reserve data for gypsum at the
national/regional level is consistent with the United Nations Framework Classification (UNFC) system (Minerals4EU,
2019). Many documented resources in Europe are based on historic estimates and are of little current economic
interest. Data for these may not always be presentable in accordance with the UNFC system. However, a very solid
estimation can be done by experts.
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Table 52: Reserve data for the EU (Minerals4EU, 2019)

Country Reporting code Quantity Unit Grade Code Reserve
Type
Spain Other 2,645 Mt - Proven
Romania UNFC 113 Mt - 111
Croatia Nat. Rep. Code 51.22 Mt - -
N. Macedonia Ex-Yugoslavia 178,738 t - A
Switzerland None 3 Mt - Total
Slovakia None 1.127 Mt 68.4% Z1
economic
Czech Republic Nat. Rep. Code 119,100 kt - Economic explored
Ukraine Russian 39,836 kt Gypsum and A
Classification anhydrite,
total
Poland Nat. Rep. Code 109.11 Mt - Total
UK None > 50 Mt - Total

10.4.2.2 World and EU mine production

Gypsum/anhydrite are produced predominantly in Europe using open cast mining techniques
(80%) and (20%) by underground mining using pillar and stall mining methods that give
extraction rates of up to 75%. These mining methods do not cause subsidence and no
significant waste is produced. The impact of the workings is confined to the surface facilities at
the mine. Continuous mining is becoming increasingly common in underground gypsum mines
too. In open cast mines, mineral to overburden/interburden ratios can be as high as 1:15.
Overburden is used to reclaim the void, which may also be used for landfilling (British
Geological Survey, 2006).

Gypsum is normally only screened to remove fines (mainly mudstone), then crushed and finely
ground. Gypsum/anhydrite for cement manufacture is supplied in crushed form for further fine
grinding with cement clinker. For plaster manufacture, the finely ground gypsum is heat
treated in calcination facilities to remove three-quarters of the combined water to produce
hemi-hydrate plaster. Emissions consist only of steam. There is, therefore, little or no waste
associated with the extraction and processing of natural gypsum (British Geological Survey,
2006). Furthermore, it is mentioned that gypsum products can be counted amongst the very
few construction materials where "closed-loop” recycling is possible, i.e. where the waste is
used to make the same product again. Gypsum as such is 100% and eternally recyclable
(Eurogypsum, 2020). To a relatively large extent, the source of Gypsum are mineral sulphides
forming SO, during roasting.

Approximately 8.2% of the global production, for the period 2012-2016, of natural gypsum is
European. This figure is 6% lower compared to the previous assessment period, due to the
three-fold increase in production by China between 2012-2016; the accuracy of the Chinese
data is uncertain though. Europe is a net exporter of gypsum hence the sector is a positive
contributor to the European economy. Exports by the EU the period 2012-2016 have increased
by 20% compared to the previous assessment period; imports were similar in both periods.

In the reported period (2012-2016), the world mine production of gypsum was 265.5 Mt, 63%
higher compared to the previous assessment period (2010-2014). China is the largest
producer of gypsum with a share of 48.7% of the global production, followed by the United
States and Iran who both account for a 6% share of the global production. In total, more than
80 countries produce gypsum around the world.
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However, because of the depletion of deposits of natural gypsum and anhydrite, the use of
synthetic gypsum and recycled gypsum will increase. As there are still a significant nhumber of
synthetic gypsum landfills, manufacturers will start to recycle it (Lushnikova and Dvorkin,
2016).

Other EU
Russian China ) Greoece countries
Federation__ Australia 49% Austria_ 3%

8%

2% 1% 3%
Brazil Romcanla
Italy L \ "
1% - \ Poland
Spain
S — 5%

MEXIC07

3%
Turkey
3%

Iraq Thailand
4% 5% Isla World mine
United States Rep. production: 265 Mt Ttaly
6% 6% 13% EU production : 20.8 Mt

Figure 98: Global and EU mine production of gypsum, average 2012-2016 (BGS,
2019).

The European production of natural gypsum between 2012 and 2016 is estimated at 20.8 Mt
per year and 18 countries are reporting production. According to Eurogypsum, 154 gypsum
quarries are currently in operation in Europe (EUROGYPSUM, 2020). Spain, Germany, Italy and
France are the largest producers of gypsum in Europe with 7.4 Mt, 3.2 Mt, 2.7 Mt and 2.3 Mt
production reported respectively.

Spain
36%

Germany
16%

Spain produced 3%, Germany 1.2% and Italy 1% of the global production. In Spain, gypsum
is produced by numerous quarries using open cast mining methods. In Germany and Italy
several different mine and quarries exist that produce gypsum from a variety of locations. The
remaining European countries produce in total 4% of the global production.

10.4.3Supply from secondary materials/recycling

The EU industry does not solely rely on natural gypsum. The use of FGD gypsum, recycled
gypsum and other synthetic gypsum is also important to the sector (Lee et al., 2011; Kubba,
2017). In the reported period, approximately 38% of consumption was met by FGD gypsum,
3% by recycled gypsum and 2% by other synthetic gypsum, with the remaining 57% by
natural gypsum. Regarding FGD, US Environmental Protection Agency (EPA) concludes that the
use of FGD in gypsum board has significant environmental and economic benefits
(Eurogypsum, 2014 and 2020).

The global synthetic gypsum market is expected to reach 220Mt/y by 2027, from a 151 Mt/y in
2017. A modest growth in the US, a decline in Europe and growth in China is forecasted over
the next 10 years. The current supply of synthetic gypsum is mostly based in these countries
and has accounted for 96% of worldwide supply in 2014 (Global Gypsum, 2017).

10.4.3.1 FGD gypsum

FGD gypsum is a by-product of coal fired power station, while flue gas desulphurisation takes
place in scrubbing towers. When flue gas comes into contact with an aqueous suspension
containing limestone or slaked quicklime, SO, present in the flue gas is oxidised to SO5; and
precipitates to form finally gypsum dihydrate. The gypsum crystals are separated from the
suspension with the use of centrifuges or filtering technology. FGD gypsum production in the
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EU is estimated approximately at 18 Mt per year. FGD gypsum, which is directly usable, is
used similarly to natural gypsum in the production of plaster and plasterboard. The quantity of
FGD gypsum is closely related to the sulphur content of the coal used in coal powered
electricity plants and its operation time. Low sulphur coal will produce lower quantities of FGD
gypsum. Eurogypsum, Ecoba and VGB Powertech have determined harmonized quality criteria
and analysis methods to ensure the utilisation in the European gypsum industry.

