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Philipp Werner*

Joint Product Analysis of Rare Earths: Economic, Market and
Technological Insights

4CTG GCTVJU ENCUUK“GF CU ETKVKECN GNGOGPVU D[ VJG 'WTQI
CTG QH JKIJ KORQTVCPEG VQ VJG CWVQOQVKXG EJGOKECN CPF
KPFWUVTKGU 6JG[ CTG RTQFWEGF UKOWNVCPGQWUN[ CPF VIGTGH
VQ CU LQKPV RTQFWEVU +P VJKU RCRGT CP CRRTQCEJ KU RTGU(
FTKXGTU DGJKPF UWRRN[ CPF FGOCPF EJCPIGU QH LQKPV RTQFWE\
KPFWUVT[ TGNCVKQPUJKRU DGVYGGP TCTG GCTVJU 6JG CRRTQC
VGEJPQ GEQPQOKE CPCN[UKU CPF KPENWFGU GEQPQOKE OCTMGV
GXCNWCVKQPU 6JG JGCX[ TCTG GCTVJ J)CFQNKPKWO KU CPCN[\GF
KPUKIJVU KPVQ CRRNKECVKQPU ECRCEKVKGU VJG TCTG GCTVJ
ITQYVJ TCVGU CPF UVTCVGI[ TGEQOOGPFCVKQPU

1 Introduction

1.1 Joint Products

In the chemical and pharmaceutical industry, joint & by-
products occur in several process steps. According to
Drury (2011), they arise in production processes where
the production of one product causes the simultaneous
production of other products. These products are directly
connected and cannot be produced separately (Drury,
2011). Various examples can be found in the industry. Tradi-
tionally, most joint products occur in the chemical industry.
Joint and by-products can be distinguished by their sales
value. If products are produced simultaneously and have a
similar sales value, these products are called joint products.
Products that have a lower sales value compared to the

SXLIV TVSHYGXW EVI GEPPIH F] TVSHYrG W

illustrates an exemplary joint production process and
explains the most important terminology.

A characteristic of joint processes is that the products

individual products. In general, joint costs contain the costs
for labor and overhead, raw materials, and processing. The
costs after the split-off point, for further processing and
HMWXVMFYXMSR GER FI
called separable costs (Drury, 2011; Horngren, Datar, Rajan,
2012).

4CTG 'CTVJ 'NGOGPVU

An example of joint products are rare earth elements (REE).

REEs arise together in nature and are mined simultaneously

(Hague etal,, 2014). According to the European Commission,
. *M ‘(Y VIx, .

sidered critical raw materials (European

Commission, 2017). In the table of elements, REEs are found

VYV
are earths(are co

in the lanthanide series between lanthanum and lutetium
plus the element’s scandium and yttrium. These elements
are known for their interestin ma%/rretic properties %Gu ta,

RXMP XLI WT fo

GERRSX FI GPEWWM¥“IH EW MRHMZMI—kmsI%P T

off point, depicted as a dashed line. Before that point, all
occurring costs are joint costs and cannot be allocated to

SH :
namuth, 26(%;( Vl¥are earths are very important
elements for the catalysis of chemical reactions and are
used in magnets and batteries. The major applications of

*Philipp Werner, p.werner@juwichem.de, University of Minster, Institute of Business Administration at the Department of Chemistry and

Pharmacy, Leonardo-Campus 1, 48149 Minster, Germany.
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Figure 1 The production process for joint and by-products (based on Drury, 2011, p.169).
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Figure 2 Usage of rare earths in 2016 (left) and usage of NdPr in 2020 (right) (Goodenough, Wall, Merriman, 2018, p.202; MP Materials,
20204, p. 24).

EPP VEVI IEVXLW EVI WLS[R MR ¥%KYZ2020b). H#8S hebRyS Mi€L earflE RPments Dysprosium,
Merriman, 2018). Gadolinium, and Terbium are found in various applications,
as well. Dysprosium is to 98 % used as an additive in NdFeB
Of particular interest are the elements Neodymium and QEKRIXW 8LI ETTPMGEXMSRW SJ +EHSPMRMY
Praseodymium. These elements are used for permanent  Gadolinium is used in magnets, alloys, luminescent material,
magnets in electric vehicles and wind turbines. Other  nuclear technology, and MRI technology. Terbium is mostly
major applications are consumer electronics and heating,  used in luminescent material and as an additive in magnets
ventilation, and air conditioning (HVAC) (MP Materials, (Marscheider-Weidemann et al., 2016).
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IKETQGEQPQOKE % QPEGRV UHQ@Qveyer, @« Pajn product Neodymium-Praseodymium

Production

-R %KYVI
but not compulsory in demand. Rising demand for the main
product leads to higher prices for the main product. Coupled
production increases the supply of by-products. If the
demand for the by-products remains the same, this leads
to a price drop. An example of this scenario are the falling
prices for Lanthanum and Cerium. These two elements are
the by-products of rare earth mining (Kwatiah, 2020).

However, the main product Neodymium-Praseodymium
(NdPr) is exposed to higher demand and therefore higher
prices in the long term. This correlation of falling prices
for Lanthanum and Cerium will increase if more NdPr is

(NdPr) is exposed to higher demand and therefore higher
prices in the long term. This correlation of falling prices

MX MW WLS[R LS[ NSMRX T {05 kentmrum ang CengmvrlixinanersewfymorepNdPr is

demanded.

Besides, the opposite scenario of the falling demand for

*IFVYEV]

XLl QEMR TVSHYGX GER FI JSYRH MR XLI

Reduced demand leads to a drop in the price of the main
product. The coupled by-product increases in price since
the reduced production volume reduced the supply while
demand remained the same. If a larger amount of the by-
product is required, the production costs for the main
product may have to be paid as well (Kwatiah, 2021).

Several events can cause a market equilibrium disturbance.

demanded. Price increases can appear during a supply shortage or a
demand increase. Potential reasons for a supply shortage
Main Product By-Product
P [S/KG
[$/KG] P [§/KC]
: - S2
1 P2 Linked é
d x -
D2
KG
Q1 Q2 ok Q[Ka]
-

Figure 3 Connected supply and demand curves for joint products (based on Kwatiah, 2021)

Main Product

P [S/KG]

Q[KGl

Q2 Q1 Q[Ke]
P—
Figure 4 Connected supply and demand curves of joint products (based on Kwatiah, 2021).
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political crises, natural disasters, or warehouse problems.
Factors that affect demand increase are economic growth,
increasing resource intensity, or technology change.
However, it must also be mentioned that technology
change can also lead to demand decreases if products
are substituted. Through changes in supply and demand, a
new market equilibrium adjusts with a new market price. In
general, higher market prices cause adaptation mechanisms
which lead to lower market prices afterward. An increase in
market prices can motivate new market players to enter a
market. New production capacities are established which
can lead to overcapacities. In an adjustment phase, only the

'SP -Ww
URN: urn:nbn:de:hbz:6-95009506911
DOI: 10.17879/95009506230

and by-products of the process. For that purpose, the product
composition (product mix) must be evaluated and the
amount of each product in the production process must be
determined. In the case of rare earth processing, there are 15
elements having shares from <1 % to above 40 %. The main
product is determined by using the weight, sales, or margin
of each product. For that, current capacities, sale prices, and
production costs are used to determine the main product.
Because joint products are produced simultaneously, the

QEMR TVSHYGX MR%“YIRGIW XLI [LSPI TVSHY

affects the production of by-products as well.

QSWX TVSY“UXEFPI GSQTERMIW GER VIQEdeRra: NVERPR ItWed and) fédit, QHe Rrdirket and the

cannot be covered by suppliers a good becomes more
valuable and increases in its price. If the prices get too high
the market will start to research for product substitutions or
recycling which can ease price increases (Gloser-Chadhoud
etal, 2016).

QKPV 2TQFWEV #PCN]

For the analysis of joint products, an approach is presented
to evaluate joint products and give strategic management
decisions regarding estimated production capacities and
TVMGI XVIRHW WII %4KYVI

The approach contains six steps to analyze joint products.
Step one is about setting up a goal and the scope for the
analysis, what production process, and which products
should be analyzed.

1 - Purpose

[TCA of Joint Products

2 - Main Product
Identification

3 - Market
Analysis

Method
Selection

Beii Main-Product
By-Product

4 - Technology
G EISS

[Decision-making

i
i
I 6 - Conclusion
i
|

B

5 - Other
assessments:
Life-cycle
assessment, social
acceptance, political
influence

technology of the products are analyzed. Current and
expected market players, supply developments, and supply
chain risks are demonstrated. Changes in the market and

XIGLRSPSK] SJ XLI QEMR TVSHYGX GER MR’

of the by-product. After that, the technology trends of the
by-product are studied as well, and depending on the market

Lﬁor ight of the main product, it is estimated if the expected

supply will cover the expected demand.

After analyzing the technology trends, political and societal
risks areresearched and evaluated. In countries with unstable
governments or unpredictable law and regulation changes,
the available production capacity might be affected. In step
six the results of the previous analysis steps are interpreted
to give a conclusion and answer the research question
based on technological, economic, and political factors.

4 - Technology
Analysis

Demand

Main-Product By-Product

Production
Capacity

Supply &
Demand Balance

By-Product

Figure 5 Approach for the analysis of joint products (own representation)
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For data generation, a multi-language and open-source
approach was used. Except for English literature also
Chinese literature was reviewed. The data were categorized
MRXS JSYV HMJIJIVIRX GEXIKSVMIW

KSZIVRQIRXEP ERH MRXIVRIX
found on Google Scholar or Chinese National Knowledge
Infrastructure (CNKI) were reviewed. Information on compa-
nies was analyzed by using company websites, company
presentations, and company databases. As databases for
Chinese companies Tianyancha was used (in Chinese).
Information about the current status of the rare earth
industry feasibility studies of new rare earth projects and
announcements by the Ministry of Industry and Information
(MIIT) (in  Chinese)
information was provided by Baotou Rare Earth Exchange

Technology were used. Further
and Xinhua News (in Chinese). Internet data was searched
with Google and Baidu (in Chinese).

'EQPQOKE #PCN[UKU

The joint production analysis starts with an evaluation of
the main product of the process. The main product can
be estimated by revenue and margin. For the calculation
of the revenue share, the product composition and the
market prices are needed. Margins are calculated by using
production costs provided by Arafura Resources (Arafura
Resources, 2019).

In a typical rare earth mining company, Neodymium and
Praseodymium have together a revenue share of about

YaKYV
HEXE
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X +EHSPMRMYQ LEW E VIZIRYI HMWXVMEFY
It can be stated, that the main products of rare earth mining
EVI XLI IPIQIRXW 2ISHIQMYQ ERH 4VEWISH]Q
8LIWI TVSHYGXW MR¥%“YIRGI XLI INTIGXIH TVS
of rare earths. Gadolinium is only a by-product of rare earth

mining, with less contribution to the revenue.
7TGMIRXMYG IGSRSQMG

7TGMIRXMYG NSYVREPW

ICTMGV #PCNJ[UKU

IXGTXKGY

The rare earth elements are mainly mined in China. However,
some other countries are also active in the mining of rare
IEVXLW YKYVI 8LI JSPPS[MRK Y%KYVI
of the most important areas for rare earth mining and what

WL

areas have larger reserves (USGS, 2021).

%WQWPVTKGU CPF %CRCEKVKGU

According to the U.S. Geological Survey (USGS), the
worldwide production in 2020 was about 240.000 mT of
rare earths (table 1). The most important countries for rare
earth mining are China, the USA, Myanmar, and Australia.
The most reserves are in China, Brazil, Vietnam, and Russia.
In 2018 the United States restarted its rare earth mining
operations and Myanmar entered the market.

About 60 % of the rare earths are mined in China. However,
more than 90 percent of the separation is done in China
(table 2). That's because most countries do not have the
mining capacities to process the rare earths themselves'.

TMP Materials does not have a separation facility and sells rare earth concentrate (20204, p.29).

Scientific Economic Governmental Internet
Google Company Reports MIIT (in Chinese) Google
Scholar
Feasibility Studies USGS Baidu
CNKI
(in Chinese) Tianyancha.com Baotou Rare Earth
(in Chinese) Exchange
(in Chinese)
Xinhua News
(in Chinese)
Xinhua Indices
(in Chinese)
*MKYVI (EXE GSPPIGXMSR S[R VITVIWIRXEXMSR u
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Figure 7 Revenue Distribution of Selected Rare Earth Elements (own representation).
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Figure 8 Overview of the most important rare earth mining areas (own representation).
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Table 1 Worldwide production of rare earths (based on USGS, 2019-2021, p. 2).

Country 2018 2019 Reserves
USA 18,000 26,000 38,000 1,400,000
Australia 21,000 21,000 17,000 3,300,000
Brazil 1,100 1,000 1,000 22,000,000
Myanmar 19,000 22,000 30,000 N.A.
Burundi 630 630 500 N.A.
Canada - - - 830,000
China 120,000 132,000 140,000 44,000,000
Greenland - - - 1,500,000
India 2,900 3,000 3,000 6,900,000
Madagascar 2,000 2,000 8,000 N.A.
Russia 2,700 2,700 3,000 12,000,000
South Africa - - - 790,000
Tanzania = = 890,000
Thailand 1,000 1,800 2,000 N.A.
Vietnam 920 900 1,000 22,000,000
Other Countries 60 - 100 310,000
World Total 190,000 210,000 240,000 120,000,000
Table 2 Comparison between production and separation capacity in 2020 (own representation).
Country Production % Separation %
China 140,000 58 223,000 92
USA 38,000 16 - -
Myanmar 30,000 13 - -
Australia 17,000 7 17,000 8
Rest 15,000 6 = =
Total 240,000 100 240,000 100

China functions as a contact point for rare earth concentrate

worldwide. As we will see in the following chapter, some

countries with higher resources of rare earths are planning

to build their own separation facilities to be less dependent

on China.
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available capacities (table 3). However, the data of the key

companies in rare earth mining also shows that the smaller
companies located in South China are more dominant in
heavy rare earth mining (USGS, 2021; MIIT, 2019; MIIT, 2020).
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Table 3 Largest mining companies of rare earths in 2020 (own representation)

Country

English Name

Domestic Name
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LREE Capacity HREE Capacity Location

China China Northern Rare ]- G é00 OLo
Earth Group QO °6N-9LE
ce (
China China Southern Rare ]1-$é000L6
Earth Group 9LE ce (
USA MP Materials =
Myanmar ME 22 H BlOrte"
dgaVaAirp
Australia Lynas =
China China Rare Earth Co. 1-00 900 O6N -
9L€ o= (
China Xiamen Tungsten OLJ@ J6N - 9LE
e (
China Guangdong Rare “L-100 O x JLO
Earth Group 9L€ & (
China Minmetals Rare A./OOOLS 9L€
Earth ce (
Rest -
Total - -

5.2.1 Companies

China's rare earth mining sector is dominated by six
companies called China Minmetals Corporation, China Rare
Earth Co. Ltd.,, China Northern Rare Earth (Group) High-
Tech Co., Ltd., Xiamen Tungsten Co., Ltd., China Southern
Rare Earth Group, and Guangdong Rare Earth Industry
Group. Among these six companies, China Northern Rare
Earth (Group) High-Tech Co., Ltd. is the biggest manufac-
turer of rare earth oxides. China Northern Rare Earth is
operating the well-known production site in Baotou, Inner
Mongolia China (China Northern Rare Earth Group, 2020).
Chinese databases like Tianyancha.com give insights into
the shareholder structure of Chinese rare earth companies.
Table 4 shows major shareholders of Chinese rare earth
companies (Tianyancha, 2021).

All six of the above-mentioned companies are state-owned.
However, there are differences in their sizes and their

73,550 - Inner Mongolia

32,750 8,500 Sichuan, Jiangxi

38,000 - Nevada

12,000 18,000 Kachin, Shan

V riyrp

17,000 - Western Australia

14,550 2,500 Shandong,
Guangxi

= 3,440 Fujian

- 2,700 Guangdong

= 2,010 Hunan, Yunnan

18,300 - -

206,150 37,150 World

state-owned shareholders. Three out of six companies
are controlled directly by the State Council of the People's
Republic of China (SASAC). The other three are controlled
by province authorities. In China, there are asset supervision
authorities at the county, province, and state levels. With
a market share of 53 and 27 % China Northern and China
Southern Rare Earth Group are controlling 80 % of the rare
earth market in China (Tianyancha, 2021). In December
2021 a merger of Southern Rare Earth Group, Minmetals
Rare Earth, and China Rare Earth Co. was announced. The
new company will operate as China Rare Earth Group. This
new company will be the second biggest player in the rare
earth industry after China Northern Rare Earth Group and
the worldwide largest producer of heavy rare earth elements,
accounting for 70 % of China's heavy rare earth production.
Additionally, the Jiangxi Ganzhou Rare Metal Exchange will
also be part of the newly established company (Reuters,
2027; NikkeiAsia 2021).

