% Maastricht University
- )k UNITED NATIONS
Zz»~> UNIVERSITY

UNU-MERIT

Working Paper Series

#2016-005
Critical raw material strategies in different world regions

Eva Bartekova and René Kemp

Maastricht Economic and social Research institute on Innovation and Technology (UNU-MERIT)
email: info@merit.unu.edu | website: http://www.merit.unu.edu

Maastricht Graduate School of Governance (MGSoG)
email: info-governance@maastrichtuniversity.nl | website: http://www.maastrichtuniversity.nl/governance

Boschstraat 24, 6211 AX Maastricht, The Netherlands
Tel: (31) (43) 388 44 00



UNU-MERIT Working Papers
ISSN 1871-9872

Maastricht Economic and social Research Institute on Innovation and Technology
UNU-MERIT

Maastricht Graduate School of Governance
MGSoG

UNU-MERIT Working Papers intend to disseminate preliminary results of research carried
out at UNU-MERIT and MGSoG to stimulate discussion on the issues raised.



Critical Raw Material Strategies in Different World Regions*

Eva Bartekova® René Kemp?
January 21, 2016
Abstract

The rising imbalance between increased demand for minerals and their tighter sup-
ply has resulted in growing concerns about their criticality. This has in turn stimulated
both resource-rich and resource-poor countries to take active role in implementing mineral
policy strategies. This paper explains why different world regions responded differently to
the global problem of securing stable supply of critical minerals, in particular of rare earths.
The paper first provides an in-depth overview of development trajectories of critical min-
eral strategies through a historical case study analysis of major stakeholder regions - China,
the United States, Europe, Japan and Australia. Next, it offers answers as to why they have
responded the way they did: how national interest considerations, resource endowment
circumstances, countries” historical experience in tackling supply risk and their respective
policy styles influenced the development of critical mineral policy choices within a com-
parative political economy framework. The overall findings show distinctive differences
in policy strategies towards critical materials. Whereas Europe opts for a policy dialogue
with resource-rich countries, Japan and the United States have a more hands-on approach
in research and development initiatives. Australia and China instead, strive to promote
domestic mining activities and to protect their resources through resource nationalist poli-
cies.
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1 Introduction

Global population growth, economic growth by developing countries, technological change
and government policies have been the main driving forces reshaping the global demand for
non-energy minerals in recent years. These trends led to ever increasing consumption, both
in terms of total quantity and of variety of minerals used. Particularly affected are specialty
metals which are used as input materials for mass production of various technologies due to
their specific chemical and physical properties. Yet, these very same properties make specialty
metals difficult to substitute in their functional uses. What is more, most of them tend to have
relatively small and concentrated markets and are often mined and refined in developing re-
gions, exposing importing countries to political and economic risks. In fact, lack of political
stability and resource nationalism by producing countries might have adverse effects for the
entire supply chain. Additionally, many of these metals are by-products of major minerals,
what further exacerbates their primary supply. Taken together, the imbalance between in-
creased demand and tighter supply has resulted in growing concerns about criticality of these
metals and about the impact of their supply shortages on industrialization and green growth.

In particular, a group of metals called rare earths spurred a heated debate over potential im-
plications of such imbalances on countries’ competitiveness in general and on deployment
of modern technologies in particular. In fact, their special properties of ferromagnetism, su-
perconductivity and luminescence make them key technology components in many electronic
applications, such as cell-phones, hard disk drives and computer screens, as well as in vari-
ous low carbon technologies, mainly in electric motors and batteries of electric vehicles and
in some wind turbine generators (Lynas, 2010; Tasman, 2010). Their total demand is relatively
small compared to other industrial metals, yet it has been rapidly expanding with the increased
deployment of these technologies. In particular, demand for dysprosium and neodymium, the
two most critical rare earth elements in terms of their functional uses, have been projected to
increase by more than 2600% and 700% respectively, over the coming 25 years (Alonso et al.,
2012). Tensions on the rare earth market are caused by China’s dominance over mining and
production with 89% of global market share (USGS, 2014), as well as by its industrial policies
aimed at satisfying own needs for manufacturing higher value added products. Restrictions
such as production and export quotas, as well as banning of foreign companies from engaging
in the supply chain, led to tighter global supply and increased prices of rare earths. Price hikes
like those in 2011, when rare earth crisis burst, brought about significant uncertainty about
availability and reliability of supply. These concerns have in turn stimulated the United States,
Japan and Europe, which are the main consumer countries and almost entirely import depen-
dent from China, to take active role in implementing mineral policy strategies with view of
minimising their vulnerability to supply of rare earths (EC, 2013).

Despite their similar objectives, the strategies undertaken differ across regions. While Europe’s
efforts target policy dialogue with resource-rich countries, Japan and the United States have a
more hands-on approach in research and development (R&D) initiatives in substitution, min-
imisation and improvement of performance of critical material-free functionalities. Australia
and China instead, strive to promote domestic mining activities and to protect their resources
through resource nationalist policies. In this light, the aim of the present paper is to map out
how the issue of raw materials criticality has been taken up within various countries overtime
and to explain why countries adopted different approaches in securing stable supply of critical
materials, in particular of rare earths. For this purpose, the paper carries out a historical case
study type of qualitative analysis across major stakeholder regions - China, the United States,
Europe, Japan and Australia - offering a historical perspective on how the trajectories of crit-



ical mineral policies developed over time. In the next step, the paper applies a comparative
political economy framework to examine the extent to which distinct national policy styles, na-
tional interests, resource endowment and historical experience in tackling supply risk shaped
the different policy responses by countries.

The rest of the paper is structured as follows: Section 2 discusses the theoretical framework
and method of analysis. Section 3 defines the concept of criticality of raw materials and dis-
cusses its interpretation by various countries. Section 4 provides a historical perspective of
mineral strategies implemented in different world regions, while section 5 offers a compara-
tive political economy interpretation of the differences in these strategies. Section 6 concludes.

2 Theoretical Framework and Method

The present paper attempts to explain why different world regions responded differently to
the global problem of securing stable supply of critical minerals, in particular of rare earths.
In fact, despite their similar objectives, strategies undertaken by various world regions tend
to differ in their foci. This paper argues that policy responses are a result of path dependent
processes embedded in countries” national interests, resource endowment and their historical
experience in tackling supply risk. Yet, institutional variables also matter greatly for under-
standing the cross-national differences in policymaking. They include the legal system, the
openness of the administrative system and political system, the role of consultation and in-
terest mediation. The institutional factors are captured through the notion of “policy style”
which holds that countries have developed distinctive ways for achieving similar goals and
standards, through legal traditions, political structures, industrial organisation and cultural
attitudes (Kagan, 2000).

The nature of policy styles has been studied by a large body of empirical literature which
developed in the second half of the 20th century. The most prominent of these is the com-
parative political analysis by Richardson et al. (1982) who coined the concept of policy style.
They define policymaking and implementation style as “the interaction between a) the govern-
ment’s approach to problem-solving and b) the relationship between government and other actors in
the policy process”. In an attempt to identify the main characteristics of the ways in which so-
cieties formulate and implement policies, they thus devise a matrix of national policy styles
based on the government’s approach to problem solving, which can be taking either anticipa-
tory (active) or reactive stance, and on the government’s relationship to other actors, which
can be characterised either as consensus or as imposition. This allows the authors to classify
Western European countries across four policy styles. Feick (1992) examines to what extent
nations matter with respect to public policy choices, by integrating the findings of compara-
tive studies of social, economic, environmental and occupational health and safety policies of
Great Britain, Sweden and United States. In particular, he considers how country-specific vari-
ables, such as institutional and organisational structure, cultural orientation and policy style
influence policy profiles. According to his definition, policy style “should capture the character-
istics of policymaking and implementation process involving the interaction of actors constrained by
institutional prerequisites as well as cognitive and normative orientations, procedural preferences and
substantive interests”. He summarizes the main characteristics of policy style from the litera-
ture as pertaining to: 1) conflict resolution (competition/conflict, cooperation/consensus, for-
mality, drama); 2) problem solving (scope, direction, speed, time frame); 3) participation and
interaction (openness, participation, atmosphere). Finally, Van Waarden (1995) defines policy
style as “the routine choice behaviour or 'standard operating procedures’ which policymakers tend to de-



velop in the policy process” and states that policy styles are strongly rooted in legal, political and
administrative institutions and cultures specific to every nation. Given this embeddedness,
policy styles tend to be resistant to changes due to economic and political internationalisa-
tion. After ascertaining the most salient characteristics of policy styles of Great Britain, France,
Germany, the Netherlands and the United States, he distinguishes between six types of policy
styles, some of which overlap with the characteristics discussed by Richardson et al. (1982) and
by Feick (1992): 1) liberal-pluralist versus étatist versus corporatist; 2) active versus reactive;
3) comprehensive versus fragmented or incremental; 4) adversarial versus consensual versus
paternalistic; 5) legalistic versus pragmatic styles; 6) formal versus informal network relations.

Earlier institutional work has acknowledged the role of policy styles in environmental regula-
tion. The most prominent is the book by Vogel (1986) about environmental regulatory styles
in the United States and the United Kingdom in the 1970s and 1980s, about which he con-
cludes that despite the similarities in their legal systems, there are important differences in
policy styles across the two. In particular, the American approach is rigid and rule oriented,
making use of environmental standards, allowing no self-regulation by industry and prosecut-
ing companies. Contrary to this, the British approach is flexible and informal, with almost no
emission standards in place, with an important role for industry self-regulation and few cases
of prosecution. The author concludes that the effectiveness of the British environmental regu-
lation through voluntary compliance has achieved similar results as the adversarial approach
adopted by the US which produced greater resistance from business. On a similar note, Kagan
(2000) discusses the contrasting styles of environmental regulation, regulation of employment
and of financial institutions in the United States and Japan. His review reinforces the views
that the American regulation is adversarial and legalistic, and describes the Japanese regula-
tion as being more informal and less legalistic. In fact, in Japan the policies are formulated
through informal interaction between government and industry associations and are imple-
mented through informal administrative guidance and voluntary plans by companies. Also,
regulatory officials believe that consultative and educational style results in better compliance
and are thus less inclined for punitive action. Lofstedt et al. (2001) re-examine the environ-
mental regulation in European and American contexts and acknowledge the changing nature
of their policy styles over time. While the American style can still be largely characterised as
adversarial and the European style as consensual, in Europe the environmental regulation has
become stricter whereas in the United States it has turned less contentious but not compara-
tively stricter. The authors conclude that one of the main drivers for this fundamental change
lies within trust. In fact, American regulators appear to be more trusted than ever, while pub-
lic distrust toward regulators is on increase in the EU. Similarly, Hung Lo et al. (2000) derive
China’s policy style from an analysis of Shanghai’s environmental impact assessment system
in terms of policy ideology, policy content, regulatory process, public participation and pol-
icy consequences. The authors describe China’s policy style as active, highly legalistic and
adhering to procedural formalities, but at the same time shaped by informal political activ-
ity, especially from municipality leaders and bureaucratic agencies in charge of economic and
urban development. Also, the policy style is discretionary and agency-dominated with com-
plete lack of institutional channels to open consultation and public participation. Especially
in the latter sense, Chinese policy style in environmental regulation differs substantially from
that of industrialised countries. Finally, O’Neill (2000) analyses regulatory styles of Britain,
Germany, France, Australia and Japan in the context of hazardous waste trading as part of a
broader system of environmental regulation. In terms of access to policy process and mode of
policy implementation, the author finds strong similarities between Australia and Germany.
Despite the differences in their federal structures, both are characterised by high levels of gov-
ernment control. Yet, Australia is also known for its open system of regulation, accommodat-
ing the involvement by electorate and environmental groups on the level of commonwealth



government. Indeed, the latter have been seen to have fundamentally altered policy out-
comes. The commonwealth government follows a neo-corporatist approach and has balanced
government-industry-society relations.

Informed by the empirical literature reviewed above, about policy styles differing across na-
tions, this paper carries out an in-depth analysis of critical mineral strategies adopted by dif-
ferent world regions. This is done by, first reviewing the academic and grey literature on raw
material criticality and comparing the different definitions across countries. Next, a qualita-
tive analysis of historical developments is carried out in order to map out how the issue of raw
materials criticality, in particular that of rare earths, has been taken up by main stakeholders -
China, the United States, Europe, Japan and Australia. This part is followed by a comparative
analysis of national policy styles. This interpretative part discusses how countries’ institutional
contexts, their national interests, resource endowment and respective historical experiences in
tackling supply risk affected the adoption of different strategies. The ultimate aim of the paper
is to map out the distinct priorities of critical mineral strategies and to explain why different
world regions responded differently to the global problem of securing stable supply of critical
minerals. The policy styles are used as a sense making device, rather than the object of anal-
ysis. The object of analysis is the history of policy action around critical minerals in mineral
producing and consuming countries and world regions. To our knowledge, there exists no
other study which endeavours to explain the development trajectories of mineral policies in
such detail.

3 The Concept of Criticality

The origins of the literature on supply risk date back to the late 1930s and gained salience
when oil and cobalt crisis burst in the 1970s. In recent years, the debate has been revived and
extended to non-energy minerals. The contemporary literature aims at developing methods to
evaluate criticality of minerals on the one hand, and at examining the extent to which potential
bottlenecks affect national economies, specific industries or technologies on the other. In par-
ticular, the aim is to provide industries and manufacturers with informed decisions in order to
anticipate and mitigate the adverse effects the criticality of input raw materials might cause,
and to provide directions for policy and industry makers in formulating mineral strategies.