The growth in the construction industry in Asia Pacific, North America, and Europe is
anticipated to boost the global FGD gypsum market in the near future. Demand for gypsum is
high in the construction industry, which accounts for 10% share of the GDP of European Union,
due to wide applications in wallboard, cement, and plaster of Paris (Transparency Market
Research, 2019).

The main FGD gypsum producing country is Germany due to the presence of coal fired power
plants stations (around 7 million tonnes produced every year) (Figure 99). Plasterboard plants
in countries with no or poor natural gypsum deposits (Scandinavia, Belgium, the Netherlands,
and the United Kingdom) rely up to 100% on this substitute to produce plasterboard. FGD
gypsum is of higher purity than most natural gypsum. This means that lower quality gypsum
can be blended with high purity FGD gypsum, allowing material that would not have been
mined in the past to be exploited.

FGD gypsum production

EU: 18-20 Mt/y
(estimation Ecoba)
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Figure 99: FGD gypsum production figures in million tonnes (2005 - 2016) for
Germany and Europe’®. (Eurogyspum, 2017)

10.4.3.2 Recycled gypsum

Recycled gypsum is produced from processing of gypsum waste products, namely plasterboard
waste. Three categories of gypsum waste can be differentiated based on their origin:

- Production waste (e.g. gypsum boards which do not meet specifications and waste from
the manufacturing process). Production waste currently recycled is approximately 3.5-5%.

- Waste resulting from construction sites (called construction waste). The gypsum
construction waste currently recycled is estimated, at current market volumes, at ca. 7%.

- Demolition waste. The last category includes both demolition and renovation waste and is
the most complex to address because it adheres to other construction materials (such as

> Former EU-15 countries
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plasters, paints & screeds etc). The demolition waste does not depend on market volumes
and its recycling rate is estimated at ca. 1%.

Although gypsum products are indefinitely and fully recyclable, only a small percentage of
construction and demolition material is recycled in Europe’®. One reason for the low amount of
gypsum waste recycled from demolition activities is due to the common practice of
demolishing and mixing different kinds of waste in same bins on job sites rather than
deconstructing and segregating waste by nature during a deconstruction activity. This common
practice also leads to potential problems of contamination with hazardous substances, which
can affect the recycling efficiency. The recycling of plasterboard waste includes several
activities (dismantling and separation of suitable waste, processing of plasterboard recovered
and re-incorporation into new manufacturing processes) and different parties are involved to
facilitate the process.

A Life Project GypsumtoGypsum’’ initiative was promoted by Eurogypsum with the overall aim
to achieve higher recycling and reuse rates of gypsum, thus transforming the European
gypsum market in a resource efficient and circular economy. The study demonstrates
feasibility of re-incorporation (up to 30% according to current state of the art technology) of
recycled gypsum in manufacturing of Type A plasterboard with a face to which suitable gypsum
plasters or decoration may be applied (EN-520 Standard), without noticeably affected basic
performance characteristics. It highlighted potential production bottlenecks in terms of recipe
modifications (e.g. in additives) and production process equipment (e.g. storage, feeding
conveyors, recycled gypsum pre-processing etc.) that may arise when the increased
percentage becomes standard practice in the plasterboard manufacturing. It concluded on the
fact that several actions were possible to increase significantly the circularity of this industry,
by favoring deconstruction versus demolition, by pushing the correct implementation of the
current EU waste legislation in a harmonized way across Europe, by fostering the economic
competitiveness of the recycling route compared to other currently permitted routes and by
turning waste into a resource.

The recycling of gypsum is controlled by national and commercial specifications, but in reality
recycling across Europe varies considerably from country to country, mainly according to local
gypsum waste landfilling costs and constraints. No end-of-life criteria exist at the moment at
European level that could promote gypsum recycling further. The UK is the only country, which
has adopted a quality protocol for the recycling of gypsum from plasterboard waste
accompanied also by a specification for the production of reprocessed gypsum (WRAP & BSI,
2013; WRAP & Environment Agency, 2011). Hence the current low production and use of
recycled gypsum in Europe is not unexpected (only 3% of the total gypsum used).

Recently a new recycling facility commenced operation in Holmestrand, Norway, approximately
70km south of the capital Oslo. Construction of the building and installation of the processing
equipment was completed during July 2018 and the commissioning of the new equipment was
carried out in August 2018. The new recycling facility has sufficient capacity to process up to
100,000t/yr, providing sufficient capacity to service the local gypsum wallboard plants (Global
Gypsum, 2018).

’® http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj id=4191
7 "Erom production to recycling: a circular economy for the European gypsum industry with the demolition and
recycling Industry" http://gypsumtogypsum.org/
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10.4.3.3 Other synthetic gypsum

Several other industries produce gypsum as a by-product, but their use by the European
gypsum industry is very low. Other types of synthetic gypsum include phosphogypsum,
titanogypsum, citrogypsum and other (Eurogypsum, 2020).

The most important potential of other synthetic gypsums than FGD gypsum lies in the use of
purified phosphogypsum, but apart from a few exceptions its radioactivity still remains a
problem. There is also some potential in the use of purified titanogypsum. In the past, both
the phosphoric acid and the titanium dioxide industries have systematically closed down
production facilities in Europe (Eurogypsum, 2020; Gypsum Association, 2019).

10.50ther considerations

10.5.1Environmental and health and safety issues

It is known that one of the most commonly encountered forms of dust during construction
activities is the one associated with plaster and related plastering materials . Inhaling plaster
dust can lead to respiratory complaints, including asthma and chronic obstructive pulmonary
disease (COPD). In addition, serious illness can result if the plaster mix contains any silica, or
if old plaster walls being sanded contain any asbestos (Azarov et al., 2016; RTVGROUP, 2019).

Based on the results of several available studies there is no indication of any major risk to
occupational exposure to gypsum dust, if all precautions are taken (Oakes et al., 1982).
Typical symptoms of prolonged exposure may include irritation of eyes, skin, mucous
membrane, upper respiratory system; cough, sneezing, rhinorrhea (discharge of thin nasal
mucus) (NIOSH, 2019). Gypsum core board products normally do not entail any risk
(CertainTeed, 2018).