2Distribution between LREE and HREE capacity for ME 2 estimated. Overall capacity 30.000 metric tons.
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Table 4 Major shareholders of Chinese rare earth companies (own representation).

Major Shareholder Mother Company Subsidiary
SASAC Aluminum Corporation China China Rare Earth Co.
SASAC China Minmetals Group Minmetals Rare Earth
Inner Mongolia Government Baotou Iron & Steel Group Northern Rare Earth Group
SASAC Fujian Metallurgical Holding Xiamen Tungsten
Ganzhou Government Ganzhou Rare Earth Group Southern Rare Earth Group
Guangdong Government Guangdong Asset Management Guangdong Rare Earth Group
5.2.2 South China & Myanmar August 2019 when the prices for Dysprosium, Gadolinium,

and Terbium escalated (Xinhua Indices, 2021). Further
Most of the heavy rare earths are mined in Southern China  developments must be evaluated regularly to keep risks
ERH 1]ERQEV -R Y“KYVI XLl QSWX MWtmsSa/ERX PSGEXMSRW JSV
heavy rare earth mining are shown (Zhang et al., 2016).
o ‘ . , 6GEJPQNQI[] #PCN[UKU
Most of the rare earth mines in South China are in the triangle
of Jiangxi, Guangdong, and Fujian. The most important
QMRIW EVI MR XLI JSPPS[MRK EVIEW 8LIZ&JWC RER W G RG\sU
the province and the second name is the city within each
province: Jiangxi, Xinfeng; Jiangxi, Longnan; Jiangxi, Xunwu;  The rare earth oxides of Neodymium, Praseodymium, and
Guangdong, Dapu; Fujian, Ninghua; Guangxi, Jiaoguo, Dysprosium are mostly used to manufacture Neodymium-
Hainan, Longliu; Hunan, Jianghua; Yunnan, Chuxiong; and  Iron-Boron permanent magnets (Nd Ae AB). Permanent
Zhejiang, Daxi (Zhang et al., 2016). magnets play an important role in establishing a carbon-
neutral industry because permanent magnets are used in
Attention must also be paid to Myanmar. Since 2018, electric vehicles, wind turbines, and consumer electronics
Myanmar’s rare earth industry sector is growing increasingly. ~ (MP Materials, 2020b). Currently, the most used permanent
According to the U.S. Geological Survey, Myanmar is magnets are NdFeB and NdDyFeCoB magnets. By adding
responsible for about 12 % of rare earth oxides which is  Dysprosium, the thermal resistance can be increased up to
comparable with the production capacity of Australia (USGS, 200 °C which makes them useful for applications in electric
2021). Although the production capacity has increased  vehicles. Another option would be SmCo magnets. However,
much in the last years, still not much information about the  the low concentration of Samarium makes them impractical
mining companies in Myanmar is available. The rare earth  for large-scale industrial applications. Except for NdFeB and
mining sector is mostly controlled by a company referred ~ SmCo, other permanent magnets like GdCo, PtCo, and MnAl
to as Mining Enterprise 2 (ME2) in various industry reports ~ can store less magnetic energy and are therefore weaker
(PWC, 2019). Most of the rare earths are mined in the two  than currently used NdFeB magnets (McCallum et al., 2014;
provinces of Kachin and Shan in Myanmar (Lynn, Oye, 2014).  Cuietal, 2018).
These two states are close to the Chinese border and are
neighboring states of Yunnan Province, China. The border ACTG 'CTVJ (TGG /QVQTU
control point of Myanmar and China at Tengchong Hougiao

Port, Yunnan, China is therefore of interest in analyzing price A big threat for the rare earth industry would be the large-

%Y G XY EXM S RW SJ LIE Z]_ VEVI TEVXL 1B Iiﬁﬂél%eﬁt%gnl 01( ]rgyeTé/aﬁfor'\éeYeQectric motors.
or Gadolinium (China Rare Earths Holdings, 2020). Closure There are different kinds of electric motors available and

1
SJ XLI FSVHIV GER PIEH XS WXVSRK TYM Gt Gofoh A58 War G Xl magnets
by supply decreases. This case appeared from June to

Table 5 should give an overview of the different motor types
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Table 5 Electric motors used in electric vehicles (own representation)
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South China (own representation).

Motor Type Abbreviation Rare Earths No Rare Earths
Squirrel Cage Induction Motor SCIM X

PM Brushless DC BLDC X

PM Synchronous Machine PMSM X

Switched Reluctance Machine SRM X

Wounded Field Flux Switching Machine WFFSM X

PM Flux Switching Machine PMFSM X

Synchronous Reluctance Motor SynRM X

Ferrite-PM-Assisted synchronous reluctance motor

and if rare earths are used or not (Riba et al., 2016; Widmer,
Martin, Kimiabeigi, 2015; Cabezuelo et al., 2018).

Motors that do not consist of rare earths use copper and
aluminum instead. The most common motor types PM-
synchronous motor, asynchronous motor, reluctance motor,
ERH MRHYGXMSR QSXSV EVI
Chadhoud et al., 2016).

The majority of manufacturers nowadays use the PMSM
technology because of its features and high-power density
2018). Examples of cars which are
using this type of motor are VW ID.3, BMW i3, Nissan Leaf,

(Cabezuelo et al,

ISSN 1613-9623 k 4VSJ (V

PMaSynRM X

Volkswagen e-Golf, Mitsubishi i-MiEV, Volkswagen e-UP,
Citroén C-Zero, Peugeot iOn, Citroén Berlingo Electric, Ford
Focus Electric, Fiat 500e, Bolloré Bluecar, Chevrolet Spark EV,
and Kia Soul EV. However, cars based on permanent magnet-
free induction motors are more frequently seen in the
industry. Ever since Tesla introduced this type of technology

MP P YW X WEKXthe Té4IR SXrlotet k20 M) companies Wké Yoyota and

Mercedes Benz have used this technology in certain models

like the RAV4 or Mercedes-Benz B-Class as well (Riba et al.,

2016). In 2020, BMW announced that it will use rare earth

JVII IPIGXVMG QSXSVW MR MXW ¥%JXL KIRIVE
which became available in 2021 (BMW, 2020).
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a: PM-Synchronmotor mit
NdFeB Magneten im Rotor

b: Kéfiglaufer-Asynchronmotor

Kupfer-Wicklung

Permanent-
magnet im Rotor

Aluminium-
Kafig im Rotor
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c: Reluktanzmotor

Kupfer-Wicklung im
Stator

d: Induktions-Synchronmotor

Kupfer-Wicklung

(Ferromagnetisches
Weichmaterial)

Figure 10 Electric vehicle motor types (Gloser-Chahoud et al., 2016, p.37)

A deeper look at the features of different motor types shows
that NdFeB-PMSM motors are still the best option in terms
of mechanical power (Riba et al., 2016). However, in terms of
I VSMIRG] XSVUYI HIRWMX]
similar results (Cabezuelo et al., 2018). Considering costs,
rare earth free motors are also cheaper in manufacturing
(Widmer, Martin, Kimiabeigi, 2015). It is expected that both
motor concepts will be used in the future. The development
of motor concepts must be evaluated regularly because the
Neodymium and Dysprosium content in motors is indirectly
connected to the quantity of mined Gadolinium. Electric
vehicles without rare earths could still be an option in the
future due to the supply risk and ecological aspects. Not
to mention rare earths are coming more into the focus of
society and companies could use a free rare earth strategy
to convince customers of buying their products. Market
outlooks expect that about one third of NdFeB magnet
capacities are used in electric vehicles (Arafura Resources,
2020). If rare earth free motors achieve a higher market
WLEVI XLIVI GSYPH FI E GSR¥%-MGX
capacity and substitution of technology, which could lead to
slower increasing prices than expected.

Total Rare Earth Oxide (TREO) supply of 375.000 mT would
mean the following capacities for the most important rare
earths (see table 6) ?

SV WTIIH SXLIV QSXSV X]TIW WLS]|

For the pharmaceutical industry especially, Gadolinium is
of interest. The estimated supply is calculated to be around
2.900 mT by 2030. The next chapters are dealing with
Gadolinium applications and estimated growth rates of the
Gadolinium market to analyze if the estimated supply covers
the estimated demand in the next decade.

JCFQNKPKWO #RRNKECVKQPU

In 2020 the Gadolinium Oxide demand excl. China was 1455
mT (Statista, 2027a). Assuming that China accounts for
17 % of worldwide BIP and it already has similar demand
as industrial states it can be concluded that the worldwide
demand for gadolinium oxide in 2020 was about 1600-1800
mT (Statista, 2021b). Compared to a supply of 1.600-1.800

F Ir?w(‘ll Itthé sIU%K/ La#w\d/ d-lé%aSnE' \éfe(ggayloﬁmum Oxide were

in balance @ Figure 11 illustrates the major applications
of Gadolinium Oxide (P&ttgen, Justel, Strassert, 2020;
Marscheider-Weidemann et al., 2016).

'UVKOCVGF 4CTG 'CTVJ 5WRRN[ WPVKN

It is estimated that the global demand for NdPr will increase
from 35-45.000 up to 75-98.000 mT by 2030 (MP Materials,
2020b; Arafura Resources, 2020; MP Materials, 2020a).
The whole NdPr market is supposed to grow with about

X T E 8LI
the automotive sector with expected growth rates of 16.2-

x T E 8S GSZIV XLI HIQERH XLI

ply must increase to 375-490.000 mT by 20303. A minimum

3For the calculation a NdPr share of 20 % is assumed.

XSXEP VEVI

Gadolinium is used in a variety of industrial applications. The
most important ones are magnets, metallurgy, phosphors,
and MRI contrast agents. The next chapter analyzes the

INTIGXIH KVS[XL VEXIW SJ XLI QENSV ETTP M(

FMKKIWX HVMZIV SJ XLMW HIZIPSTQIRX MW

IEVXLW WYT

For the calculation it is assumed that heavy rare-earths are not separated from monazite and bastnasite because of its low content. The

WLEVI SJ LIEZ] VEVI IEVXLW MW EFSYX
and Tb 0.9 %.

SJ XLI XSXEP VEVI IEVXL GETEGMX]

@he calculated supply and demand of gadolinium is based on own assumptions.
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Table 6 The estimated minimum supply of selected rare earths by 2030 (own representation)

Element Capacity 2030 [mT]
NdPr 75,000

Dy 3,100

Gd 2,900

Tb 500

o

8%

m Magnets = Metallurgical = Phosphors = MRI and others

*MKYVI %TTPMGEXMSR % IPHW SJ +EHSPMRMYQ 3\MHI FEWIH SR 1EVWGLIMHIV ;IMHIQERR I

6.4.1 Magnets 2019 was 392 GW(e). In a low scenario, the nuclear energy

capacity is declining to 362 GW(e) and in a high scenario, it is
Gadolinium compounds can be used as additives in increasingto /1 5GW(e) by 2050. In the low scenario, nuclear
magnets to improve thermal resistance. It is assumed that ~ €nergy is declining -1.0 % p.a. until 2050. In the highest
the total magnets market is growing at 7.0-8.0 % per year. ~ Scenario, the electricity generated by using nuclear energy

The main drivers are the automotive, energy, and consumer GSYPH HSYFPI F] [MXL KVS[XL VEXIW SJ
electronics industry (Arafura Resources, 2020; MP Materials, ~ (IAEA, 2020; IEA, 2020). The different scenarios and the
2020Db). fact that besides Gadolinium Oxide also other compounds
both in alloys and nuclear technology can be used makes it
6.4.2 Metallurgy HM¥%GYPX XS KMZI TVIGMWI EWWYQTXMSRW

Gadolinium compounds like Gadolinium Oxide or Gadolinium ~ 0-4.3 Phosphors

Nitrate are used in alloys and nuclear technology. Gadolinium

used in metallurgical processes could be a big driver in the ~ Gadolinium compounds are used in phosphors. The market
future because the world has a high demand for energy ~ for phosphors is saturated and is not the biggest driver
and construction. Looking at nuclear technology, nuclear ~ for Gadolinium demand in the future. 0-2.0 % growth is
technology is still a major energy source in the United States, ~ €stimated (Binnemans et al,, 2018).

China, and France. The capacity of nuclear energy plants in
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6.4.4 MRI Technology

Currently, there are three different major MRI contrast agents
on the market. Gd-DOTA sold as Dotarem and Clariscan by
Guerbet. Gd-DO3A-butrol sold as Gadovist and Gadavist
by Bayer and Gd-HP-DO3A sold as ProHance by Bracco
(Pottgen et al., 2020). The global MRI contrast media market
is expected to grow by 4 % p.a. (Guerbet, 2020).

6.4.5 Estimated Gadolinium Oxide Demand by 2030
Based on the assumptions in this technology analysis the

demand for Gadolinium Oxide is estimated to the future, see
KYVI XEFPI ERH XEFPI

3,100

2,900

1750~ 8

1,500

2018 2020 2022

® | ow Scenario

Figure 12 Estimated Supply and Demand of Gadolinium Oxide by 2030
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2024
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The future demand for Gadolinium Oxide should vary
between 2.400 mT-2.800 mT by 2030. Based on the market
and technology analysis of the main product NdPr, the
estimated supply of Gadolinium Oxide, which is coupled to
the production of other rare earths, should be a minimum
of 2.900 mT. The estimated supply of gadolinium is based
on current supply, estimated growth rates, and the rare
earth ore composition. The demand for the main product
NdPr is growing faster than the demand for the by-product
Gadolinium. A supply and demand imbalance should not
appear because of technological reasons. Binnemans et al.
GSR%“WVQIH XLMW IWXMQEXMSR ERH

Gadolinium Oxide, as well (Binnemans et al., 2018). However,
XLI WYTTP] MW RSX WMKRM%“GERXP]

2900
¢- 2800

e- 2400

°
@
® CAGR 3.2%

2026 2028 2030 2032

® Minimum Supply

Table 7 Low scenario of Gadolinium Oxide demand (own representation)

Demand ‘30 [mT]

Application Demand ‘20 [mT]
Magnets 610 39
Metallurgy 490 28
Phosphors 400 23
MRI and others 250 14
Total 1,750 100

ISSN 1613-9623 k 4VSJ (V

7.0 % 1200 50
-1.0 % 440 18
0.0% 400 17
4.0 % 370 15
3.2% 2,410 100
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Table 8 High scenario of Gadolinium Oxide demand (own representation).

Application Demand ‘20 [mT] %
Magnets 610 35
Metallurgy 490 28
Phosphors 400 23
MRI and others 250 14
Total 1,750 100

the balance between supply and demand could turn into an
imbalance if parameters like growth rates or mining activities
in Southern China change in the future. A supply shortage
could appear in the case of force majeure, regulations, or if
supplies are suspended by the main producers.

illegally mined rare earths will be prohibited and convicted
2QNKVKEU CPF 5QEKGV{ VXM G|

The market and technology analysis from previous chapters
have shown that the supply and demand of rare earths
will increase in the next few years. However, the market is
dominated by only a few players, whereby political decisions

Demand ‘30 [mT]

8.0% 1320 47
28 % 650 23
2.0% 490 17
4.0 % 370 13
4.9 % 2,830 100

and are only allowed to start operating once the approval is
GSR%“VQIH %PP ETTVSZIH VEVI
the State Council, which will publish new rare earth projects
regularly (Article 7). According to Article 8, the state can
restrict or stop rare earth mining and processing if it harms
the ecological environment. The selling and purchasing of

VKERMA"EXMSRW [MPP FI %RIH
industries in China, the State Council plays an important
role in strategic management decisions. It decides regional
economic policies and requirements for the layout of
the rare earth industry, and also determines production
capacity and production and operation conditions (Article

GER MR%YIRGI XLI EZEMPEFMPMX] S J9)V Fh¥ ImbE: VM goManRhdhlgeX kdr Roreldn ! companies

potential centralization of the mining and separation in a
few countries can. Chinese, Myanmarese, and German

will be articles 14-16. According to article 15, the state will
control the import and export of rare earth compounds more

VIKYPEXMSRW [LMGL GSYPH MR¥%2YIRG br&lskiE Phis MP EoFoM Ritfl thk &R tich bEheM Rrtse

with rare earths must be discussed and evaluated.