Theoretical studies on supply risk can be classified into three broad categories based on the
methodology they use to assess criticality: criticality matrices, criticality indices, and scenario
or time series analysis (Erdmann and Graedel, 2011). The most relevant for evaluating min-
eral’s criticality in a broader context are criticality matrices. The first to develop a comprehen-
sive conceptual framework was the National Research Council (2008). Within their criticality
matrix, minerals are evaluated based on their importance in use and on their supply risk, i.e.
availability and reliability of the mineral supply. The degree of importance is evaluated from
the perspective of minerals’ chemical and physical properties and their substitutability within
technologies. Mineral supply risk is influenced by geologic, technical, environmental and so-
cial, as well as political and economic factors in the long term. In the short to medium terms
instead, supply risk translates into physical unavailability or higher prices, and is caused by in-
creased demand and limitations to expand production in the short period of time. Within this
framework, a critical mineral is one which is subject to supply risk and has high importance in
use with little or no substitutes available. Authors also note that criticality is a dynamic con-
cept and can change overtime with technology innovation, popularity of using the technology,
as well as rise of regulatory and environmental issues. This framework was later extended by



Graedel et al. (2012) who added environmental implications as a third dimension to it. Conse-
quently, they evaluate criticality of metals within a criticality space rather than within a matrix.
They also add a temporal perspective to supply risk - short versus long term - and propose to
evaluate vulnerability to supply restriction on three organisational levels: global, national and
corporate. Achzet and Helbig (2013) review the most important empirical studies and find out
that, while risks can be summarised in the broad categories of supply risk, vulnerability and
ecological risk, there is a lack of consensus on appropriate indicators. They conclude that the
most often used indicators are quantitative, such as country risk, country concentration, de-
pletion time, by-product dependency, company concentration and demand growth. Contrary
to this, qualitative indicators such as substitutability, risk of strategic use and climate change
vulnerability are applied by very few studies only. Similarly, studies tend to understate the
role of social, ecological and political (other than country risk) determinants of supply risk. In
this light, Erdmann and Graedel (2011) state out that classification of materials as critical re-
lates to the level of attention society pays to certain materials in terms of technological change
and political vision.

In terms of the empirical literature, several countries have assessed the criticality of minerals
for their respective economies. The list of critical materials varies from country to country,
due to different scope and approaches adopted. For example the report by National Research
Council (2008) considers a mineral to be critical “if it performs an essential function for which few
or no satisfactory substitutes exist” and “if an assessment also indicates a high probability that its sup-
ply may become restricted, leading either to physical unavailability or to significantly higher prices for
that mineral in key applications”. At the same time, the report by the EC, 2010a follows a relative
concept of criticality, whereby raw material is labelled critical “when the risks of supply shortage
and their impact on the economy are higher than for most of the other raw materials”. While both
studies use criticality matrices for a short term assessment, the first sets out a more qualita-
tive assessment of supply risk while the second uses mostly quantitative indicators. Despite
the conceptual differences, both studies agree on the criticality of rare earth elements, due to
their high import dependence, distorted primary supply, low recycling rates and lack of sub-
stitutability. The updated version of the European study examines separately the sub-groups
of heavy and light rare earths, as well as scandium (EC, 2014f). While the level of economic
importance is very similar for the two, supply risk is substantially higher for heavy rare earths
due to their higher demand growth projections and to the entire global supply originating from
China (dysprosium is part of this sub-group). Also Japan has labelled rare earths as critical,
since they are essential for maintaining and increasing the country’s industrial competitive-
ness and their potential supply disruption would negatively impact Japan’s economy. Japan
defines “rare metals” as those which are either scarce or economically or technologically dif-
ficult to extract in pure form and for which a substantial industrial demand exists both now
and in future due to technological innovation (Advisory Committee on Energy and Natural
Resources, 2009). In this sense, Japan adopts a more forward looking perspective to criticality.
In contrast, Australia is the major exporter of minerals globally, yet it is a relatively a small con-
sumer of both major and minor minerals. Due to this, its downstream sectors are not exposed
to the issue of mineral criticality. As a producer rather than a user, Australia considers criti-
cality as its own “resource potential” to tap into the global demand for these minerals, among
others for rare earths (Skirrow et al., 2013). Last but not least China, which is the leading global
producer but at the same time it also consumes most of its domestic production, is very pro-
tective about its raw materials. In fact, China has declared rare earths as “protected and strategic
materials”, what allows it to take advantage of its domestic resources for own industrial up-
grading (SCIO, 2012).

One of the commonalities in these studies is that they all define criticality in terms of supply



risk and importance of raw materials for the economy. Another one concerns the fact that raw
materials criticality seems to be more relevant from an economic and a geopolitical perspec-
tive, than from a physical constraint perspective. In fact, reserves for several critical minerals
are abundant and their size can be further increased by mineral exploration and technology
development. In the particular case of dysprosium and neodymium, limitations to increasing
their production outside China exist in the short term and are exacerbated by potential short-
ages due to their rapid demand growth. Nonetheless, the major concern relates to political
factors, such as concentration of supply and political risk associated with supplier countries’
resource nationalism. The latter becomes even more pressing considering the high import
dependence by consumer countries which strive to establish an undistorted access to critical
raw materials. This rising relevance of economic and political dimensions of raw materials
criticality has translated into a policy trend, whereby raw materials are considered a strategic
matter. In line with this, developments on the minerals market are influenced by active gov-
ernment intervention in both resource-rich and resource-poor countries. Government mineral
strategies however do not occur in a vacuum. They are shaped by national interests, resource
endowment and countries” historical experience in tackling supply risk, as well as by national
institutional context. Therefore, in order to understand the development of policy choices over
time one needs to analyse the entire system in which these mineral strategies developed.

4 Strategies for Mitigating Mineral Criticality in the World

This section is not intended to provide a complete account of historical developments; rather it
describes the major events which played a role in the formulation of countries’ mineral strate-
gies. For this purpose, a variety of countries affected in distinct ways by rare earth criticality
has been selected. The analysis begins with resource-rich China which is currently the domi-
nant producer but at the same time also the largest consumer of rare earths globally. Next, the
United States and Australia, which represent the competitive fringe, are examined. Both coun-
tries possess economic deposits of rare earths, yet as opposed to the US, Australia’s consump-
tion is rather negligible. Finally, Japan and the European Union are both completely import
dependent, however while the former uses them as intermediate goods, the EU sources rare
earths mainly in form of finished products. Besides these countries, there exist other smaller
players on the market, such as India and Russia which produce small quantities of rare earths,
and numerous junior rare earth projects in various other countries which are currently under
development. Yet it will take some years until these might actually start mining and pro-
duction. On the demand side, South Korean manufacturing industry also relies on rare earth
imports, yet the exposure to criticality seems much lower than in the case of Japan.

4.1 China

China entered the rare earth market in the 1950s when Baotou Iron and Steel Company started
mining the iron deposits at Bayan Obo in Inner Mongolia, of which rare earths are co-products.
Yet, it was not until the early 1970s when Xu Guangxian, also known as the father of Chinese
rare earth chemistry, developed the new extraction method of rare earths what kicked off the
large scale extraction of rare earths in China. Moreover, after the Cultural Revolution, the idea
that natural resources processing and export might fuel Chinese economic growth was put
forward by President Deng Xiaoping. To underlie the strategic importance of rare earths in this
context, he stated out in 1992: “There is oil in the Middle East; there is rare earth in China...” (Baotou



Development Zone, 2015). At that time, a special industrial zone was set up in Baotou to attract
foreign direct investment in rare earth facilities, with the view of bridging the technology gap
between China and the developed world (Mancheri et al., 2013). After a transitory period in the
1980s, China took lead in the global rare earth production in the early 1990s, and was gradually
increasing its monopoly position over the next two decades. With 98% of market share it
reached the absolute monopoly in 2009, which has been slightly eroding ever since (USGS,
2015a). This success is often attributed to China’s cheap labour force and lower regulatory
costs, as well as to its favourable deposits of rare earths in terms of number, size and heavy
rare earth content (Haxel et al., 2002). Lower prices of Chinese rare earth oxide contributed
to the rest of the world losing their market shares by early 2000s, indeed. Yet, prices alone
were not the only engine behind the remarkable success of the Chinese rare earth industry
development.

The Chinese rare earth innovation system dates back to the 1960s when the first research in-
stitutes were established. The Baotou Research Institute of Rare Earths, which was established
in 1963 under the former Ministry of Metallurgy Industry and in 1992 merged into Baotou
Iron & Steel (Group) Company, is now the largest rare earth technological R&D institution
specialized on rare earths in China. It has more than ten subsidiaries and employs altogether
more than 700 employees, half of them engineering technicians (BRIRE, 2015). Its research
focuses on industrial uses of rare earths such as metallurgy, environmental protection, new
materials and application in traditional industry. Similarly, the General Research Institute for
Nonferrous Metalsestablished in 1952, has been working on R&D of nonferrous metals and
facilitating the development of the rare metals industry across China ever since. It was trans-
formed from an R&D institute into a research company in 2000 and its main research aims
are to develop resource-saving, highly efficient, environmentally friendly and internationally
competitive technologies and to provide materials” solutions for new strategic industry de-
velopment (GRINM, 2015). In the meantime, Xu Guangxian became the major protagonist
of the rare earth industry development of China. He was chairing the National Natural Sci-
ence Foundation of China, launched several rare earth research programs in the 1990s and
also established other two laboratories carrying out research on rare earths (Hurst, 2010). The
State Key Laboratory of Rare Earth Materials Chemistry and Applications is affiliated with
the College of Chemistry and Molecular Engineering in Peking University, employs more than
60 faculty members, and deals with basic research on rare earth material chemistry, new rare
earth materials and materials designs (RELAB, 2015). The CAS Key Laboratory of Rare Earth
on Advanced Materials and Valuable Utilization of Resources is affiliated with ChangChun
Institute of Applied Chemistry under the supervision of the Chinese Academy of Sciences, has
32 faculty members, and its main research directions include applied research on rare earth
chemistry and physics, chemical biology of rare earths and their separation chemistry (CAS,
2015). Additionally, innovation and diffusion of knowledge take place through the Chinese
Society of Rare Earths. This was established in 1979 as the first national society on rare earth
science, technology and applications in the world. Its aim is to promote sustainable and sound
development of the rare earth industry, gathering together more than 100’000 registered ex-
perts who engage in various aspects of rare earth R&D. The organization also publishes the
only two peer-reviewed journals on rare earths in the world: Journal of Rare Earths (both
in English and Chinese) and Chinese Rare Earths (in Chinese only), as well as the newslet-
ter Chinese Rare Earth Information. It also maintains a comprehensive database of rare earth
research, and hosts meetings and conferences, such as the International Conference on Rare
Earth Development and Application (CSRE, 2015).

Ever since Guangxian’s invention, China has been doing a lot of R&D in rare earths to achieve
global leadership in the industry. In 1986 the National High Technology Research and De-



velopment Program (Program 863) was endorsed by President Deng Xiaoping. The objective
of the Program is to boost innovation capacity in the high-tech sectors, as well as to achieve
breakthroughs and to leapfrog development in key technical fields in which China enjoys rel-
ative advantages or in which it should take strategic positions to fulfil its strategic objectives
(MOST, 2015a). The overall investment in the Program during the period 1986-2010 was 96.7
billion RMB (or approximately 14 billion EUR according to 2015 exchange rates) (ERAWATCH,
2015b). Since rare earths are recognized as one of the strategic resource for China and are con-
tained in most of the technology fields covered by the Program, a lot of R&D initiatives were
targeting these. Furthermore, the National Basic Research Program (Program 973), which tar-
gets China’s basic research and promotes collaboration between research institutes, universi-
ties and industries, was established in 1997 (MOST, 2015b). The objectives of the Program are to
strengthen original innovations and to address scientific issues concerning national, economic
and social development so as to improve China’s innovation capabilities. The program budget
for the period 1998-2010 was 15.7 billion RMB (or approximately 2.3 billion EUR according
to 2015 exchange rates) (ERAWATCH, 2015a). Moreover, the National Program for Long and
Medium Term Scientific and Technological Development (2006-2020) lists rare earth-intensive
technologies as key target of basic and frontier R&D (SCIO, 2012). To conclude with, not only
the quantity but also the quality of research has increased over time. For example, paper contri-
butions by Chinese researchers in rare earth chemistry and their quality have been constantly
on the increase since the early 1990s, the pace of improvement having accelerated sharply after
2001. Increased research funding and the foundation of national rare earth research centres,
as well as transfer of R&D bases to China, have made China to become the global centre of
research for rare earth science and technology (Adachi et al., 2010).

In light of the recent changes in international manufacturing structure caused by the sluggish
growth in most developed countries, a new ten year action plan - Made in China 2025 - has
been presented by Premier Li Kegiang, endorsing the blueprint for the next generation of man-
ufacturing in China. Its aim is to: “...seek innovation-driven development, apply smart technologies,
strengthen foundations, pursue green development and redouble [our] efforts to upgrade China from
a manufacturer of quantity to one of quality.” (Hui, 2015). Among the ten sectors covered are
also new materials, high energy vehicles and high-end robotics, which involved the use of rare
earths. Increasing the competitiveness of Chinese manufacturing also entails Chinese firms
moving up the value chain in production and innovation. In the particular case of rare earths,
this idea has been put forward already in 1999 by President Jiang Zemin who stated: “Im-
prove the development and applications of rare earth, and change the resource advantage into economic
superiority.” (Baotou Development Zone, 2015). Further to this, China has been pursuing var-
ious strategies to achieve its long term goal of manufacturing higher value added forms of
rare earths. With regards to R&D, various initiatives allowed China to shift gradually from
export of rare earth compounds and metals, towards export of intermediaries such as mag-
nets and phosphors, and high-tech products like mobile phones, computers, batteries and
electric motors (Bromby, 2015a). Another strategy was the technology transfer through for-
eign direct investment. An example of a successful technology transfer was the acquisition
of Magnequench in the mid- 1990s by two Chinese companies with close ties to the Chinese
Government. Magnequench was a subsidiary of General Motors, which commercialized the
manufacturing of bonded permanent magnets and enjoyed a monopoly in supplying laser-
guided smart bombs (Molycorp Inc, 2015b; Robison and Ratnam, 2010). Just a few years after
this acquisition, its plant in Indiana was closed down and the operations along with the know-
how were transferred to Tianjin in China, and later expanded to Singapore and Thailand. This
move helped China to gain access to the neodymium-based permanent magnet technology,
which previously was only available in the US and Japan. At present, China manufactures
around 80% of global annual output, yet it does not hold any patents on neodymium-iron-



boron magnets (Shen, 2015c). The rights on bonded and hot pressed magnets in the US are
currently held by the newly refurbished Magnequench owned by Molycorp, while Hitachi in
Japan holds patents on sintered magnets. At present, only nine companies in China are li-
censees of Hitachi. This leaves most of the Chinese manufacturers without the possibility of
exporting their magnets globally. China has recently filed a complaint against Hitachi extend-
ing patent expirations for which the coverage ended in July 2014 (Hitachi Metals, 2013; Kosich,
2013). Should the legal dispute end in favour of Chinese manufacturers, this would extend the
Chinese monopoly from rare earth extraction and processing to include also manufacturing of
finished products.