Gypsum association has carried out LCA studies for gypsum products to assess their
production environmental impact by considering several impact categories as indicators
(Gypsum Association, 2011 and 2016).

It is however underlined that companies should always use all apropriate means (personal
protective equipment, workplace practices, engineering controls, continuous medical
surveillance etc) to ensure that workplace exposure complies with applicable occupational
exposure limits (OELs) (Brun et al., 2013). Special emphasis should be paid on monitoring and
controlling exposure to respirable crystalline silica associated with all mined minerals, since
this make cause autoimmune disorders, chronic renal disease, and other adverse health effects
(NIOSH, 2002).

On the other hand, flue gas desulpurization (FGD) gypsum may exhibit some risk pertinent to
leaching of heavy metals such as Hg (Fu et al., 2019; Hao et al., 2016). Nevertheless, no
health risk has been noticed when using FGD gypsum as compared to natural gypsum (Beckert
et al., 1991).

Finally, it has to be mentioned that despite its great potentiality, most of gypsum waste (GW)
in EU is currently landfilled. Besides the loss of valuable resources, gypsum landfilling may
result in potential leaching of sulfates; moreover, hydrogen sulfide and greenhouse gases can
be emitted due to degradation processes occurring in landfills. Thus, efficient management
systems need to be developed to minimize environmental issues and improve economics of
gypsum waste management (Pantini et al., 2019).
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10.5.2Socio-economic issues

Gypsum is widely used in construction, the biggest sectorial employer in EU (Global Gypsum
Magazine, 2018). The gypsum industry has a turnover of around 7.7 billion Euro. It operates
154 quarries and 160 factories, which generate employment directly for 28,000 and indirectly
for 300,000 people. The number of plasterboard installer in Europe is around 1 million persons.
The industry trains 25,000 people per year. Important socio-economic benefits are also
anticipated from the emergence of a market for gypsum recycling (GtoG Life project, 2011).

Minerals such as gypsum offer a lot in terms of job opportunities and economic growth along
the value chain. They are indispensable to secure a low-carbon future for buildings and are an
integral part of the circular economy (ZKG, 2019).

Socio-economic issues are very important for the areas (and the countries) where gypsum is
mined or processed since such activities contribute to social welfare and economic growth. On
the other hand, in order to meet the criteria of sustainable growth and environmental
protection, sustainable development indicators (SDIs) need be used at all stages, including
exploration, mining, processing and post-mining so that social, economic and environmental
improvement is achieved in the areas of concern (Tzeferis et al., 2013; Blengini et al., 2013;
Komnitsas et al., 2013).

Despite good practices record of quarrying in line with nature, the permitting procedures for
mining gypsum in European countries are long (up to 10 years), costly and burdensome
(scattered administrative requirements between national, regional and local level) with a low
social acceptance of mining in Europe (pillar 2 of the Raw Material Initiative) (European
Commission 2017). Access to gypsum deposits is also becoming more difficult as Natura 2000
areas expands and the Guidelines on Extraction into such areas allows extraction under specific
conditions. However, in practice, those guidelines are not well known at national level. The
common views of national authorities is that Natura 2000 areas are “no go areas”. The
forthcoming action plan of the Commission on the implementation of the Birds and Habitat
Directive will provide tools to support and enhance access to natural gypsum at a time when
the substitute for natural gypsum in Europe, FGD gypsum, is decreasing due to the closure of
coal power plant stations (Eurogypsum, 2020).

In the absence of opening of new quarries, some EU countries are likely to lack gypsum in the
forthcoming years. The importance of transportation costs relatively to gypsum price limits its
transport over long distance. Hence, gypsum has to be produced locally. Access to gypsum
deposits could also be enhanced by a land use planning taking into account the gypsum
deposits close to urban areas.

10.6Comparison with previous EU assessments

A revised methodology, similar to the one used in the 2017 assessment for critical raw
materials in Europe, was followed in this study. Both the calculations of economic importance
and supply risk are different therefore the results with previous studies (2011 and 2014) are
not directly comparable.

The results of this review and earlier assessments are shown in Table 53.

Table 53: Economic importance and supply risk results for gypsum in assessments of
2011, 2014 (European Commission, 2011-2014-2017).

Assessment 2011 2014 2017 2020
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Indicator EI SR El SR EI SR EI SR
Gypsum 5.04 0.36 5.54 0.47 2.2 0.5 2.6 0.5

Although it appears that the economic importance of gypsum has been reduced after 2014,
this is a rather false impression due to the revised methodology used that implies refined EI
calculations. The value added used in this study corresponds to a 2-digit NACE sector rather
than a '‘megasector’ used in the previous studies and the economic importance figures are
therefore reduced. The supply risk indicator is similar to the previous two assessments. The
changes observed in Table 53 6 are in general not major and it is not possible to quantify what
proportion of this changes is due to the methodology alone, as new data have been used more
recent assessments.

10.7Data sources

Market shares are based on the statistical data provided by EUROGYPSUM and they represent
the European market. Production data for gypsum are from World Mineral Statistics dataset
published by the British Geological Survey (BGS, 2019). Trade data was extracted from the
Eurostat Easy Comext database (Eurostat, 2019a). Data on trade agreements are taken from
the DG Trade webpages, which include information on trade agreements between the EU and
other countries (European Commission, 2016). Information on export restrictions are accessed
by the OECD Export restrictions on Industrial Raw Materials database (OECD, 2019).

For trade data the Combined Nomenclature (CN) code 2520 1000 - GYPSUM; ANHYDRITE has
been used. The end-of-life recycling input rate for gypsum was calculated with data provided
by EUROGYPSUM. The calculation is based on data available for gypsum recycling for selected
countries only (France, the United Kingdom, the Netherlands, Belgium and Luxembourg).

The production figure as well as the reserves for China, who is the global leading producer,
varies significantly between different data providers (BGS, 2019; USGS, 2019). It is believed
that some bigger production data reported for China may include other forms of gypsum, for
example, FGD gypsum.

Other data sources used in the criticality assessment are listed in section 1.7.2.
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11.HELIUM

11.1 Overview
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Figure 100: Simplified value chain for helium (2012-2016 average values for EU)’®

Helium (chemical symbol He) is a chemically inert, noble gas. It is second lightest after
hydrogen and its boiling point is the lowest among all the elements (-269°C).