%IKPGUG 4GIWNCVKQP

In January 2021 the Chinese Ministry for Industry and
Technology Information (MIIT) published a new draft law
for the regulation of the Chinese rare earth industry. The
publishing of a new draft law was a foreseeable incident
because the Chinese government is trying to get more
control over the domestic rare earth industry for a longer
period. The whole draft law (00 O1K*6 * » ) can be read at
the website of the MIIT (MIIT, 2021). The most important
facts are summarized in this chapter.

The new draft law describes in 29 articles the new regulatory
environment of the rare earth industry. The core is about
stopping illegal rare earth mining, which is still a major
problem in China (Packey, Kingsnorth, 2016). New rare
earth projects must pass through an approval procedure

ISSN 1613-9623 k 4VSJ (V

government to increase the strategic reserves of rare
IEVXLW %VXMGPIx *YVXLIVQSVI
a tracking information system for rare earth compounds
(Article 14). It is expected that through these changes in the
law, the illegal mining of rare earths will be more sanctioned
in the future which could have an impact on the supply of
rare earths from China. Higher prices for rare earths might
be one of the consequences. However, through the tracking
system, a more transparent tracing can be expected. This
would justify higher rare earth prices.

%QPENWUKQP

A strength of heavy rare earth mining is that it is coupled to
the production of NdPr. This joint production is an advantage
because the demand for NdPr is increasing steadily. A
weakness is a strong dependence on just two countries
China and Myanmar which account for almost all heavy rare
earth mining activities worldwide. However, there are also
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*IFVYEV]

XLI

JARW 0101V E%PMEXIH [MXL 9RMZIVWMX] SJ 13RWXIV HERH34VSJ

IEVXL TVSNIC

MR F

(v



JOURNAL OF
BUSINESS CHEMISTRY

'SP -Ww
URN: urn:nbn:de:hbz:6-95009506911
DOI: 10.17879/95009506230

Gadolinium by-product of NdPr & Dy mining

Main suppliers are concentrated in Southern
China and Myanmar

Electromobility

China net-importer of rare earths since 2019
Improvement of separation technology

Substitution of PMSM
Regulation & Trade War

Figure 13 SWOT-Analysis of heavy rare earth elements (own representation).

some opportunities coming up in the next years. First China
became a net importer of rare earths in 2019 which should
increase the number of rare earth projects outside of China
(Xinhua News, 2019).

Also, the prices for rare earth separation are decreasing
continuously which makes rare earth processing more
economical. Last but not least, electromobility will boost
the demand for rare earths much in the following years
and decades. The biggest threat for heavy rare earths is
the substitution of PMSM motors. By substituting NdPr
through Aluminum and Cooper the mining activities of NdPr
[MPP HIGVIEWI
of heavy rare earth elements Dysprosium, Gadolinium,
and Terbium. Because mining is concentrated on just two
countries’ regulations, trade wars, export restrictions, natural
disasters have a strong impact on the availability of heavy
rare earths on the market.

The production capacity of light rare earths is driven by
electric vehicles and wind turbines. If no substitution with
rare earth free motors appears in the market, then the
production capacity will increase according to the annual
growth rates of Neodymium and Praseodymium. Current
market players expect a growth rate of about 8 % which is
also incoherence to the annual production plan by Chinese
authorities. The MIIT announced a production increase of
light rare earths of 7 % in 2020 (MIIT, 2020).

ISSN 1613-9623 k 4VSJ (V

The supply of heavy rare earths could decrease in the future
because new laws and regulations should stop illegal mining
in Southern China, which is dominated by heavy rare earths
Dysprosium, Gadolinium, and Terbium. In the last three
years, Myanmar has increased its heavy rare earth mining
activities. The capacities developments of heavy rare earths
will depend on the development of the mining business
in Myanmar and how China will face the issue of illegal
mining in Southern China. A possibility of how the supply
of heavy rare earths should not decrease is the integration
of previously illegal mining into the company structure of
the six main manufacturing companies. For that purpose,

[LMGL [MPP EY XSQ E X Mli@EdDinikbR&eY tbReGdivedLninigvidenge]and have to

stick to the national regulations.

In conclusion, the joint product analysis showed that the
production capacity of Gadolinium Oxide which is used
MR XLI
technological developments in the automotive industry.
This cross-industry relationship between joint products is
frequently seen in the industry and demonstrates that for a
complete evaluation of production capacities, the industry
of the desired product plus the industry of the main product
must be examined.
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Introduction to Innovation Management

Katharina Sophie Zander*

LI -R“2YIRGI SJ 1EVOIX 3VMIRXEXMSR SR -RRS

With a constant demand for new products, shorter product life-cycles, and a

rise in global competition, innovativeness and the generation of innovations

are imperative for acompany'’s growth and competitiveness in today’s market.

/ICTMGY QTKGPVCVKQP KU C EQPEGRV VJCV NGCFU VQ DGVVGT “T
EQORGVKVKXGPGUU CPF JCU DGGP UJQYP VQ KP"™WGPEG KPPQXCVK
UKIPK*“ECPEG QH KPPQXCVKXGPGUU HQT C EQORCP[IU UWEEGUU W
KP"WGPEGU KV KU SWKVG KORQTVCPV 6JKU CTVKENG “TUV GZCO
concepts of market orientation and innovativeness and then evaluates the

FGRVJ QH VJG EQPPGEVKQP DGVYGGP VIJGUG EQPEGRVU 6JG TGU
UKIPK*ECPV QXGTNCRU #NUQ CP GZRCPUKQP QH VJG VTCFKVKQPC
concept to include additional stakeholders and sustainability concerns

KU FKUEWUUGF # NQQM CV EWTTGPV KPPQXCVKXG RTQLGEVU QH
EQTRQTCVKQP FGOQPUVTCVGU VJCV DQVJ VIJG UKIPKYECPV KP"V
orientation on innovativeness as well as the consideration of sustainability

and additional stakeholders can be observed in the chemical industry.

1 Introduction

>10# ?00@A-BCD# OEO,# FG?HO,4@IEA-B# JI,C/# A?# KIZ2HRIRWBHIHCOG/#HHI#0HHO,#P0,FI, @ G-KOHG-#KI@POHAHAEOQ-0?7?:#
?+.LOKHO/# HI# K1G-BO:# M+.LOKH?# CANO# BCI.GC# SG#HIHA+BO@?0# KI-KOPH?# A?# @G,NOH#1,A0-HGHAI-O# J1AK1# ,0FO0,
?+?HGA-G.ACAHD# G-/# FGA# H,G/0# 1GEO# BGA-O/# KX?3/0OFBRCOBVKERMA"EXMSR.. W WTIGMYG ETTVSE
MQTSVXERGI 8LIWI GLERKIW WXV SR K Ra) GYNBH# RZIRCAH G/ [GH JANB QAN BV X+ ?HI@0,#1, AO-HGHAI-#A?#
G-I#IG-H?#G-/#-00/?#1F#H10#KI-?+@0,?0# COG/A-B#HI#? HO#HDFH H10# KI@PI-0-H?# IF# @G ,NOH#1,A0-HGHAI-O# AH# @GD# OEC
P,I/+KH# CAFO4KDKCO0?# G-/# 1AB1# I0@G-/?# FI# -0J# P,|[0KH20#@1?H# | EAI+?#1-0:# MA-KO# @G ,NOH# |, AO-HGHAI-# A?# ?GA/
0?POKAGCCD# P,I/+KH?# H1GH# G//,0??# H10# .0OFI1,04@BHHBDBGHHI#.0HHO,#P0,FI,@G-KO0#R)G,EO,#G-#MCGHO0,0#!""6 UO#At
K1GCCO0-BO?:# QH# H10# ?G@0# HA@OO# H10,0# A?# @|,0ERI@ROHARALE X MX EGLMIZIW XLMW TEVXP] F] M
G-/#,0?1+,K0?#G,0#/0KCA-A-B#R7G@G-PI+ #G-/#SA?K1-0EANBGHAEQ-0??:# |+H# 113# /00P# A?# H10# KI--OKHAI-# .0HJOO0-#
T663U:#>1#?+KK00/# A-#H10#K1G-BA-B# @G,NOH# G-/# ?HE@DS BIOMFHAO-HGHAI-#G-/#A--IEGHAEOQ-0??"#

IF#H10A #KI@POHAHI,?0#KI@PG-A0?#-00/#HI#K, 0GHO#A--IEGHAI-?#
RVIPGCGN,A?1-G-#G-#7G@G-Pl+,0#!" ;U #>1A?#@0G-?OHLGHNA-EV XM GPI LEW WIZIVEP KSEPW 8LI %V
HI/GDW?#@ G,NOHO#.0A-B#A--IEGHAEO#A?#0??0-HAG CHFHAGHKKBRGREHA/PFH @G,NOH# |,A0-HGHAI-# G-/# 1AB1CABI1H# H:
?+,EAEGC:#>10,0FI1,00#H10#X+0?HAI-#IF#J1GH#@GNO?#G@® @G HH F#K+?HI@0,#, AO-HGHAI-#>10-#H10#/AFF0,0-HAGHAI:
MRRSZEXMZI SV [LEX MR%YIRGIW E NIQO-#\-IBEGRAES-IEXGAZ ARIEGNAI-ANNCCH .0# /A?K+?270/0#
@1,0# A@PI,HG-H# H1G-# OEO0,0# .0KG+?0# A--IEGHAEO-(RIBLCGEWH#H .D#G-#0_G@A-GHAI-#1F#113#/00PCD#H10#KI-KOPH?# I F#
PO,FI,@G-KO0# G,0# KCI?0CD# CA-NO/# RSG-B# G-/# YAGIQ@ Ga\BBHH# |, AO-HGHAI-# G-/# A--IEGHAEOQ-0??# G,0# Kl--OKHO/O# HI#
8EO0,#HA@O0O# ?0E0,GC#KI-KOPH?# 1GEO# .00-#/0EOCIPO/#HIMWHG BZ IV LS| QEVOIX SVMIRXEXMSR MRY%YI

*Katharina Sophie Zander, kzander1@uni-muenster.de, University of Miinster, Institute of Business Administration at the Department of
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ISSN 1613-9623 k 4VvsSJ (V .IRW 010IV E¥%PMEXIH [MXL 9RMZIVWMX] SJ 13RWXIV E®RHO&VSI (V
[MXL 4VSZEHMW 7GLSSP SJ -RXIVREXMSREP 1EREKIQIRX ERH 8IGLRSPSK]



BUSINESS CHEMISTRY 4071, 2734°566°565813

'SP -WW *IFVYEV]
[ JOURNAL OF ]
789*#16:1;<;"="566"56%;%<

Q//AHAI-GCCDO#G#PIHO-HAGC#0_PG-?Al-#IF#H10# @G, NGZINUHH GBIRINBO# K+?HI@O0,# CA-NA-B# G-/# K1G--0C# .I-/A-B#
KI-KOPH# HI# A-KC+/0# IH10,# ?HGNO1IC/0,?# G-/# ?+?HGAGREABBHAO?cH#R7GDO#! " %O#P #%!U:#>1A?#0-G.CO?#H10#|,BG-/
KI-KO,-?#JACCH#.0#/A?K+??20/:# G?HCDO#H10,0# JACCH# .0#BI#E0; D& &WFMOH#H,0-/?#0G,CA0,#H1G-#H10A #KI@POHAHI, ?#BAE
CIlIN# GH# G# K10@AKGC# KI@PG-D# HI#/0HO, @ A-0# AF# GYHE HAKHALGHIPPI,H+-AHD#HI#,0GKH#X+AKNCD#G-/#GKK+,GHOCD:
.0HJ00-#@ G ,NOH#,A0-HGHAI-O#A--IEGHAEO-0??#G-/#H10AQ@-SBABEG-B0?# G ?# JOCC# G?# .0A-B# G.CO# HI# P,0/AKH# J1GH# I
A--IEGHAI-?#KG-#.0#1.70,E0/#A-#K+,,0-H#A--IEGHAEO#P, ILBM@POHAHAI-#@AB1H#/1#-0_H:

6JG EQPEGRV QH OCTMZ2Gustomer orientation as part of market
orientation orientation

?# GC,0G/D# @0-HAI-0/0# K+?HI@0,# |, AO-HGHAI-# A?# |-0# |F# H10:

?
8S YRHIVWXERH LS[ QEVOIX SVM'%%E#?&%% Olglil(zGYcl#RKP@hyyo H?# IF# @G,NOH# |,AO-HGHAI-#
MRRSZEXMZIRIWW MX MW MQTSVXER F\?ﬁ? M/XVSIM K?QEF\{M({] bLg\%xl\éiFGZ)fvr’éYW SRI %.
@G,NOH##1,AO-HGHAI-# A?:# aE0-# H1I+B1# H104 KI- KOPH#IF#’J@ISEAI\EJWA’M G# JOCCAN-1J-# KI-KOPH:# \+?HI@0,# 1,A0-HGHAI-#
SVMIRXEXMSR [EW QSWX GPSWIP] Hl%Eé-IDGM’J%?g(éKHAI 7?¥VJAI->|&% IyLVI.(S# A-HO-HAI-# IF# KICCOKHA-E
HIVAiRMXMSRW EVI WXMPP YWIH MR XLIJ 9?”%30#A @BHAIEM’))&\IJXCECéé /A’7II-|K+HAB#AH#H1I+Bll

R I
Z6@.IL#G-/#(G1@G-O#TOLD#SG-BHG- 4 Y AGIORTEISUAG- ﬁl%#l BG-A2GHAI-:# >10# P+,PI1?0# IF# K+?HI@0,# |, AO-HGHAI-# A?#
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JGPGTCN FG“PKVKQP QH O C TyybrV, du# K G d6/8: 4 H10# A-HO-I0/# K+?HI@O0 #
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MR%YIRGI GLERKIW MR GYWXSQIV FILEEBASH@AK-PIH@ORRAGCERRCROYR BoU:
0_IBO-1+?#FGKHI,?#R0:B:#BIE0,-@0-H#,0B+CGHAI-?UO#K1G-BA-B#
KI-/AHAI-2#A-#H10#K+?HI@0, 2d#A-/+?H,D#| #GKHAI-2#+-/0, HGNO- :
.D# H10# KI@POHAHAI-# JIH1# K+,,0-H# G-/# F+H+,0# -00/2# Ga JG E QPEGRVU QH KPPQXC
P OF0,0-K02# IF# H10# K+?HI@0,2# G,0# KI-2A/0,0/04 JaHIR Y ativeness
+-/0,?HG-/A-B#H1GH#H10#/0EOCIP@O0-H#IF#F+H+ 0#P,I/+KH?#KG-#

HGNO#DOG, ?:#MA-KO#H10#BGH10,A-B#IF# @G, NOH#A-HOGGABKHKOHAIGNOM RRSZEXMSR% ERH "MRRSZEXM?Z
PCGNO#GK,1?7?7#H10#0-HA,0#1,BG-A2GHAI-O# AH# A?# -OKO0R26DA ¢ K18#B0G.CD# +H# OFFI,H?# 1GEO# .00-# @G/O# HI#
IAFFO0,0-H#/0PG,H@O0-H?#HI# 0_K1G-B0# A-FI, @ GHAI-# RZJACAH G-44AGHO#.0HI00-#H10@ #>10#FICCIIA-B#?0KHAI-?#/07K A0
[GJI,?NAO#!"™6U: H10#/AFF0,0-K0?# .0HJO0-# H10?0# HJI# HO,@?0# ?11JA-B#KCO0G,CD
H1GH# H1l+B1# H10D# G,0# KCI?0CD# ,0CGHO/O# A--IEGHAI-# (

]0G,A-B# H10# GC,0G/D# @O0-HAI-0/# FGKOH?# A-# @A-/Qd - @BINREW:022#G, 0#/A?HA-B+A?1G.CO#F, | @#0GK1#IH10,:
|, AO-HGHAI-#A?#KI@P1?20/# I F#H10#H1,00#.01GEAI, GC#KI@PI-0-H?#

K+?HI@0,# |,A0-HGHAI-O# KI@POHAHI# I,AO-HGHAI-g 1 ﬁiﬁovation
A-HO,F+-KHAI-GC# Kl /A-GHAI-# G?# JOCC# G?# H10# HJI# JOKA?AI-#

CVMXIVME TVSYXEFMPMX] ERH PSRK FI V§ XIS#%’)\;\IQ\&O#%O%XCZIF"V OEHECE'/#?AP Epéo 0-HGHAI-#IF#-0J#
I"'6U:#Q#@G,NOH41,A0-HO/#1,BG-A2GHAI-#?HG- /”#I+H#KI@P&SE Ifj @ @ @