To protect its own industrial upgrading and to hold back rare earths for its domestic purposes,
China has declared rare earths as “protected and strategic materials” more than two decades ago
(SCIO, 2012). In line with this, China prescribed protected exploitation of rare earth minerals
and issued the National Plan for Mineral Resources (2008-2015). Further to these, it introduced
the following industrial policies: foreign companies are banned from engaging in any part of
the supply chain other than forming joint ventures with domestic companies; both domestic
and joint venture companies are subjected to production and export quotas; state control is
increased by merging several companies into one “megacompany”, by banning new rare earth
mining licenses, and by eliminating smuggling; it has been proposed to create a joint pricing
platform and a national pricing system; to fight the overproduction and strengthen its pricing
power, China supports benevolent production halts, ordered phasing out some of the produc-
tion capacities and decided to set up large strategic stockpiles (MOFCOM, 2012a; MOFCOM,
2012h; MOFCOM, 2012i; MOFCOM, 2012f; MOFCOM, 2012d; MOFCOM, 2012e; MOFCOM,
2012¢c; MOFCOM, 2012b; MOFCOM, 2012g; MLR, 2013) (Shen, 2014). Taken together, these
protectionist policies demonstrate a clear alignment of China’s natural resource policies with
its national interests of industrial upgrading and creating competitive advantage for its manu-
facturing. Yet China’s main lines of argumentation behind these measures are environmental
and social costs arising from excessive mining and polluting techniques employed to mining
and processing of rare earths (SCIO, 2012). In 2014, further to the dispute settlement filed by
the US, the EU and Japan against the Chinese trade restrictions, the World Trade Organisation
(WTO) ruled that China violated the international trade rules (WTO, 2014). In 2015, China
abolished the export tariffs and quotas, but introduced new industrial policy in form of re-
source tax and export licensing in order to prevent over-consumption and to boost industrial
upgrading (MOFCOM, 2014a) Shen (2015b). Following the 12th Five-Year Plan, the Govern-
ment continues consolidation and restructuring of the downstream side of the supply chain.
By merging rare earth producers into six state-owned industrial groups it intends to regulate
production volumes in order to keep the environmental damage under control and to stabilise
prices, to minimise potential competition from emerging global players and to achieve full in-
tegration of rare earth industry (Lifton, 2015). This should further help to eliminate smuggling,
which occurs under the protective umbrella of local governments, and which China has been
unsuccessfully combating during the past decade (Shen, 2015a,d).

Finally, China’s strategy of manufacturing more high value added goods will put pressure on
its domestic resources in the near future. In fact, China plans sourcing more than 40% and
70% of manufacturing components domestically by 2020 and 2025, respectively. It thus proves
essential that China assures reliable access to raw materials, especially to heavy rare earths
(Berry, 2015). China’s concern about potential future resource bottlenecks has been addressed
within its “go global” policy, one of the objectives of which is acquisition of strategic resources
abroad (Humphries, 2015). In particular, the outbound direct investment in the mining sector
is expected to achieve 390 billion USD over the next five years (344.7 billion EUR according
to 2015 exchange rates). China also strives to diversify its rare earth supply sources interna-



tionally. In 2005 China National Offshore Oil Corp (CNOOC) made a bid for the American oil
group UNOCAL, however the deal failed due to political opposition by the US Government.
Though UNOCAL was primarily an oil and gas producer, it also owned the Mountain Pass
mine U America’s largest deposit of rare earths and currently one of the only two non-Chinese
rare earth projects in operation (Chovanec, 2010). Some years later, Chinese companies suc-
cessfully acquired a stake in the Australian Arafura, and also attempted to purchase a control-
ling stake in Lynas (The Sydney Morning Herald, 2009). There are also signs of China’s interest
in North Korean rare earths (Schearf, 2014). Recently, Chinese Sheng Kang Ning Mining In-
vestment, a subsidiary of one of the six major Chinese rare earth producing companies, formed
a joint venture with Canadian Pele Mountain Resources, which owns the only mine that has
previously produced rare earth oxides in Canada (InvestorIntel, 2015). Besides taking equity
positions in foreign companies, China also offers grants and loans to countries in exchange for
access to their raw materials. Administered by the Department of Aid to Foreign Countries,
almost half of China’s economic development aid has been disbursed to resource-rich Africa
(Hanauer and Morris, 2014). Regarding domestic measures for increasing availability of raw
materials, China implemented the concept of circular economy as the new economic model
of development. The latter is based on the “3R” principles, i.e. reduction, reuse and recycling
activities conducted in the process of production, circulation and consumption (NPCSC, 2008).
While no official information is available on the extent to which the concept of circular econ-
omy is implemented in the context of rare earths, the Central Government has been setting
targets for more efficient resource use and waste management across various industries, part
of which are also nonferrous metals (State Council, 2013).

4.2 The United States

The debate on secure supply of raw materials has a long tradition in the United States and is
strongly related to military and security interests in US policymaking. The term critical ma-
terial was first introduced in the late 1930s within the Strategic and Critical Materials Stock
Piling Act (United States Public Laws, 1939). The National Defense Stockpile, considered as
the cornerstone of the US minerals policy, was established some years later (United States
Public Laws, 1939). This is administered by the Defense Logistics Agency (DLA) - Strategic
Materials and is intended to support military and essential civilian needs at times of national
emergency. Economic stockpiles instead, are intended to smooth temporary interruptions of
minerals flows, and were first proposed by the National Commission on Supplies and Short-
ages, which was itself established two years prior by President Ford in 1976 (National Com-
mission of Supplies and Shortages, 1976). In the early 1950s the President’s Materials Policy
Commission (Paley Commission) was appointed by President Truman in order to address the
concerns of continued adequacy of post-World War II raw material supplies in the US (Ma-
son, 1952). Within their report, the Commission made recommendations on increasing sup-
ply of raw materials by encouraging exploitation on public lands by private enterprises, by
improving technology for commercial extraction, recycling, production of substitutes and re-
design of equipment, as well as by more responsible stockpile procurement and establishing
multilateral contracts, among others. The criticality of imported non-energy materials was
further examined within the National Security Study Memorandum by the Nixon Adminis-
tration (Council on International Economic Policy, 1974). The study also evaluated the US
policy options to safeguard against supply and price manipulation and shortages, such as de-
veloping self-sufficiency, diversifying foreign sources of supply, developing economic stock-
pile and consumer-producer cooperation. In the late 1970s, the two oil price shocks and the
interruption of Zairian cobalt production caused by political insurrection increased concerns
about the US dependence on foreign minerals. Further to these, the report on strategic and
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non-energy minerals by the US CBO, 1983 analysed the US vulnerability to supply disruptions
of eight major minerals. It concluded that the most important options for the short term were
stockpiling and subsidising domestic production. Diversification of sources of supply, encour-
aging exploitation and production on public lands, intensification of R&D in the field of metals
and materials, and using foreign policy initiatives were directed more towards long term US
minerals security, instead.

National materials and minerals policies and goals to assure materials availability for national
economic well-being, national defence and industrial production have been formulated within
the National Materials and Minerals Policy, Research and Development Act of 1980 (United
States Public Laws, 1980). These included: basic R&D for extraction, processing and recycling
of materials and improved understanding of their performance and substitution in engineer-
ing designs; improved collection and dissemination of scientific material and data; establishing
early warning system for supply issues; measures to promote industrial innovation in ma-
terials and material technologies; encouraging cooperative materials research across private
corporations and federal and state institutions; assessing opportunities to promote multilat-
eral agreements for materials development in foreign nations. The importance of materials
research has been further acknowledged by the National Critical Materials Act (United States
Public Laws, 1984) which provided for establishment the National Critical Materials Council.
This was responsible for formulating and coordinating national materials policies and priori-
ties of research activities of the entire government, as well as for monitoring needs for critical
materials and advising the President on global trends and their implications for national econ-
omy and security. Due to its ample responsibilities, the Council was mandated to cooperate
with various federal departments and agencies which have had instituted materials research
programs within their agendas, such as the National Security Council, the Council of Environ-
mental Quality, the Office of Management and Budget and the Committee on Materials within
the Office of Science and Technology Policy.

For what concerns rare earths in particular, the well-established regulatory environment has
contributed to the rare earth industry boom. The United States has been dominating the rare
earth market in the second half of the 20th century until the 1980s. Production was located in
Mountain Pass California’s Mojave Desert. Originally the area was prospected for uranium
and later mined for europium oxide which was used for colour TV screens. Over time, other
light rare earths and at a later stage also some of the heavy rare earths were mined here, what
ultimately led to large scale production between 1965 and 1995. During this period, Moly-
corp not only supplied rare earths for the US Government’s stockpiles, it was also the major
supplier of rare earths globally. In 1998, after a series of water leakages containing heavy met-
als and radioactive material, Molycorp temporarily suspended operations and continued only
with extracting ores from stockpiles (Molycorp Inc, 2015¢c; Nystrom, 2003). Yet in 2002, the
company’s environmental problems and low prices of rare earths from China forced Moly-
corp completely out of the market. However, only a few years later Molycorp received a 30
year mining plan permit and in 2007 extraction of neodymium and praseodymium resumed.
In 2010 the company managed to secure environmental permits to begin construction of the
Phoenix project and restarted active mining on site. At present, Molycorp is producing only
a small part of the global demand, especially of light rare earths. In 2012 it completed the
acquisition of Neo Material Technologies what allowed it to start producing and developing
neodymium-iron-boron magnetic powders used in the production of permanent magnets. To
further strengthen its position as a mine-to-magnetics vertically integrated player with global
supply chain, Molycorp formed joint ventures with Daido Steel and Mitsubishi Corporation
to manufacture sintered neodymium-iron-boron permanent magnets in Japan (Molycorp Inc,
2014). Furthermore, Molycorp in collaboration with Siemens and Shin-Etsu, works on min-
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imising the amount of dysprosium within magnets used for direct drive turbine generators
(Molycorp Inc, 2015a). In spite of all these initiatives and of the favourable regulatory environ-
ment, increasing capital needs, delays in the Phoenix Project and low rare earth prices due to
removal of Chinese export tariffs and the large illegal mining and trade, forced Molycorp and
its North American subsidiaries to file for bankruptcy protection in 2015 (Shah, 2015). While its
European and Asian separation facilities continue to operate, the suspension of Mountain Pass
might disrupt rare earth production industry until the end of the decade, when the emerging
junior projects are not expected to start producing.

Besides producing rare earths, the United States also manufactures various higher value-added
products containing rare earths. In terms of permanent magnets, the search for innovative
composition of magnets started with the cobalt crunch in the late 1970s. The fact that samarium-
cobalt magnets were expensive and that supply of cobalt fluctuated turned out as an issue for
General Motors which used these in the starter motors of their automobiles. Several research
groups started to work on neodymium-iron-boron magnets in the United States, both at indus-
try level and as collaboration between academic, industrial and state laboratories. In the end,
two companies succeeded in fully developing and patenting the permanent magnet technol-
ogy which was nearly cobalt free, contained neodymium and traces of dysprosium and had
superior properties compared to any technology commercialized before: General Motors in
the United States developed bonded magnets, while the Japanese Sumitomo Special Metals
(now Hitachi Metals) developed sintered magnets in 1983 (Robinson, 1987). General Motors
subsequently established a new division called Magnequench, which was manufacturing rare
earth magnets during two decades. However, when Magnequench was acquired by a consor-
tium of Chinese companies, its factories were closed down and production was outsourced to
China (Robison and Ratnam, 2010). Some years later, what was left of Magnequench became
part of Neo Material Technologies and was subsequently acquired by Molycorp.

Following the change in geopolitics in the late 1980s, such as the end of the Cold War and the
stabilisation of the situation in supplier countries of South Africa, provoked a loss of strategic
perception of non-energy minerals by the US (Humprheys, 1995). This trend has however
been reversed two decades later, when China tightened its rare earth export quotas, Molycorp
shut down the production and Magnequench production lines relocated overseas. In fact,
the disruption in the industry revived the interest of both the Government and public in rare
earths. Ultimately, concerns over the US losing domestic capacity to produce critical minerals
and its implications for national security and industrial production led to the development of
Critical Materials Strategy. The current Strategy was developed in 2010 by the US Department
of Energy (DOE) and is based on three pillars (Bauer et al., 2010). The first one deals with
diversifying supply chains in order to mitigate supply risk, by facilitating extraction, refining
and manufacturing within the US and encouraging additional sources of supply globally. The
second pillar is targeting R&D in material and technology substitutes, in order to meet material
needs of the clean energy economy. The third pillar foresees research into recycling processes
coupled with design of policies which would promote recycling, reuse and more efficient use
of critical materials.

To start with diversification of supply, the importance of developing domestic rare earth sup-
ply has been highlighted in a statement by Senator Murkowski: “rather than sit on our hands
while China corners the market on these strategic elements, we can and should pursue timely produc-
tion of the rare earth supplies that exist within our own borders” (Ucore Rare Metals, 2013). In
this respect, improving the permitting process for critical mineral mines, providing financial
assistance for domestic production and processing, as well as education, information gather-
ing and stockpiling are viewed as the most important policy directions. Some of these have
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also been reflected in the recent legislation proposals (Humphries, 2013). For example, the
Critical Minerals Policy Act of 2013 aims at facilitating the re-establishment of domestic criti-
cal minerals industries by devising policies targeting environmentally responsible production,
manufacturing and recycling of critical minerals (Murkowski, 2013). The Act would require
establishing a list of critical minerals to the US economy, improve the permitting process, pro-
vide for worker training and associated grants to academic institutions related to critical min-
erals, and require the Secretary of Energy to conduct R&D program for producing rare earth
elements from non-traditional sources. The National Strategic and Critical Minerals Produc-
tion Act of 2015 instead, is directed towards the Secretary of the Interior and the Secretary of
Agriculture and seeks to define critical and strategic minerals and to streamline the federal
permitting process. The latter is to be achieved by establishing a lead agency responsible for
issuing mine permits within minimal time limits, maximising domestic mineral resource de-
velopment and mitigating environmental impacts (Amodei, 2015). The measures proposed
within this legislation were supported by the United States Magnetic Materials Association,
an organisation lobbying for securing a stable supply of rare earths, and other industry rep-
resentatives (USMMA, 2012). Additionally, the Association for Rare Earth, an opinion leader
for rare earth industry, along with other industry organizations, strongly urged the accession
of the US to the United Nations Convention on the Law of the Sea (RARE, 2012). This should
help securing the US sovereign rights to the Exclusive Economic Zones (EEZ) and thus to new
sources of rare earths from the seabed floor. In terms of knowledge and capabilities, with
the disruption of the rare earth industry, the US lost not only their primacy in rare earth pro-
duction and magnet manufacturing, but also the know-how and the expertise in rare earth
mining, processing, chemistry and manufacturing, which in turn slowed the R&D and inno-
vation activities in the field. The lack of trained workforce was highlighted by Gschneidner Jr
(2010) who claims that today there is more than 15 times less people employed in every as-
pect of rare earth industry than was before the disruption. He therefore called for establishing
training programs in conjunction with a research centre with long tradition in critical materials
research and in close collaboration with universities, governmental laboratories and non-profit
research organisations. Such centre would, besides providing training, also promote network-
ing and diffusion of knowledge, and coordinate activities with the Rare Earth Industry and
Technology Association (REITA). For what concerns information gathering, the US Geologi-
cal Survey (USGS) provides the most comprehensive domestic and international non-energy
historical minerals data, among others mineral yearbooks and commodity summaries which
contain data on domestic and international mining and production, consumption, technology
uses and other market trends for rare earths (USGS, 2015b). Besides this, the DOE also engages
with stakeholders through various technical workshops in order to gain better understanding
on current trends in rare earths and other critical minerals. With regards to inter-agency col-
laboration, the Subcommittee on Critical and Strategic Mineral Supply Chains was established
by the White House Office of Science and Technology Policy, the goal of which is to facilitate
the effort across federal agencies in identifying and addressing policy implications of strategic
minerals supply issues (DOE, 2015). Finally, several R&D initiatives, such as such as the Small
Business Innovation Research and the Critical Materials Energy Innovation Hub, have been set
up to provide funding for development of techniques which improve separation and decrease
cost of processing rare earths (Bauer et al., 2011).