Helium constitutes about 23% of the mass of the universe and is thus second in abundance to
hydrogen in the cosmos. Below 2.17 kelvin (-270.98°C), the isotope *He becomes a superfluid
(its viscosity nearly vanishes). Most helium on Earth is *“He, which is produced by radioactive
decay deep inside the planet. Over hundreds of millions of years, it migrates up to the crust,
where it is released during periods of tectonic activity.
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Figure 101: End uses (CRM Experts, 2019) and EU sourcing of helium, averaged over
2012-2016"°

’® JRC elaboration on multiple sources. See next sections.
”® The EU sourcing figure is an elaboration from production and EU imports figures.
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Helium is produced as a by-product of natural gas processing and Liquid Natural Gas (LNG)
production and the market is highly consolidated. Helium extraction is seldom economical
without natural gas production and even with natural gas production, the companies’ profit
margin is very low.

Data source for trade was COMEXTwith the CN code 28042910. Original data were in kg of He
and were converted to m? using the conversion 1 kg = 5.988 m3 He.

The world average annual production of helium between 2012 and 2016 was about 169.3 Mm?
per year (28.3 kt), with 63% of production taking place in the United States, 17% in Qatar and
13% in Algeria (USGS 2019).

The European production of helium is located mainly in Poland (around 3 Mm?3). In Germany
the average annual production is 60 Km3. These two countries account for 2% of the world
production, respectively 8% of the EU sourcing (Eurostat database).

The EU imports of processed helium are more than 11 times higher than the domestic
production. The value of the import reliance calculated for the period 2012-2016 is 89%. The
EU average consumption is about 28.6 Mm? of helium per year (4.77 kt). It is sourced mainly
through imports from the United States (35% of the total sourcing) and Algeria (31%) (Figure
101).

Helium is used as a coolant liquid in cryogenics, as an inert gas atmosphere for welding
metals, in the manufacturing of semiconductors and optical fibre cables, in rocket propulsion to
pressurise fuel tanks, as a lifting gas, and in high-pressure breathing operations. Helium is also
used as a tracer gas to check for leaks in containers, pressure vessels, etc. In research
analysis, helium is used in mixtures with other gasses for i.e. calibration of instruments.

For some applications, helium has substitutes, but other uses rely on helium unique properties
and there are no existing alternatives.

Helium used in large-volume applications is rarely recycled. The end-of-life recycling input rate
(EoL-RIR) has been estimated at 1% for the purpose of the assessment.

Helium is listed in REACH and is exempted from registration (ECHA, 2019). Inhalating of
helium gas can cause high voice, dizziness, dullness, headache and suffocation. The contact of
liquit helium effect frostbites.

11.2 Market analysis, trade and prices

11.2.1 Global market analysis and outlook

The helium production and distribution market are highly consolidated, with numerous mergers
and acquisitions taking place. The helium distribution business is run mostly by industrial gas
companies having direct access to sources of helium. The world leaders on this market are Air
Products and Chemicals (US), Air Liquide (France), Linde plc (registered in Ireland and resulted
from the merger in October 2018 of Linde AG-Germany with Praxair-US), Matheson Tri-Gas
(US, the largest subsidiary of TNSC Japan), ExxonMobil (US) and RasGas (Qatar).

Helium is traded on contract based with long term (10+ years) take-or-pay supply contracts
with industrial gas companies. Because of the nature of the supply and the contract structure
of the industry, storage is particularly important in helium market, having also a big influence
in helium price.
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Helium supply had several fluctuations, the most remarkable being the supply constraints
during the period 2011-2013 . With the implementation of Qatar Helium 2 project, by the end
of 2013, the global supply switched from shortage to excess-supply and stayed above the
demand until beginning of 2017. Throughout 2018, helium was in tight supply caused primarily
by the reduction of US helium production that started with the Qatar embargo in June 2017.
However, large projects announced in Qatar and Russia should secure the helium supply
during the forecast period.

The major factors playing on the supply side are the ongoing privatisation of US-based Federal
Helium Reserve under the Helium Privatization Act of 1996 and the new players announced for
the global helium market: Renergen (2019), Qatar 3 (2020), Irkutsk (2021) and Amur (2021-
2026), a Gazprom project of gas processing plant in Siberia. Gazprom estimates that Amur
facility will add to the world supply 60 Mm? once fully operational and thus Russia will become
an important global supplier of helium.

Overall, the enlarged capacity production of the new facilities is likely to smooth the production
fluctuations and secure a supply that can follow better the demand trends.

Table 54: Qualitative forecast of supply and demand of helium

Criticality of the
Materials material in 2020 Demand forecast Supply forecast
Yes No 5 years 10 years 20 years 5 years 10 years | 20 years
Helium X + + + -+ + +

Despite the high cost of extraction and transportation of the gas, the demand for helium will
continue to grow, following the increasing demand for the gas from medical applications such
as magnetic resonance imaging (MRI) and nuclear magnetic resonance (NMR) and growth in
the electronics and semiconductor industries across the Asia-Pacific region.

Another factor that might influence the increasing demand for helium is related to the
dynamics of research and development (R&D) for helium-based devices. For instance, there
are the ongoing research of NASA and the National Science Foundation to employ supercooled
helium for making sensitive gyroscopes for better navigation in submarines and airplanes. New
applications of helium might include also hybrid air vehicles (such as Airlander and Lockheed
Martin’s LMH-1), helium filled hard drives, and Google X Project Loon.

11.2.2 EU trade

For helium, the EU is heavily reliant on imports. Over the 2012-2016 period, the EU imports
are originating mainly in the United States (38% of the total imports) and Algeria (34%)
(Figure 103).

No export restriction is in place for helium (OECD, 2019). A free trade agreement exists
between the EU and Algeria since 2007 (within Euro-Med). On 18 June 2018, EU and Australia
launched negotiations for a comprehensive trade agreement (European Commission, 2019).
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Figure 102: EU trade flows for helium (Eurostat 2019b)
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Figure 103: EU imports of helium, average for the 2012-2016 period (Eurostat
2019b)

11.2.3Prices and price volatility

The US Bureau of Land Management (BLM) started to sell crude helium from the federal
helium reserve on the open market in 2005, at a formula-driven price. This price became the
de-facto crude helium price, and the basis of the price of refined liquid and refined gas in the
US and worldwide. The unit price of in-kind helium has an increasing trend and has doubled
over the last 20 years. The highest increase took place between 2014 and 2016, as a reaction
to the supply constraints during the period 2011-2013 (Figure 104).