XS RSR QEVOIX SVMIRXEXIH SVKER W%%(ﬁ/lRyg%EH%TGG%Wl#%N% (J%’/\IOOE#-FP#JAH]'#KI@POHA'_

G-#1,BG-A2GHAI-# @+?H# A@QPCO@O0-H# A--IEGHAI-?:# >1A?# KG-#.0
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/1-0#H1,1+B1#A--IEGHAI-#B0-0,GHAI-#1 #A--IEGHAI-#G/IPHAI-B EVRMRK ERH HIZIPSTQIRX% ERH "GSQQYR
Q-# 1,BG-A2GHAI-\W?# G.ACAHD# HI# BO-0,GHO# AH?# |J-# BRHIBCEHIBHRI+ CODHG-/#+CHO#™'<U:#QCCH#H10?0#K1G,GKHO,A
A?# [OPO-/0-H# 1-# H10# 1,BG-A2GHAI'W?# @G,NOH# KGREOHONAKIZHI, 2# FI # G-# |, BG-A2GHAI-\W?# A--[EGHAEQ-0?7# G-/# Al
G-/# HOK1-ICIBAKGC# N-IJCO/BOO# J10,0G?# H10# G/IPHAIBAWF#ISYRH XLEX MRRSZEXMZI %VQW WLS[IH
A-IEGHAI-?# ,0F0,2# HI# H10# G??A@ACGHAI# IF# G-# /COEGHARDY-IEGHAEQ-0?2?#RMGCGEI+O#T66%U:
H1GH# JG?# K,0GHO/# 0C?0J10,0# G-/# A?# -0J# HI# H10# G/IPHA-B#
,BG-A2GHAI-#R7G@G-PI+ #G-/#SA?K1-0E?NDOH#TE63U:# Q?# @0-HAI-0/# .0F1,004 A--IEGHAI-2# KG-# .0# 200-# G 2# G# ,07+CH#
IF#A--IEGHAEOQ-0?7:#>10,0F1,00# A--IEGHAEQ-0??# A?# G#/0?A,G.CO
>10#@1?7H#KI@ @I-CD#+?20/#/A@0-?AI-2#F# A--IEGHAI-?# TREQK H#IF#H10#1, BG-A2GHAI-W?2#K+CH-+ 004G 2#AH#A?#0_POKHO/
00-# 2+@@G,A20/# G?# .0A-B# HOK1-ICIBAKGC# A--IEGHAGEZOAB10,#-+@.0,#IF#A--IEGHAI-20#@GNA-B#AH#G#NOD#FGKF
JLIAK1# KI-2A?H# IF# -0J# P, l/+KH?0# HOK1-ICIBAO?O# | # 20#E0H0PA-BH#GHKI @PG-DW2#KI-HA-+1+?2#B,IJH1#RMGCGEI+O#T66%!
G-1# GI@A-A?H,GHAEO=@G-GB0,AGC# A--IEGHAI-20# J1IAK1# A-KC+/0#
-OJ#P|CAKA0?#|,#P,||<0/+,0?#|,#KlG-BO?#A-#Hlo#l,BG-Azegmé:jke t orientation and
FI,@:# Q#KI@.A-GHAI-#IF#H1020# HJI#/A@O0-?AI-2# KG-# COG ]
1AB10,#KI@POHAHAEOD-022# IF#H10# 1 BG-A2GHAI-#RYI LAEIE@RAllveness
OH#GC:O#T6!3U:#

>10# P,OEAI+?# K1GPHO,2# JA?K+2?0/# @G,NOH# I,A0-HGHAI-O%
Q-IH10,# JGD# HI# KCG??AFD# A--IEGHAI-?# A?# .D# H10A 4 EQEAEH 624 G-/# A--IEGHAI-# G?# A-IAEAI+GC#KI-KOPH?:#>10#
-0J-0??0# @GNA-B#H10@# 0AH10,# ,G/AKGC#1,# A-K,0@0#EEIFREIA GPHO, #JACCH/0@1-?H,GHOO#11J#H10?0#KI-KOPH?4#G,
GC?M IAFFO# A4 H10A# +-KO,HGA-HD:# 9-K,0@0-HGCH AGKEGHAI-#
JOF0,2# HI# G-# A—-IEGHAI-# H1GH# .+AC/?# I-# 21 @OH1A-B# H1GH# A2#

-1.3- - 2. ? - - - - -
GC.0G/D#N-1J-O#@GNA-BHARHCO?7#, APNDH#HIG#GH, GIAKGCARHEGHALO® | - kot orientation and
JLAK1#KG-# .04 2l @OH1A-B# HLGH# A?# P 0EAI+2CD# +-N-1) # QC?#

A@PIHG-H# HI# KI-?AJ0 # A2# H10# COEOCH GH# J1AK1# HTOTAC YRR Se sS
HGNO?#PCGKO:#Q#K1GCCO-BO#A-#H10#A-IEGHAI-#P, IKO?2#KG-#.0#HI#

IRWYVI XLEX ER MRRSZEXMSR XLEX XESYRICAREHSAAILEHEE N ERARHEHAI-O#A--IEGHAED-0*
COEOCCO# @0G-A-B# I-CD# G# PG, H# IF# G-# 0?HG.CA?10B R I+ iR Rg ZEXMSR EVI XLI RINX WXIT MW XS
JOPCGKO/O# 2HACCH# F+-KHAI-2# A-# H10# IE0,GCC# ?D?HAE WOy 11920# KI-KOPH?:# Q2# AH# 1G7# .00-# 0?HG.CA?10/0#
A—IEGHAI-# HGNO?# PCGKO# GH# G# 1AB10,# COE0CH A-# FGHI HBRIHERRF 7# A?# G# P,OK+,21.# HI¥# A--IEGHAI-O# @GNA
QMKLX FIGSQI RIGIWWEV] JSV E Vv QAXECRAIE RIOT Rl kK IEp Ar1EGHAEC-072# RYIL/# eGIGIA#

IWXEFPMWLIH TVSGIWWIW ERH GLERRYPAFCEE TRIHERPRGASY {HYq0r#dijQe0# HO,@2# A2# KCOG,

H1A?#A--IEGHAI-#R>A/#G-1#]07?G-HO#T6TIU: XLl KSEP MW XS HIXIVQMRI LS[ QEVOIX SVM
A--IEGHAE0-077:

9-#H104#FICCIIA-B#K1GPHO,04AH#IACCH.0KI@O0#KCOG, O#H1GH#A-IEGHAI-2#

O OHGHKI-20X+0-KOH F#A-IEGHAED-077+4 MOOA-B#G ?#A--IEGHAI-?#G 0#@ G/O#F| #H10#@ G, NOHO#AH#A2#1.E

H1GH# H10,0¢ @+?H# .0# G# KI--OKHAI-# .0HJ00-# H10?0# KI-KOPH?#

G-/# 20E0,GC# G?POKH?# IF# H10# 0CGHAI-?1AP# .0HJ00-# @G,NO

I, AO-HGHAI-# G-/# A-IEGHAEQ-0?2# 1GEO# .00-# ?H+/AO/:# 8-0#

NEQTPI MW XLEX QEVOIX SVMIRXEXMSR WII
9--IEGHAEQ-0?2#AHGHP 0K+, 21 #F1, #A--IEGHAI-?:#9--IEGHABR-B2284 IF# . GIAKGC# G-1# A-K,0@0-HGC# A—-IEGHAI-?#R]GNO,# G-/

A?# G# K+CH+ GC# G7POKHE IF# G-# | BG-A2GHAI# G-# QR R HA Y6, U4 Q#t/AFFO,0-H# 2H+/D# FI+-/# H1GH# A—- EGHAEO-(
| BG-AZGHAI-W?#1PO--072# HI¥ -0J# AOG?:# OH# KG-# 0% 42 Flithy 0.1G-KOoM H1,1+B1# @G NOH# I,A0-HGHAI-# RZA,KG# OH#
@0G?+,0# H10%# | BG-A2GHAI-W?# A-KCA-GHAI# HING /2# AclEG Y85 U4 G-1# Gi# @OHGAG-GCD?A24 211J0/# @G, NOH# 1, A0-HGH
Rf+,COD# G-/# F+CHO# I"'<U:# MOEO,GCH IA@O-?AI-2# 1GRE3,Q05E a_# G# 2H, I1-B# PI?AHAE# OFFOKH# 1-# H10# 2+KK0?2# IF# <
FI.@+CGHOM G-if EGCAIGHO/ Fl# A-IEGHAE0-0??0%p {AQAG DK |EGHAI-24# RaEG-?KIAH2ND# OH# GC:O# T6ITU:# >107
TGVIEXMZMX]% “STIRRIWW% “JYXYVI HYNIRNREER%v VMW & SFPMB KR sRREIX[11R
"TVSEGXMZIRIWWS% 6YZMS IX EP G-#AREGHAR M IbMDRP SEn 4 Eati0, i+ 0#200@28H1.0

QYPXMXYHI SJ GYPXYVEP GLEVEGXIVMYUANABYEH W okBkkia¥c AEME: I od RIRIPNPE MiHI# OHH

3.2 Innovativeness
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+-/0,?HG-/# H10# /OPH1# IF# H1A?# Kl,,0CGHAI-O# G# KI@RGHOH#'<U:#>10?0# K1G,GKHO,A?HAK?# ?113# H10# @I1?H# |.EAI+7?4
IF# H10# GC,0G/D# 0?HG.CA?10/# K1G,GKHO,A?HAK?# Q< @EKHRRIKHM# @ G,NOH#1,A0-HGHAI-O#KI-?A/0,A-B#H10,0# A?#0EOQ-#
IF# .IH1# @G,NOH# |,A0-HGHAI-# G-/# A--IEGHAEO0-0??# K&B#I.0)SVH "QEVOIX% MR XLIMV REQI %RH QE
@G/0# HI# /OHO,@A-0# H10# A-HO,?0KHAI-?# .0HJOO-# BLORO#IVIH SR QEVOIX MRXIPPMKIRGI ERH QEV
GSRGITXW *MKYVIx HITMGXW E WIPI&KOISRAISIOKIDOW@® G NOHH IGAS-AGHARHSG-/# A--IEGHAEO-0??#

K1G,GKHO,A?HAK?#H1GH# 1GEO0#0AH10,#.00-#/A,0KHCDHK@&+BIBPAED#.0#?00-#A-#H10?0#K1G,GKHO,A?HAK?: #Q?#HI#J 1 D#t
KG-#.0#/A?KO0,-0/#F,|@# ?0E0,GC# ?1+,KO?0# B,I1+P0/# A-# GATZGKHO,A?HAK?#PCGD#G-# A@PI,HG-H# ,ICO#A-# A--IEGHAE0-07?

H1GH#ACC+?H,GHO?#H10A #KI--OKHAI-: @O0-HAI-0/#.0F1,00#H10#@G,NOH#A?#J11#A--IEGHAI-?#G,0# @G/0#
F1,0#?1#-GH+,GCCDO#GH#FIK+?#|-#H10#,0X+A,0@0-H?#G-/#K1G-B0?4
4.1.1 Keeping the market in mind H10#@G,NOH#A?#-0K0??G,D#FI,#H10#/0EOCIP@O0-H#IF#?+KK0??F-

MRRSZEXMSRW %RH WS E JSGYW SR XLIWI |
8LI ¥4VWX X[S GLEVEGXIVMWXMGW S JAMEGRISEOEDXMIEARH#NBBIA2ZGHAHMW G Y W W
EVI "QEVOIX MRXIPPMKIRGI% ERH "QEVOIX JSGYW% ,YVPI] ERH

hAB+,0#*#Q?POKH?#IF#@ G,NOH#I,A0-HGHAI-#G-/#A--IEGHAEOQ-0??#G ?#FI+-/#A-#/AFF0,0-H#CAHO,GH+,0#?1+,KO?#RQH+G10-04VA@ G#0H#GC
f+CHO#!"'<b#ZILCAHG-#[GJI,?NAOH#!"'6b#)G,EQ,#G-I#MCGHO,0#!""6b#(+EAI#OH#GC:O#T6!%U:

"#$%&%'()&*  k 4VvsSJ (V .IRW 010IV E%PMEXIH [MXL 9RMZIVWMX] SJ 13RWXIV HRBHAYSI (V
[MXL 4VSZEHMW 7GLSSP SJ -RXIVREXMSREP 1EREKIQIRX ERH 8IGLRSPSK]
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412 Considering the future AJOG?#G-/#A-P+H?#KG-#H10D#.0#A--IEGHAEO#R (+EAI#OH#GC:O#T
>10D# -00/# H10# G.ACAHD# HI# COG,-# Rf+,COD# G-/# f+CHO# I"'<

>10#-0_H# K1G,GKHO,A?HAK?# Hi# CIIN# GH# |-# H10# A IEGHAE6@#4410# KI-?+@0,7d# JG-H?0# H1A?# .0A-B# H10# CA-N#
WMHI EVI "TPERRMRK% ,YVPI] ERH ,YHRHI@O0#1ACHGHRAFGHGH#H KaRATP%ICD# H10A # KI@POHAHI,?
ERH "JYXYVI SVMIRXEXMSR% 6YzMs BKHFY@POHAHI#LA0-REHAFAAGEX# G-#A@PI,HG-H# G?POKH
SVMIRXEXMSR WMHI XLIVI MW EPw s @GNS ARREANA QNG 1207 HFNGPRA+PEIAHL#H10#KI@POHAR
+MQE IX EP EW [IPP EW "PSRK XMNEAYE@RINGHEH/0 NG/ Feki# AH# A7#H1GH# H10D#/IC
G-/# F+H+,0# -00/2c# RZILCA# G-/#[GJI, 2NAO# "6 U:# >10# (@ #H1CHAG-/#K1G--0C#AH#A-HI#H10#KI@PG-DW?#A--IEGHAEO-(
H1070# G?POKH?# 1GEO# .00-# B,1+P0/# A?# H1GH# H10D# GG ¥GEPWS [LIVI SRI GER %RH XLI GSRRI
KI-—-OKHAI-# HI# H10# F+H+,0:# >i# .0# P,IGKHAEO# A2# Hi# KEFRABBI"MRK% WMRGI FSXL GYWXSQIV ERH
IPPI,H+-AHAQ?O#.0#H10D#,0CGHOMHI#K+, 0-H#P I+ KH?# B RHAGIAS K IRSYW JEGXSVW XLEX QMKLX MRY2YI
HI#HGNO#H10#A-AHAGHAEO# HI# GKH#1-#P122A.CO# F+H+ D639 AFAM@PG-A0?# JG-H# HI# COG, #F,1@#H10@#RZI1CA#(
OH#GC:0#T6!%U:#>10,0F1, 004 P, IGKHAE0-022# A4 KCI120dBHIINOREH £ Y:

XS XLI EWTIGXW SJ “JYXYVI SVMIRXEXMSR% ERH "TPERRMRK% 8S FI
P,IGKHAEQO#I-0#-00/2#HI#KI-?A/0 #J1GH#KI+C/#1GPPO-#R H104E WTIGXW  "WYTTSVX  ERH  GSPPEF:
F+H-+ 0#G-/#PCG-#GKKI J/A-BCD:#>1A?#A#GHE0, D#A@PI, HE RfRLPPORINLC EXMSR% EVI QSWX GPSWIP] PM
IF# A--IEGHAE0-0?70# 0?POKAGCCD# .0KG+20# AH# KG-# AUNOABOEE §MSR  GLEVEGXIVMWXMG “MRXIVJY
DOG, ?#HI#/0EOCIP#G-#A—-IEGHAI-#RZI1CA# G-#[GJI, ?NACH PO SHAAI# FI.# A--IEGHAI-?# /1074 -IH# L+?H# KI@0# H1,1+B1#
QI/AHAI-GCCDO#P, I/+KH#CAF04KDKCO?4#G,0#BOHHA-B#> {0206 /4 KA@POHAHI # 1.70, EGHAI-?:# >10D# GC?I# KI@0#
H10#HA@O0#.0HI00-#H10#CG+-K1#IF#GHP, I/+KH#1 #20, EAKDE B 1 B4@ @+-AKGHAI-# JAH1# IH10.# POIPCO# G-/# IH10.#
~OOJFI, #-0J#P, I/+KH?# #20, EAKO?4G-/#H10,0F1, 0#4A—-IEGHAR EVXQIRXW [LMGL MW [L] "STIRRIWW % MW
A?# GC?I# BOHHA-B# ?11,HO,:# Q?# G# ,07+CHO# KI@PG-AJSAFERER! Yy IEGHAEQ-077:4# >1# BOH# A-7PA,0/# G-/# HI# KI@O0# +P#
A-K,0G20#A-#A--IEGHAED-0??:#|0K G+?0#AH#K G-#HGNO#GHC B ARG Wi O 1-0% -00/2# HI# .0# IPO-# G-/# GKKOPHA-B# IF#
JOEOCIP#G-#A—-IEGHAI-O#KI @PG-A0?H @+ ?H#PCO-#G 100 ATER NG #-0J#H1A-B2:4>1 A2#KI+Cl#. O4GHIAFFO 0-H#IPA-Al-#IF
G-/#H, D#HIH0?HA@ GHO#I 1 GH#KI-?+@0, 24@AB1H#IG-H#AGHI G NG +70B$G + 70#0EO, D#PO, ?1-#AZ#/AFFO,0-HO#1G 7#/AFFO,0-H;
0-7+,A-B#H10#KI@PG-D# 1G?#0-1+B1# HA@O# FI # H10# A-NEQFFAHP 0, 1GP2#B, 0J#+ PHA-#GH AFFO,0-H#K+CH+,0#,#@G/O# AFFO,
P,IKO??:# >1A?# GC,0G/D# 211024 H10# KI,,0CGHAI-# .0HJ0# TP KO?#F,1@#-0W?#J-O#H10D#@ABIH#KI@0#+P#IAH1H,#20C
KI-KOPH?#IF#@G,NOH#I, A0-HGHAI#G-/#A--IEGHAEO-0724 OkE-BAsH1GH# G-IH10,# PO, ?1-#/102# -IH:# a_K1G-BA-B#IPA-AI-?#
@G,NOH# |, AO-HGHAI-# A?# F+H+ 041, A0-HO/# HIl G-# KIS F30,A0-KO?#KG-HCOG/#HI#0J#A--IEGHAEO#A/0G?:#>10#@G,NOF
AH1#K+,,0-H# G-/#F+H+ 04 K+?HI@0,#JG-H?#G-/#-00/2:4#>1FYM IRXEXMSR GSRGITX SJ "MRXIVJYRGXMSR
JG-H24G-/#-00/2#G 04?1 @O#IF#H10#@ GA-#H1A-B?#H1GHE AL G KII/A-GHA-B# H10# @G,NOH# A-HOCCABO-KO0# BGH10,4