Securing foreign supply of rare earths relies mainly on resource diplomacy initiatives. Ac-
cording to the DOE, cooperation with other resource poor countries could help “to optimize
resources for research and accelerate research and development on key topics” (Bauer et al., 2010). In
line with this, the DOE is involved in international discussion and collaboration through the
annual Trilateral US-EU-Japan Conference on Critical Materials for a Clean Energy Future, the
US-Australia Joint Commission Steering Committee Meeting on Science and Technology, the
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US-Japan Roundtable on Rare Earth Elements Research and Development for Clean Energy
Technologies, and the Trans-Atlantic Workshop on Rare Earth Elements and Other Critical Ma-
terials for a Clean Energy Future (DOE, 2015). With regards to resource rich countries which
tend to violate free trade agreements, the oversight of a rule-based global trading is the princi-
pal strategy of the US. In this respect, the United Steelworkers, North America’s largest indus-
trial union, filed a petition under Section 301 of the US trade laws about the WTO violations
by China concerning the green technology sector (United Steelworkers, 2010). Furthermore,
the Rare Earth Caucus, in a letter to President Obama in 2012, pointed to the need to address
Chinese restrictions, quotas and embargoes in the rare earth market (U.S. House Rare Earth
Caucus, 2012). In the same year, the US filed a complaint at WTO, jointly with Japan and Eu-
rope, against China’s export restrictions. President Obama argued in his speech: “We want our
companies building those [high-tech] products right here in America. But to do that, American manufac-
turers need to have access to rare earth materials which China supplies. Now, if China would simply let
the market work on its own, we’d have no objections.” (CNN Wire Staff, 2012). Besides the limited
availability of rare earths, the US administration was concerned about their increasing prices
for non-Chinese consumers, and ultimately about the latter moving their operations, jobs and
technologies to China. Of particular concern are rare earths for military uses, such as missile
guidance systems, drones and strike fighters. Indeed, the dependence of the US military on
heavy rare earths from China has been acknowledged by the DOD, 2013. This recommended
the US Administration to accumulate 120 million USD (103.9 million EUR according to 2015
exchange rates) worth of heavy rare earths, especially yttrium, dysprosium and erbium, as part
of a 320 million USD (277 million EUR according to 2015 exchange rates) program to stockpile
23 critical materials. Despite, the warnings by the Strategic Materials Advisory Council (2013)
against stockpiling being a risky mitigation strategy, the DLA Strategic Materials received au-
thorisation to acquire six materials to mitigate their supply risk, including dysprosium metal
and yttrium oxide (DOD, 2015).

R&D plays a central role across all three pillars of the Strategy, though it proves most important
in developing substitutes and recycling. In terms of permanent magnets, several initiatives
are in place on substitution, minimization and improvement of performance of rare earth-
free magnets. The government-owned Ames Laboratory has the longest history in research
in materials science, design and theory. It closely cooperates with the Iowa State University
and has 745 employees and associates. Its Materials Preparation Center specialises in purifica-
tion, preparation and characterisation of metals, alloys and compounds, including rare earths.
Also since 2013, Ames Laboratory leads the Critical Materials Institute - a DOE Innovation
Hub gathering researchers from national laboratories, academia and industry, with the aim
of developing substitute materials and technologies, which are more resource efficient and
eliminate the need for using raw materials under potential supply shortages, and transferring
these to the market through technology lincense agreements (Ames Laboratory, 2015). Besides
the Ames Laboratory, there are several other national laboratories which through their basic
and applied research help reducing criticality of materials. Furthermore, the University of
Delaware runs a research program on the next generation of permanent magnets (Bauer et al.,
2011). In terms of financing, the Advanced Research Projects Agency (ARPA), established in
2009 by the DOE, provides funding for early-stage technology innovations which eliminate
or minimize the use of rare earths through its Rare Earth Alternative in Critical Technologies
(REACT) program. In 2010, ARPA together with the Office of Science and the Office of Energy
Efficiency and Renewable Energy provided 50 million USD (44.4 million EUR according to
2015 exchange rates) funding for research on rare earths, materials substitutes in high-energy-
density permanent magnets, rare earth-free battery technologies and alternative electric motor
and wind turbine generator designs that do not use permanent magnets (Bauer et al., 2010).
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Concerning recycling of rare earths in the United States, some initiatives are already in place.
For example, the Center for Resource Recovery and Recycling, established using the National
Science Foundation funding, groups together two American and one European universities
in material engineering. It aims at advancing technologies that recover, recycle and reuse
materials through manufacturing process (CR3, 2015). Moreover, the DOE’s Critical Materi-
als Institute developed recovery and separation technology for neodymium, dysprosium and
praseodymium from electronic waste, which has now been licensed to a rare earth exploration
junior company (Duchesne, 2015). From an industry perspective, Retriev Technologies is the
major recycler in the United States. They recycle rechargeable nickel-metal-hydride (NiMH)
batteries containing rare earths, though the process is currently only targeting recovery of cad-
mium (Retriev Technologies, 2014). Nonetheless, as opposed to Europe and Japan, the US
lacks laws which would enforce recycling standards and encourage private sector to collect
and recycle of end-of-life products. These are necessary in order to develop economically vi-
able recycling processes in the country.

4.3 Europe

As opposed to the United States, the EU output of metallic minerals has been historically low
and decreasing over time, representing today only 3% of the world production (EC, 2008). This
is mainly caused by exhaustion of favourable domestic deposits, by decreased exploration and
development of new deposits, by reduced access to mineral deposits due to lack of planning
policies and restrictive environmental standards, as well as by insufficient development of new
technologies for exploration, production and processing of raw materials (Tiess, 2010). These
developments ultimately led to increasing import dependence of minerals on foreign imports,
some of which currently exceed 80%, and ultimately make Europe more vulnerable to external
developments.

The debate on security of raw material supply in Europe was initiated within The Commu-
nity’s Supplies of Raw Materials report (EC, 1975). This pointed out the necessity of maintain-
ing access to sources of supply from developing countries in order to accommodate manufac-
turing needs and those for economic development of European countries. It identified the fol-
lowing supply problems: insufficient knowledge on present and future outlooks of minerals;
relative and absolute shortages of minerals; insufficient diversification of supply; and political
problems due to instability and monopoly position of supplier countries. In order to spread the
risk, the report suggested developing European resources, exploitation of raw materials from
sea bed and diversification of foreign sources of supply. Furthermore, recycling of waste, sub-
stitution by other materials and new manufacturing processes, as well as extension of product
life were advocated as remedies for mineral shortages. Finally, it proposed to handle the risk
of temporary bottlenecks and price fluctuations by long-term contracts, emergency stocks and
international agreements. The latter should have been taken up in multilateral trade negoti-
ations, and entailed observance of international rules relating to notification and consultation
procedure of Article XI of the General Agreement on Tariffs and Trade (GATT). The report con-
cluded by reiterating the need for common guidelines within the Community, arguing that the
scale of security of supply was too big to be coped with on the individual member state level.
It called for coordination of activities at different levels and for launching common initiatives.

Despite the fact that minerals used to play a central role for Europe, as reflected by the Euro-
pean Coal and Steel Community, common political priorities in securing non-energy minerals
supply have been missing from the European policy agendas until recently, what led to unco-
ordinated policy actions across Europe. This stands in a sharp contrast energy minerals, such
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as oil and gas, where rising energy costs and high dependence of the EU on energy imports
have been at the centre of political attention ever since the 1970s. While all Member States
were found to have established by now government funded institutions which coordinate ge-
ological and geophysical surveys providing data on the location and the nature of mineral
reserves, there tend to be substantial differences within countries” Minerals Planning Policy.
These are mainly related to land use planning legislative structures and policies, as well as
to permitting procedures for exploration and mineral extraction, and to the Environmental
Impact Assessment required within the authorization process (Wagner et al., 2004). Also in
terms of securing raw materials supplies, European countries formulated different strategies
in line with their respective domestic situations. For example, besides promoting domestic
exploration, extraction and reprocessing of raw materials and foreign investment in mining
projects, the German strategy focuses on R&D for substitution, resource intensity and recy-
cling, in which it already has an established track record. It also intends to increase education
and information diffusion by empowering faculties that deal with topics of geoscience, raw
materials and mining. As an example of establishing partnerships with resource-rich coun-
tries, the German Government has signed an intergovernmental agreement for resources, in-
dustry and technology partnership with Mongolia, to secure access to rare earths and coal, in
exchange for machines to extract resources (DEFRA, 2012). France’s Strategic Metals Plan aims
at understanding industrial needs with respect to critical metals, identifying the most critical
resources and updating the mining inventory. This is in line with the existence of abundant
gold and polymetallic nodule deposits in the French EEZ, as well in former colonies of French
Guyana and New Caledonia. Furthermore, France intends to accelerate implementation of
recycling projects and increasing R&D in substitution. In terms of international cooperation,
the French Geological Survey signed an agreement with the Kazakh national uranium miner
to help developing Kazakhstan’s rare earth metal deposits (DEFRA, 2012). Contrary to these,
Finland as a resource-rich country, places focus on its own minerals sector, which is comprised
of exploration, mining and processing, as well as of production and supply of machinery, tech-
nology and services for these operations. Its strategy is linked to promoting exploration and
efficient use of resources, by using tax incentives, reducing permit processing times, enhanc-
ing availability and distribution of geoscientific and environmental data on the one hand, and
to reducing the environmental impact of the industry and increasing its productivity by es-
tablishing research programmes for developing innovative solutions, improving material and
energy efficiency of processing technologies and creating incentives for recycling and reuse
of waste on the other (Ministry of Employment and the Economy, 2010). Similarly, Sweden
which is the leading mining nation within the European Union has developed a comprehen-
sive minerals strategy. The minerals and mining industry is targeted through eleven action
areas, among which are achieving greater resource efficiency through analysis of extraction
and recycling potential, establishing a more effective regulatory framework by shortening per-
mitting lead-times, fuelling infrastructure investments, promoting research and innovation to
create competitiveness of the minerals industry, increasing skill supply that meets the needs
of the industry and promoting investment (Ministry of Enterprise Energy and Communica-
tions, 2013). Both Finland and Sweden have important economic deposits of rare earths. Yet,
while these countries have an established track record in raw materials policy making, mineral
strategies in others are still in their infancy.

The need for an integrated approach was brought back to the political agenda by the request
of Council of the European Union (2007) to “develop a coherent political approach with regard to
raw materials supplies for industry, including all relevant areas of policy (foreign affairs, trade, envi-
ronmental, development and research and innovation policy) and to identify appropriate measures for
cost-effective, reliable and environmentally friendly access to and exploitation of natural resources, sec-
ondary raw materials and recyclable waste, especially concerning third-country markets”. The High
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Level Group on Competitiveness Energy and the Environment (2007) has further called for the
development of a raw materials policy based, among others, on international multilateral and
bilateral agreements, streamlining access to domestic raw materials and improving resource
efficiency through better use of resources embedded in waste. Finally, the urgency for a com-
mon policy response to ensure that the EU industry has sufficient access to raw materials at
undistorted prices has been expressed by Giinter Verheugen, the European Commission Vice
President: “European industries need predictability in the flow of raw materials and stable prices to
remain competitive. We are committed to improve the conditions of access to raw materials, be it within
Europe or by creating a level playing field in accessing such materials from abroad.” (EC, 2007a). The
European Union subsequently launched a public consultation on the Commission Raw Mate-
rials Initiative (EC, 2007b). The Initiative itself was formulated in 2008 and revised in 2011 (EC,
2008; EC, 2011). It is currently coordinated by the Directorate General Internal Market, Indus-
try, Entrepreneurship and SMEs, though the Initiative is a collaborative effort of other Direc-
torates, such as Trade, Environment, Research and Innovation, and International Cooperation
and Development. It should help the European Union to form a coherent strategy on long term
sustainable supply of non-energy raw materials in the context of the EU industrial policy: “Se-
curing reliable and undistorted access to raw materials is increasingly becoming an important factor for
the EU’s competitiveness and, hence, crucial to the success of the Lisbon Partnership for growth and
jobs.”. The Raw Materials Initiative is implemented primarily through the European Innova-
tion Partnership (EIP) on Raw Materials. This stakeholder platform was endorsed in 2013 and
brings together representatives from industry, public services, academia and NGOs with the
aim of providing guidance on challenges related to non-energy non-agricultural raw materials
(EC, 2015b). Besides contributing to the 2020 objectives of the EU Industrial policy, it also plays
an important role in meeting the objectives of the Innovation Union, and the Resource Efficient
Europe initiatives of the European Commission.