In fiscal year 2018, the price for crude helium to Government users was USD 3.10 per m® and
to non-government users was USD 4.29 per m°.
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Figure 104. Prices of helium in-kind®° from 1998 to 2018 (BLM,2019)

Over the period 2012-2016, the unit value of both EU imports and exports were quite stable,
around 1 euro per m?for imports and 2.7 euro per m? for exports, respectively (Figure 105).
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Figure 105. Helium EU unit value prices of imports and exports (Eurostat 2019b)

11.3EU demand

11.3.1EU demand and consumption

The EU net consumption amounted to about 28.6 Mm? per year on average during the period
2010-2016 (USGS, 2019).

80 Original data converted from cubic feet to cubic metre
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11.3.2Uses and end-uses of helium in the EU

Helium is important for scientific research, medicine and defence. The main categories of end
uses for helium are shown in Figure 106 and the relevant industry sectors are described using
the NACE sector codes in Table 55.

Analysis .
9% Cryogenics

22%
Balloons
14%
Semiconductors
, optic fibres

8%

Leak detection
7%

Controlled
atmospheres
Pressurisation 23%
and purging Welding
9% 8% Total EU consumption: 28.6 Mm?3

Figure 106: EU end uses of helium. Average figures for 2012-2016 (CRM Experts,
2019)

The largest use for liquid helium is in cryogenics where it is used mostly to cool
superconductive magnets of MRI (Magnetic Resonance Imaging) scanners and, to a much less
extent, in particle physics research facilities.

In 2018, an estimated 25% of global helium was consumed in liquid form, with this share
being higher in developed regions (HIS Markit, 2019). In the major consuming regions—the
United States, Western Europe, Japan, China, and Other Asia — MRI was the largest
application for liquid helium, followed by fibre optics, semiconductors/electronics, and metals
processing (welding cover gas).

The major use for gaseous helium is in arc welding, where it provides an inert gas shield to
prevent oxidation during welding of aluminium, magnesium, copper, and stainless steels.
Depending on the type of weld and the metal, helium will usually be blended with argon (in a
share of 25% to 75% in the gas mix). Pure helium is generally only used for some specialized
tungsten inert gas (TIG) welding applications (Air liquid, 2019).

Helium gas is also used:

e In semiconductor wafer and chip fabrication for its inertness, heat conducting and
cooling properties. It is used as a cooling gas in the strand spinning operations in
the manufacture of optical fibre cables.

e As purging and/or pressurising gas in aerospace, defence, and nuclear industries
(e.g. NASA, Ariane).

e To create controlled atmospheres when gas inertness is necessary: heat treatment
and manufacture of high-purity metals etc. It is a component of breathing gas in
deep diving activities in offshore oil and gas exploration and underwater pipe
maintenance.
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e In leak detection as a tracer gas to check for leaks in containers, pressure vessels
etc. because of the He atom small size.

e As a lifting gas in party balloons, weather balloons, advertising blimps, balloons for
upper atmosphere studies.

Helium is also applied in advanced R&D projects in areas such as: nuclear technology,
magneto hydrodynamics studies and behaviour of materials at very low temperatures.

Helium could be demanded also for producing the precooler heat exchanger of the Synergetic
Air-Breathing Rocket Engine (SABRE), that cools the hot airstream generated by air entering
the engine intake at hypersonic speed (Mach 5) (ESA, 2019).

Future applications of helium might include also hybrid air vehicles Airlander 10 and Airlander
50 in perspective (Hybrid air vehicles, 2019).

Relevant industry sectors are described using the NACE sector codes (Eurostat 2019a).

Table 55: Helium applications, 2-digit and associated 4-6-digit NACE sectors, and
value added per sector (Eurostat 2019a)

Applications Shares | 2-digit NACE sector 6-digit CPA
Cryogenics 22% C32 - Other manufacturing 32.50
Controlled atmospheres 23% C24 - Manufacture of basic metals 24.45
Welding 8% C25 - Manufacture of fabricated metal | 25.62.20
products, except machinery and | 25.11
equipment
Pressurisation and purging 9% C32 - Other manufacturing 32.99.11
Leak detection 7% C33 - Repair and installation of | 33.12
machinery and equipment
Semiconductors, optic fibres | 8% C26 - Manufacture of computer, |27.31.1
electronic and optical products 26.11.22
26.30
Balloons 14% C32 - Other manufacturing 32.99
Analysis 9% C32 - Other manufacturing 32.99
11.3.3Substitution

Due to its unique properties (the best refrigerant, superfluidity below 2.18 Kelvin: viscosity-
free fluid flow and extraordinarily high thermal conductivity, the highest ionization potential,
very high specific heat and thermal conductivity, chemically and radiologically inert), helium
can be substituted only in some of its applications, as following:

e Cryogenics: There is no substitute for liquid helium in cryogenic applications if
temperatures below 17°K (-256°C) are required. Other cryogenic substances are used
in other temperature conditions.

e Purge and pressurization: There is no substitute for applications requiring inertness
and ultra-low temperature.
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¢ Welding: Argon can be used for both gas metal arc welding and gas tungsten arc
welding.

¢ Semiconductor and optical fibre manufacturing: For semiconductor industry,
helium can be substituted by argon or hydrogen or nitrogen depending on its
application. There is presently no substitute for helium in optical fibre production
process (Borersen, 2013).

o Lifting gas: Hydrogen is sometimes substituted if safety concern can be met (Chan,
2013).

¢ Controlled atmospheres and breathing gas: Argon can be used as a substitute.
There is no substitute for breathing mixtures.

e Leak detection: Some helium users could use a mix of 5% hydrogen and 95%
nitrogen -which is classified as non-flammable - as an alternative.

e Analysis: Hydrogen and nitrogen are used as carrier gas for chromatography.
Hydrogen provides the fastest analysis time over a broad linear velocity range, but
safety concerns must be addressed. Nitrogen is a slow carrier gas, so its use is limited
to situations where longer analysis times are acceptable (Wallace, 2011).

11.4Supply

11.4.1EU supply chain

The EU is a net importer of helium and the import reliance is 89% (averaged over 2012-2016),
slightly lower as compared to the previous estimation within the criticality exercise.