G,0# A-KC+/0/# A# H10# P IK0??2# G-/# H10# A-FI, @ GHAI-# A?# CIINO/#
413 Finding inspiration GH#F,|@#/AFF0,0-H#EAOJPIA-H?#R)G, EO #G-/#MCGHO,0#!"'6U:#>1,

EWTIGX VI%IGXW XLI EWTIGXW SJ "WYTTSV>
8LI PEWX KVSYT LEW XLI EWTIGXW BEYTIEFRIEW%C SRRUMRMBEXMSRY% WLS[MRK E

EP “PIEVRMRK ERH HIZIPSTQ@SXWVHH# AQREHAIGL#A-EHESHAED-072:
GSPPEFSVEXMSR% ERH "“GSQQYRMGEXMSR% SR XLI MRRSZEXMZIRIWW

2AIOHR+ CODHG-/#H+CHO#I™<U #8-#H10#@G,NOH#I, A0-HHakBhstirsion of the comparison results

XLIVI MW "EREP]"MRK% /SLPM ERH .E[SVWOM “GYWXSQIV

SVMIRXEXMSR% “GSQTIXMXSV SVMIRRESETSRIQPE RHKICNFRHOA MR B GHERENO#GH.+7A-07
GSSVHMREXMSR% 2EVZIV ERH 7P E X4 1ECHAE0GJ4H1Y R HEGh#R GHCAR I @G, NOH#1,A0-HGH/
@AB1H# 200@# H1GH# H1070# K1G,GKHO,A?HAK?# /1 -IHATE EGPBHALC H# H1070# KI-KOPH?# ?110# CG,BO# IE0, CGP?# A-# H
A-#KI@@I-:#fIJ0E0,0% AF# CIINO/# GH# @1,0# KCI120CDO# |-SAHG A0 APHAK? # YG-D# G?POKH?# H1GH# @GNO# G# KI@P!
WE] XLEX XLI SZIVEPP XLIQI MR XLMW@RNHAAGHZHORK BGFHMAMEAGT KIBRG-RYTf# A-IEGHAEC-O
KI@PG-A0?# Hi# .0# A—-IEGHAEQO# H10D# -00/# Hi# 1GE0#IBERH QB NIP# K1G,GKHO,APHAK?# G,0# ?I# KCI?0CD# KI--OKHO/# I
COEQCH# IF# IP0--077:# JOKG+?0# I-CD# AF# H10D# G,0# IPO-Z{@PHH)@0?# OEO-# A/O-HAKGCO# +?A-07207# HIGH# G,0# @GN
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I,AO-HGHO/#1GEO#G-#G/EG-HGBO#GH#.0A-B#A--IEGHAEO WG+ PAKKORIEORH , ?# G ?#A@P1,HG-H#?HGNO1IC/0,?0# AH# A?#-IH#CA(
EPVIEH] JYPY“PP QER] GVMXIVME JSV HEMRE :AMRARCSAERMN@PEDBOB?EHROBHEGH],?0#71G,01IC/0,?#
JI,N#IAHL#H10#A-FI,@GHAI-#H1GH#KG-# COG/# HI# A--| EGHEEDHKI@HD +-AHAO?# G, 04 ? 1@ 0# IF#H10# G//AHAI-GC#?HGNO1IC/(
8-0#KI+C/#0EOQ-#X+0?HAI-#J10H10,#H10?0#KI-KOPH?# G, G HFEDUC/# A@QPI,HG-K0# JAH1A-# H1A?# KI-KOPH# RV,00-COD# G
IA?HA-B+A?1G.CO# KI-KOPH?# GH# GCC:# JOKG+?0# IF# H1t# G GIIDAAENE# MHGNO1IC/0,?# G,0# PG, H# IF# G-# A-HO,KI--OKHO/#
IE0,CGPO# AH# A?# /0.GHG.COO# J10H10,# G# KI@PG-D# KIE&HACDARH-0HII,N#R(IJCODO#!"";UO#JAH1#0EO,D#?HGNO1IC/O0,
A--IEGHAEO# A-#H10# CI-B# HO, @# AF# AH# A?# -IH# @ G, NAEEABHALSMEEA-HO,0?H?# G-/#A??+0?:#>10?0# A??+0?#,G-BO#F,IC
P0,1GP?# A--IEGHAEOQ-0??# KI+C/# .0# KI-?A/0,0/# G# BIGB#O#H-EA,|-@0-HGC# A@PGKH# IF#P,I/+KH?#HI#H10#H,G-?PG,0-KI
PI?AHAEO# KI-?0X+0-K0?# IF# @G,NOH# |, AO-HGHAI-O# A-?HBBHIPBEBH#,0K 1,/ ?:#>10#-GH+,GCH#0-EA, |- @0-H#1G?#GC?I#.00-#
?0PG,GHO#KI-KOPH: ?+BB0?HO/M# G?# G-# G//AHAI-GC# ?HGNO1IC/0,0# G-/# KI-?A/0,A-B#
H10# I-BIA-B# KCA@GHO# K1G-BOO# H1A?# ?HGNOLIC/0,# A?# .1+
8LI WMKRM¥“WGERX SZIVPET SJ XLI GSKGCGITKEW REERW®XVIEUBEXQWRXIMSR ,EMKL ERH +
A@PI,HG-KO#IF# @G,NOH#1,A0-HGHAI-# HI# G# KI@P G-DWAFFKKBZ2ZHGNO1IC/0,#A-HO,0?H?#@ GD#-IH#-0K0??G,ACD#GCC#!
G-#7?11J?0#H1GH#KG,0F+C# G-/#KI-HA-+I+?# @I|-AHI, A-BANAAMYOR XMRK MR E LMKLIV GSSVHMREXMSR |
@G ,NOH#KI-/AHAI-?0#G?#J0CCH#G ?#H10#G-GCD?A?#G-/#BrEBAGHA GINLIC/0,# 1, A0-HGHAI-# A?# H10# CI-B4HO0, @# JOCFG, 04
F+H+,0#K1G-B0?0#G,0#?1 @0#IF#H10# @I ?H#A@PI,HG-H#EFPKHMFE O ILSPHIVW 8S XLEX IRH WXEOILS
H10#A--IEGHAI-#P,IKO??0#0?POKAGCCD#A-#GH#HA @ 0#) 1 0BBH L0#B G INGIGHAI-#G. 1+H#?HGNOL1IC/0,#A??+0?#H1#?+KKO0??F+C(
A?#KI-?HG-HCD#K1G-BA-B:#fIJOEQ,O#AH#A?#GC?I#A@PI, 860224 H 8@ # 8E0,CGP?# .0HJ00-# @G,NOH# I,A0-HGHAI-# G-/#
H1GH# @G,NOH# I, A0-HGHAI-# GCI-0# G-/# 0?POKAGCCD#MIDAHCIO#FGAB-HGHAI-# 1GEO# .00-# /0@I-?H,GHO/O# .+H#
YWIH XVEHMXMSREP HIZRMXMSR SJ Q EMWICO#E 1OMA®R O4EHARIGHR |- AW, 0R+ 30R A, B IS0 KKK OPH?#Rh0,,0(
XS IRWYVI E “%4VQ..W WYGGIWW 3RI SGCMOXVE!6[U:EJOHUIONM RA0A,0ROB/ K KAGE X# RM-RBBO?H?O#H1GH#I
FIK+?0?#?1#CG,BOCD#1-#H10#KI-?+@0,?#J110#J1ACO# A QR GHEHHDA0-HGHAI-#KI-KOPH#1G?# GC,0G/D# JA/0-0/# HI# A-KC+/01
G,0# -IH# H10# |-CD# PCGDO,?# |I-# H10# @G,NOH:# 8H10,#KIALRIHZEH ?HGNOL1IC/0,?# A-# H10# IE0,GCC# KI-KOPH# IF# @G,N
G-I#FGKHI,?#KI+C/#G-/#?11+C/#GC?1#.0#KI-?A/0,0/:#MI@ QGABHHGHAI-#RSAC . +,-#V,00-#0H#G C: O#T6!5U:
H10?0#PIHO-HAGC#?+PPCO@0-HGC#KI-KOPH?#G,04#/A?K+?2?0/#A-#H10#
FICCIJA-B#K1GPHO,: 4.2.2 The concept of sustainability orientation

'ZRCPFKPI VJG OCTMGV QTK @?ﬁlﬂ?ﬁ@@ﬁl}d%IﬁG-BO#G-/#?+?HGA-G.ACAHD#.OKI@O#?I@O#IF#}
concept P,0/I@A-G-H#BCI.GC#K1GCCO0-BO?O#H10#KI-KOPH# F#?+?HGA-G. A(

I,AO-HGHAI-#.0KI@0?#@1,04A@PI,HG-H#F #HI/GDW?#.+?A-0??0?0#

G?# JOCC# G?# BIEO,-@0-H?:# >10# BIGC# IF# H1A?# KI-KOPH# A?#

- - - - 20?7#
SACO# H10# H,G/AHAI-GC# @G, NOH# | AO-HGHAI-# KI KOP&églég#&_F ,0-H# G-/# F+H+,0# KI-KO,-?# H1GH#/0GC# JAH1# ?IKAG(

? ?: ? ?
@GA-CD# |4 K+?HI@0, % G-/# KI@POHAHI, 204 H1A% @%%IBR{&E%# G-# OKI-I@AKGC# -00/?# RMGDO@O# T6!TU:# Q-#

“G.IJ# G# EADJ# FI# KI-HO@PIG,Di# . +?A-02707:# >I# H10# O /g-HGHAI -# HIJG,/?# ?+?HGA-G.ACAHD# A?# 0?POKAGCCD# -0K0?

IF# 0_PG-/A-B# H10# @G NOH# 1,AQ-HGHAI-# EAOIPIA- H% @10 2n-072% GKN-1ICO/BO?# H10# -GH+,GC# 0-EA,|I-@0-H#
OKO-H# CAHO,GH+,0# 1G2# 2+BBO?HO/# HII# GIIAHAI-GC# KLKOPHRO# - o\ o c 01 spHivw  EMKL ER

? - - -[H?+7? - - -
PHGNOLIC/0 #,A0-HGHAIAG-#2+?HGA-G ACAHDHLAOHCENG | K 0PH# G214 BIO?# 1G-/# A-# 1G-1# JAHLH# H10% A-K 0G?A-B#

K+?HI@0,#/0@G-/#FI,#0KICIBAKGC#G-/#?+?HGA-G.CO#P, I/+KH?#
G-I#P I[+KHAI-#P,IKO??0?#RfG-#OH#GC:O#T66"UO#/0@I-?H,GHA-B#

H10#KI--OKHAI-#HI#G#KI@PG-DW?#@ G,NOH#I,AO-HGHAI-#H1GH#CO

A7X EOILSPHIV  SVMIRXEXMSR —LEW F H|§4105’ LZAROI'?uO”dECWG 0>6J7’J#IF#K+7HI@O #JA?10?#RSAC.+,-#
SVKERMZEXMSREP GYPXYVI ERH F\)(l)' #ZOM G\é\%#TééUE#XMAI%§7+’>H%AGACAHD#IAOHGHAI#’7
|BG-A2GHAI-GC# @0@.0,7#HI# 0% KI-HA-+1+7CD# GJG O#lg (#G CO#1EQ,CGP?#JAH1#@G,NOH#I,A0-HGHAI-#1,#A?#G#,07+(
P,IGKHAEOCD# GKH# I-# G# EG,AOHD# IF# ?HGNO1IC/0 #A79+098¢|§8H#?%8¢|GHAI O#P OEAI+2# 020G K1#1G2#2+BBO?HO/#H1
EX EP T "R WXEOILSPHIY WCw“’XI #l #!’/ABHC-!-_A éX\éAHD#G’?POKH’?#A #H10#@G,NOH#1,A0-
ER] KVSYT SV MRHMZMHYEP [LS GER EI%L’%%R%—XHM#VX{'GW# l\/ﬁ-%ﬂgA E A(%(ALHID# [,AO-HGHAI-# 1G?#

GK1AOEO0@O-HAF#H10#4,BG-A2GHAI-W?#.LOKHAEO?c#Rh, oc&@eéowvgi#R XS MR¥%“YIRGI E “4“VQ,W MRRSZE.
p) 4 N )
0 ) P
P:#%3U:#S1AC0#?HGNO1IC/0,#1,A0-HGHAI-#,0KIB-A20~ #K+A|-| @80§HI#@G NOH#1, A0-HGHAI-#RMGDO@O#T6ITU:

4.2.1 The concept of stakeholder orientation
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4.2.3 Aggregation of the different concepts I,AO-HGHAI-# G-/# ?+?HGA-G.ACAHD# 1,A0-HGHAI-# RhAB+,0# TU:
HO,@7?# IF# HLA?# ACC+?H,GHAI-O# A-—-IEGHAEQ-0?7# A?# -IH# 200-#
Q?# @0-HAI-0/# .0F1,00# P,0EAI+?# ,070G,K1# 1G?# 2+BBEOREHSHO#KI-KOPH#. +H# GH10,#G#KI-?0X+0-K0#1.#71G, 0/#BIGC#
H10% KI@ A-GHAI# IF# H10# @G.NOH# | AO-HGHAI-O# 2HCHTHQE/ARFO.0-H# AO-HGHAI-2:#>1AP4A#/+0#HI#H10#.0F1,0#2113-#
ERH WYWXEMREFMPMX] GSRGITXW W S@BFXFS FRPOR 810 Ae RCHAFE-Q B @-/# @G, NOH#1,A0-HGHA
I, AO-HGHAI-#PC+2c#R\, AHHO-/0-#0H#GC: O#T6!Ib#f+CHO# ARG 4
V,00-#0H#GC:O#T6I5U:#>10#FGKH#H1GH#GCC#H10?0#KI-KOPH?#A@PGKH#
E %VQ,W MRRSZEXMZIRIWW LEW E P w s K- HWASIROFURBYPK VHRRTWHENGLIC/0# [LAO-HGHAI-# G-/
hCG@@0,#G-/#ZGKP0,K2DNO# T6!3b# MGDO@O# T6! TU:# 8 07HEALEACAHD# | AO-HGHAI-# KI+CH# GC,0G/D# .0# A-KC+/0/#
@GA-# PIA-H?# A2# H10# ?HGHO/# -0K0??AHD# Hi# A-KC+EEMANAREE L G NOH# |, AO-HGHAI-# G-DIGDO# .D# JA/O-A-B# H:
2HGNOLIC/0,?# HI# H10# H,G/AHAI-GC# K+?HI@0,# G-/# KIGPOHAR 2 QI V% HIXRMXMSR -J E GYWXSQIV M\