The Raw Material Initiative itself is built on three pillars. The first one represents access to
raw materials on world markets at undistorted conditions. This foresees active raw materials
diplomacy and involves managing external policies and dialogues with developing resource-
rich countries. An example of such a policy dialogue on access to raw materials and natural
resources management is the Joint Africa U EU Strategy implemented in 2007 (EC, 2007c).
This is based on mutual interest from Europe’s development policies aimed at strengthening
states, promoting sound investment climate and sustainable management of raw materials in
developing countries, and its own need for undistorted access to raw materials. This has been
tirst put forward within the report on Community’s Supplies of Raw Materials (EC, 1975) and
implemented a year later when the First Lomé Convention was established between the EU
and African-Caribbean-Pacific States (Tiess, 2010). Its aim was securing preferential mineral
imports into the European Community in exchange for financial aid and investment in the
participating countries. The convention has been abandoned after it was found incompatible
with the WTO rules and has now been replaced by the Cotonou Partnership Agreement. The
latter is based on development, political, economic and trade cooperation, especially in coun-
tries which are committed to implementing reforms that focus on improved transparency and
governance in extractive industries (EC, 2015¢c). The EU has supported further initiatives to
promote transparency and accountability in the extractive industry in developing countries
within the framework of the Extractive Industries Transparency Initiative EITI, 2015 and the
Kimberly Process Certification Scheme (Kimberly Process, 2015). On the other hand, the Eu-
ropean Union also strives to remove measures introduced by some resource-rich countries
which distort competition and increase global prices of raw materials. With regards to fil-
ing the joint WTO complaint against Chinese restrictions on rare earths, the EU Trade Com-
missioner Karel De Gucht stated out: “These measures hurt our producers and consumers in the
EU and across the world, including manufacturers of pioneering hi-tech and 'green’ business appli-
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cations.” (EC, 2012b). Finally, the European Union also manages strategic partnerships with
other resource-dependent countries. The Trilateral Critical Materials Initiative is taking form of
annual meetings with stakeholders from Japan and the US and with participation of Australia,
Canada and South Africa, and aims at identifying common interests and positions in the inter-
national context of securing raw materials supply by improving extraction, finding substitutes,
improving efficiency and encouraging recycling (EC, 2013; NEDO, 2012; DOE, 2011).

The second pillar of the Initiative aims at setting framework conditions within the European
Union to foster sustainable supply of raw materials from European sources. Among the most
pressing issues are access to land, streamlining the mining permitting process across Member
States and public funding of exploration. In terms of rare earths, currently there exist only
two advanced projects in Europe, one in Sweden and the other in Greenland, owned by a
Canadian and an Australian company, respectively. Both have a potential to secure rare earth
supply for Europe and are very attractive due to their deposits of heavy rare earth-rich min-
erals. Yet, the actual start of their production will depend on environmental permitting and
finances available for further development (ERECON, 2015). For what concerns stockpiling
instead, this is not part of the European mineral strategy. Though some EU countries do have
experience with publicly stockpiling critical raw materials, none of them currently accumu-
lates inventories of rare earths (RPA, 2012). Contrary to this, establishing the knowledge base
on mineral deposits and networking between national geological surveys proves important to
determine the domestic sources of minerals supply. In fact, one of the hurdles that hinder the
implementation of the Raw Materials Initiative is the lack of EU-wide comprehensive minerals
statistics. Separate databases are available on country level, yet these only cover country rele-
vant data. To date only the British Geological Survey produces some of the statistics covering
the whole European Union. As a response to this, the Minerals4EU project is currently under
development and has the task of putting in place an EU mineral knowledge base and intelli-
gence network (EC, 2015d). Moreover, the EU aims at promoting research projects focusing on
extraction and processing of raw materials. One such project is the European Technology Plat-
form on Sustainable Mineral Resources (ETP SMR, 2015). This is an international association
grouping various stakeholders across the value chain since in 2005, and is committed to pro-
viding a coordination function for raw materials related technological research, development
and education activities in order to enable exploration and inventory of resources, mineral
extraction from land and sea bed deposits, mineral processing, metallurgy and recycling. Fi-
nally, in terms of skills shortage, the European Union is encouraging generation of new high
skills in various aspects of minerals through its Erasmus Mundus Minerals and Environmen-
tal Programme. The latter is coordinated by the Federation of European Mineral Programs
(FEMP, 2015) and provides a strong link between industry and participating universities. In
the particular context of rare earths, the EURARE (2015) project was established in 2013 to
set basis for development of the European rare earth industry by evaluating resources in Eu-
rope, developing technologies for efficient exploitation of resources, establishing critical mass
of scientist and engineers, and developing integrated knowledge management system. This
project brings together academia, industry and geological surveys. Also, the European Union
has established a multi-stakeholder European Rare Earths Competency Network (ERECON)
(EC, 2015e) to improve the rare earth supply security of Europe. One of the working groups
is mandated to explore options for primary production of rare earths in the EU. The other one
explores options for more efficient use, potential substitution and end-of-life recycling of rare
earths in the EU, and is thus linked to the third pillar of Raw Materials Initiative.

The third pillar of the Raw Materials Initiative aims at reducing primary consumption of raw

materials through resource efficiency, recycling, substitution and increased use of renewable
raw materials. In terms of improving resource efficiency, the EU has introduced the Ecodesign
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Directive which sets mandatory ecological requirements for energy-using and energy-related
products and also includes provisions for the design of resource-efficient products (EC, 2015f).
For what concerns recycling, this has a long tradition in Europe. The EU’s waste manage-
ment policy has evolved over the past three decades through various environmental action
plans and framework legislation. The Thematic Strategy on the Prevention and Recycling of
Waste was adopted in 2005 as part of the 6th Environment Action Plan. The Waste Frame-
work Directive of 2008 is the cornerstone of EU’s waste policy and treats the management of
waste disposal, hazardous waste and oil waste. It establishes a five step waste hierarchy and
its development today takes place within the context of the Raw Materials Initiative, as well
as within the 7th Environment Action Programme and the Resource Efficiency Roadmap (EC,
2010b). Waste shipments are controlled for by the regulation on shipments of waste, while the
End of Life Vehicles Directive restricts the use of hazardous materials used in vehicles and sets
reuse, recovery and recycling targets. The Waste Electronic and Electrical Equipment Direc-
tive (WEEE) lays down collection, recycling and recovery targets for electric goods, while the
Directive Restricting the use of Hazardous Substances (RoHS) restricts the use of hazardous
substances in the former. Additionally, the Batteries Directive has been set up to regulate col-
lection, recycling and recovery targets for batteries (EC, 2010c). The latter directives prove es-
pecially relevant for the recovery of rare earths, since they make rare earth intensive end-of-life
products a fast growing segment for recycling. In Europe, Umicore - a materials technology
and recycling group, claims to be the first to have built a facility to recycle various battery
technologies, including NiMH batteries from electric vehicles (Umicore, 2014). In terms of
recycling magnetic material, Solvay - a chemicals company, announced plans to recover rare
earths from light bulbs and permanent magnets (Solvay, 2012). Yet, no large scale permanent
magnet recycling has been commercialised in Europe so far. While magnets from wind tur-
bines and electric vehicles are suitable for reuse, they are not available for recycling due to
their low penetration and long service lives. Similarly, material recovery from urban mines,
such as hard disc drives, cell phones and air conditioners is not a set up practice in Europe
yet, mainly due to lack of processes in place for disassembling end-of-life-products. In 2013,
the EU set up the European Rare Earth (Magnet) Recycling Network of academia and industry
which should train young chemists and engineers in recycling of rare earths. Besides this, the
Belgium Katholieke Universiteit Leuven is funding a knowledge platform (RARE3) focusing
on advanced recycling and reuse of rare earths and other critical minerals, and participates in
the Center for Resource Recovery and Recycling in the US (KU Leuven, 2015).

Besides recycling, also improvements in manufacturing processes and substitution can help
decreasing import dependence on raw materials. The joint scientific research and technologi-
cal development policy in Europe dates back to the 1960s, when the Working Party on Scientific
and Technical Research Policy (PREST) was created. This was later superseded by the Scientific
and Technical Research Committee (CREST) which was commissioned to coordinate national
policies and to define objectives of interest to the Community in the field of science and tech-
nology. Specifically, its subcommittee on raw materials research and development was set up
to provide a forum for cooperation in R&D in mining or and in new techniques for processing
ores and their recycling, among others (EC, 1975). At present, the critical mass for research
and innovation on European level is built through public-private partnerships, such as the
EIP on Raw Materials. Being a multi-stakeholder group which supports innovation activities
along the entire value chain, it helps meeting the objectives of the Europe 2020 Innovation
Union initiative for creating an innovation friendly environment. Similarly, the European In-
stitute of Innovation and Technology (EIT) Raw Materials established in 2014 as a knowledge
and innovation community (KIC), shall help boosting competitiveness, growth and attractive-
ness of the European raw materials sector via innovation and entrepreneurship (EIT, 2015).
Bringing together education institutions, research labs and industry, it covers activities from
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mining through processing, recycling and substitution. Furthermore, the Network on Indus-
trial Handling of Raw Materials for European Industries (ERA-MIN) has been established in
2011 within the ERA-NET scheme in order to promote coordinated research across the entire
value chain, by networking European stakeholders, road mapping research priorities and im-
plementing joint actions (ERA-MIN, 2015). One of its working groups covers issues related
to substitution of critical minerals. While a comprehensive policy framework to support sub-
stitution of critical materials in applications is currently being set up, at this stage there is a
lack of practical projects on finding substitutes for rare earths on European level. This may
be due to the fact that historically the downstream side of the rare earth value chain was not
developed extensively in Europe (the only exceptions are Vacuumschmelze and Magnetfabrik
Schramberg in Germany, which both produce rare earth permanent magnets and are licensees
of the Japanese Hitachi Metals). Nonetheless, there is one project which resulted from the EU
7th Framework Program (FP7) and has the objective of developing high-performing rare earth
free magnetic materials (NANOPYME, 2015). Another initiative funded by FP7 is the Critical
Raw Materials Innovation Network which has been established to map out critical raw mate-
rial substitution initiatives at the EU and Member States levels, to identify opportunities for
developments in the field of substitution of critical raw materials, to propose a roadmap for
the substitution of critical materials in five key applications, and to provide a platform for the
stakeholder community (CRM_Innonet, 2015).

4.4 Japan

Japan, similarly to the EU, has been historically a resource-poor country dependent on imports
of oil, gas and various minerals from overseas. Yet, while Europe’s dependence on imports of
rare earths is mainly in terms of manufacturing end use technologies such as wind turbines
and alternative technology vehicles, Japan’s economy is significantly dependent on refining
rare earths into metals and alloys, as well as on manufacturing and exports of component
parts and high value added products which use rare earths as input materials. In fact, Japan
is the largest consumer of dysprosium which is used as doping agent in permanent magnets
in high-tech products such as cell phones and hard disk drives, as well as in home appliances,
in robotics and in electric motors of hybrid and electric vehicles (Kawamoto, 2008). The stable
supply of rare earths is thus detrimental for maintaining the international competitiveness of
Japan’s automotive and electronics industries, in which Japan is the global leader. In 2008,
Japan was 100% dependent on rare earth imports and sourced 90% of them from China (Shen,
2015e). Besides the economic dependence, there is also a geopolitical perspective to importing
raw materials from China. While China’s assertive actions are not uncommon in the disputed
waters (The Economist, 2013), Japan has seen itself directly involved in a maritime incident
when a Chinese fishing trawler collided with Japanese coast guard vessels. The detention of
the Chinese captain resulted in a diplomatic dispute between the two countries, the ultimate
consequence of which was China halting the exports of rare earths to Japan for a period of
two months (Bradsher, 2010). It was this incident that made both the Government and the
private sector aware of the Japanese vulnerability to political risk tied to import dependence
of critical metals from China. For example, the Toyota Motor Corp spokesman stated out right
after the incident: “There are many risks in depending on one nation.” (Hosaka, 2010). Similarly,
according to Akihiro Ohata, Japan’s Minister of Economy, Trade and Industry: “the situation
reminded us of the need to craft a long-term strategy to procure rare earths” (MarketWatch, 2010). As
a response to this threat, the Japanese Government allocated additional 101.2 billion Yen (730
million EUR according to 2015 exchange rates) from the supplementary budget for 2010 for
securing rare earths and other natural resources in the context of promoting green innovation
(MOE, 2010). Finally, Nippon Keidanren (Japan Business Federation) in its proposal for Japan’s
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Trade Strategy, called for restoring the discipline against restrictive measures affecting exports
of rare earths under the WTO agreements (Nippon Keidanren, 2011).

The Japanese mineral strategy in itself dates back to the economic warfare against Japan dur-
ing the WWIL During this time, the majority of Japan’s merchant vessels were sunk by the
Allies and Japan was forced to withdraw its troops from its strongholds in South-East Asia
and Pacific islands. Moreover, the American embargo on pig-iron and oil increased Japan’s
import dependence on iron ore from China and Korea and forced it to use up its enormous
raw material stockpiles. This gradually led to shortages of steel, oil and coal, which were
detrimental for manufacturing Japan’s armaments, and thus adversely impacted its ability to
sustain military operations (Milward, 1977). Further to this incident, the Japanese Government
set the stability of supply of imported resources as the main aim of its energy policy, in view
of sustaining its economic security. In 2006 the Japanese Ministry of Economy, Trade and In-
dustry (METI) deliberated over the New National Energy Strategy, one of the aims of which
was to strengthen resource diplomacy and energy and environmental cooperation, through
strategic utilization of official development assistance (ODA) and promotion of mutual invest-
ment, as well as through overseas resource development and diversification of supply (METI,
2006). The government’s role of supporting exploration and development of projects, by as-
sisting negotiation of Japanese exploration companies with foreign state-run companies in re-
source producing countries as well as by overseeing that resource producing countries are not
introducing distorting measures, was laid down within the Guidelines for Securing Natural
Resources (METI, 2008). Furthermore, the Strategic Energy Plan of 2007, which was later re-
vised in 2010 and 2014, put forward recycling and stockpiling of rare metals, as well as seabed
exploration (METI, 2014). METI also set a goal for improving resource security by increasing
self-sufficiency to 80% for base metals and to 50% for rare metals by 2030 (Japan Metal Bulletin,
2010). Based on the above, and in the context of green innovation inducing economic growth,
METI spelled out its comprehensive strategy to assure stable supply of resources and energy
within its 100 Actions to Launch Japan’s New Growth Strategy (METI, 2010a).