In Europe, the extraction of helium occurs mainly in Poland.
11.4.2Supply from primary materials

11.4.2.1 Geology, resources and reserves of helium

Geological occurrence: Helium is concentrated in stars, where it is synthesised from
hydrogen by nuclear fusion. Helium occurs in the Earth's atmosphere only to the extent of 1
part in 200,000 (0.0005%), and small amounts occur in radioactive minerals, meteoric iron,
and mineral springs. Great volumes of helium are found as a component in natural gases. The
helium that is present on Earth is not a primordial component of the Earth but has been
generated by radioactive decay. Helium is produced in the natural environment continually by
the radioactive decay of uranium specifically within uranium and thorium-rich sedimentary
sequences in the earth's crust e.g., black shales (Selley, 1985) and escapes into the
atmosphere.

Since the concentration of helium in air is very minimal, extraction of helium from air is not
economically viable. Helium is mainly extracted from helium-bearing natural gas.

Global resources and reserves: There are no recent and reliable global or EU resource and
reserve estimates for helium. Existing data should be treated with caution as direct comparison
between countries may not be possible due mainly to different reporting systems.

In December 2006, the total helium reserves and (probable, possible and speculative)
resources in the United States were estimated to be 20,600 million cubic metres (Mm?).

Helium resources in the rest of the world were estimated at about 31,300 Mm?3, with the third
of these resources located in Qatar (10,100 Mm?) followed by Algeria (8,200 Mm?), Russia
(6,800 Mm?®), Canada (2,000 Mm?) and China (1,100 Mm?) (USGS, 2019).

200



Table 56: Global reserves of helium®' (USGS, 2019)

Country million cubic metres (Mm?)
USA 3,900

Algeria 1,800

Russia 1,700

Poland 25

Other countries: Australia, Canada, China, Qatar = Not available

World Not available

The exploration project of the Helium One company revealed big resources of helium available
in Tanzania Rukwa basin (98.9 billion standard cubic feet, equal to 2800 Mm?). Aside from the
large quantity, the basin where the helium seeps are located is also relatively unique in the
concentration of helium it produces, ranging between 2.5% and 10% (Helium one, 2019).

EU resources and reserves: Poland helium reserves are estimated at 23.88 Mm?3 in 2018,
available in a total of 16 fields: 10 exploited fields (20.76 Mm?) and 6 non-exploited fields
(3.16 Mm?) (Polish geological institute, 2019).

11.4.2.2 World and EU production

The world annual average supply of helium was approximatively 169.3 Mm? (28.3 Kt) over the
period 2012-2016, with 63% of the global supply coming from the US, followed by Qatar
(17%), Algeria (13%), Russia (3%), Australia (2%) and Poland (2%) (USGS, 2019), see
Figure 107.

The US supply came from active natural gas wells and from the federal government National
Helium Reserve which is an underground stockpile known as the Bush Dome Reservoir in the
Cliffside gas field, in Texas. Large amounts of helium had been stored in this reservoir from the
early 1960s to the mid-1990s. The Helium Privatization Act of 1996 and the Helium
Stewardship Act of 2013 mandated the resell of most of the federal stockpiles. The Bureau of
Land Management (BLM) manages the federal helium reserve (USGS,2019).

Australia Germany _ Poland Corman
Y
2% 0.04% 29, Othernon EU o

Russian 1%

Federation ‘
0,
3% Algeria
12%

Qatar
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# Note: Data as for December 2006. Updates are expected to be published in 2020
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Figure 107: Global and EU helium production in Mm? and percentage. Average for the
years 2012-2016 (USGS, 2019).

According The Central Geological Database of Poland, in this country the recovery of helium
from ten fields reached 750 km?®in 2018. The volume does not include the recovery from the
fields in which a helium admixture has not been documented. The total pure helium production
by Polish Oil and Gas Company (POGC - in Polish PGNiG) - Odolanéw Branch, recovered from
the exploited natural gas in Poland, amounted to 3.08 m?® in 2018 (Polish geological institute,
2019).

According to DERA (Elsner, 2018) helium is supplied:

a) In the liquefaction of natural gas to liquefied natural gas (LNG) in LNG facilities -
In Algeria, Australia and Qatar. In the majority of cases the helium is also liquefied, to
make easier its transportation and commercialisation.

b) During denitrification of natural gas - in the US, Russia and Poland. In order to
reduce the excessive levels of non-combustible nitrogen in some natural gas reservoirs,
nitrogen and helium are converted by pressure swing adsorption or separated at low
temperatures by cryogenic fractionating distillation.

c) In the purification of natural carbon dioxide gas. Carbon dioxide is used in
fracking in the US, and gas producer Air Products and Chemicals, Inc. decided to
process a highly CO,-rich natural gas, thereby producing helium as a saleable product.

d) From the nitrogen fraction in air separation - in Leuna in Germany, Ukraine and
China. Helium is obtained as a by-product of neon production, where it is present in the
crude neon-helium fraction at up to 24%. Because helium and neon levels in air are
very low, this form of helium production is highly complex and expensive. The volume
of helium produced compared to helium production methods a) and b) is very low.
Large quantities of *He are therefore created in nuclear reprocessing plants, nuclear
weapons factories and nuclear reactors.

There are several exploration projects worldwide, but no detailed information for EU has been
found.

11.4.3Supply from secondary materials/recycling

Cost issues and uncertainties about helium supply have led to the development of recovery
and recycling technologies in certain end-user applications and an increasing usage of helium
recovery and purification systems in both scientific R&D and industrial applications. However,
USGS (2019) reports that helium used in large-volume applications is rarely recycled. Overall,
the end-of-life recycling input rate has been estimated at 1%.

Several German universities and research institutes also collect the gaseous helium they use
and return it to the respective gas suppliers, partly in the gaseous state, partly liquefied, for a
fee. Here, good recovery rates are between 90% and 95%. The price for a complete plant such
as this, with liquefaction, is said to be around 2 million euro (Elsner, 2018).

11.4.4 Processing of helium

Helium is extracted from natural gas of average content 0.1%-0.5%, usually produced as a
by-product of natural gas processing. Natural gas contains methane and other hydrocarbons
and smaller quantities of nitrogen, water vapour, carbon dioxide, helium and other non-
combustible materials. Crude helium containing about 50-70% helium is extracted from the
stream of natural gas usually using a cryogenic distillation method after removing the
impurities which might solidify during the process. Once separated from the natural gas, crude
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helium which contains nitrogen along with smaller amounts of argon, neon, and hydrogen is
purified to commercial grades (99.99+%). This is typically done using either activated charcoal
absorbers at liquid-nitrogen temperatures and high pressure or pressure-swing adsorption
(PSA) processes (US National Research Council, 2010).