Rf+CHO#T6!IUO#J1ACO#?HACCHGKN-1JCO/BA-B#K+?HI @0P¥dh¥cHacn-¥ EXLIV ER IRXMX] XLEX QEOIW HI
SHGNOLIC/O - H10-#G#CG,BO0,#B, 1+P#IF#?HGNO1IC/0, ?#J1+C/#G+HI@ GHAKGCCD#

[MXLMR XLMW GYWXSQIV HIY4aRMXMSR 8LI

J+AC/A-BH#I-#H1A?#,020G, K10#H1A?4#G, HAKCO#ACC+?H,GlARE AR HrithikasbA0#-GH+ GCH#O-EA - @0-H#0@G-/74#@1,04
GBB,0BGHO/# @G,NOH#1,A0-HGHAI-# KI-KOPH# H1GH# KI@UKIGABAREEH P.I/+KH?# G-/# P,IK0?2070# BIED,-@0-H?# /0@ G-/#
H,G/AHAI-GC# @G,NOH# 1,A0-HGHAI-# KI-KOPH# JAH1# PFHENIGTIEY/A-B# IF# AH?# CCI?# G-/# 21 1-1# Q-1 2+ ?HGA-G. ACAHDH#

hAB+,04T*#QBB,0BGHAI-#IF#H10#KI-KOPH?#IF#@G,NOH#1,AO-HGHAI-O#?+?HGA-G.ACAHD#1,A0-HGHAI-#G-/#?HGNO01IC/0,#1,A0-HGHAI-:#9--1EC
0_POKHO/#BIGC#IF#H10?0#KI-KOPH?:#]G?0/#1-#P ,0EAI+?#J1,N#.D#+CH#RT6!U#G-/#MGDO@#RT6! TU:
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PEVKIP] VI2IGXIH MR XLIWI HIQERHW HI8#KI0@QAKT®#A-[+AHRD# EAEMAMKI-#HI#HLGHO#HJI#IF#H10A,7
H1A?#K+?HI@0,# EAOJPIA-HO# H10# H,G/AHAI-GC# @G ,NOBEEIAY-HEHA-¥1 "GVIEXMZMX]% ERH "STIRRIWW
KI-KOPH# JI+C/# GC,0G/D# O0-KIQPG??# H10?0# /AFRBOOGID#/A?K+??0/#A-#G#P,0EAI+?#K1GPHO0,0#H10?0#G,0#G?POl
SVMIRXEXMSRW ERH XLVSYKL XLMWHIGHG % R@A,HG-HEFSHAT-IEGHAEWO??# R(+EAI# OH# GC:O# T
A--IEGHAEOQ-0?7?: GCCIJA-B#H10#KI-KC+?Al-O#H1GH#A--IEGHAEOQ-0??#A?#G-#A@PI,
G?POKH#IF#H10#]QMh#KI,Pl,GHAI-:

%CP VIG KP"WGPEG QH OCTMGYV QTKGPVCVKQP

. . - - Y
on innovativeness and innovations be 8LI LWREP TEVX SJ XLMW GLETXIV MW XS XEC
. .. A--IEGHAEO#P, ILOKH?#IF#]QMh#JAH1#H10#A-HO-H#HI#/0HO, @ A-0##
observed in the chemical industry?

KI--OKHAI-#HI#@ G ,NOH#|,A0-HGHAI-#KG-#.0#G?K0,HGA-0/:#

JEZMRK EREP]JAIH XLI MR%YIRGI SJ QEVOLX \§¥MIRERXMS Ry SRUMWGYWW JEPPW
A--IEGHARQ-0?72#G?#J0CCHG#IATK+220/#H10#PI7?A.COMQRG-TABA K G C# A--IEGHAI-:#9H# PO, HGA-2# HI# H10#/0EOCIP@0-H#
SJ XLI XVEHMXMSREP QEVOIX SVMIRXEXMBEG$18461 466 conkEoB A-B4p Yb221F1 #,0KDKCA-
IF#H1A?#G,HAKCO# HGNO?# G#KCI?0 # CIIN# GH# H10# |OMBEK L AKEIA 104 R\10@OHGCCO# TETIU:# 8E0,# H10# PG2H# :6#
HI#/A?KIED O#AF#G#KI--0KHAI-#.0HJ00-# @G, NOH#1, AO-HGIY #5554 G#21 G, P#A-K, 0G 20#A-#PCG?HAK#HP, I/+KHAI-#R\10 @ OHC
A-IEGHAEQ-072#1,#H10#,07+ CHA-B#A-IEGHAI-2#KG-#. 0 2008 +1i# HIGDO# 7+7HGA-GACAHDH G O-EAI-@O-HC
H10,0:# KI-2KAI+?2-022# G,0# .OKI@A-B# .ABBO # G-/# @|,0# A@PI, HG-H#

10@G-/?# |-# H10# @G,NOH:# \+?HI@0,?# G,0# @I,0# GJG,0# IF#

>10# JQMh# KI,PI,GHAI-# @G/0# G# ,0E0-+0# IF# 5"01%"# @AGGAH0 K+22A1-2# IF# PCG?HAK# JG?HOO# 21# H10D# /0?A,04 @I,
O+,12#A-#H10#D0G #TBTE#G-#1G?#160&6THO@PCID00? #QRAR A CCD# F,A0-/CD# GCHO,-GHAED?:#8-0# P122A. ACAHD# A%
AHFAPHH101II,CIW?HCG, BOPHAKL0@AKGCHKI@PG-DARIQMIGRRRICE 04 P 11+ KH?:# >10# P,ILOKH# Hi# K 0GHO# P I/+KH?# HI
BLI VWX WXIT MW XS NEQMRI  [LIXlob¥ui&% 4110MINDKER-¥42 1K022#2113704#H1GHHQMh#A?4GIG,
|, AO-HO/#>10D#?GD#HIGH#H10A #K+?HI@0, 724G 0#H10A ¥R ALAKIPDHAGSE #H,0-/0#@0G-A-B#H10D#G-GCD20/#H10#K1G-BO?#/
KI-?AJ0 #H10A#00/?#20,Al+?CDHIL0-#PCC--A-BIH10A#KI B GHBE NOH#G-/#K+?7HI@0 #.01GEAI O#I1AK1#G 04GCCHG?POKH
?H,GHOBD# RIQMHO# TETIKU:# >1A% GCCII# H10# KI-KGS PAVTACHA M IR XEXMSR 8LI SEXEMRIH MRJSVC
1QMh# A?# K+?HI@O0,41,A0-HO/# G-# K+?HI@O,# I, AO-HGHNTHAGH PG-DW2#A--IEGHAED-0?24G-/#,07+CHO/#A-#H10#@0-HAI-0/
I-0# IF# H10# @GA-# FGKHI,?# IF# @G,NOH# 1, AQ-HGHAI-# 95 GHAHAI# p 1LoKH:# >1A2# 21137# H1GH# @G,NOH# I,A0-HGHAI-
Hi# HIGHO# JQMh# A2# A@P, IEA-B# AH?# |, BG-A2GHAI-GCH 26t KH =04 HE M RRSZEXMZIRIWW % HHMXMS R E
MRGVIEWI MXW EFMPMX] XS EHHVIWW ¥ 13450751 ARVAE AKDY EIPONYERE RAAM K G-#.0#G, B+0/0*
Q@I-B# IH10,# H1A-B?0# H10D# 1GE0# K,0GHO/# A-HO/AZSARGASE R HGNO1IC/0,70# CANO# H10# -GH+,GC# 0-EA, |-@0-H# (
HOG@?# Hi# .OHHO # GHHO-# Hi# K+2HI@0 #-00/24# RIQMMO# BTy W ME P P] KSZIVRQIRXW TVS%X JVSQ XL!I
-/0,?HG-IA-B# G-/# GI/,022A-B# @G,NOH# ,0X+A 0@0-H?# G-/

KIl/A-GHA-B#GK,I72#/AFF0,0-H#/0PG, H@O0-H?#G 0#CCPHGIROISR 1 p |LOKH#A2# GH#LIA-H#P, ILOKH#.0HJ00-#]QMhO#MQ]9\O;

IF# @G, NOH# 1, A0-HGHAI-i# \I-2A/0,A-B#t HIA?0# AH# 200@ % H1GHAILM | ERH XL1 KSEP MW XS HIZIPST XLl
JQMR#KIPIGHAI-#A?#G#@G, NOH4I,AO-HOM#,BG-A2GHAI- |« GKNo # F+,-GKO# H1GH# A2# 0COKH,AKGCCD# 10GHO/# >1A%# K

KGHOBI,A20/# G?# G/@A-A?H,GHAE0=@G-GB0,AGC# A--I[EGHAI-O# C
%W HMWGYWWIH FIJSVI QEVOIX SVMIRXEXMREp K6 P YK REA A% Hh0# POH,IK1L0@AKGCH

KI@PG-DW?2# A-IEGHAEQ-072# G-/# H10# ,02+CHA-B# A~ IR BRI OMhO#TETI/U:#>10#P,ILOKH#G C2I#FICCII2#H10#@G,NO|
>10,0F1,00# H10# -0_H# ?HOP# A2# Hix 0_G @A-0# H10# A--IBGHAENY %24, o1 G A-G ACAHDO#H10#FIK+2#.0A-B#I-#H10#,0/+KHAI
IF#H10#]QMh#KI,P1,GHAI-:#9-#H10#D0G #T6 T6O# IQMh#/0RQGIP U B @ A22A1-2:# 9-# 0KO-H# DOG,20# K+?HI@0,?# 1GEO# GC?H
G# HIHGC# IF# "56# -03# PGHO-H?# J1,C/IA/0# JAHL# G.I+HHI60866%: 11w HGNO# G#KCI20 # CIIN# GH# 1134 H104 P, |+ KH?#H10D#.
0@PCID00?#JI,NA-B# A-#,070G, K1# G-/# /0EOCIP@O-H# N & L0 < 0/0# JAH1# FGA #H,G/0# G-/#1, BG-AK# P, I/+KH?# BGA-A-B#
P+,P170# IF# H1A?# G, HAKCOO# H10?0# FGKHI, 7# JACC# Qb2 >10# 0COKH, AKGCCDA10GHO/# 2HOG@# K,GKNO # F-
AJAKGHI?# Fl# A-IEGHAE0-072:# (OKIB-A2A-B# H1GHi{, HADAACCH 04 G.CO# HI# P, I+K0# H10# 2G@0# P, I/+KH?0# 21# H1
0@PCIDO0?#G, 0% G#NODH#FGKHI#F1#72+KK0?20# QM H AQ I AGHhs 2HGD# H10% 2G @OOH L+ 2H# G2 G-# 1 BG-AKE G-G-(
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Gender - an essential substance for sustainable chemistry

Introduction

In July last year we, the MSP Institute — Multi-Stakeholder
Processes for Sustainable Development, invited various
stakeholders to discuss how to shape chemicals
management in Germany in a gender-responsive way and
were surprised by the interest of many industry stakeholders,
especially small and medium sized enterprises, in the topic.
Ranging from large chemical companies celebrating pride

employability for health protection reasons during
pregnancy and breastfeeding is a common dilemma
for women in the chemical sector. On the other hand,
men are particularly susceptible to chemicals in other
ways: researchers regard hormonal chemicals and
pollutants as a possible cause of the global increase in
testicular cancer and the massive loss of male sperm

QSRXL XS UYMXI WTIGM¥%G HMWGYWW MW BdRistKaliRed ICutieR (eMnéeMtzal., 2017).

language in chemistry journals, the chemical sector seems
to be searching for its own interconnections to gender and
how to deal with them. To support this development, this
commentary provides an overview of the gender dimensions
and inequalities in chemistry and offers initial ideas for the
implementation of gender mainstreaming as an integral part
of management for sustainable chemistry and beyond.

Gender Dimension in Chemistry

The interconnections between gender and chemicals are
complex and multi-dimensional. In summary, the following
key dimensions justify serious consideration of gender
within the world of chemistry (see Hemmatiand Bach, 2017):

a. Biological dimension: Women's and men's bodies are
affected differently by certain chemicals — risk and
impacts can be different between the sexes. Women,
for example, tend to store more environmental
pollutants in their body tissues than men due to a
higher body fat content. In addition to puberty, women
live through other phases of life such as pregnancy,
breastfeeding and menopause, during which their
bodies become more susceptible to health damages

Social dimension: Gender is also linked to gender-

WTIGM¥»G RSVQW SJ FILEZMSYV VSPIW

as the development of ‘feminine’ and ‘masculine’

MHIRXMXMIW [LMGL MR XYVR MR¥“YIRGI

including their impact on the environment, the levels to
which they are affected by their access to and power
over resources: Due to the division of labour between
the sexes, men and women are often affected by
different chemicals. For example, men are more likely
to work in construction and thus come into contact
with chemicals from building materials, while women
are more likely to work in the care sector with cleaning
agents and cosmetics or care products. Additionally,
the division of labour also causes differences in
exposure within individual sectors: For example,
women in agricultural are more affected by indirect
exposure, e.g. from harvesting and handling chemically-
treated plants or contaminated clothing, while men
are often more directly exposed, e.g. when mixing
chemicals. Women are also more severely affected
by indoor pollution, e.g. from the burning of household
fuels or chemical pollution from furniture, especially
in poor population groups (UNDP, 2011; ILO, 2021).

1
JVSQ GLIQMGEPW HYI XS XLI WM}%RMFén%%rﬁﬁaiveTLJiWeMST%ﬁ:S’jMGE

changes. Furthermore, chemical exposure can
also be passed on to the next generation (UNDP
2011; IPEN and SAICM, 2020). Consequently, non-

P
owever, the gender
perspective enables us to understand and unpack root
causes of unsustainable behaviour, and helps us to

“RH RI[ WSPYXMSRW JSV WYWXEMREFPI
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protective measures are repeatedly disregarded when
dealing with toxic chemicals: Women, especially those
from developing countries, are less likely to be able to
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I'\ E QimPlémeXiStiotdR it YTKe $dnhe applies to innovations

and opportunities for being agents of change: women's
WTIGM%G INTIVMIRGIW INTIVXMWI
are often not acknowledged, structural barriers and less

EJIJISVH ETTVSTVMEXIP] “XXMRK TVaxing XoMiomenB SuisihdddrKandLsEaR-ukd ddvitviue to

male colleagues (if it is available at all) (OWD, 2006).
Men, on the other hand, often believe that wearing
protective clothing is unnecessary and indicates a
level of weakness, and tend to use risky behaviour and
dangerous practices in order to improve their status in
a group (Andrade-Rivas and Rother, 2015).

Gender Inequalities in Chemistry

Even though these gender dimensions cause inequalities
that have negative impacts on human health and the
environment and a gender perspective might reveal better

be the norm, and due to the masculine image of chemistry,
women and girls still face discrimination in the discipline
(Royal Society of Chemistry, 2018; ISC,, 2020).

Gender and Sustainable Chemistry

In order to use chemistry as an important driver towards
sustainable development, holistic approaches are needed,
which consider the economic, environmental and social
dimensions of sustainability, (ISC,,
2021; Hemmati and Bach, 2017). One essential aspect
of strengthening decision-making and actions related to

including gender

WSPYXMSRW WTIGMY"“G ERH [MHIWTYV IghemicaR & [gerdekmhai8RediRg13antder mainstreaming

ways of exposure and differentiated and long-term effects
of chemicals on women and men as well as comprehensive
consideration of gender in the chemicals management is
still lacking in politics, sciences and industry. Consequently,
the chemistry sector is mostly gender blind (see also MSP
Institute, 2021):

For example, in chemical science and product development,
there are huge research gaps on gender and its interlinkages
in toxicology and risk assessments. Biological differences
HS RSX
still being used as the general prototype (IPEN and SAICM,
2020).

8LI
marked by social gender differences. Men tend to work
in high-risk industries and suffer from more short-term
FYX EGYXI INTSWYVI
consequences. On the contrary, typical “women’s jobs” mean
more indirect and long-term exposure, which is presumed
to be less hazardous and often receives less attention in
terms of protection measures. Consequently, women's
occupational diseases are under-diagnosed, under-reported
and under-compensated (ILO, 2021).

In chemicals management, women are underrepresented
at all levels of political and industry leadership. Women's
concerns, capacities and capacity gaps, as well as
proposals are often overlooked in project design and

ISSN 1613-9623 k 4VSJ (V

is the internationally agreed strategy for implementing
Sustainable Development Goal (SDG) 5: gender equality
(UN Women, 2020). Additionally, gender mainstreaming
is a cross-cutting task for the whole of society, and hence

VI2IGXIH MR WIZIVEP SXLIV 7(+W MR XLI

Sustainable Development (UN Women, 2018), a fact that
underlines further that we need sustainable chemistry
and gender mainstreaming in order to achieve sustainable
development. Furthermore, due to the aforementioned
interconnections of gender and chemicals, we conclude that

%WRH WY¥%GMIRX GSRWMHIVE XiM®R nXdubtdihad&X thenBstyl wRdE Jgender equality

and no gender equality without sustainable chemistry.