Over time, Japan developed a truly comprehensive strategy to guide and coordinate policy on
securing raw materials supplies. This can be summarized by the quote by the Trade Minister
Yukio Edano: “We want to further diversify sources of suppliers, secure our interests and support
domestic technological development to cut the amount used and promote recycling.” (Kaneko, 2012).
The Japanese Strategy for Ensuring Stable Supplies of Rare Metals is coordinated by METI
and is built on four pillars with the main objective of sustaining economic security (Advisory
Committee on Energy and Natural Resources, 2009). The first pillar targets diversifying sup-
ply sources through strategic resource diplomacy. Government’s main tasks in this respect are
facilitating technology transfer, infrastructure development and energy cooperation through
bilateral and multilateral trade agreements, which would serve the development objectives of
resource-rich countries and at the same time assure access to raw materials for Japan. This
strategy is closely linked to establishing joint exploration initiatives with resource-rich coun-
tries and their financing. In Japan such initiatives take form of public-private partnerships
whereby public institutions, such as the Japan Oil, Gas and Metals National Corporation (JOG-
MEC), carry out overseas field surveys and provide financial assistance to high risk mine de-
velopment projects. JOGMEC was established in 2004 by merging together the Metal Mining
Agency of Japan (MMA]), which was itself created in 1963 as the Metallic Minerals Explo-
ration Financing Agency of Japan with the purpose of ensuring stable and inexpensive supply
of metals and strengthening the competitiveness of Japanese mining industry by providing
loans for metals exploration, and the Japan National Oil Corporation (JNOC) which was es-
tablished in 1967 as Japan Petroleum Development Corporation and served for promoting
exploration and development of overseas o0il and gas resources (JOGMEC, 2015a). Nowadays,
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JOGMEC's tasks lie within promoting exploration and development for oil, natural gas, non-
ferrous metals and minerals by providing loan guarantees and financial assistance, domestic
and overseas mining related information and cutting-edge technological tools for exploration,
processing and recycling, as well as within national stockpiling and technical assistance for
dealing with mine pollution. In particular, JOGMEC in joint cooperation with Sojitz, a general
trading company with a track record of 40 years in rare earth trading (Sojitz, 2013), assisted
setting up long term supply agreements, joint ventures and strategic alliances with producers
in various countries, such as Vietnam (Vinacomin, 2012), Kazakhstan (Paxton, 2012), Australia
(Sojitz, 2013), India (Shah, 2014) and Mongolia (Tanquintic-Misa, 2015), in exchange for explo-
ration technology, know-how transfer and project financing. The overseas business operations
by Japanese companies are furthermore supported by: the Japan Bank for International Co-
operation (JBIC) which conducts lending, investment and guarantee operations to the private
sector; the Nippon Export and Investment Insurance (NEXI) which conducts trade and invest-
ment insurance business operations; and the Japan International Cooperation Agency (JICA)
which coordinates Japan’s official development assistance. Overall, the supply diversification
strategy contributed to successfully decreasing Japan’s dependence on Chinese imports of rare
earths down to 60% in 2014 (Shen, 2015e). Besides the initiatives targeting resource-rich coun-
tries, Japan also cooperates with resource-poor countries through the Trilateral Conference on
Critical Materials where common strategy for tackling security of supply or rare earths is dis-
cussed. Finally, Japan is also pioneering exploration for heavy rare earths on seabed deposits
within Japan’s EEZ (Evans-Pritchard, 2013). Public-private partnerships in seabed exploration
for mineral resources in Japan date back to the 1980s (DORD, 2015), yet the basic framework for
promotion of ocean based strategies, such as enhancement of scientific knowledge on oceans,
as well as development of ocean industries and strengthening international competitiveness,
has only been established in 2007 with the promulgation of the Basic Plan on Ocean Policy
(Terashima, 2009).

Recycling of scrap and end-of-life products constitutes the second pillar of the Japanese min-
erals strategy and calls for improved utilization of existing recycling processes and promoting
R&D in recycling technology Advisory Committee on Energy and Natural Resources (2009).
Japan’s legislation dates back to the 1970s and covers systematically the topic of reducing
waste and promoting recycling by recycling-related laws. Recycling guidelines were first es-
tablished in 1990 by METI and aim at promoting voluntary initiatives by businesses across
various sectors. Several other policies were drafted since then, such as the Law for Promo-
tion of Effective Utilisation of Resources (1991), the Basic Law for Promoting the Creation of
a Recycling-Oriented Society (2000) and the Home Appliances Recycling Law (2001), all of
which contributed to the successful establishment of the recycling-oriented society in Japan.
For example, the Home Appliances Recycling Law started to regulate collection and recycling
of home appliances and gave thus rise to urban mining in Japan - the systematic collection of
end-of-life products for establishing a secondary supply of raw materials. Collecting these ap-
pliances made it in turn possible for companies to develop recycling processes for the recovery
of steel, copper, aluminium, and other materials. With the financial assistance of METI, these
processes were later extended to recycling of rare earths, mainly dysprosium and neodymium.
One such initiative was the development of automatic dismantling equipment to recover rare
earths from air conditioners by Mitsubishi Electric in close cooperation with magnet and ap-
pliances manufacturers (Mitsubishi Electric, 2012). Similarly, Hitachi has developed recycling
technologies to separate and collect rare earth magnets from hard disk drive motors, air con-
ditioners and other compressors (Hitachi Ltd, 2010). In terms of NiMH batteries, both Honda
and JOGMEC’s Metals Mining Technology Group have developed technologies to recover rare
earths and reuse them for production of new batteries (Honda, 2013; JOGMEC, 2015b). Besides
initiatives on recycling, METI and other government agencies are promoting the “3Rs” policy
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(reduce, reuse, recycle) in order to create “a sustainable economic system that pursues environmen-
tal protection as well as economic growth.” (METIL, 2010b). The idea of expanding from single R
(recycling of products and materials) to incorporating reduction of waste generation and reuse
of parts and products has been put forward by the Waste Prevention and Recycling Subcom-
mittee of the Industrial Structure Council in 1999. What is more, Japan is currently proposing
to extend this policy to a regional level and create a “sustainable Asia based on 3Rs” (METI,
2004).

Besides striving to increase primary and secondary supply, Japan also aims at promoting the
use of alternative materials in order to maintain its competitiveness and to develop new in-
dustries. In the context of rare earths, the initiatives are mainly targeted towards lowering the
usage of rare earths in permanent magnets. Their production dates back to early 1970s when
Japan began producing samarium-cobalt magnets. In 1982 Sumitomo Special Metals (now
merged with Hitachi Metals) patented the Neomax sintered neodymium permanent magnets,
and to-date still holds 615 patents licensed to 14 companies globally (Hitachi, 2015; Hitachi
Metals, 2013). Permanent magnets are used within electric motors of electric and hybrid ve-
hicles, in the production of which Japan is the world leader. In this respect, Japan’s aim is
to strengthen industry-university-government linkages as well as collaboration across up- and
downstream sides of the supply chain (Advisory Committee on Energy and Natural Resources,
2009). Such efforts are carried out under the auspices of METI and the Ministry of Education,
Culture, Sports, Science and Technology (MEXT), and are financed through funding agen-
cies: the New Energy and Industrial Technology Development Organization (NEDO); and the
Japan Science and Technology Agency (JST) along with the Japan Society for the Promotion of
Science (JSPS), respectively. While METI is promoting applied research through the National
Institute of Advanced Industrial Science and Technology (AIST) as well as industry related
projects, MEXT is advocating basic research at universities and strategic research by the Na-
tional Institute for Materials Science (NIMS) and by the Riken research organization (NIMS,
2011). NIMS in particular, is the national research and development agency specializing in
materials science. It has a long tradition of research, being established in 2001 by merging the
National Research Institute for Metals (NRIM) and the National Institute for Research in In-
organic Materials (NIRIM), which were established under the auspices of the former Science
and Technology Agency in 1956 and 1966, respectively. NIMS currently employs over 1500
researchers and its mission is to carry out fundamental and basic research, to share advanced
research equipment and to develop and apply cutting-edge nanotechnology. For example, in
the context of rare earths in magnets, NIMS set up the Elements Strategy Initiative Center
for Magnetic Materials (ESICMM) dedicated to R&D of novel high performance permanent
magnets free of critical elements. NIMS also provides training and education through its Inter-
national Center for Young Scientists and through various joint graduate school and internship
programs. Finally, it also maintains external collaboration through centres of excellence (for ex-
ample with Toyota, Honda and LG) and joint research centres with universities (NIMS, 2015).
The most important examples of such industry-university-government collaborative projects
are the Rare Metal Substitute Materials Development Project coordinated by METI and the
Elements Science and Technology Project by MEXT (NIMS, 2015). The respective rare earth
project themes aim at developing a new category of permanent magnets with reduced amounts
of dysprosium and neodymium by minimization (nanotechnology), by substitution for other
metals, or by improving performance of rare earth-free magnets, while achieving comparable
magnet properties to neodymium-iron-boron permanent magnets. Furthermore, magnet sav-
ing motor developments by small motor makers are financed through METI, which in 2012
alone provided a subsidy of 5 billion yen (36.2 million EUR according to 2015 exchange rates)
expecting a 30% decrease in domestic dysprosium consumption within two years (Japan Metal
Bulletin, 2012). Examples of such initiatives are the NEDO - Hitachi Industrial Equipment Sys-
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tems collaboration and the NEDO - Hokkaido University collaboration which both resulted in
developing rare earth electric motor technologies (Hitachi Ltd, 2012; Japan for Sustainability,
2011).

The last pillar of the Japanese mineral strategy relates to stockpiling of strategic materials in
order to hedge against short-term supply risk, as a complement to the medium and long term
strategies covered by the previous three pillars. The idea of stockpiling dates back to the WWII
when energy materials such as oil were stockpiled in order to mitigate adverse consequences
of import restrictions from abroad. Further to the oil crisis, the national stockpiling scheme
for rare metals was established in 1983 (JOGMEC, 2015c). According to the scheme, rare met-
als are stockpiled in response to Japan’s degree of import dependence, to the unavailability of
substitutes within Japan’s manufacturing industry and to the high geological concentration of
their global production. While the exact list of stockpiled metals is confidential, at the end of
2010 Japan had stockpiles of chromium, cobalt, gallium, indium, manganese, molybdenum,
nickel tungsten and vanadium (RPA, 2012). At present, the Japanese stockpiles serve both eco-
nomic and military purposes and are managed by JOGMEC based on market trends. There is
no official information on Japan’s public stockpile of rare earths, yet their demand and supply
situation is monitored by JOGMEC. There is however evidence of private stockpiling activities
ongoing due to currently low rare earth prices (Shen, 2015a).

4.5 Australia

Australia is yet another relevant stakeholder within the discussion on mineral strategies. Nev-
ertheless, not from the perspective of a consumer country, but as one of the major exporters
globally. Australia’s mineral exports account for approximately 60% of value of goods and ser-
vices, and 10% of country’s GDP (Skirrow et al., 2013). While the country is known for being
a leader in extracting iron ore, nickel, aluminium, gold and coal, rare earth exploration has
been historically much less significant. In fact, deposits of rare earths were mainly discovered
as a result of uranium and thorium prospecting. Australia has been a historical exporter of
monazite since 1950s, which was used for extraction of rare earths and thorium in overseas
processing plants. Until the mid-1990s, France was one of the major importers of Australian
monazite. Yet when the debate on toxic waste disposal intensified in France, its monazite
processing plant was closed down, what lead to complete disruption of the monazite mining
industry in Australia (Hoatson et al., 2011). Moreover, since the beginning of the 20th century
there were several attempts to establish small scale commercial rare earth production indus-
try in Australia, but the projects were not successful due to lack of capital, environmental
concerns, low grades and low tonnage (Geoscience Australia, 2010). However, the increases
in metal prices in the early years of the new millennium have revived exploration interests
for rare earths. The first major mining project was established in 2007 at Mount Weld deposit,
which is also one of the world’s richest deposits of rare earths with low thorium contamination,
and is one of the only two non-Chinese producers of rare earths globally. The mine is currently
managed by Lynas Corporation. The first stage of mining activities was completed in 2008.
The ore produced is concentrated in the concentration plant on-site and shipped to the Lamp
Advanced Materials Plant (LAMP) in Malaysia for further refining (Lynas, 2015). LAMP is the
world’s largest refinery of rare earths and the first one to be constructed outside of China dur-
ing the past decades. However, the construction of the plant faced opposition from Malaysian
community lobby groups and local inhabitants due to concerns that radioactive waste from
the rare earth production would have adverse environmental and health impacts (Stop Lynas,
2015). The locational choice for the processing plant was motivated by strategic reasons of
lower capital and operating costs as compared to an Australian location, by a tax exemption
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granted by the Malaysian Government, and possibly by the country’s lax environmental reg-
ulations on toxic waste disposal (Bradsher, 2011). The intention to dispose of the radioactive
waste in Malaysia sparked controversy against both Lynas and the Australian Government. As
aresponse to this, the latter issued a statement on the Australian laws prohibiting the import of
radioactive waste into the country: “National legislation stipulates that Australia will not accept re-
sponsibility for any waste product produced from offshore processing of resources purchased in Australia
such as iron ore, mineral sands and the rare earth produced by Lynas Corporation” (Sta Maria, 2012).
Despite the opposition, the Malaysia’s Atomic Energy Licensing Board has initially granted a
temporary operating licence, which was in 2014 extended to a two year full operating stage
licence.