For natural gas fields with sufficient concentrations of helium and other non-fuel gases such as
CO, and sulphur, helium may be directly processed. Helium could be recovered during the
production of liquefied natural gas (LNG) which consists mainly of liquefied methane. The
helium is extracted from the gases that remain after the methane has been liquefied. These
tail gases, which have a high helium concentration similar to that of crude helium, are then
purified. The end product of the purification process is liquefied helium. In this case, helium
can be economically recovered from natural gas with very low helium content (U.S. National
Research Council, 2010).

11.50ther considerations

11.5.1 Environmental and health and safety issues

Helium is listed in EC Inventory of ECHA under the code 231-168-5, and is exempted from
registration in REACH (ECHA, 2019). Nevertheless, its labelling should include “Contains gas
under pressure; may explode if heated”.

Under standard conditions, neutral helium is non-toxic. Helium-gas can be absorbed by
inhalation with following effects (depends on the amount of inhalated gas): high voice,
dizziness, dullness, headach and suffocation. Contact with liquit helium can cause frostbites.

11.5.2 Socio-economic issues

No specific socio-economic issues are related to helium.

11.6Comparison with previous EU assessments

Helium was assessed for the first time in 2017 using a revised methodology. The 2020’s
criticality assessment was performed at the processing stage of the value-chain, following the
methodology adopted for the 2017 assessment.

The results of this and earlier assessments are shown in Table 57.

Table 57: Economic importance and supply risk results for helium in the assessments
of 2011, 2014, 2017, 2020 (European Commission, 2011-2014-2017).

Assessment 2011 2014 2017 2020
Indicator EI SR EI SR EI SR EI SR
Helium Not assessed Not assessed 2.8 1.6 2.63 1.16

Both economic importance and supply risk have diminished slightly compared to previous CRM
assessment.
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12.HYDROGEN

12.1 Overview
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Notes: Other forms of pure hydrogen demand include the chemicals, metals, electronics and glass-making industries. Other forms of
demand for hydrogen mixed with other gases (e.q. carbon monoxide) include the generation of heat from steel works arising gases
and by-product gases from steam crackers. The shares of hydrogen production based on renewables are calculated using the share
of renewable electricity in global electricity generation. The share of dedicated hydrogen produced with CCUS is estimated based on
existing installations with permanent geological storage, assuming an 85% utilisation rate. Several estimates are made as to the
shares of by-products and dedicated generation in various end uses, while input energy for by-product production is assumed equal
to energy content of hydrogen produced without further allocation. All figures shown are estimates for 2018. The thickness of the
lines in the Sankey diagram are sized according to energy contents of the flows depicted.

Source: IEA 2019. All rights reserved.

Figure 108: Hydrogen value chain globally (IEA, 2019)

Hydrogen is the most abundant and lightest of the elements; it is odourless and nontoxic. It
has the highest energy content of common fuels by weight - nearly three times that of
gasoline. Hydrogen is not found free in nature and must be “extracted” from diverse sources:
fossil energy, renewable energy, nuclear energy and the electrolysis of water. A separate
energy source (electricity, heat or light) is required to “produce” (extract or reform) the
hydrogen.

Hydrogen is an “energy carrier”. It can be used in a full range of applications in all sectors of
the economy: transportation, power, industry, and buildings. As an “industrial gas,” hydrogen
is already a big global business with strong basis. Hydrogen is used in several industrial
processes: in the refining industry as a petrochemical for hydrocracking and desulphurization,
in the chemical industry, it is used for ammonia production and fertilizer for agriculture. It is
also used for applications in the metal production & fabrication (production of steel, special
metals and semiconductors); methanol production (used in the manufacture of many
polymers); food processing and electronics sectors. In the electronics industry, it is widely
employed as a reducing agent and as a carrier gas. High-purity hydrogen is also used as a
carrier gas in gas chromatography.

The value chain of hydrogen is shown in Figure 108. Supplying hydrogen to industrial users is
now a major business globally. Demand for hydrogen (around 70 million tonnes per year pure
hydrogen) has grown more than threefold since 1975 and continues to rise. Further 45 million
tonnes per year were used in industries such as steel and methanol production without prior
separation of the hydrogen from other gases. Hydrogen is almost entirely supplied from fossil
fuels, with 6 % of global natural gas and 2 % of global coal going to hydrogen production. In
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energy terms, total annual hydrogen demand worldwide is around 330 million tonnes of oil
equivalent (toe), which is larger than the primary energy supply of Germany (IEA, 2019).

In future, besides the common industrial applications, hydrogen will have an important role for
storage of renewable electricity as a result of the growth of renewable energy sources. The
electricity grid must sometimes restrict uptake of renewable electricity when the grid is full
(saturated) in order to balance electricity supply and demand. Consequently, renewable
electricity production is curtailed. However, use of hydrogen for storage of renewable
electricity (converted via water electrolysis) can be a game changer. Hydrogen and electricity
are in fact complementary energy carriers: hydrogen can be converted to electricity, and
electricity can be converted to hydrogen.

Hydrogen use in 2018 globally was dominated by industry: oil refining, ammonia production,
methanol production and steel production. Around 33 % is used in Refineries to process crude
oil into refined fuels, such as gasoline and diesel, and for removing contaminants (e.g.
sulphur) from these fuels (Figure 109). Refinery demand for hydrogen has increased as
demand for diesel fuel has risen both domestically and internationally, and as sulphur-content
regulations have become more stringent. Roughly 27 % of the hydrogen is used for ammonia
and 10 % for methanol production. Around 80 % of ammonia is mostly used in the
manufacture of fertilisers such as urea and ammonium nitrate. The remainder is used for
industrial applications such as explosives, synthetic fibres and other specialty materials, which
are an increasingly important source of demand. Methanol is used for a diverse range of
industrial applications, including the manufacture of formaldehyde, methyl methacrylate and
various solvents. Methanol is also used in the production of several other industrial chemicals,
and for the methanol-to-gasoline process that produces gasoline from both natural gas and
coal, which has proven attractive in regions with abundant coal or gas reserves but with little
or no domestic oil production. Around one third of the hydrogen is used for metal refining,
chemicals production, food processing and electronics manufacturing (IEA, 2019).