But what would a gender-just and sustainable chemistry

Y4IPH SJ SGGYTEXMSREP WEJIX] I@®RIKe? [hiEdcXteriaMadn MIpOMBIR K P |

1. no gender suffers from toxic chemicals nor from

[MXL WMKRMYG E R Xtrdctigd? Xiheq8alitiekZ IIR  dHediEds production,

chemicals use, or chemicals policy;
2. all gender are seen as agents of change and can take
leadership roles in the chemistry sector; and

3. EPP KIRHIV FIRISR® WYWRKEMREFPI GLIQMYV
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Gender and Sustainability Management

How can industry realize such a vision of a gender-just and
sustainable chemistry?

Gender experts differentiate between various forms of
gender integration into project management: 1) individual
gender-activities, mostly with a focus on empowering
women and girls; 2) gender-sensitive project management
that takes gender roles and the diverse needs of all gender
into account so that projects contribute to gender equality
in their respective project thematic contexts; and 3) gender-
responsive project management by which the project aims
to change structures of gender inequality in our societies
and to transform gender relations.

This differentiation is similar to the differentiation of
sustainability management: 1) Corporate Citizenship stands
forindividual, additive and external measures mainly with the
focus on a single issue; 2) Corporate Social Responsibility
describes internal and external measures accompanying
the core business and focusing primary on transparent

Corporate Sustainability includes the sustainable design of
the core business, a rethinking of the business strategy and
contribution to structural changes in economy and society
(Schaltegger, 2011).

By combining both approaches we can identify strategies
for integrating gender in sustainably management (see
YVaKY VI
as a part of Corporate Citizenship and focus mostly on
external actions for the empowerment of women and girls
independent from core business, e.g. the sponsoring of a
women’'s charity run; 2) gender-sensitive management can
be part of the Corporate Social Responsibility approach and
describes internal and external measures regarding gender
with a focus on human resources development and gender-
sensitive communication, e.g. the use of gender-sensitive
language and women's quota for leadership positions and
a considerate handling of the dilemma of health protection
and employability of pregnant and breast-feeding women;
and 3) gender-responsive management might be part of

GSQQYRMGEXMSR ERH WSGMEP FIRIYG0oWoradis \SukQimddisty| bd degcRods the approach of

Corporate Sustainability

gender-responsive

* Gender-mainstreaming strategy

¢ Gender-responsive design of
core business

* Rethinking the business model

e Contributions to structural
changes in economy and society

Corporate Social Responsibility

gender-sensitive

Corporate Citizenship

gender activities

« Accompanying to core business

¢ Focus on gender issues in regard
to human resources and
communication

e internal and external

 Independent from core business
¢ Sponsoring and donations

« Focus on specific actions for the
empowerment of women and
girls

 external

Figure 1: The Integration of Gender and Sustainability Management Approaches (own representation based on Schaltegger, 2011).
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developing a gender-mainstreaming strategy that includes
the gender-responsive design of the core business as well
as contributions to structural changes in economy and
society for gender equality, e.g. the collecting and open
access publishing of gender-disaggregated health data for
the support of gender medicine.

Gender-responsive Management for
Sustainable Chemistry

The Corporate Citizenship approach and gender activities
independent from core business are not used widely
(anymore) in the chemicals industry as they might pose
a reputational risk for the chemicals industry. In fact, the
term “pinkwashing” originates from criticism against US
cosmetic and pharmaceutical companies that advertised
their products with pink ribbons, the symbol of commitment
against breast cancer, even though others among their
products were suspected of causing cancer (Selleck, 2010).
Instead, the approach of gender-sensitive management and
Corporate Social Responsibility seems to be used more
widely: chemical companies set themselves higher targets
for the proportion of women in leadership positions, support
BI\MFPI
networks or use gender-sensitive language and the hashtag
#chemequality.

In our view, these are initial, and promising steps towards
gender equality, but they are not enough: a recent study on
equal opportunities for women and men by the Association
of Executives in the German Chemical Industry (VAA) shows
that only 44 per cent of all respondents experience equal
opportunities as part of their company's philosophy, and

XLIVI EVI WMKRM%“GERXP] HMJJIVIRX KIR

per cent of the women stated this, comparedto 51 per cent of
the men (VAA, 2020). In addition, the issue of gender equality
is increasingly important for young professionals (e.g. the
jungchemikerforum in Germany was hosting a series of
online diversity talks focussing among others on women
MR GLIQMWXV] ERH 0+&85
Nov 2021) and, as part of social sustainability, the issue
could become more important as a selection criterion when
choosing an employer.

Therefore, gender-responsive management seems essential
and promising for sustainable chemistry, but what might
that look like? From our perspective, gender-responsive
management for sustainable chemistry means that the
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three key criteria of a gender-just and sustainable chemistry
mentioned above are mainstreamed into all of the company
structures and processes, taking into account all internal and
external stakeholders: employees, the planet and society as

[IPP EW GYWXSQIVW S[RIVW ERH TEVXRIVW

For employees, gender-responsive management might
QIER XLEX XLIVI MW KIRHIV FEPERGI
working arrangements and transparent and equal pay.
Additionally, regular gender and diversity training are offered,
the company has strict non-discrimination policies and
strives for a gender-sensitive communication culture and
gender-sensitive occupation safety measures.

Gender-responsive management for sustainable chemistry
might also contribute to the health of our planet and society
with strong company commitments to human rights, gender
equality and diversity, the use of gender-sensitive language in
external communication and no use of gender stereotypes.
The support of women in STEM and legal frameworks, policy
processes and initiatives for sustainability and equality
might be additional contributions to structural changes in

economy and society,

IVREP '0+&85- WXEJJ

As said before, gender considerations regarding employees
and/orthe planet or society are already in the focus of gender-
sensitive management. Gender-responsive management
would go beyond that and also consider gender issues
regarding costumers, owners and partners:

For costumers, gender-responsive management might
mean that a company uses gender-sensitive marketing
strategies, is aware of and responding toFgJe der-differences
IV TIVWTIGXMZIW S Pn]

in consumer behaviour and product use as well as gender
differences in potential health impacts of the products, and
collects and publishes gender-disaggregated consumer and

health data.

For business owners and Xpar‘mers,'\/Fgender—responsive
KIRHIV GSRWYPXMRK R
management for sustainable chemistry might mean that

MR XLI

S[RIVWLMT ERH TVS¥%X MW KIRHIV FEPERGI

sustainability and gender mainstreaming strategies are the
norm, and that human rights and gender equality are being
standardized in the supply chain.
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Costumers

Gender-sensitive marketing

Awareness of gender-differences in consumer behaviour
and product use

Awareness of gender-differences in health impact
Product safety & transparency
Collecting and publishing gender-disaggregated data

Owners and partners

Gender balance in ownership and profit
Investing in sustainability and gender strategy
Human rights and gender equality in supply chain
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Planet and Society

» Commitments to human rights, gender equality, and
diversity
Use of gender-sensitive language, no use of gender
stereotypes
Supporting women in STEM

Supporting policy processes and legal frameworks (e.g.
women'’s quota)

Employees

Gender balance in workforce and flexible working
arrangements

Gender & diversity trainings

Non-discrimination policies and gender-sensitive
corporate culture

Gender-sensitive occupational safety measures
Transparent and equal payment

Gender-responsive Management for Sustainable Chemistry:
no gender suffers - all gender are seen as agents of change - all gender benefit equally

Figure

Conclusion

Gender inequalities are omnipresent in our societies, and
their complex multidimensionality also permeates the
world of chemistry, e.g. in occupational safety, academic
career paths and consumption choices. Negative but often
avoidable effects of chemicals on human health and the
environment are the result. The chemical industry should
step up its efforts, take more responsibility and contribute
to the necessary transformation towards sustainable
development in whatever way it can. The implementation
of gender-responsive management as an integral part of
sustainability management is essential for sustainable
chemistry and offers a promising path for the chemical
sector, especially for small and medium-sized companies, to
deal with its interconnection to gender issues, to sell good
products and to contribute to a healthy planet and society.

With this commentary, we hope to stimulate further research
and discussions on gender within the chemical industry and
would welcome exchange with interested readers.

ISSN 1613-9623 k 4VSJ (V

The Integration of Gender and Sustainability Management Approaches (own representation based on Schaltegger, 2011)

References

Andrade-Rivas, F, Rother, H-A. (2015): Chemical exposure
reduction: Factors impacting on South African herbicide
sprayers' personal protective equipment compliance and
high-risk work practices, Environmental Research, 142, pp.
34-45.

Hemmati, M., Bach, A. (2017): Gender and Chemicals.
Questions, Issues and Possible Entry Points, available athttp://
gender-chemicals.org/wp-content/uploads/2017/12/2017-
12-04-Gender_and_Chemicals_lssuePaper_MSP_Institute.
pdf, accessed 26 Oct 2021.

International Labour Organization (ILO) (2021): Exposure to
hazardous chemicals at work and resulting health impacts: A
global review, available at https://www.ilo.org/global/topics/
safety-and-health-at-work/resources-library/publications/
WCMS_811455/lang--en/index.html, accessed 25 Oct 2021.

JARW 0101V EJIMPMEXIH [MXL 9RMZIVWMX] SJ 13RWXIV34EB

[MXL 4VSZEHMW 7GLSSP SJ -RXIVREXMSREP 1EREKIQIRX ERH 8IGLRSPSK]


http://gender-chemicals.org/wp-content/uploads/2017/12/2017-12-04-Gender_and_Chemicals_IssuePaper_MSP_Institute.pdf
http://gender-chemicals.org/wp-content/uploads/2017/12/2017-12-04-Gender_and_Chemicals_IssuePaper_MSP_Institute.pdf
http://gender-chemicals.org/wp-content/uploads/2017/12/2017-12-04-Gender_and_Chemicals_IssuePaper_MSP_Institute.pdf
http://gender-chemicals.org/wp-content/uploads/2017/12/2017-12-04-Gender_and_Chemicals_IssuePaper_MSP_Institute.pdf
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_811455/lang--en/index.html
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_811455/lang--en/index.html
https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_811455/lang--en/index.html

JOURNAL OF
BUSINESS CHEMISTRY

[ ]

International Sustainable Chemistry Collaborative Centre
(ISC,) (2021): Key Characteristics of Sustainable Chemistry.
Towards a Common Understanding of Sustainable Chemistry,
EZEMPEFPI EX LXXTW [[[ MWG SVK
Documentations_Report_PDFs/ISC3_Sustainable_
Chemistry_key_characteristics_20210113.pdf, accessed 25
Oct 2021.

International Sustainable Chemistry Collaborative Centre
(ISC;) (2020): Gender and Sustainable Chemistry: How
[SQIR GER FIRI%X
sustainable chemistry from them, available at https:/www.

JVSQ WYWXEMREFPI

'SP
1"#$%8($3()($*+$,)-$./0122012323.%
456$%%72879:90;0122012<=03

-WWwW *IF

Sozialwissenschaften, Wiesbaden, pp. 187 -199.

Selleck, L.G. (2010). Pretty in Pink: The Susan G. Komen
MeBndEkHaRAVItRe BAANDWE ¥iTtReSHEddst Cancer Cause,
Nordic Journal of English Studies, 9(3), pp.119-138.

United Nations Development Program (UNDP) (2011):
Gender and Chemicals, available at https://www.undp.
org/sites/g/files/zskgke326/files/publications/2011%20
'LIQMGEP +IRHIV THJ EGGIWWIH 3GX
GLIQMWXV]*ERH

United Nations Entity for Gender Equality and the

MWG SVK “PIEHQMR YWIVCYTPSEH (BB@owerieniX BX\WoS BIWIING WoiS&hX 2020): Gender

PDFs/Gender_Sustainable_Chemistry_Gambillara.pdf,
accessed 25 Oct 2021.

IPEN, SAICM (2020): Women, Chemicals and the SDGs,

mainstreaming: A global strategy for achieving gender
equality and the empowerment of women and girls,
available at https://www.unwomen.org/en/digital-library/
publications/2020/04/brochure-gender-mainstreaming-

EZEMPEFPI EX LXXTW WEMG QO RS [P | HKdte§M-abhiduinigige htled-Eqdi-avdPehvpowerment-

publications/ipen-gender-chemicals-report-v1_6dw-en.pdf,
accessed 25 Oct 2021.

Levine, H, Jorgensen, N, Martino-Andrade, A, Mendiola, J,
Weksler-Derri, D, Mindlis, I, Pinotti, R, Swan (2017): Temporal
trends in sperm count: a systematic review and meta-
regression analysis, Human Reproductive Update, 23(6), pp.
646-659.

MSP Institute (2021): Summary: gender gaps and gender
WTIGMY“GW ERH LS[ XS EHHVIWW
2020, http://gender-chemicals.org/wp-
content/uploads/2021/02/two-page_Summary_Webinar_
Series_2020.pdf, accessed 25 Oct 2021.

available  at

Ontario  Women's Directorate (OWD) (2006): Personal
Protective Equipment for Women — Addressing the Need,
available at https://elcosh.org/document/1198/d001110/Pe
rsonalProtectiveEquipmentforWomen-AddressingtheNeed.
html, accessed 25 Oct 2021.

Royal Society of Chemistry (2018): & VIEOMRK XLI
Women's retention and progression in the chemical sciences,
available at https://www.rsc.org/new-perspectives/talent/
breaking-the-barriers/, accessed 25 Oct 2021.

Schaltegger, S. (2011): Von CSR zu Corporate Sustainability,
in: Sandberg, B., Lederer, K. (ed.), Corporate Social
Responsibility in kommunalen Unternehmen (Corporate
Social Responsibility in municipal enterprises), VS-Verlag fir

ISSN 1613-9623 k 4VSJ (V

of-women-girls, accessed 26 Oct 2021.

United Nations Entity for Gender Equality and the
Empowerment of Women (UN Women) (2018): Turning
promises into action: Gender equality in the 2030 Agenda
for Sustainable Development, available at https:/www.
unwomen.org/en/digital-library/publications/2018/2/
gender-equality-in-the-2030-agenda-for-sustainable-

development-2018, accessed 26 Oct 2021.

X WVeani dhgedt@dlterlAkadenskBridnd leitender Angestellter

derchemischenIndustrieeV (VAA) (2020): Chancengleichheit
9QJVEKI ~YV FIVY2MGLIR 7TMXYEXMSR

mannlicher Fihrungskrafte (Equal opportunities 2020. Survey

on the professional situation of female and male managers),

https://www.vaa.de/presse/publikationen/

umfragen/chancengleichheitsumfrage/index.php?elD=tx_

RE[WIGYVIHP Y! K! X! LEWL! H 1
EH J F EG H J JMPI! JMPIEH

www.vaa.de/Inhalte/MeinVAA/Umfragen/2020_VAA_

Chancengleichheit_Web.pdf, accessed 26 Oct 2021.