From the Australian perspective, rare earths have been determined as critical minerals with
high resource potential (based on availability and costs of production and estimates of world
demand). In fact, according to the assessment by Geoscience Australia, rare earths rank within
“category 1” of resource potential, based on their level of criticality from the global perspec-
tive, on Australia’s current resources and potential for new discoveries, as well as on the rare
earth market size and growth outlook (Skirrow et al., 2013). Indeed, Australia has large poten-
tial for mining rare earths and other critical minerals. Besides Mount Weld, there are several
junior projects in the advanced stage of development, some of which contain high percentage
of heavy rare earths. In particular, of all global projects outside China, the Dubbo Zirconia
deposit is the richest deposit with up to 60% of heavy rare earth oxide content (Hoatson et al.,
2011). Once this project turns operational, it might become a swing producer of heavy rare
earths globally. Hence, as opposed to China, Japan, the United States and Europe, Australia
sees its resources as a source of future income from exports, rather than as input materials for
its weak manufacturing industry (Bromby, 2015b). Hence criticality itself is not an issue for
the country, in that it is a relatively small consumer of minerals. Therefore, also its policies are
directed towards the upstream parts of supply chain, such as mining and production. From
the institutional perspective, mineral and energy policies are concentrated in the hands of the
Department of Industry and Science, while previously this function was assumed by the De-
partment of Resources, Energy and Tourism (Department of Industry and Science, 2015e). The
overarching aim of the minerals policy is to expand Australia’s resource base and to increase
the international competitiveness and sustainability of resources sector. Australia as a min-
eral producer is characterized by large commodity endowment, political stability, supportive
policy settings, long term stability of mining industry and data availability for prospective
mining (Barnicoat, 2013). This gives it a significant advantage in providing secure supply of
rare earths, as compared to other prospective producer countries such as Brazil, South Africa,
Vietnam and Kazakhstan. Increasing the investor confidence in Australia’s resources sector has
been achieved through various resource programs. To start with, Australia undertook a do-
mestic pilot to test how applying the EITI rules and principles could be suited to country’s con-
ditions. The results of the test confirmed the strength of Australia’s governance frameworks in
extractive industries and recommended the implementation of an adapted EITI model, claim-
ing that transparency and information management practices are important for inducing in-
vestment into and development of the extractive sector (Department of Industry and Science,
2015b). In terms of sustainability of mining, the Government launched the Leading Practice
Sustainable Development Program for the Mining Industry (LPSDP) which provides informa-
tion on sustainable mining practices to mine managers, communities and regulators through
various workshops and a series of handbooks (Department of Industry and Science, 2015c).
Another initiative is the Working in Partnership (WIP) which promotes long term effective
partnerships between the stakeholders of the mining industry and communities, with par-
ticular focus on building indigenous business capacity (Department of Industry and Science,
2015f). In addition to this, the National Mine Safety Framework (NMSF) initiative was de-
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veloped by a multi-stakeholder steering group with the aim of assuring safety of workers in
the mining industry (Department of Industry and Science, 2015d). Finally, besides participat-
ing in key international forums through which it seeks to maximise its export opportunities
and to enhance its energy security, Australia also engages in bilateral minerals and energy
consultations with its main trading partners in order to identify and facilitate two-way com-
mercial opportunities within resources sector. For example, during the 34th Meeting of the
Australia-Japan High Level Group on Energy and Minerals Consultations, the opportunities
for investing in Australian rare earths were discussed, among others (Department of Industry
and Science, 2011).

Though exploration constitutes only a minor part of the Australian economy;, it proves signifi-
cant in discovering commercially valuable resources for further extraction. Yet the exploration
sector has now reached a ten year low, facing rising costs and decreased productivity, with the
quality and the quantity of new discovered sites decreasing over time. It is for this reason that
the Australian Government mandated the Productivity Commission to undertake an inquiry
into the non-financial barriers to mineral and energy exploration (Productivity Commission,
2013). The latter has in turn issued a list of recommendations on reducing green and red tape
from regulatory burdens. In line with this, within the proposed 2015 energy market reforms
agenda, the Government prioritizes the improvement of geoscience information in order to
attract commercial exploration, eradication of duplicative survey and data collection efforts to
reduce cost for businesses and improve public understanding of the sector, the streamlining
of regulation for mineral and energy resources development, and the establishment of policy
framework to support new mineral and energy resources development, especially less com-
mon minerals and rare earths (Department of Industry and Science, 2015a). Particular value
is laid on implementing the “one-stop shop” for environmental approvals which should de-
crease the time and cost of the permitting process. Similarly, the provision of pre-competitive
geoscientific information, as provided by Australian geological survey organizations shall en-
courage exploration activities (Geoscience Australia, 2015). In terms of financial incentives
instead, the Government introduced the Exploration Development Incentive which provides
economic incentives to invest in small exploration companies. The latter raise capital from pri-
vate sector investors through exploration credits, paid as a refundable tax offset to Australian
resident shareholders (ATO, 2015). Furthermore, the R&D tax incentive designed to encour-
age companies to engage in R&D activities applies to mining companies of various sizes and
contributes to funding of drilling and exploration activities (Edwards, 2015).

In addition to the initiatives described above, Australia has also launched the Industry Inno-
vation and Competitiveness Agenda, as part of Government’s Economic Action Strategy in
2014. It concerns reforms to boost competitiveness and is centred on four goals: lower cost and
business friendly environment; more skilled labour force; better economic infrastructure; and
industry policy which fosters innovation and entrepreneurship. One of the key initiatives to
achieve the fourth goal is establishing non-profit Industry Growth Centers (Australian Gov-
ernment, 2014). The government intends to invest 188.5 million AUD (or approximately 119
million EUR according to 2015 exchange rates) over a period of 4 years within sectors with
high competitive strength. Among those selected are also the mining equipment, technology
and services sector, and the 0il, gas and energy resources sector. The role of the Centers will be
to develop roadmaps of priority actions with view of increasing the competitiveness of respec-
tive sectors, to help improving regulatory environment and to facilitate industry-university-
government partnerships in order to develop innovative products and services. Furthermore,
the Agenda intends to place science at the centre of industry policy, bringing together univer-
sities, R&D corporations, industry initiatives and publicly funded research agencies (Depart-
ment of Industry and Science, 2014). One such agency is the Commonwealth Scientific and
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Industrial Research Organisation (CSIRO), Australia’s leading multidisciplinary research orga-
nization. It was established in 1926 as the Council for Scientific and Industrial Research with
the purpose of carrying out scientific research on topics of Australia’s farming, mining and
manufacturing industries. These were later expanded across all fields of primary, secondary
and tertiary industries. For example, the CSIRO Minerals Down Under Flagship initiative was
set up in order to promote industry-university-community linkages and thus to further tech-
nology and innovation solutions for more efficient development of country’s mineral resource
across the entire value chain (CSIRO, 2013). For rare earths in particular, CSIRO is currently
developing methods for better and less energy intensive ways to extract rare earths from the
ore body (Treadgold, 2015). Similarly, the Australian Nuclear Science and Technology Organi-
sation (ANSTO) Minerals branch has been involved in developing various processing options
for rare earths from minerals of different grades for more than two decades (ANSTO Minerals,
2015). This international mining consultancy is the world leader in uranium and rare earth
processing, radioactivity control and fundamental research applied to industrial problems.

However Australia also brings resource nationalism perspectives into its mineral strategies.
For example, the recent foreign acquisitions of Australian mining companies have sparked
concerns among politicians and the public about the possibility of losing grip over country’s
resources. As a response to these, the Australian regulators blocked several bids by foreign
companies for Australian mineral producers. Such was the case of the unsuccessful attempt
of Chinalco to increase its stake in Rio Tinto’s iron ore, copper, and aluminium assets, as well
as the bid by China Minmetals Corp for OZ Minerals which owns and operates copper-gold
mines, and the proposed takeover of a controlling stake in Lynas by China Non-Ferrous Metal
Mining Company which were both halted by Australia’s Foreign Investment Review Board
(Macalister, 2009; Scott, 2009). Analogously, the Australian policymakers strive to ensure that
country’s natural resources are not only benefiting international mining companies, but also
the Australian population. This idea has been reflected within the Review of Australia’s Fu-
ture Tax System (also known as the Henry Tax Review) (MCA, 2008), which has later become
basis for the mining taxation overhaul. The Australian Government developed a package of
tax reforms “to harness the super profits of our mining boom and redirect them to the vital task of
national economic reform... We will ensure Australia gets a fair share of our resource wealth, directing
the proceeds towards sustainable economic growth right across the economy.” (Australian Govern-
ment, 2010). The roots of this decision go back to more than half a century of persistently high
current account deficits caused by Australia’s narrow export base and large imports of capital
goods (The Australian Business Journal, 2010). The Government first announced its intention
to introduce a Resource Super Profits Tax (RSPT) in 2010, which would tax mining projects on
profits, rather than on production. The introduction of such a tax would have implied levying
40% rate on excess profits of all extractive industries. While the proposal for this tax received
support from several renowned economists (Argy et al., 2010), there was a controversy among
the largest explorer companies grouped under the umbrella of the Minerals Council of Aus-
tralia (The Australian Business Journal, 2010). This has ultimately resulted in an “advertising
war” against the new tax measure and lasted until the resignation of the Prime Minister in
summer 2010 (Davis, 2011). Subsequently, his successor abolished the RSPT and replaced it
by Mineral Resource Rent Tax (MRRT), the design of which was a compromise between the
industrial lobby led by BHP Billiton, Xstrata and Rio Tinto, and the Government (AAP, 2012).
As a second best option, this new tax policy was implemented in 2012 and levied a 30% tax
on excess profits generated from the extraction of coal and iron ore or anything produced by
in-situ consumption of coal or iron ore. Yet, its design and implementation were criticized by
economists (The Economist, 2012) as well as by some mining lobby groups and the federal op-
position who claimed that the policy would not raise the expected revenues and would drive
investment and jobs outside of Australia instead (Mercer, 2011). After winning the elections
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the Coalition repealed the tax in 2014, aiming to restore the industry confidence (ATO, 2014;
MCA, 2013).

4.6 Summary

This final subsection highlights the most important points raised within the above historical
account. The static interpretation of results is summarised within Table 1 and also illustrated
graphically within Figure 1. Though these constitute merely a subjective attempt to translate
the richness of the qualitative analysis into numbers, the aim of such assessment is to help un-
derstanding the different policy directions taken by individual stakeholders in response to the
common problem of security of supply. In particular, rare earth industrial supply chains are
evaluated within the generic supply chain framework across four main processes: extraction
of oxides from the earth’s crust; processing through separation and refining into metals, alloys
and powders; manufacturing of component parts such as magnets, motors and generators; and
assembling these into end use low carbon technologies such as wind turbines and alternative
technology vehicles (Bauer et al., 2010). The general observation is that China appears to be the
only country with a vertically integrated rare earth supply chain. In fact, while downstream
parts of supply chains tend to be well established across all major stakeholders (with the ex-
ception of Australia), currently on China disposes of well integrated activities on the upstream
side of the supply chain (with Australia outsourcing processing to Malaysia, Japan lacking
primary supply and the United States having shut down Molycorp). Regarding rare earth
mineral strategies instead, these are evaluated across seven elements which were identified
as common across the countries analysed and largely correspond with categories considered
by other studies (Bauer et al., 2010): domestic and foreign diversification of supply, resource
diplomacy, stockpiling, recycling, R&D and resource protection. The scores assigned within
Figure 1 illustrate the diversity of policy directions taken by individual stakeholders, ranging
from policy diplomacy by Europe, through a more hands-on approach in R&D in Japan and
the United States, to policies targeting diversification of domestic supply and resource nation-
alism by Australia and China. These results, along with the analysis of policy styles, form the
basis for the comparative political economy discussion in Section 5.
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Table 1: Summary Table on Rare Earth Industrial Supply Chains and Strategies Across World Regions

Industrial Supply Chain Diversification of Supply Resource Stockpiling Recycling R&D Resource
Diplomacy Protection
Upstream Downstream Domestic Foreign (policy (private, (established (substitution, (export and
(extraction, | (manufacturing (mining (financing of dialogue, i.e. public: recycling minimisation, production
processing of regulation, projects excl. defence vs. processes, improvement restrictions,
into metals, components, data and abroad) financing;: economic) waste of consolidation
alloys and e.g. magnets, information oversight of management | performance, of industry,
powders) motors, gathering, free trade policies, industry- investment
generators, exploration, issues, training university- restrictions)
and end use permitting, development programmes) government
technologies, skilled aid, linkages,
e.g. wind workforce, international training
turbines, R&D) collaboration) programmes)
alternative
technology
vehicles)
United States + ++ ++ o + + + ++ 0
Europe 0 + + +* ++ 0 ++ + 0
Japan + ++ + ++ ++ + ++ ++ 0
China ++ ++ ++ ++ + ++ + + ++
Australia ++ 0 ++ o ++ 0 0 o +

This table summarises the results of the qualitative analysis. Scores have been assigned based on the status quo of respective rare earth-to-low carbon technology supply chains (first two columns) and
of national policies (rest of the table) as follows: o = not applicable; + work in progress (weak); ++ established (strong).

Note that all strategy elements are evaluated within the specific context of rare earths, with the exception of the development aid component in resource diplomacy.

* No integrated European approach, only single country initiatives.



Figure 1: Assessment of Rare Earth Industrial Supply Chains and Strategies Across World Regions.
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The diagrams are a subjective attempt to translate the richness of the qualitative analysis into numbers. Scores have been assigned based on the status quo of respective rare earth-to-low carbon

(d) Japan
technology supply chains (Figure 1a) and of national policies (Figures 1b to 1f) in the range from 0 to 4 indicating: 0 = not established; 1 = weakly established; 2 = partially established; 3 = well
established but incomplete; 4 = strongly established in every aspect. Note that all strategy elements are evaluated within the specific context of rare earths, with the exception of the development aid

component in resource diplomacy.



5 Discussion

The information presented in the previous section serves as basis for explaining why different
world regions responded differently to the global problem of securing stable supply of critical
materials. This is done in the present section, by examining the influence of national inter-
ests, resource endowment, countries” historical experience in tackling supply risk and their
respective national policy styles on the development of critical material policy choices within
a comparative political economy framework.

To start with China, its well-established policies targeting the rare earths industry are rooted in
China’s étatist, activist, comprehensive and legalist policy style. China treating rare earths as
“protected and strategic materials” reflects its preference for policy solutions through state reg-
ulation. In fact, its industrial policies prescribe protected exploitation of rare earth minerals,
and at the same time limit the access of foreigners to the Chinese market, regulate domes-
tic production and stockpiling, and explicitly increase the state control within the industry.
The issue of industry influence is complicated. On the one hand, the tight control of produc-
tion quotas and phasing out domestic production capacities illustrates the lack of institutional
channels for industry associations to intervene in the policymaking process. On the other
hand, the informal authority structure makes the enforcement rather difficult. In fact, the cen-
tral government has been unsuccessfully fighting over-production and smuggling which occur
under the protective umbrella of local governments. This is in line with findings by Hung Lo
et al. (2000) who describe China’s policy style as active, legalistic and adhering to procedural
formalities, but at the same time shaped by informal political activity. However, in addition
its national policy style, Chinese industrial policies have also been shaped by the influence
of transnational organisations. In fact, the ruling of the WTO against China violating inter-
national trade rules led to abolishing tariffs and quotas and to introducing resource tax and
export licensing. Furthermore, the radical and innovative nature of China’s policy style is re-
flected in its early efforts to establish the rare earths innovation system. Policies targeting rare
earths are embedded within comprehensive R&D programmes and within the new action plan
for industrial upgrading. Such comprehensive policymaking with long term vision is rooted
in the stability of the one-party regime and the centralisation of the political power. However,
China is a developmental state, what makes it difficult to compare it with the remainder of
developed countries analysed in this paper. In fact, its state policies, focusing on growth and
industrialisation, have placed national interests in the forefront and neglected the environ-
mental consequences. This has also been reflected in the rare earths industry, where excessive
mining and polluting techniques led to large environmental and social costs. What is more,
the lack of environmental concerns in policy making has been worsened by the missing public
participation in policymaking. Furthermore, the fact that China is a resource abundant coun-
try explains some of its policy priorities. Because of its large primary supply, China does not
have policies in place targeting secondary supply in form of recycling. Similarly, despite the
existence of extensive R&D programs, China does not seem to focus on R&D in substitution
and minimisation of rare earths in applications, neither does it seem to target improvement of
performance linked to rare earth-free designs. Yet, China seems to be aware of the pressure
on its domestic resources and in line with this orients its resource diplomacy along the “go
global” policy. This targets acquisition of strategic resources abroad and technology transfer
through foreign direct investment and is another example of the rational planning of Chinese
policy makers.