Others
30%

Refining
33%

Methanol Ammonia
10% 27%

Total: 70 million tonnes

Figure 109 End uses of hydrogen globally in 2018 (IEA, 2019)

Hydrogen can be used much more widely. Hydrogen can be adopted in sectors where it is
almost completely absent in 2019, such as transport, buildings and power generation:

e Transport. The competitiveness of hydrogen fuel cell cars depends on fuel cell costs and
refuelling stations while for trucks the priority is to reduce the delivered price of
hydrogen. Shipping and aviation have limited low-carbon fuel options available and
represent an opportunity for hydrogen-based fuels.

e Buildings. Hydrogen could be blended into existing natural gas networks, with the
highest potential in multifamily and commercial buildings. Particularly in dense cities
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while longer-term prospects could include the direct use of hydrogen in hydrogen
boilers or fuel cells.

e Power generation. Hydrogen is one of the leading options for storing renewable energy,
and hydrogen and ammonia can be used in gas turbines to increase power system
flexibility. Ammonia could also be used in coal-fired power plants to reduce emissions.

Hydrogen is produced in large quantities both as a principal product and as a by-product.
Large consumers are also producing hydrogen on-site at the consumption site. This is mainly
done for refineries, fertilizer plants (ammonia), methanol, and hydrogen peroxide production
plants. Hydrogen producers may consume the product captively, sell it to end users, sell it to a
company that specializes in marketing industrial gases, burn it for fuel, or vent it to the
atmosphere. Consumers may buy hydrogen from an industrial gas company or a by-product
producer, use internally generated by-product hydrogen or install a hydrogen plant on-site. In
some cases, a company will generate crude by-product hydrogen that is purchased and
purified by an industrial gas company and then sold back to the original generating company.

More than 70% of the hydrogen worldwide is produced by the steam reforming of methane or
natural gas, in 2018 (Figure 110). The production of hydrogen from natural gas is the cheapest
source. This process consists of heating the gas to between 700 and 1100 °C in the presence
of steam and a nickel catalyst. Almost the rest of the hydrogen is generated by gasification of
coal. Less than 2% is generated by oil reforming or electrolysis (IEA, 2019).

Oil Electricity
1% 1%

Coal
27%

NG
71%

Figure 110: Raw materials used for production of hydrogen worldwide (IEA, 2019)

In Europe, more than 90% of the industrial hydrogen is produced by steam reforming of
natural gas and the rest is generated by oil reforming (Figure 111) (IEA, 2019).

Oil
9%

Figure 111: Raw materials used for production of hydrogen in Europe (IEA, 2019)
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Hydrogen, produced by water electrolysis using carbon-free electricity or from natural gas
steam reforming using Carbon Capture and Storage can contribute to decarbonise various
sectors in future. First, as storage in the power sector to accommodate for variable energy
sources. Second, as an energy carrier option used in heating, transport and industry and,
finally, as a feedstock for industry such as steel, chemicals and e-fuels in those sectors that
are most difficult to decarbonise (COM, 2018; 773 final).

In future it is expected that a significant share of the hydrogen will be produced by
electrolysers and that automotive market will become an important consumer of hydrogen.
Hydrogen is considered a sustainable fuel for the future automotive sector and a promising
large-scale electricity storage option.

Use of electrolysis to split water into hydrogen and oxygen is on the increase. The 2015 IEA
Technology Roadmap for Hydrogen and Fuel Cells recognizes that hydrogen with a low-carbon
footprint has the potential to facilitate significant reductions in energy-related CO, emissions.
Thus, use of renewable feedstocks for hydrogen production is very attractive from the
environmental perspective. If the electricity used in electrolysis is produced from fossil fuels,
then the pollution and carbon dioxide emissions produced from those fuels are indirectly
associated with electrolysis.

The Regulation on Hydrogen (GTR, 2013) regulates in particular safety requirements in
hydrogen vehicles, and in particular, fuel cell electric vehicles (FCEVs).

Recycling rate of hydrogen is considered as 0 %. The waste of hydrogen gas has typically not
been recovered for reuse, especially in smaller scale applications. There are two solutions for
the waste hydrogen: purchase more from industrial gas suppliers or generate on-site.

12.2Market analysis, trade and prices

12.2.1Global market analysis and outlook

According to market consultants, overall global demand for hydrogen is expected to increase
at around 4 to 5% per year between 2020 and 2025. Primarily as a result of demand from
petroleum refinery operations, and the production of ammonia and methanol. Asia will
continue to lead demand growth in line with the increasing growth of its domestic economies.

Production of ammonia has been on the rise with lower natural gas prices providing an
advantage. The methanol market is also experiencing robust growth. Demand for distillate is
steadily on the increase. Refineries are large-volume producers and consumers of hydrogen for
distillate. Refinery hydrogen by-product covers however only a third of hydrogen requirements,
with the gap filled by dedicated on-site production and commercial supply. Most dedicated on-
site production uses natural gas feedstock, but light fractions of oil distillation and heavier
feedstocks - petroleum coke, vacuum residues and coal - are also used in some regions. Use
of heavier feedstocks is mostly restricted to India and China, where gas needs to be imported.
Coal gasification is routinely included in new refinery setups in China as a main or auxiliary
hydrogen production unit.

Market supply of hydrogen is an option in densely industrialised areas where developed
hydrogen pipeline infrastructure exists, such as the US Gulf Coast and Europe’s Amsterdam-
Rotterdam-Antwerp hub. As with dedicated on-site production, commercially available
hydrogen is mostly produced from natural gas. The amount not coming from natural gas is
generated through chemical processes: a by-product of operations such as steam cracking and
chlorine production. In regions such as the US Gulf Coast, the commercialised hydrogen can
meet over a third of total hydrogen demand.
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In general, environmental regulations implemented in most industrialized countries result in
increased hydrogen requirements at refineries for gasoline and diesel desulfurization because
of increased demand for cleaner fuels and tighter engine manufacturer specifications. Ongoing
oil sands processing, gas-to-liquids, and coal gasification projects all require enormous
amounts of hydrogen and will boost the size of the market significantly until 2025. Alberta,
Canada has an enormous area containing oil sands that can be processed to produce oil. Even
by conservative estimates, this area is estimated to be the second-largest oil reserve after
Saudi Arabia. Desulfurization operations for these sands would consume vast quantities of
hydrogen.

Hydrogen is also expected to see a surge in consumption in the manufacture of methanol.
Substantial methanol consumption in direct-fuel u