FEVVMIVW

available  at

JARW 0101V EJIMPMEXIH [MXL 9RMZIVWMX] SJ 13RWXIV35EB

[MXL 4VSZEHMW 7GLSSP SJ -RXIVREXMSREP 1EREKIQIRX ERH 8IGLRSPSK]


https://www.isc3.org/fileadmin/user_upload/Documentations_Report_PDFs/ISC3_Sustainable_Chemistry_key_characteristics_20210113.pdf
https://www.isc3.org/fileadmin/user_upload/Documentations_Report_PDFs/ISC3_Sustainable_Chemistry_key_characteristics_20210113.pdf
https://www.isc3.org/fileadmin/user_upload/Documentations_Report_PDFs/ISC3_Sustainable_Chemistry_key_characteristics_20210113.pdf
https://www.isc3.org/fileadmin/user_upload/Documentations_Report_PDFs/Gender_Sustainable_Chemistry_Gambillara.pdf
https://www.isc3.org/fileadmin/user_upload/Documentations_Report_PDFs/Gender_Sustainable_Chemistry_Gambillara.pdf
https://www.isc3.org/fileadmin/user_upload/Documentations_Report_PDFs/Gender_Sustainable_Chemistry_Gambillara.pdf
https://saicmknowledge.org/sites/default/files/publications/ipen-gender-chemicals-report-v1_6dw-en.pdf
https://saicmknowledge.org/sites/default/files/publications/ipen-gender-chemicals-report-v1_6dw-en.pdf
http://gender-chemicals.org/wp-content/uploads/2021/02/two-page_Summary_Webinar_Series_2020.pdf
http://gender-chemicals.org/wp-content/uploads/2021/02/two-page_Summary_Webinar_Series_2020.pdf
http://gender-chemicals.org/wp-content/uploads/2021/02/two-page_Summary_Webinar_Series_2020.pdf
https://elcosh.org/document/1198/d001110/PersonalProtectiveEquipmentforWomen-AddressingtheNeed.html
https://elcosh.org/document/1198/d001110/PersonalProtectiveEquipmentforWomen-AddressingtheNeed.html
https://elcosh.org/document/1198/d001110/PersonalProtectiveEquipmentforWomen-AddressingtheNeed.html
https://www.rsc.org/new-perspectives/talent/breaking-the-barriers/
https://www.rsc.org/new-perspectives/talent/breaking-the-barriers/
https://www.undp.org/sites/g/files/zskgke326/files/publications/2011%20Chemical&Gender.pdf
https://www.undp.org/sites/g/files/zskgke326/files/publications/2011%20Chemical&Gender.pdf
https://www.undp.org/sites/g/files/zskgke326/files/publications/2011%20Chemical&Gender.pdf
https://www.unwomen.org/en/digital-library/publications/2020/04/brochure-gender-mainstreaming-strategy-for-achieving-gender-equality-and-empowerment-of-women-girls
https://www.unwomen.org/en/digital-library/publications/2020/04/brochure-gender-mainstreaming-strategy-for-achieving-gender-equality-and-empowerment-of-women-girls
https://www.unwomen.org/en/digital-library/publications/2020/04/brochure-gender-mainstreaming-strategy-for-achieving-gender-equality-and-empowerment-of-women-girls
https://www.unwomen.org/en/digital-library/publications/2020/04/brochure-gender-mainstreaming-strategy-for-achieving-gender-equality-and-empowerment-of-women-girls
https://www.unwomen.org/en/digital-library/publications/2018/2/gender-equality-in-the-2030-agenda-for-sustainable-development-2018
https://www.unwomen.org/en/digital-library/publications/2018/2/gender-equality-in-the-2030-agenda-for-sustainable-development-2018
https://www.unwomen.org/en/digital-library/publications/2018/2/gender-equality-in-the-2030-agenda-for-sustainable-development-2018
https://www.unwomen.org/en/digital-library/publications/2018/2/gender-equality-in-the-2030-agenda-for-sustainable-development-2018
https://www.vaa.de/securedl/sdl-eyJ0eXAiOiJKV1QiLCJhbGciOiJIUzI1NiJ9.eyJpYXQiOjE2NDI1NDA5MDYsImV4cCI6MTY0NTEzNjUwNSwidXNlciI6MCwiZ3JvdXBzIjpbMCwtMV0sImZpbGUiOiJmaWxlYWRtaW5cL3d3dy52YWEuZGVcL0luaGFsdGVcL01laW5WQUFcL1VtZnJhZ2VuXC8yMDIwX1ZBQV9DaGFuY2VuZ2xlaWNoaGVpdF9XZWIucGRmIiwicGFnZSI6ODI0fQ.hv7BlQg0Gpl46qjeipQ56x8sOoWG-diLr2kUVs1oIMw/2020_VAA_Chancengleichheit_Web.pdf
https://www.vaa.de/securedl/sdl-eyJ0eXAiOiJKV1QiLCJhbGciOiJIUzI1NiJ9.eyJpYXQiOjE2NDI1NDA5MDYsImV4cCI6MTY0NTEzNjUwNSwidXNlciI6MCwiZ3JvdXBzIjpbMCwtMV0sImZpbGUiOiJmaWxlYWRtaW5cL3d3dy52YWEuZGVcL0luaGFsdGVcL01laW5WQUFcL1VtZnJhZ2VuXC8yMDIwX1ZBQV9DaGFuY2VuZ2xlaWNoaGVpdF9XZWIucGRmIiwicGFnZSI6ODI0fQ.hv7BlQg0Gpl46qjeipQ56x8sOoWG-diLr2kUVs1oIMw/2020_VAA_Chancengleichheit_Web.pdf
https://www.vaa.de/securedl/sdl-eyJ0eXAiOiJKV1QiLCJhbGciOiJIUzI1NiJ9.eyJpYXQiOjE2NDI1NDA5MDYsImV4cCI6MTY0NTEzNjUwNSwidXNlciI6MCwiZ3JvdXBzIjpbMCwtMV0sImZpbGUiOiJmaWxlYWRtaW5cL3d3dy52YWEuZGVcL0luaGFsdGVcL01laW5WQUFcL1VtZnJhZ2VuXC8yMDIwX1ZBQV9DaGFuY2VuZ2xlaWNoaGVpdF9XZWIucGRmIiwicGFnZSI6ODI0fQ.hv7BlQg0Gpl46qjeipQ56x8sOoWG-diLr2kUVs1oIMw/2020_VAA_Chancengleichheit_Web.pdf
https://www.vaa.de/securedl/sdl-eyJ0eXAiOiJKV1QiLCJhbGciOiJIUzI1NiJ9.eyJpYXQiOjE2NDI1NDA5MDYsImV4cCI6MTY0NTEzNjUwNSwidXNlciI6MCwiZ3JvdXBzIjpbMCwtMV0sImZpbGUiOiJmaWxlYWRtaW5cL3d3dy52YWEuZGVcL0luaGFsdGVcL01laW5WQUFcL1VtZnJhZ2VuXC8yMDIwX1ZBQV9DaGFuY2VuZ2xlaWNoaGVpdF9XZWIucGRmIiwicGFnZSI6ODI0fQ.hv7BlQg0Gpl46qjeipQ56x8sOoWG-diLr2kUVs1oIMw/2020_VAA_Chancengleichheit_Web.pdf
https://www.vaa.de/securedl/sdl-eyJ0eXAiOiJKV1QiLCJhbGciOiJIUzI1NiJ9.eyJpYXQiOjE2NDI1NDA5MDYsImV4cCI6MTY0NTEzNjUwNSwidXNlciI6MCwiZ3JvdXBzIjpbMCwtMV0sImZpbGUiOiJmaWxlYWRtaW5cL3d3dy52YWEuZGVcL0luaGFsdGVcL01laW5WQUFcL1VtZnJhZ2VuXC8yMDIwX1ZBQV9DaGFuY2VuZ2xlaWNoaGVpdF9XZWIucGRmIiwicGFnZSI6ODI0fQ.hv7BlQg0Gpl46qjeipQ56x8sOoWG-diLr2kUVs1oIMw/2020_VAA_Chancengleichheit_Web.pdf
https://www.vaa.de/securedl/sdl-eyJ0eXAiOiJKV1QiLCJhbGciOiJIUzI1NiJ9.eyJpYXQiOjE2NDI1NDA5MDYsImV4cCI6MTY0NTEzNjUwNSwidXNlciI6MCwiZ3JvdXBzIjpbMCwtMV0sImZpbGUiOiJmaWxlYWRtaW5cL3d3dy52YWEuZGVcL0luaGFsdGVcL01laW5WQUFcL1VtZnJhZ2VuXC8yMDIwX1ZBQV9DaGFuY2VuZ2xlaWNoaGVpdF9XZWIucGRmIiwicGFnZSI6ODI0fQ.hv7BlQg0Gpl46qjeipQ56x8sOoWG-diLr2kUVs1oIMw/2020_VAA_Chancengleichheit_Web.pdf

JOURNAL OF
BUSINESS CHEMISTRY

Commentary

Sascha Nowak*, Simon Wiemers-Meyer**

Better Batteries — Better Recycling?

1 Introduction

Lithium ion batteries (LIBs) are used in modern day portable
consumer electronics like laptops, smartphones or tablets
HYl XS XLIMV LMKL IRIVK] HIRWMX]
Furthermore, as the most interesting battery technology for
pure and hybrid electric vehicles, they offer a widespread
applicability for private and processes. In
addition, the increasing energy consumption, due to the

industrial

world population growth and the depletion of fossil-fuel
resources lead to a strong demand for more renewable
energy sources. However, many renewable energy sources
produce electricity very unsteadily. To compensate these
“YGXYEXMSRW [IRIVK] WXSVEKI
is another important application of LIBs. Overall, this is
directly related to the recycling of LIBs and the respective
components and materials. However, the recycling of lithium
ion batteries is still under development and has not reached
its full potential so far. The complexity of the batteries with
varying chemistries interferes with the development of
a single robust recycling procedure for all kinds of LIBs.
Furthermore, the next generations of batteries will further
increase the diversity of cell chemistries and components.
Therefore, the current processes and technologies needs to
be further investigated and adapted to handle the upcoming
stream of new batteries.

2 Current State of the Art -
Regulations and Economic Aspects

Legislative and economic aspects mainly drive the recycling
of LIBs. The legislative aspect is encouraged on the one
hand due to hazardous battery components that can pose
a threat for the environment and human health if released.
On the other hand, mass homogenization for a functioning
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European market, exclusion of market distortions as well

as independence from mining sites and countries is also of
E ®Rddt indttinodl PraSavtseguldBony iKtlude the Battery

Directive (Directive 2006/66/EC) and the Waste Electrical and

Electronic Equipment (WEEE) Directive (Directive 2012/19/

)9 8LIWI VIKYPEXMSRW EVI TVIGMWIP] HI

GSPPIGXMSR VEXIW ERH VIG]GPMRK 1% GMII

also set disposal responsibilities and safety requirements.

Therefore, government authorities can and should contribute

to the establishment of an effective circular economy. The

Extended Producer Responsibility (EPR), an important
HIYaRI1H
Due to the EPR, the physical (e.g. collection, handling and
VIGIJGPMRK ERH “RERGMEP VIWTSRWMFMP\
of the related cost and incorporation to the prices) are
distinguished and assigned for the treatment of spent LIBs.
According to the EPR, the costs for collection, treatment,
VIGIJGPMRK ERH HMWTSWEP QYWX FI
producers. Furthermore, they are obligated to take back
portable, automotive and industrial batteries free of charge.

“RER

Industrial, automotive and collected portable waste batteries
must undergo a treatment and recycling using the best
available techniques to protect health and the environment
FIJSVI VIWMHYEP GSQTSYRHW GER FI
The directives also set minimum collection targets and
VIG]GPMRK I%GMIRGMIW JSV QIQFIV WXEXIW
is calculated by dividing the mass of portable waste batteries

PERHY

collected in one year by the average annual mass of portable
batteries placed on the market in the previous three years.
The minimum collection rates were set at 25 % by 2012 and
45 % by 2016 (Neumann et al., 2022). These directives were
evaluated regarding their effectiveness showing that only
14 member states could achieve the 45 % goal in 2016 and
over 50 % of the portables batteries were not collected in
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the mentioned period. However, the targets were considered
MRWY3%GMIRX WMRGI
and the varying lifetimes for different battery types were
neglected. In 2020, as a part of the green deal of the EU,
a replacement of the Battery Directive was proposed. New
collection targets for portable batteries, which now include
light means of transport e.g. E—bikes/E-scooters, were set:
45 % by 2023, 65 % by 2025 and 70 % by 2030. Nevertheless,
targets for LIBs from EV are still missing; however, the
legal framework was established. The overall weight of the
recycled LIBs was raised as well as single targets were set
for several materials, including lithium. This refers directly
to the economic part of the recycling due to the price of the
different constituents. The transition metals, but also lithium
and graphite are considered bottleneck materials for LIB
production. However, graphite is so far not included in the
target materials and should be mandatory implemented in
further revisions of the Directive. In average, state-of-the-
art high-energy LIBs normally contain 5 %—-20 % cobalt
(Co), 5 %=10 % nickel (Ni), 5 %=7 % lithium (Li), 5 %—10 %
other metals (copper (Cu), aluminium (Al), iron (Fe), etc.),
15 % organic compounds, and 7 % plastic (Ordonez et al.,

8S QE\MQM~I XLI SZIVEPP 0-&
the recovery of none of these materials can be neglected.
In addition, the European Commission should include a
uniform labelling with information about the manufacturer,
date of manufacture, date of market introduction, battery
type, battery model, chemistry, hazardous substances,
carbon footprint, recovered materials, and critical raw
materials. Furthermore, the heterogeneity of battery types
available on the market could be managed by implementing
a battery passport which should provide all necessary
information (Neumann et al., 2022). To overcome the issues,
the legislative should not only include targets but also
encourage to achieve them by establishing even a system of
penalties in the worst case.

3 New Chemistries, new
Challenges

Overall, recycling processes are the only option to re-
introduce spent batteries and their components into
the economic cycle, reducing the need for primary raw
materials and promoting an improved acceptance of pure
and hybrid electric vehicles and other battery electric
transportation applications. However, a LIB is composed
of several components: typically a graphite based anode,

I"H$%8%' ()& K 4VSJ (V

'SP -Ww
URN: urn:nbn:de:hbz:6-95009501305

DOI: 10.17879/95009500923

a lithium transition metal oxide cathode and an electrolyte

SRP] TSVXEFPI WERRIVWMT®PIBEWI G FEWHIVWTEVEXSV XLEX

anode and cathode. Furthermore, while around 2005 only
one cell chemistry was applied (lithium cobalt oxide, LCO),
nowadays several different cathode materials such as
varying stoichiometries of lithium nickel manganese cobalt
oxides (NMC) or materials like lithium nickel cobalt aluminum
oxides (NCA) or lithium iron phosphate (LFP) are applied.
Additionally, mixed streams of materials are caused due to
the differences in the lifetime depending on the application,
e.g. cell phones 2 years, other consumer electronics 3-4
years and electric vehicles 10 years or more. This complexity
and diversity offers quite a challenge for the recycling of
LIBs. Nevertheless, recycling processes are already applied
to handle the rising stream of spent cells. Nowadays, mostly
pyro- and hydrometallurgical processes, or a combination
of both, are established to deal with the current cell
chemistries. However, so far, a completely closed loop was
not achieved. A major obstacle to a completely closed loop
are the high requirements for the purity of battery materials.
After recycling, LIB materials are often used for other
applications not requiring very high purities. In addition to
YhisGsp@ &It Rdvnepal@dvithR @dovery of low-cost battery
materials is another obstacle for high recycling rates in a
closed loop. Components like the binder, the anode or the
electrolyte which contains for example lithium, are mostly
not recovered but have recently gathered more attention.
With this in mind, the development of future generation
materials will intensify this situation. In comparison to the
numerous reports in literature about the recycling of LIBs
(whether as a pilot process or new processes for single
components), nearly no reports or industrial activities can
be found with regard to the upcoming cell chemistries.
Therefore, an early consideration of possible recycling
methods for these types of upcoming batteries is important.
One development, the application of Li-metal electrodes will
introduce much higher contents of lithium into the system

WS XLEX QYGL LMKLIV VIG]GPMRK I%GMIRGM

needed. During pyrometallurgy, lithium normally ends up

MR E WPEK WS VI“RIQIRX F] LIHVSQIXEPPY

and more importance. But because of the higher energy
densities and reactivity, another challenge not only for the
actual recycling but also for the handling, transportation
and storage of spent Li-metal batteries arises. In this regard,
a deactivation of the Li-metal batteries as an early step of
the recycling procedure, e.g. by extraction of the metallic
lithium would increase safety and it would allow for a
subsequent transportation of the deactivated batteries.
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Especially in case of damaged batteries with an unclear
hazard potential, long transport routes should be avoided,
which could be achieved by a decentralized distribution of
small deactivation facilities. A promising candidate for a
future battery generation is the lithium sulfur battery. For the
recycling of lithium sulfur batteries, most of the technical
challenges are attributed to their metallic lithium anodes.
However, toxic gases like H2S can be formed when the
compounds inside a lithium sulfur battery get in contact
with moisture, which can further complicate the recycling of
future batteries. In comparison, less safety concerns need
to be addressed when dealing with all-solid-state batteries

%77&W
compared to current state-of-the-art batteries. Furthermore,
due to the introduction of new chemical compositions the
hydrometallurgy will be affected as well. There is also a
variety of non-Li chemistries including batteries based on
sodium, zinc, magnesium or calcium currently investigated.
The main motivation is the development of new batteries
based on naturally abundant elements. Among those non-Li
batteries, sodium-ion battery technology is most similar to
commercial LIBs. From a recycling point of view, however,
battery chemistries with low-cost elements such as sodium
or sulfur are accompanied with little economical interest for
the recycling industry. Therefore, the recycling of the new
batteries in general needs to be supported by legislation with
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2 Two examples of this kind of activities are Brightland Venture Partners in the Netherlands
(https://brightlandsventurepartners.com/about-us/) or ChemstarsNRW (https://chemstars.nrw/)
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