In contrast to the Chinese policy style, the American style is liberal-pluralist, less comprehen-
sive, somewhat activist but also adversarial and legalist. This has significantly shaped the criti-

31



cal mineral policy priorities in terms of diversification of domestic supply, R&D initiatives, and
partially strategic stockpiling and resource diplomacy. The debate on security of raw material
supply is rooted in a historical legalist tradition, whereby the term critical material was first
introduced within the Strategic and Critical Materials Stock Piling Act of 1939 and continues
ever since to reappear in other legislations. This has laid the basis for a well-established regula-
tory environment, which in turn facilitated the rare earth industry development in the United
States during the second half of the 20th century. Yet, its continuous success was inhibited
by the adversarial and fragmented policy by the Government. For example, as Molycorp, the
only American rare earth producer, faced criminal investigations due to wastewater breaches,
it was forced to suspend and later to completely shut down its operations. The fragmented
policy style can clearly be seen from the United States abandoning its strong interest in secu-
rity of supply in the 1980s. This also interfered with its activist approach in terms of R&D.
In fact, the United States has a long tradition of national laboratories engaging in research on
different aspects of metals, which was also the main driving force behind the search for in-
novative composition of permanent magnets in the 1970s. After a temporary loss of strategic
perception of non-energy minerals due to a change in geopolitics, the revival of American at-
tention in rare earths two decades later was driven by the disruption of the domestic industry
and by limitations in the international trade. The prominence of R&D became eventually even
stronger, reflected in the creation of new laboratories focusing specifically on critical materials
research, in the establishment of research programs at universities and of comprehensive fi-
nancing of projects. Nowadays, R&D is firmly established across all three pillars of the Critical
Materials Strategy and is mainly seen to drive substitution and minimisation of rare earths and
improvement of performance of rare earth-free designs. Besides this, the United States also has
a strong military tradition, the implications of which can be seen in minerals policymaking. In
fact, in order to decrease the current dependence of the US military on China, the Department
of Defense authorised the National Defense Stockpile to stockpile heavy rare earths. Finally,
the American industrial associations also tend to have a significant influence on critical miner-
als policymaking, lobbying for industry interests and addressing their concerns directly to the
Congress. An example of such intervention is the initiative by the largest US industrial union
which ultimately played a significant role in the US filing a complaint to WTO against China’s
export restrictions. The participation by interest associations, organisations and unions in the
policymaking process is one of the main differences between the United States and China, and
is clearly facilitated by the liberal-pluralist policy style in the former. Similarly, as opposed to
China, the US policymaking in the context of critical minerals can be characterised by highly
formalised interagency collaboration facilitating the policymaking effort across federal agen-
cies.

Concerning Europe, one cannot speak of a single regulatory style since the Europe Union was
formally established only in 1993, though it existed previously as European Community since
1967. The more so, since the EU is composed of nations which, through their different develop-
ment trajectories, developed different institutional contexts. The étatist, activist and paternalist
policy style of France, contrast strongly with the policy style of the United Kingdom which is
liberal-pluralist, pragmatic and reactive, while Germany and Sweden are corporatist but rank
between comprehensive and fragmented, and active and reactive regulatory styles (Van Waar-
den, 1995). The lack of a harmonised policy style within the EU also makes the discussion
of institutional determinants of policymaking more complex. Additionally, until recently the
non-energy minerals policy has been largely uncoordinated across the EU. The differences in
countries” Mineral Planning Policies may potentially be attributed to their distinct regulatory
styles. Yet they might also be a simple reflection of countries” distinct national interests in raw
materials. Nonetheless, the regulatory style differences explain at least part of the countries’
engagement in securing raw material supplies. For example, the more active involvement of
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the state in France and Germany led to establishing partnerships with Mongolia and Kaza-
khstan in rare earth exploration and mining. Also, within the French étatist context critical
mineral policies seem to be less intensive than those in the corporatist Germany, where inter-
est groups play an active role in policy formulation and implementation. The active policy
approaches in Finland and Sweden, the two European countries with important economic de-
posits of rare earths, are reflected in the strong focus on their domestic mineral sectors. Yet,
mineral strategies of other countries are still in their infancy, what is ultimately reflected in the
weakly developed European policies related to the domestic supply diversification. All in all,
the European policy style can be considered as fragmented and diverse. This is due to its short
history of existence but also to the variety of national interests it represents. This ultimately
led to a missing integrated approach within the EU. While the need for launching common
initiatives was spelled out already in the late 1970s this has only been brought back to the
political agenda some 30 years later, based on the request by supranational institutions. This
approach is largely in line with Europe’s pragmatic yet reactive style without preference for
radical solutions. Nonetheless, it has resulted in the Raw Materials Initiative, the formulation
of which has been influenced by Europe’s consensual style which created a platform for wide
public consultation. The formulation and the implementation of raw material policies remain
a collaborative effort across various Directorate Generals of the European Commission and
often happen in public-private partnerships, stakeholder platforms and multi-stakeholder ini-
tiatives where the process is guided jointly by industry, public services, academia and NGOs.
Furthermore, Europe’s historical dependence on foreign imports of metallic minerals explains
the importance of resource diplomacy focus within its critical mineral strategy. The path de-
pendence in Europe using its external relations to ensure stable supply of resources through
liaising with developing countries dates back to the 1970s when the Fist Lomé Convention
was established. Over time, external policy dialogues took various forms, and are to-date
firmly established as the first pillar of the European Raw Material Initiative. Recently, resource
diplomacy has also been extended to cooperation with resource-poor countries. Similarly, the
importance of rare earth recycling is embedded within the European tradition for waste man-
agement. This gave rise to various directives which also relate to the recovery of rare earths
from batteries and electronic and electrical equipment, and served as a basis for establishing
new initiatives in form of rare earth recycling networks and knowledge platforms. Finally,
there is a lack of practical projects on finding substitutes for rare earths on the European level.
This might be a result of the fact that the downstream side of rare earth supply chain has been
historically underdeveloped across Europe.

As opposed to other countries, Japan’s urge for diversifying domestic and foreign supply has
been largely influenced by geopolitical developments in East Asia. Industry associations, busi-
ness federations as well as single large manufacturers affected by the diplomatic dispute be-
tween China and Japan which disrupted rare earths trade, have raised their concerns to the
Government and demanded restoring international trade discipline under WTO agreements.
As aresponse, the Japanese Government has allocated supplementary budget for securing rare
earth supplies and filed a joint complaint against China at WTO. These developments clearly
reflect the liberal-pluralist, consensual and pragmatic regulatory style of Japan. Furthermore,
Japan’s preference for active style can be identified in its radical and innovative policies tar-
geting new sources of rare earths, through strategic utilisation of ODA, long term supply
agreements with rare earth producing countries, overseas resource development and domestic
seabed exploration. These were facilitated by well-functioning institutions and public-private
partnerships. In the meantime, supply diversification has become one of the main pillars of
Japan’s comprehensive Strategy for Ensuring Stable Supplies of Rare Metals. Another promi-
nent pillar of the Japanese strategy is recycling. Similar to the European case, this resulted
from Japan’s long history of legislation on reducing waste and promoting recycling. But as
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opposed to the European directives which tend to be more legalistic, Japanese recycling guide-
lines established in the early 1990s were promoting voluntary initiatives by businesses. This
characteristic is in line with findings of Kagan (2000) that Japan has a strong preference for
more informal and less legalistic regulation which tends to be implemented through informal
administrative guidance and voluntary plans by companies. Additionally, its more recent leg-
islation focusing on collection and recycling of home appliances, along with the active role of
the State providing financial assistance for developing recycling processes and technologies,
contributed to establishing urban mining in Japan. Similarly, concerning basic and applied
research initiatives, these have emerged from the long history of rare earth permanent mag-
net research and production in Japan. Analogous with the US experience, Japan’s active style
of policy making, in terms of coordination and financing, has been the main driver behind
establishing extensive R&D programs and industry-university-government linkages collabo-
rating on lowering the usage of rare earths in permanent magnets. Finally, the current policies
targeting stockpiling of “rare metals” are rooted in Japan’s historical experience with manag-
ing import dependence. The economic warfare in early 1940s motivated the establishment of
stockpiles in Japan and also set stability of supply of imported resources at the centre of its
energy policy.

Last but not least, the weakly established policies on critical minerals in Australia can be
largely explained by the fact that rather than being a consumer, Australia is an exporter of
minerals. In line with this, downstream side of the supply chain remained underdeveloped
in Australia, what explains the complete lack of policies on diversification of foreign supply,
stockpiling, recycling and R&D. In contrast, similar to China, Australia has established some
resource protectionist policies. These reflect concerns of the wider public about losing the grip
over country’s resources. Yet, Australia has a large potential for rare earths mining, thus most
of its critical mineral related policies focus on the upstream part of the supply chain, namely
on mining and production. In fact, various policies are devised to increase the international
competitiveness and the sustainability of the resource sector, both in terms of financial and
non-financial incentives, by establishing Industry Growth Centers to foster innovation, and
through bilateral mineral consultations with main trading partners. The stability of the min-
ing sector is reflected in the comprehensive and active policy style of the Government, which
is at the same time pragmatic in that it provides information on sustainable mining practices
in an informal fashion. Also, unlike in Europe, the US and Japan where mineral policymaking
is decentralised, in Australia this is concentrated in the hands of the Department of Industry
and Science. One can conclude that Australian style of policymaking is corporatist, where in-
dustrial associations and the government have a rather balanced relationship. This is largely
in line with the findings by O’Neill (2000) who concludes that hazardous waste trading poli-
cies are characterised by high levels of government control in Australia. Similarly, her findings
on the open system of regulation, accommodating the involvement by electorate and environ-
mental groups are also reflected in the case of critical mineral policies. Yet, as illustrated by
the example of the large opposition against the mining taxation overhaul which was supposed
to redistribute the proceeds from super profit tax to minimise the gap within Australia’s two
speed economy, the involvement of industry in policymaking can also fundamentally alter the
policy design. In fact, due to the large controversy among the explorer companies, the orig-
inal tax proposal was replaced by a new tax which was designed based on the compromise
between the industrial lobby and the Government, and was later completely repealed further
to the federal opposition. Such findings are also in line with the results of previous empirical
literature on Australia’s environmental regulation.
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6 Conclusions

This paper has attempted to describe how different world regions responded to the common
problem of security of supply of raw materials for the case of rare earths, which due to their
special properties of ferromagnetism, superconductivity and luminescence are key technology
components in many high-tech and low carbon technologies and at the same time their supply
is adversely affected by small and concentrated markets and by resource nationalism of pro-
ducing countries. With the help of comparative political economy analysis the paper seeks to
explain why different world regions adopted different critical mineral policies. This paper con-
cludes that despite their similar objectives, the foci of country strategies differ. This is caused
by the policymaking being a path dependent process influenced by countries’” national inter-
ests and resource abundance, by their historical experience in dealing with supply risk, but
also by their respective regulatory styles and the influence of transnational organisations on
national policymaking. Clearly, resource abundant countries are more prone to devise policies
with a strong focus on development of the domestic mineral sectors and on resource protec-
tion, than are resource poor countries. The extent to which they do so depends on whether
they are consumers of these resources, such as China, or only exporters, such as Australia.
Yet, the Chinese strongly established industrial policies with long term targets for rare earth
industry development are also rooted in its étatist, activist and comprehensive style of regula-
tion. In contrast, the European critical mineral policies are rather weak, what results from the
regulatory styles of European countries having had different development trajectories. Yet,
the recent European Raw Material Initiative evolved from the consensual style of European
policy making, facilitating the multi-stakeholder involvement and guidance, what has been
missing in raw materials policymaking in China. Instead, the strength of European policy
on resource diplomacy and recycling are rooted in the path dependence and the long tradi-
tion of waste management. The more hands-on approach by Japan evolved from its active,
liberal-pluralist, consensual and pragmatic regulatory style. Japan successfully established ex-
tensive R&D programs for lowering rare earth contents in permanent magnets. Concerning
recycling, while both European and Japanese rare earth recycling policies emerged from their
respective historical tradition for waste management, the activist and informal administrative
guidance by Japanese seemed to have resulted in better established policies on urban mining
compared to those which emerged under the legalist reactive European regulatory approach.
The prominence of R&D programs in the United States lies within its long tradition of national
laboratories engaging in research on different aspects of metals and within it activist regulatory
style. In contrast to China, the American policymaking is characterised by highly formalised
inter-agency collaboration as well as by participation of the general public. Yet, its adversar-
ial and fragmented policy style was also one of the main drivers behind the disruption of the
American rare earths industry in the late 1990s.

To conclude with, the regulatory styles to critical minerals policymaking discovered in the
paper broadly correspond with those identified for environmental regulation. Another inter-
esting finding of this paper is that both Japan and China have been able to build up strong
policies, whilst having diametrically opposed regulatory styles. This points to the fact that
policy styles alone do not explain the differences in policymaking. Nonetheless, based on the
above discussion it is possible to generalise that countries with active, comprehensive and
radical policy styles tend to devise stronger policies than countries with preference for reac-
tive, fragmented and less radical solutions. Yet, it is not possible to conclude on one-size-fits
all policy style, since policy choices are heavily shaped by the ups and downs of the mining
industries as well as by the path dependent processes embedded in countries’” national inter-
ests, resource endowment and their historical experience in tackling supply risk. These should
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therefore not be disregarded in comparative political analysis of regulation. Events (rooted
in economic and political circumstances) as well as persistent traditions of policy making and
implementation, captured in the notion of policy style, were found to play an important role.
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